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FOREWORD

The RCA Rapiotron-CunninGHaM Rapio Tuse Manuat,
like its preceding editions, has been prepared especially to
assist those who work or experiment with radio tubes and

circuits.

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

that many additions and numerous revisions have been made.

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

sequence on the basis of the last two digits.

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

others technically interested in radio tubes.

Commercial Engineering Section

RCA RADIOTRON CO., Inc.

Harrison, New Jersey




The license extended to the purchaser of tubes appearsin
the License Notice accompanying them. Information con-
tained herein is furnished without assuming any obligations.
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Electrons and Electrodes

The'radio tube is a marvelous device. Alchough it appears to be a fragile affair
constructed of metal and glass, in realicy it is a rugged instcrumenc that makes pos-
sible the performing of operations, amazing in conception, with a precision and a
certainty that is astounding. It is an exceedingly sensitive and accurate instrument—
the product of coordinated efforts of engineers and craftsmen. Its construction re-
quires materials from every corner of the earth. Its use is world-wide. Its future
possibilities, even in the light of present day accomplishments, are buc dimly fore-
seen, 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 instancly
the flight of the millions of electrons supplied by the cathode. It accomplishes this
with a2 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 chree 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 re-
volve tiny charges of negative electricity known as ‘‘electrons.’”’ Scientists have
estimated that these invisible bits of electricitcy weigh only 1/46 billion, billion,
billion, billionths of an ounce since they may travel at speeds of thousands of miles
per second.

Electron movement may be accelerated by the addition of energy. Heat is one
form of energy which can be conveniently used to speed up the electron. For ex-
ample, if the temperature of a meral is gradually raised, the electrons gain velocity.
When the metal becomes hot enough to glow, some electrons may acquire sufficient
speed to break away from ctheir 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, heat is the form of energy applied to the cachode
to release the electrons. The method of heating the cathode may be used to distinguish
between the different forms of cathodes. For example, a directly-heated cathode,
or filament-cathode, is a wire heated by the passage of an electric current. An in-
directly-heated cathode, or heater-cathode, consists of a filament, or heacer,
enclosed in a mertal sleeve. The sleeve carries the electron-emitcing material on its
outside surface and is heated by radiation and conduction from the heater.

A filament-, or directly-heated cathode, may be furcher classified by identifying
the filament or electron-emitting material. The macerials in regular use are tung-
sten, thoriated-tungsten, and mertals which have been coated with alkaline-earch
oxides. Tungsten filaments are made from pure metal. Since they must operate
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ac high temperatures (a dazzling white) to emit sufficient electrons, a relatively large
amount of filament power is required. Thoriated-tungsten filaments are drawn
from cungsten slugs which have been impregnated with thoria. Due to the thorium,
these filaments liberate electrons at a more moderate temperature (a bright yellow)
and are, cherefore, much more economical of filament power than are pure tungsten
filaments. Alkaline earths are usually applied by coating a nickel alloy wire or ribbon
with a mixcure containing the materials. This coating, which is dried in a sub-
stantial layer on the filament, requires only a very low temperature (a dull red) co
produce a copious supply of electrons. Coated filaments operate very efficiently and
require relatively lictle ilamenc power. However, each of these cathode materials
has special advantages which determine the choice for a particular application. In
general, tubes made wich filament-cathodes or heater-cathodes and designed for use
in radio receivers, utilize the coated construction.

CATHODE ATHODE
INSULATED INSULATED
HEATER HEATER

DIRECTLY HEATED CATHODES INDIRECTLY HEATED CATHODES
(FILAMENT TYPE) (HEATER TYPE)

Filamenc-cathode types of tubes are parcicularly well suited for operation from
a steady source of filament-supply voltage such as a bactery. Tubes for this service
can be designed with cathodes which give economical production of electrons and,
consequently, economical sec 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 currenc. This variation is amplified
by the tube and produces hum in che loudspeaker. When filament-cathode types of
tubes are to be used on a-c filament supply, special precautions are taken in che design
to reduce hum disturbances to a poinc where the hum will not be troublesome. These
precautions include such features as the utilization of massive filamenes which mini-
mize temperacure fluctuacions, the use of ilaments which have sufficient excess electron
emission so that a very large temperature change is required to reduce the emission
below the value needed for normal tube operation, and the proportioning of tube
parts to minimize the electrostatic and magnetic effects produced by alternating
current on the filament. The 26 is an example of a filament-cathode type of tube
parcicularly useful for operacion on alternating current.

Heater-, or indirectly-heated cathodes, comprise an assembly of a chin metal
sleeve coated with active material and a heater concained 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
\Tire is operated at a moderate temperature and supplies the energy for heating che
sleeve.

The heater-cachode 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 cthe heater from the emitter, and the shielding
effect of the sleeve may all be utilized in the design of the tube to prevent the a-c
heater supply from causing hum. Representative types are the 24-A, 57, and 78.
From the viewpoint of circuit design, the heater-cathode construction offers ad-
vantages in connection flexibility due to che electrical separation of che heater from
the sleeve and active cathode-surface.
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DIODES

. . PLATE
Electrons are of no value in a radio tube unless they can be puc

to work. A radio tube is designed with the necessary parts to
provide and to utilize che electron flow. These parts consist of a
cathode and one or more supplementary electrodes. The simplest
form of radio tube contains two electrodes, a ‘‘cathode’’ and a “‘place”

and is often called a ‘‘diode,”’ the family name for two-electrode tubes. FILAMENT

The electrodes are enclosed in a bulb with the necessary connections brought out
through air-tight seals. The air is removed from the bulb to allow free movement
of the electrons and to prevent injury to the emitting surface of cthe cathode. When
the cathode is heated, electrons leave the cathode surface and form an invisible cloud
in the space around it. Any positive electric potential within the evacuated bulb
will offer a strong actraction to the electrons (unlike electric charges actrace; like
charges repel). In a diode, the positive potential is applied to the second eleccrode,
known as the anode. The potential is supplied by a suitable electrical source con-
nected between the plate terminal and a cathode terminal. Under che influence
of the positive plate potential, electrons flow from the cathode to the plate and return
through the external plate-battery circuit to the cathode, thus completing the circuic.
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 currenc will
flow. Thus, the tube permits electrons to flow

from the cathode to the plate buc not from the
plate to the cathode. If an alternating volcage
is applied to the plate, the plate is alternacely
made positive and 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, thac is, to pro-
vide a current flow always in the same direction.
Rectifying action is utilized in a-c receivers to
convert a.c. to d.c. for supplying ‘“‘B,” “C”
and screen voltages to the other tubes in the
receiver circuit. Rectifier tubes may have one
plate and one cathode. The ’81 is of this form
and is called a half-wave rectifier, since current
can flow only during one-half of the alcernating-
current cycle. When two plates and one or

+

TRANSFORMER
o SECONDARY
VOLTAGE

+V\ /\ N\ RECTIED VOLTAGE
PLATE N1
Q!
O
\_/ \/ CTIFIED VOLTAGE
PLATE N2
COMBINED
RECTIFIED
VOLTAGE
PLATESARI& 2
SMOOTHED VOLT-
AGE AFTER
FIRST SECTION

OF FILTER

o 4+ o +

+ D-C VOLTAGE
I AVAILABLE FOR
0 RADIO RECEIVER

FULL-WAVE RECTIFICATION

more cathodes are used in the same 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 are called full-wave rectifiers.

Not all of the electrons emicted by the cachode reach the plate. Some return to
the cathode while others remain in the space between the cachode 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 is greatly
dependent upon the cathode temperature and the plate potential. The higher che
plate potential, the less is the tendency for the space electrons remaining to repel
others. This effect may be noted by applying increasingly higher plate voltages to a
tube operating at a fixed cathode voltage. Under these conditions, the maximum
number of available electrons is fixed, but increasingly higher plate voltages will
succeed in attracting a greater proportion of che free electrons.

Beyond a certain plate voltage,. however, additional plate volcage has litcle effect
in increasing the plate current because all of the electrons emitted by the cathode
are being drawn to the plate. This maximum current is called saturation current,
and because it is an indication of the total number of electrons emitted, it is also
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known as the emission current, or, simply, emis-
I ‘ sion. In most types of tubes, it is impossible to obtain

g Satiration Pomt —— chis value by measurement, since the current flow is
€= - —{ sufficiently large to change the emitting conditions, or
SQuw /1 T | to damage cthe tube. As a result, emission values in
ag| | / practice are determined at some lower volcage which
s&1 71 R will not harm the tube. Differenc resules will be ob-
2 ‘[— r— rcained if a different cathode voltage or temperature is
ozl | 1 L chosen, since the cathode temperature determines che
Zcl L/ number of available electrons.
Fax If space-charge effects were not present, it follows
PLATE VOLTAGE—> that the same electron flow could be produced at a lower

plate voltage. One method of reducing the space-
charge effect is ucilized in several types of rectifier tubes, represented by the mercury-
vapor rectifier 82. This cube contains a small amount of mercury which is partially
vaporized when the tube is operated. The mercury vapor consists of tiny mercury
atoms permeating che space inside cthe bulb. These acoms are bombarded by the
electrons on their way to the plate. If che electrons are moving ac a sufficiently high
speed, the collisions will tear off electrons from the mercury atoms. When this
happens, the mercury atom is said to be ‘‘ionized,’ chac is it has lost one or more
electrons and, cherefore, is charged positive. When ionization due to bombardment
of mercury atoms by electrons leaving the filament occurs, the space-charge is neu-
tralized by the positive mercury ions so thac 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 independenc of current requirements
up to the limit of emission of electrons from che filament but is dependent to some
degree on bulb temperature.

TRIODES
When a chird electrode, called che grid, is placed next to the cathode, the tube is
known as a ‘“‘criode.””  This is the family name for three-electrode types. The grid

usually consists of a wire mesh or grating, the appearance of which suggests its name.
Its construction allows practically unobstructed flight of che electrons from the cachode
to the plate.

PLATE When the grid of a tube is made positive or negacive wich
respect to the cachode, the plate current correspondingly increases

CRID or decreases. The grid is located much nearer the cathode than
the place so that a small volcage change on the grid will have the

camooe  same effect on che plate current as a larger voltage change on the
plate. A grid requires very little power, serving merely as a
valve to concrol the plate current.

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

It should be noted chac this concrol action of the grid permits the use of the tube
as an amplifier. A small grid-volcage change produces a much larger plate currenc
variacion than would the same change in plate voltage. Typical three-electrode
tubes are the 30, 27, 56, and 2A3.

The control-grid circuit (input circuit) includes any device or devices con-
nected between the control grid and cathode of a tube for the purpose of impressing
an inpuc or signal volcage on the concrol grid. It may consist of an antenna coupling-
coil, a transformer secondary, or any unit having one or all the factors of inductance,
resistance and capacity. Since it is usually desirable to maincain the grid at some
negative voltage (called grid bias) with respect to the cachode, the grid circuic will,
in such cases, also include a source of volcage supply for chat purpose. The grid-bias
supply (C-supply) may be a battery or ocher source of d-c volcage. The output
circuit is considered to include che parcs of che circuic connected between che plate
and cachode.

HEATER
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The electrodes of a radio tube form an electrostatic system, each electrode acting
as one plate of a small condenser. For a three-eleccrode tube the capacitances are
known as interelectrode capacitances and are those existing between the grid
and plate, the plate and cathode, and the grid and cathode. Of these, the capacity
between the grid and plate is generally of 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 com-
plicated circuit arrangements which set up counceracting effects to counterbalance
the action of the grid-plate coupling. The second and preferable PLATE
method is to eliminate as much as possible the grid-to-plate
capacitance in the tube itself. This is accomplished by employing ScREEN
a fourth electrode in the tube which is known as the screen. The cr®
screen is placed between the plate and the grid and thus makes A CATHODE
a four-electrode tube, or “‘tetrode.”’ With this type of tube intri-
cate circuits and balancing difficulties may be eliminated. Since HEATER
the screen voltage largely determines the electron flow, small changes of place volrage
have lictle effect on plate currenc. 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 becween the plate and grid. The
screen is operated at some positive voltage lower than that of the plate and is by-
passed to the cacthode through a condenser. This by-pass condenser effectively grounds
the screen for high-frequency currents and assists in reducing grid-plate capacitance to
a minimum value. In general practice the grid-plate capacitance is reduced from
an average of 8.0 micro-microfarads (uuf) for a triode to 0.01 uuf or less for a screen
grid tube. The reduction permits the atcainment of stable amplificacion from screen
grid tubes many times as high as that possible from three-electrode tubes. Tubes
of this type are represented by the 24-A, 32 and 35.

PENTODES

In all radio tubes, electrons striking the plate may, if moving at sufficient speed,
dislodge other electrons. In two- and three-electrode types, these vagrant electrons
usually cause no trouble because no positive electrode other than the plate itself is
present to attract them so that cthey are eventually drawn back to the plate.  Emission
from the plate caused by bombardment of the plate by electrons from the cachode is
called secondary emission, because the effect is secondary to the original cacthode
emission. In the case of screen grid tubes, the proximity of the positive screen to the
plate offers a strong acteraction 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 limitacion is removed when a fifth electrode, known as the sup-
ressor, is placed in che tube between the screen and plate. The family name for
ve-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 can cause no trouble.

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

GRID Tubes of this type are represented by the 33, 38, 47 and

A\ CATHODE 2AS. In radio-frequency amplifier pentodes, the sup-
pressor permits of obtaining a high voltage amplification

at moderate values of plate voltage. In fact, the plate
voltage may be as low as or lower than the screen volcage 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 pro-
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viding the suppressor with its own base terminal. With chis arrangement, it is pos-
sible to obtain special control feacures by variation of the voltage applied to che sup-
pressor. Typical tubes of this cype are the 57 and 58.

MULTI-ELECTRODE and MULTI-UNIT TUBES

In che initial period of tube development and application. tubes were of the so-called
“‘general purpose type;’’ that is, a single tube-type—a triode—was used as a radio-
frequency amplifier, an intermediate-frequency amplifier, an audio-frequency amplifier,
an oscillator, or as a deteccor.  Obviously, with this diversity of applicacion, one cube
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 applica-
tion 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 eleccrodes
to obtain the desired special characceristics. Thus, they may be broadly classed as
multi-eleccrode types.

Tubes of the multi-electrode type often present interesting possibilicies of applica-
tion, since the electrodes may be connected in a number of ways for several differenc
kinds of service. For example, che 46 can be used either as a Class A or Class B
oucpuc 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.

TRIODE PLATE PLATE

GRID GRID N22 GRID N23
DIODE PLATE GRID Ne|

DIODE PLATE
‘ CATHOBE

CATHODE
HEATER HEATER

Duplex-Diode Triode Triple-Grid Power Amplifier

The second class includes multiple-unic tubes such as the duplex-diode triodes 55,
75 and 85, as well as the duplex-diode pentodes 2B7 and 6B7 and the twin Class B
amplifier types 53 and 79. These types all have two or more separate tube units.
It is interesting to note that the 80 is one of the earliest illustrations of multi-unit
tubes.

PLATE PLATE
GRIDS N2 3

SUPPRESSOR oSN
SCREEN GRID GRID N24
DIODE PLATE GRID Nel| GRID N2.2

A DIOOE PLATE A\ CATHODE
CATHODE
HEATER HEATER
Duplex-Diode Pentode Pentagrid Converter

A chird class combines features of each of the previous classes. Typical of chis
class are the 2A7 and the 6A7 pentagrid converter types. These are tubes having an
unusually large number of eleccrodes (seven exclusive of heater) all of which affect che
same electron stream and yet perform independently two operations (oscillacor and
mixer for superheterodyne circuits) simultaneously.



Radio Tube Characteristics
The term “CHARACTERISTICS” is used to identify the distinguishing electrical

feacures and values of a radio tube. Thesc values may be shown in curve form or chey
may be cabulaced. When given in curve form, they are called characteristic curves
and may be used for the determination of tube performance and the calculation of
additional tube factors.

Tube characteristics are obtained from electrical measurements of a cube in various
circuits under certain definite conditions of voltages. Characteristics may be furcher
described by denoting the conditions of measurements. For example, Static Char-
acteristics are the values obtained with differenc d-c potentials applied to the tube
eleccrodes, while Dynamic Characteristics are the values obtained with an a-c
voleage on the control grid under various conditions of d-c potentials on the electrodes.
The dynamic characteristics, therefore, are indicative of cthe performance capabilities
of a cube under actual working conditions.

Plate characteristic curves and transfer (mutual) characteristic curves
both give information on static characteristics. These curves present the same informa-
tion, but in two different forms to increase its usefulness. The plate characteristic
curve is obtained by varying plate voltage and measuring plate current for differenc
control-grid bias voltages, while the transfer characteristic curve is obtained by vary-
ing control-grid bias voltage and measuring plate current for different plate voleages.
A plate characreristic family of curves is illustrated by Fig. 1. Fig. 2 gives the transfer
characteristic family of curves for che same tube.
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Dynamic characteristics include amplification factor, place resistance, mutual
conductance, and certain detector characteristics, and may be shown in curve form for
variations in tube operating conditions.

The amplification factor, or y, is the racio of cthe change in plate voltage to a
change in control-elecerode voltage in the opposite direction, under che condition that
the plate current remains unchanged. For example, if the plate voltage is changed
30 voles and the grid voltage is changed S volts (in opposite polarity) in order to hold
the plate current at a constant value, the amplificacion faccor is 30 divided by 5, i.e., 6.
In other words, a small voltage variation in the grid circuit of a tube has the same
effect on the plate current as a large plate voltage change—the latcer equal to the pro-
duct of the grid voltage change and amplification factor. The yx 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 cthe path between
cachode 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
vlc])ltage variation of 20 volts, the place resiscance is 20 divided by 0.001, i. e., 20000
ohms.
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The mutual conductance (gn), or grid-plate transconductance (sw), is a factor
which combines in one term the amplification factor and che plate resistance, and is
the ratio of the first to the second. Mutual conductance may be more stricely 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.,0.001 mho. A ‘“mho’’ is the unit of conductance and was
named by spelling ohm backwards. For convenience, a millionth of a mho, or a
micromho, is used to express 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 capabilitics with those of the same type in similar applications.
However, the usefulness of this characteristic is limited when comparing different
types for any service. For example, the 112-A has a mutual conductance of 1800
micromhos at 180 volts on the plate and —13.5 voles on the grid, while the 71-A
has a mutual conductance of 1700 micromhos at 180 volts on the plate and —40.5
volts on the grid. As a power amplifier, however, the 71-A is capable of furnishing
three times as much undistorted power to a loud-speaker as the 112-A. On the other
hand the 112-A is an excellent detector and voltage amplifier, services for which the
71-A is unsuitable.

Conversion transconductance (s.) is a characteristic associated with the mixer
(first detector) function of tubes and may be defined as the ratio of the intermediace-
frequency (i-f) current in the primary of the i-f transformer to the applied radio-
frequency (r-f) voltage producing it; or more precisely, it is the limiting value of chis
ratio as the r-f voltage and i-f current approach zero. When determining the perform-
ance of a frequency converter, conversion transconductance is used in the same way as
mutual conductance is used in single-frequency amplifier computacions.

The maximum peak inverse voltage characteristic of a rectifier tube is the
highest peak voltage that a reccifier tube can safely stand in the direction opposite
to that in which it is designed to pass current. In other words, it is the safe arc-back
limit with the tube operating within the specified temperature range. Referring to
Fig. 3, when plate A of a full-wave rectifier tube is posi-
plate, current flows from A to C, but not from B to C
because B is negative. At the instant plate A is positive,
the filament is positive (at high voltage) with respect to
plate B. The voltage between the positive filament and
the negative plate B is in inverse relation to that causing
currenct flow. The peak value of this voltage is limited
by the resistance and nature of the path becween plate B
and filament. The safe value of this voleage is that at
which break-down does not occur and is known as maxi-
mum peak inverse volcage. In single-phase circuits
of the full-wave type, the maximum peak inverse voltage
is the transformer peak volrage less the voltage drop
through the conducting half of the tube. With a sine-
wave voltage across the electrodes of the non-conducting
half, che peak inverse voltage is approximacely 1.4 times - Fig.3
the RMS voltage applied from plate to plate of the
tube. In polyphase circuits, the peak inverse voltage must be determined vectorially.

The maximum peak plate current is the highest peak current that a rectifier
tube can safely stand in the direction in which it is designed to pass current. The
safe value of this peak current in hot-cathode types of rectifiers is determined by che
available electron emission from the cathode and the geometrical spacing of the elec-
trodes. 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 che rectifier
tube, the peak plate current is not much greater than the load current, buc if a large
condenser is used in the filter next to the rectifier tube, the peak current is often more
than four times the load current.
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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, rectifica-
tion, detection, oscillation, and frequency conversion. Although these operations
may take place at either radio- or audio-frequencies and may involve the use of different
circuits and different supplemental parts, the general considerations of each kind of
operation are basic.

AMPLIFICATION

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

A Class A amplifier is an amplifier in which che bias and exciting grid voltages are
such that che plate currenc through che tube flows ac all times. The ideal Class A
amplifier is one in which che alternating component of the plate current is an exact
reproduction of the form of the input signal, and the plate current flows 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 che grid bias is approximately equal
to that required to cut off che plate current to approximately zero when no exciting
grid voltage is applied, so that the plate current in a tube Aows during approxi-
mately one-half of each cycle when an exciting grid volcage is applied. The ideal
Class B amplifier is one in which the alternating component of plate current is an exact
replica of the input signal for che half-cycle when the grid is positive with respect
to the bias voltage and the plate current Hows 180 electrical degrees. The character-
istics of a Class B amplifier are medium efficiency and output.

A Class C amplifier is an amplifier in which che grid bias is appreciably more than
necessary to cut off che plate current to zero when no exciting grid voltage is present,
so that the plate current flows in a tube for appreciably less than one-half of each
cycle when an exciting grid volcage is present. Ar che present time Class C amplifier
application is confined to radio transmission where high plate circuit efficiency is a
paramount requirement and where departures from linearity becween input and output
are permissible. The characteristics of a Class C amplifier are high place circuic
efficiency and high power output.

It is sometimes convenient to have terms to identify amplifier services when tubes
are operated under conditions intermediate to those of Class A and Class B, or to those
of Class B and Class C. The proposal has been made that such conditions be classi-
fied as Class AB and Class BC, respectively. It is sometimes also of interest to know
whether grid current is expected to flow under raced full-load conditions. The pro-
posals follow:

(1) A Class AB amplifier isonein which the bias and exciting grid voltages are such that the plate curren
flows during appreciably more than 180 electrical degrees yet less than 360 electrical degrees of the cycle.
This has also been called Class ““A prime.”” The characteristics of a Class AB amplifier are efficiency and out-

put intermediate between a Class A and a Class B amplifier. The idle plate current and attendant dissipation
may be made substantially less than is possible with Class A amplifiers.

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

(3) To denote that grid current does not flow during any part of the input cycle, add the suffix I to the
letter 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 a selective tuned circuit, as in
radio transmitter applications, or under requirements where distortion is not an
important factor, any of the above classes of amplifiers may be used, either with a

—9—




Tue RCA RapiotroNn—CunNingHAM Rapio Tuse ManuaL

single tube or a push-pull stage. For audio-frequency amplifiers in which distortion
is an important factor, only Class A amplifiers permit single-tube operation. In this
case, operacing conditions are chosen so that distortion is kept below the conventional
59, for triodes and che conventional 7-109, for tetrodes or pentodes. With Class A
amplifiers, reduced distortion with improved power performance can be obtained by
using a push-pull stage for audio service. ~With Class B amplifiers, a push-pull stage
is required for audio service.

As a Class A voltage amplifier, a radio tube is used to reproduce grid voltage
variations across an impedance or a resistance in the plate circuit. These variations
are essentially of che same form as the input signal voltage impressed on the grid, buc
of increased ampiitude. This is accomplished by operating the tube at a suitable grid
bias so that the applied grid-input voltage produces plate-current variations proportional
to the signal swings. Since the voltage variation obtained in the place circuit is much
larger chan thac required to swing the grid, amplification of the signal is obrained.
Fig. 4 gives a graphical illuscracion of this method of amplification and shows, by
means of the grid-voltage vs. plate-current characeeristics, the effect of an input signal
(S) applied to the grid of a cube.  (O) is the resulting amplified plate-currenct variation.

® LOAD
INPUT RESISTOR SR
~GRID VOLTS 0 rY SI(;NAL R
-
| r4
5 [t
f &
\ 3
INPU{YS‘SICNAL ] 'h_l + +
' “hiit h
! ;‘ 1|11} l —i|ijp—
! < 8
Fig. 4 Fig. 5

The place current flowing through the place-load resistor (R) of Fig. 5 causes a
voltage drop which varies directly wich the plate currentc. The ratio of this voltage
variacion produced in the load resistor to the grid-input voltage is a measure of che
voltage amplification, or gain, of the tube stage. This ratio is not the same as the
amplification factor of the cube, but is determined by the combined effects of plate
resiscance, load resistance or impedance, and the amplification factor. The value
depends on a number of factors. The load resistance required is the effective value.
For example, in a resistance-coupled amplifier using a high resistance in the plate cir-
cuit, che effective value is also dependent on the resistance of the associated grid cir-
cuit of the next stage. The voltage amplificacion 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

Mutual conductance in micromhos X Plate resistance X Plate load resistance

1000000 X (Plate resistance + Plate load resistance)

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

These formulae apply equally well to all types of amplifier cubes  If che load resist-
ance is made increasingly larger, the voltage amplification per stage approaches the
amplificacion faccor of the tube as a limiting value. Fig. 6 shows that voltage
amplification, or gain, increases with larger loads. Since increasing the size of che
load resistor lowers the available plate voltage due to the drop through the resistor, the
place-volcage swing obtainable is likewise reduced. This drop may be avoided by
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replacing the resistor with an inductance. An inductance can be designed to have
a high impedance to the signal and also to have a low resistance to direct current. The
inductance, depending upon circuit requirements, may be an air-core coil, an iron-core
choke, or a transformer primary.

S

/

VOLTAGE AMPLIFICATION vs.LOAD RESISTANCE
/ FOR THEORETICAL TRIODE HAVING:
PLATE RESISTANCE=10000 OHMS —
AMPLIFICATION FACTOR=I10
MUTUAL CONDUCTANCE 21000 MICROMHOS
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»

n
»
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v

o. 100000 200000 300000 400000 500000
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Fig. 6

The mechod 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-inpuc impedance of radio tubes is very high as long as the
grid bias is negative. If an input cransformer 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 }5 to 2 megohms, depending upon the type
of tube and the circuit. Too high a resistance may resule in instability, while too low
a value of grid resistance may resulc in low gain. The most suitable value will usually
be determined by experiment.

A super-control amplifier tube is a modified construction of a screen grid type and
is designed to reduce modulation-distortion and cross-modulation in radio-frequency
stages. Cross-modulation is che effect produced in a radio receiver by an interfering
station ‘‘riding through’’ on the carrier of the station to which the receiver is tuned.
Modulation-distortion is a distortion of the modulated carrier and appears as audio-
frequency distortion in the oucput. This effect is produced by a radio-frequency am-
plifier stage operating on an excessively curved characteristic when the grid bias has
been increased co reduce volume. The offending stage for cross-modulation is usually
che first radio-frequency amplifier, while for modulation-distortion, che cause is usually
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Fig. 7 Fig. 8

the 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
distorcion over a wide range. This feature is obrained by a special tube structure
which makes possible variation in amplification factor with a change in grid bias.

cross-section of the structure of a typical super-concrol tube is shown in Fig. 7. This
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type differs from other screen grid tubes chiefly in the construction of the control grid
which is wound with coarse spacing at the middle and close spacing at the ends.
When weak signals and low grid bias are applied to the tube, the effect of the non-
uniform turn spacing of the grid on cathode emission and tube characteristics is essenti-
ally the same as for uniform spacing. As the grid bias is made more negative to
handle larger input signals, the electron flow from the sections of the cathode enclosed
by the ends of the grid is cut off. The plate current and other tube characteristics are
then dependent on the electron flow through the coarse section of the grid. This
action changes the gain of the tube so that large signals may be handled with minimum
distortion due to cross-modulation and modulacion effects. Fig. 8 shows typical
grid-voltage vs. plate-current curves for a screen-grid and a super-control tube, respec-
tively. 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 satis-
factorily. Since super-control types can accommodate large and small signals, they
are particularly suitable for use in sets having automatic volume control.

As a Class A power amplifier, a radio tube is used in the output stage of radio
receivers to supply relatively large amounts of power to the loud speaker. For chis
application, large power output is of much greater importance than high-voltage
amplification, so that gain possibilities are sacrificed in the design of power tubes to
obtain power-handling capability. Power tubes of the triode type in Class A service
are characterized by low power-sensitivity, low plate-power-efficiency, and low dis-
tortion. Power tubes of the pentode type are characterized by high power-sensitivity,
high plate-power-efficiency, and relatively high distortion.
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T0
[ ’ LOUDSPEAKER o—
4 [
E
) =]
© [ [ =
B+ B~ A-C FILAMENT SUPPLY B+ 8- A-C HEATER SUPPLY

Fig.9 Fig. 10

A Class A power amplifier is also used as a driver to supply power to a Class B
output stage. Either triodes or pentodes as driver tubes may be used, buc triodes are
usually preferable since they produce less distortion.

Eicher push-pull or parallel operation of power tubes may be employed wich Class
A amplifiers to obtain increased output. The parallel connection (Fig. 9) provides
twice the output of a single tube with cthe same value of grid-signal voltage. The
push-pull connection (Fig.10) requires twice the inpuc-signal volcage, but has, in addi-
tion to increase in power, a number of important advantages over single-tube opera-
tion. Distortion due to even-order harmonics and hum due to plate-supply-voltage
fluctuations are either eliminated or decidedly reduced through cancellation. Since
distortion is less than for single-tube operation, appreciably more chan twice single-
tube output can be obtained by decreasing che load resistance. For the same reason,
economy of operation can be obtained by increasing the grid bias beyond the single-tube
value and proportionately increasing the input signal.

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

Power amplifier output for triodes as Class A amplifiers can be calculated without
serious error from the plate family of curves by assuming a resistance load. The
proper plate current, grid bias, and optimum load resistance, as well as che per cent
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second harmonic distortion, can also be determined. The calculations are made

raphically and are illustrated by Fig. 11 for given conditions. The procedure is as
%ollows: A straight line XY is drawn through the point P on the plate family of
curves. This point is decermined by the tentatively chosen values of plate voltage
and plate current.  The slope of the line XY corresponds to the value of load resistance
tencatively chosen. The slope of XY is determined by adjusting a line through P so
that the voltage value (at che intersection of the line with the zero-current axis)
divided by the current value (at the intersection of the line with the zero-voltage axis)
gives the desired crial load resistance. A more direct method is to draw any convenient
line AB having the proper slope, and then to draw XY parallel to it and through P.
To draw AB, choose any convenient voltage value on the zero-current axis. A line
drawn chrough this point and given the proper slope must intersect the zero-voltage
axis at a current value equal to che chosen voltage divided by the chosen resistance value.

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

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

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

Power Output =

Per cent second harmonic distortion is given by the following formula in which
Io is the trial value of d-c plate current.
I max. + I min.
2

Per cent 2nd Harmonic Distortion = ——— —————  — X 100
I max. — I min.

— 1o

\Aa
66l — — —MAx ————

Example: Determine the undistorted
power output of a 3-electrode tube at
a plate voltage of 250 volts, a plate
current of 34 milliamperes, a negative
grid voltage of 50 volts and a plate
load of 3900 ohms; given the plate
characteristic curves as shown.

PLATE MILLIAMPERES
w
Y

Procedure: Draw through point (P)
which represents  proposed operating
conditions, line XY with slope cor-
responding to 3900 ohm load. This

. _ may be done by drawing XY parallel
! v to line AB. The line AB is drawn be-
tween point (M) at 250 volts and zero
360 current, and point (Q) at zero volts and
current equal to 250 volts divided by
plate load of 3900 ohms, i.e., 250 3900

Fig. 11 = 0.064 ampere or 64 milliamperes.

250\ B
PLATE VOLTS

Substituting values from curves in above power formula:
(66—7) X (360—130)

Power Qutput = —8— = 1700 milliwatts
Substituting values from curves in above distortion formula:
0.066 -+ 0.007
—— — 0.034
2nd Harmonic Distortion = —————————— X 100=4.2%,
0.066 — 0.007

lc is customary to make the final seleccion of load resistance such chat the dis-
tortion as calculated above does not exceed 5 per cent, a value which experience has
shown to be permissible. Several approximations of load resistance may be neces-
sary to obrain the optimum value for the trial value of plate current. Ordinarily,
the plate load resistance for optimum conditions is approximately equal to twice
the plate resistance. .
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To check the trial plate current, calculations should be made for d-c plate cur-
rents above and below the trial value. The most suitable value with its correspond-
ing 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.

Class B power amplifiers for audio applications are of much interest where
large power output is required. In Class B service che tube is operated so that the plate
current is relatively low with no grid excitation. When a signal of sufficient magni-
tude 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 single
tube. However, with two tubes in a balanced push-pull circuit, the even harmonics
are eliminated from the power output. In such a circuit, therefore, two tubes may be
employed as Class B amplifiers to supply virtually undistorred 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 che 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 sufhcient
input power is available to supply the grid current required by the grids when positive.
This power is conveniently supplied by a Class A power amplifier 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 sufhciently high amplification factor,
it is possible to operate them with zero grid bias, and so dispense with biasing resistors
whose effect would be to produce considerable loss in sensitivicy because of degenera-
tion. Since provision for grid bias is unnecessary with such tubes, the entire voltage
of the rectifier is available for place 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 relatively low plate
voltage; and that unusual overall economy of power consumption is possible because
the plate current is low when no signal is applied to the grid. To give these advantages,
cthe Class B amplifier circuit requires the use of two tubes in a balanced output stage
preceded by a driver stage capable of delivering considerable undistorced power, and
the use of a power supply capable of maintaining good voltage regulation regardless
of the variation of average plate current with signal intensity. It should be noted
thac the distortion present in the power output of Class B amplifiers is usually some-
what higher for the ordinary range of signals than that obtained with Class A audio
amplifiers employing much larger tubes capable of the same maximum power output.

The d-c plate current required in Class B circuits fluctuates under normal operating
conditions. The power supply, therefore, should have
good regulation to maintain proper operating VOltages oynamiC TRANSFER CHARACTERISTICS
regardless of the current drain. For this purpose, a suitably Co35 B QREAATION
designed power-unit should be employed. The rectifier
tube should have reasonably good regulation over the 7
operating range. In some circuit designs, a vacuum type 44
of rectifier cube can be used, while in others a mercury- . /ruae
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vapor type may be needed to provide the required regu-
lation. As a factor in obtaining good regulation, the
filcer chokes and che transformer windings should have low
resistance. In the design of a power supply for a Class B
amplifier, consideration should be given to economical
distribution of losses. Also, the power supply should be
designed to take care of the average power requirements
with sufficient regulation to meet the peak-power demands. [Tuse ‘v‘/

The grid (or grids) of a Class B amplifier tube is ope-
rated sufficiently positive to cause grid current to flow in .
its input circuit. This feature imposes a furcher require- 5%
ment on the preceding amplifier stage which must supply 8
not only the necessary input voltage to the output stage,
but it must be capable of doing so under conditions where
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appreciable power is taken by the grid of che Class B amplifier tube. Since the power
necessary to swing the grid positive is partially dependent on the plate load of the Class
B tube, and since the efhiciency of power transfer from the preceding stage is dependent
on transformer design, it is apparent that the design of a Class B audio power amplifier
requires that more than ordinary attention be given to the effects produced by the
component parts of the circuic. For this reason, the design of a Class B audio
amplifier with its driver stage is somewhat more involved than for a Class A system.

In che design of Class B amplifiers, the interstage transformer is the link inter-
connecting 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
1.5t01 and 5.5 to 1. The transformer step-down ratio is dependent on the follow-
ing factors: (1) Type of driver tube, (2) Type of power tube, (3) Load on power tube,
(4) Permissible distortion, and (5) Transformer efficiency (peak power).

The primary impedance of the interstage transformer is essentially the same as if
the transformer were to be operated with no load, that is, into an open grid. Since
power is transferred, the transformer should have reasonable power efhciency. It
should be noted that the power outpur and distorcion 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 trans-
former and to the loudspeaker. Since it is difficult to compensate for leakage reactance
of the coupling cransformer without excessive loss of high-frequency response, the
leakage reactance of this transformer should be as low as possible.

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

RECTIFICATION

The rectifying action of a tube is briefly described under DIODES, page 3.
After an alternating voltage has been rectified by a diode and before the output can be
used as a d-c high-voltage supply for a radio receiver, a filter circuit must be employed
to smooth out the voltage fluctuations. The filter circuit generally consists of con-
densers, iron-core chokes, and the load. The chokes are in series with the load and
offer a high impedance to the pulsating or ripple voltage. The condensers are in
parallel with the load and act to store energy on the voltage peaks. This energy is
released on the voltage dips and serves to equalize the output voltage. Filters may be
of either a condenser-input or choke-input type.

CHOKE=INPUT TYPE FILTER CONDENSER-INPUT TYPE FILTER CONDENSER FILTER
T LTI o o—1— T

[N L L
INPUT NPT weUT

c c c < c
FROM 4 =+ oum rrom L 1 from L
RECTNIER T T v RECTIFER | T oumr rectrer T TP

TuBE Tuse TuBE
P ®
& ®

L=FILTER CHOKE ~ C=FILTER CONDENSER

Fig. 12

If an input condenser is used, consideration must be given to the instantaneous peak
value of cthe a-c input voltage. The peak value is about 1.4 times the RMS value
as measured by an a-c voltmeter. Filter condensers, therefore, especially the input
condenser, should have a rating high enough to withstand the instantaneous peak
value, if breakdown is to be avoided. When the input-choke method is used, the
available d-c output voltage will be somewhat lower than with the input-condenser
method for a given a-c plate voltage. However, improved regulation together with
lower peak current will be obtained.
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A half-wave rectifier and a full-wave rectifier circuit are shown in Figs. 13 and 14,
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 circuic. This
action occurs at twice the line frequency and thus makes filtering and regulation prob-
lems simpler to handle than for the half-wave circuit. Furcher rectifier operating
information and circuits are given under each rectifier tube type and in che CIRCUIT
SECTION.

HALF-WAVE RECTIFIER FULL-WAVE RECTIFIER
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A wvoltage-doubler rectifier circuit of simple form is shown in Fig. 15. The d-c
voltage output of this circuit is approximately twice that obtainable from a half-wave
rectifier operated on the same a-c voltage supply. In Fig. 15, two diodes are shown
connected to two condensers. One diode is reversed electrically with respect to the
other. This arrangement provides rectification of each half-cycle of the a-c supply.
Furchermore, during the period that one diode is rectifying, the condenser across the
other diode is discharging through the load and the conducting diode. As a result,
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the volcage across the load is the sum of the d-c output voltage of che 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 obtainable from a half-wave
rectifier, this circuit is called a voltage-doubler. Like a full-wave rectifier circuit,
fileering is simpler, since the doubler circuit gives an output having a ripple frequency"
twice thac of the supply line. A tube specially designed for voltage-doubler require-
ments is the 25Z5. It contains in a single bulb two separate diodes of the heater-
ﬁa(hﬁde type. Fig. 16 shows a circuic diagram employing this tube as a voltage
oubler.

DETECTION

In radio-broadcast transmission, the radio-frequency carrier wave is modulated
by the microphone pick-up at the studio. In reception, the operation of separating
the audio component (speech and music) from the r-f wave is known as demodulation,
or detection. The effect of modulation at the trans-
mitter is to vary the amplitude of the carrier wave in
proportion 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
audio component in one-half of the carrier wave is
continuously offsec by the audio component in the ;
other half of the wave at a rate equal to the carrier \
frequency, a frequency much too high to affect any !
audio system. If, however, one-half of the carrier !
wave can be eliminaced, the audio variacions in the
other half of the carrier may be utilized to operate a
pair of headphones or a loudspeaker (Fig. 17).

The elimination (either partially or completely) of the neutralizing effect of one-
half of the carrier wave is the function of the detector. It rectifies cthe carrier—permits
a greater flow of current on the one-half than on the other half of the carrier wave—
and excracts from the rectified output, the audio component or signal. The high-
frequency radio component is usually by-passed from the plate circuit of the detector
tube by means of a small condenser, while the audio component is fed to the audio-
amplifier stage.

Three differenc methods of detection with radio tubes are commonly employed.
These are known as the diode method, the grid-bias method, and the grid leak and
condenser method.

The diode method makes use of the rectifying action of the diode. Although the
diode does not amplify, its operating characteristics make it particularly suitable as a
detector when freedom from distortion is desired. This suitability is due to the relacive-
ly low resistance of the diode in the direction of current flow and the consequent
convenient size of the load resistance necessary to give the approximate linearity of the
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dynamic characeristic required for low-distortion detecting action. Fig. 18 shows a
half-wave diode detector circuit. The audio signal voltage is developed across the
load resistance (R).

Two diodes may be used for full-wave rectification or their plates may be con-
nected in parallel (with decreased tube resistance) for half-wave rectification. With
full-wave rectification, the circuit may be balanced for carrier input so that no carrier
frequency is supplied to the grid of the following amplifier and no carrier-frequency
filtering is cheoretically necessary. Half-wave rectification as compared with full-
wave rectification provides approximately twice the signal output but requires carrier-
frequency filering. Figure 19 illustrates full-wave diode detection by means of a
duplex-diode triode type, such as the 55. The two diodes are used as a full-wave
detector feeding the triode unit as an audio amplifier. The triode is biased by the drop
across R. This is known as ‘‘diode biasing’’ but is practical only when sufficient
resistance is in the plate circuic of the triode unit to prevent excess place current when
the voltage across R drops to zero under conditions of no r-f input. If extremely
strong signals are received with chis circuit, the bias on the triode may be carried to
cut-off. In general, che amplifier unit of duplex-diode types can be utilized just as
though it were a separate tube.

GRID LEAK

CHOKE

CATHODE
BIAS
RESISTOR S
By-PASS
INPUT CONDENSER

BY-PASS r
CONDENSER g

R-F CHOKE

GRID
CONDENSER
R-F BY- |
PASS CON-| ouTPUT
DENSER

FILAMENT A- A+ B+
TRANSFORMER 8-
Fig. 20 Fig. 21

The grid-bias method of detection makes use of a tube which is operated with a
grid bias such that the plate currenc with no signal is practically zero. The bias may
be obtained from a cachode resistor (self-bias mechod), a C-battery, or a bleeder
circuit. When a signal is applied to the grid, rectification of the carrier occurs in the
plate circuit, since only che 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. 20 illustrates this circuic.

The grid leak and condenser method is somewhat more sensitive than the grid-
bias mechod and gives its best results on weak signals. This mechod uses a grid leak
and condenser in the grid circuit (as shown in Fig. 21). 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 inpuc. The grid-leak-condenser
method draws grid current and like che diode method places a load on the input
circuit. Alchough a high value of grid resistor gives greatest selectivity and sensitivity,
improved tone and stability are obrained with lower values.

AUTOMATIC VOLUME CONTROL

Automatic control of receiver volume generally utilizes a rectified voltage which
is dependent on a radio-frequency or intermediate-frequency carrier signal. This
voltage is utilized to regulate che gain of che r-f and/or i-f amplifier stages so as to
maintain essentially constanc-carrier input to the audio detector. The regulacion 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. 18, current
flows from plate to cathode, chrough R back to LC. This places the cathode end of
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load resistor (R) at positive potential and the opposite end at negative potential.
Negative volcage for biasing the grids of the r-f amplifiers may be obtained from the
negative end of this resistor.

Assume that, for a given signal, the voltage drop across R is sufficient to bias the
controlled tubes to a sensitivity consistent with desirable reception volume. A de-
crease in r-f signal input causes a decrease in voltage drop across R. This automatically
lowers the bias on the controlled tubes so that the sensitivity of the receiver increases
to maintain normal volume. Conversely, a stronger input signal increases the voltage
drop across R, biases the control tubes more negatively so that the receiver sensitivity
decreases to hold the receiver output at normal volume. This action is known as

automatic-volume-control, or a.v.c.

P The a.v.c. circuit just described starts to

function as soon as any signal is received.

acr oR It is sometimes desirable to delay thg cgntrol

1-F /-KC action until a signal of a certain nimimum
NPLT amplitude is received. This is accomplished

- by applying a negative d-c voltage to the

R = Ed 4 diode plate. In Fig. 22, a 10-volt value is

loft shown. Under this condition, the positive

< c2 swing of the peak signal must be slightly

+— more than 10 volts before diode current

flows in the circuit. Since a.v.c. action is

POR AP AND/OR 1-F <] delayed until a certain minumum signal is
AMPLIFIER GAIN CONT ROL received, this system is known as delayed

Fig. 22 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 cthe audio-frequency amplifier stages are cut out until a desired carrier
signal is fully tuned in. This effect may be obtained by a change in voltage on control,
screen, or suppressor grid of the audio-frequency amplifier tube. The use of the control
grid is probably preferable, since the voltage required for the control opcration 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 tube. Amplification of detector output occurs when a carrier is tuned in;
attenuaction occurs due to ‘‘cut-off”’ and zero murtual conductance when the carrier
input is lacking or small. Fig. 23 illustrates a simple scheme of securing automatic
noise suppression when using a diode detector (V,); a triode n.s.c. tube (V,); and a
controlled amplifier tube (Vj).

TOGRID
OF AuDloR
- AMPLIFIE
R: 'F_gR TuBE
INPUT

Fig. 23

When no signal is present in the input transformer, no plate current flows through
V,. There is no bias voltage applied to the grid of V,, so maximum plate current
flows through R,. The voltage developed across R, biases V; to cut-off so thart it
cannot amplify. The audio stages of the receiver are thus suppressed. When a signal
voltage is developed across the input transformer, plate current flows through V.
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D-c and a-f voltages are produced across R. The d-c voltage is applied as negative
bias to cut off V,. There is then no voltage drop across R,, so V, operates with mini-
mum fixed bias. V, then functions as a regular amplifier for the a-f voltage applied

through C, from R.

Fig. 24 shows a circuit employing the 55 and 57 arranged to take advantage of the
combined features of diode detection, d.a.v.c., and n.s.c. The diodes, A and B, of
the 55 are employed to secure these effects. Diode A is the d.a.v.c. unit; diode B is
the detector. The triode is the n.s.c. unic. When a carrier signal is applied across the
input transformer, plate current flows from diode A through R and R; back to A.
The bleeder resistor (R) provides a negative bias of 14 voits to A in order to obtain
delayed a.v.c. A.v.c. voltage is obtained across R; when the peak signal is slightly
greatet than 14 volts. At che same time, B also passes plate current which causes a
drop chrough the diode-load resistors (R; and R,) to provide negative d-c bias for the
55 triode and a-f voltage for the 57 a-f amplifier. Under signal conditions, the 55
triode is biased to cut-off. No current flows through load resistor R so that the 57
operates at maximum plate currenc—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-frequency stages.

N.SC. AND DAV.C. CIRCUIT
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Fig. 24

When no carrier signal is present in the input transformer, no plate currenc flows
through diodes A or B. There is no a.v.c. action since diode B 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. No amplification of the audio signal occurs and the audio-frequency
amplifier tubes receive no a-f voltage. Thus, the audio system is suppressed and no
sound is heard from the loudspeaker.

For small degrees of detuning under conditions of signal input, the n.s.c. circuit
will not function to suppress audio amplification until the a.v.c. circuit no longer acts
to maintain the detector input constant. Thus, while noise suppression is obtained
effectively when the receiver is considerably detuned, there is a tendency for some noise
and carrier hiss to be heard when tuning is at or near che side-band limits. This makes
it desirable to reduce the delay in noise suppression control to a minimum.

To obtain this, the a.v.c. tube and the n.s.c. tube must be controlled by signal
voltages obtained from separate inputs, and for a small amount of detuning, che signal
actuating che n.s.c. tube must be reduced more sharply than thac supplying the a.v.c.
tube. One convenient method is shown in Fig. 24. The overall selectivity at the
secondary (L;) of che input transformer is greater than ac che secondary (Lj), so
that, when detuning, the signal on diode B is reduced to a greater extent than the
signal on diode A. The selectivity of the secondary (L;) is less than that of L, because
L; is more closely coupled to the primary (L,). This arrangement can be utilized to
provide the desired suppression appreciably before thea.v.c. action increases che receiver
sensitivity to maximum.
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OSCILLATION

As an oscillator, a radio tube can be employed to generate a continuously alternating
voltage. In present-day radio broadcast receivers, this application is limited practically
to superheterodyne receivers for supplying the heterodyning frequency. Several
circuits (represented in Fig. 25) may be utilized, but they all depend on feeding more
energy from the plate or output circuit to the grid or inpuc circuit chan is required to
equal che power loss in the tube. Feed-back may be produced by electrostatic or

ié j <«— Fig. 25 —>

L

TR

HEATER B+

B-
A+ TRANSFORMER

electromagnetic 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 che circuit constants of inductance and capacity. By properly
choosing these values, the frequency may be adjusted over a very wide range.

FREQUENCY CONVERSION

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

he usual mechods employ a mixer tube in which the radio signal and local fre-
quency are applied to the same grid. The local frequency may be generated by a
separate tube or it may be generated within the mixer tube. These methods generally
depend on coupling the oscillacor and mixer circuits by either capacitive or inductive
means.

Another mechod of interest depends on the electron stream as a coupling agent
instead of reactive coupling. This arrangement offers advantages in eliminating un-
desired intercoupling effects between signal, oscillator, and mixer circuit and in re-
duction of local-frequency radiation. Furchermore, not only simpler circuits can be
utilized, buc also freedom from the effects of variation in oscillator voltage can be
obcained. 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 temperacure produced by filament-current variation. Practically, however,
this same effect can be accomplished by placing a grid and a supplementary anode-grid
between the cathode and the control-grid and by using these electrodes in conjunction
with the cathode to accomplish the modulation of the cathode current.

With chis laccer arrangement, the cathode and the first
PLATE two grids may be regarded theoretically as a composite
D nea cathode which supplies a modulated electron stream. This
emonsz modulated cathode-stream may be further controlled and
utilized by means of the addition of other grids and a

CATHODE . .

A plate, as for example in the pentagrid converters 2A7
HEATER and 6A7; see Fig. 26. Grid No. 1 is the control grid
Fig. 26 for che oscillacor portion of the tube. Grid No. 2 is

the anode for the oscillator. Grids No. 3 and No. 5, con-
nected together witchin the tube, are used to accelerate the electron stream from che

GRIDS N23
& N2S:

GRID Nei
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cathode. In addition, grids No. 3 and No. 5 electrostatically shield the signal control
grid No. 4 from che ocher electrodes. This shielding action increases the output im-
pedance of cthe tube—a desirable characteristic from a gain standpoint.

In operacion, the cacthode, grid No. 1, and grid No. 2 form the oscillator portion of
the tube. Electrons emitted from the cathode can be controlled in their low to the
oscillator-anode (grid No. 2) by grid No. 1. The oscillator-grid circuit, therefore, can
be made to oscillate at any desired frequency so chat the electron stream, in flowing
through the No. 1 grid, will be modulated ac this frequency. This modulated electron
stream comes under che influence of grid No. 3 which is operated at a positive po-
tential with respect to the cathode. As a resulc, the electron stream is accelerated
toward the place by this grid. The incoming radio-frequency signal, applied to grid
No. 4, furcher modulaces the electron stream (already modulated at the oscillator
frequency), thus producing components of plate current, the frequencies of which are
the various combinations of the oscillator and signal frequencies. Since the primary
circuit of the first i-f stage is designed for resonance at the intermediate frequency
(equal to the difference between the oscillator and signal frequencies), only the desired
intermediate frequency will be presenc in the secondary of the i-f transformer.

—— =

Parts and Assembly of the 58
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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. Installacion 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. Addi-
tional 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 volecage and current
supplied to the filament or heater, bur most satisfactory results are obtained from
operation at the rated values. When che voltage is low, the temperature of the cathode
is below normal wich the result that electron emission is limited. This may cause
unsatisfactory operation and reduced tube life. On the other hand, high filament
voltage causes rapid evaporation of cathode material and shortened life. To insure
proper tube operation, the filament or heater voltage should be checked at the socket
terminals by means of an accurate voltmeter while the receiver is in operation. In
the case of series operation of heaters, correct adjustment can be checked by means of
an ammeter in the heater circuit.

The filament or heater voltage supply may be a direct-current source (a batcery or a
d-c power line) or an alternating-current power line, depending on the type of service
and type of tube. Frequently, a resiscor (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 che correct value. Ordinarily, a step-down trans-
former 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-batcery supply, a variable resistor in series with the
filament and cthe 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 condi-
tions after an off-period. The voltage of dry-cells recuperates during off-periods.
In the case of storage-bactery supply, air-cell-battery supply, or d-c power supply, a
non-adjustable resistor of suitable value may be used. It is well, however, to check
operating conditions and, thus, the resistor value initially by means of a voltmeter
or ammeter. A resistor is not required in some types of service, such as in the opera-
tion of the 2-volt series of tubes on a single storage- -cell, and ‘the 6.3-volt series of
tubes from a 6-volt storage battery.

The {Qlamenz or heater resistor required when heaters and/or filaments are operated
in parallel can be determined easily by a simple formula derived from Ohm’s law

Supply volts — Rated volts of tube type

Required Resistance (ohms) =
Total rated filament current

Thus, if a receiver using three 32's, two 30’s, and two 31’s is to be operated from dry
batteries, the series resistor is equal to 3 volts (the voltage from two dry cells in series)
minus 2 volts (voltage rating for these tubes) divided by 0.56 ampere (the sum of
5X0.060 ampere +2X0.130 ampere), i.e., approximately 1.8 ohms. Since chis
resistor should be variable to allow adjustmenc for battery depreciation, it is advis-
able to obtain the next larger commercial size, although any value between 2 and 3
ohms will be quite satisfactory. Where much power is dissipated in the resistor, the
wattage rating should be sufficiently large to prevent overheating. The power dis-
sipation in watts is equal to the voltage drop in the resistor multiplied by the total
filament current in amperes. Thus, for the example above, 1X0.56=0.56 watts.
In this case, the value is so small that any commercial rheostat having suitable resist-
ance will be adequarte.
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For the case where the heaters and/or filaments of several tubes are operated in
series, the resistor value is calculated by the following formula, also derived from

Ohm’s law.
Supply volts — Total rated volts of tubes

Required Resistance (ohms) =
Rated amperes of tubes

Thus, if a receiver having one 78, one 77, one 43, and one 2575 is to be operated from
a 120-volt power line, the series resistor is equal to 120 volts (the supply voltage)
minus 62.6 volts (the sum of 2X6.3 volts +2X 25 volts) divided by 0.3 ampere (current
rating of cthese tubes), i.e., approximately 191 ohms. The watrage 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 bas s
of the tubes having the highest current rating.

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

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

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

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

HEATER-TO-CATHODE CONNECTION

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

PLATE VOLTAGE SUPPLY

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

GRID VOLTAGE SUPPLY

The recommended grid voltages for different operating conditions have been
carefully determined to give the most satisfactory performance. Grid voltage may
be obtained from a separate C-battery, a tap on the volecage divider of the high-voltage
d-c supply, or from the voltage drop across a resistor in the cathode circuit.  This lasc
is called the ‘‘self-bias’’ method, since the cachode current of che tube is utilized to
produce the bias voltage. In any case, che object of the connection is to make the grid
negative with respect to the cathode by the specified voltage. Wich C-battery supply,
the negative battery terminal is connected to the grid recurn. The positive battery
terminal is connected to the negative filament socket terminal, or to the cathode terminal
if the tube is of the heater-cathode type. If the filament is supplied with alcernating
current, this connection is usually made to the center-tap of a low resistance (20-50 ohms)
shunted across the filament terminals. This mechod reduces hum disturbances caused
by the a-c supply. If bias voltages are obtained from the voltage divider of a high-
voltage d-c supply, the grid return is tied into a more negative tap than the cathode.

The self-biasing method is accomplished by utilizing the voltage drop produced
by the cathode current flowing through a resistor (Fig. 27) connected between the
cathode and the negative terminal of the B-supply. The cachode current is, of course,
equal to the plate current in the case of a triode, or to the sum of the plate and screen
current in the case of a tetrode—or of a pentode. Since the voltage drop along
the resistance is increasingly negative with respect to the cathode, the required negative
grid-bias voltage can be obtained by connecting the grid return to the negative end of
the resistance.
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Fig. 27

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

Resistance (ohms) = - —
Rated plate current in milliamperes

Thus, the resistance required to produce 9 voles bias for a triode which operates at 3
milliamperes plate current is 9X1000/3=3000 ohms. If the cathode current of
more than one tube passes through the resistor, the size of the resistor will be deter-
mined by the total current. As indicated above for screen grid tubes or pentodes, the
cathode current is the sum of the screeu and the plate current.

Grid voltage variation for the r-f amplifier stages is a convenient and frequently
used method for controlling receiver volume. The variable voltage supplied to the
grid is obtained from a bleeder circuit by means of a potentiometer; by the self-bias
method using a variable resistor; or, with automatic volume control (a.v.c.), from a
bleeder circuit by means of changes in bleeder current caused by the a.v.c. tube. In
any case, it is important that the control be arranged so that less than the minimum
recommended grid-bias voltage cannot be applied to the grid. This requirement may
be met by a stop on the potentiometer, by a fixed resistance in series with the variable
section, or by a fixed cathode resistance in addition to the regulating resistor. See
Figs. 28-30.
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Fig. 28 Fig. 29

SCREEN VOLTAGE SUPPLY

The positive voltage for the screen of a radio tube is usually obtained from a tap
on the B-supply. For screen grid types of the four-electrode (or tetrode) construction,
the screen voltage should be obtained by connecting the screen either direct to the
proper voltage tap or through a potentiometer connected across the B-supply, but never
through a series resistance to a high-voltage supply. This latter arrangement will not
usually be satisfactory because of screen-current variations. Tubes of the pentode
construction, however, may utilize the series-resistor arrangement, since this construc-
tion makes possible greater uniformity of the screen-current characteristic. See Fig. 31.

VARIABLE

B¢ A+ A- B- B+

Fig. 31 Fig. 32

Screen voltage variation for che r-f amplifier stages is sometimes used for volume
control of the receiver. Reduced screen voltage lowers the mutual conductance of the
tube and resules in decreased gain per stage. The voltage variation is obtained by
means of a potentiometer shunted across the screen voltage supply. See Fig. 32.

SHIELDING

Circuits employing tubes having high-gain capabilities, particularly screen grid
types, require shielding by mertal enclosures if stable operation and high-gain per stage
isto be obtained. In multi-tube r-f amplifier circuits, it is necessary to shield completely
and effectively each stage and to include within the stage shield the coupling device.
Unless the coils and condensers of the various stages are shielded from each other, che
amplification possibilities of the tubes and their circuits cannot be realized.

FILTERS

Since coupling between stages can occur not only from interaction of stage-coupling
devices, but also from a common voltage-supply circuit, it is advisable to employ
filters in all voltage-supply leads entering the stage shields. A filcer, in order to be
effective, should have a high impedance to the frequencies handled by che stage. Radio-
frequency filcers require the use of high-grade by-pass condensers for most satisfactory
results. See Fig. 33 for various filter arrangements. Arrangements A and B are
recommended where the current is small. Arrangements C and D are preferable for
larger currents where voltage regulation is important.

26—



Tue RCA RabpiotroNn-CunNiNGgHaM Rapio Tuse ManuaL

OUTPUT-COUPLING DEVICES

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

of either the electro-magnetic or dynamic cype.
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Fig. 33 Fig. 34

Output-coupling devices are of two types, (1) choke-condenser and (2) transformer.
The choke-condenser type consists of an iron-core choke with an inductance of not less
than 10 henrys which is placed in series with the plate and B-supply. The choke offers
a very low resistance to the d-c plate current component of che signal voltage but
opposes the flow of the fluctuating component. A by-pass condenser of 2 to 6 uf
supplies a path to the speaker winding for the signal voltage. The transformer type
is constructed with two separate windings, a primary and a secondary wound on an
iron core. This construction permits of designing each winding to meet the require-
ments of its position in the circuit. Typical arrangements of each type of coupling
device are shown in Fig. 34. Examples of transformers for push-pull stages are

shown in several of the circuits given in the CIRCUIT SECTION.

Assembling Radio Tubes
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Radio Tube

(1) Stem Making—Metal jaws automatically press the
molten glass around the lead-in wires to form an air-tight
seal, or press.

(2) Insulating Heater Wires—Tiny heater filaments,
freshly coated with insulating material are heated in
extremely high-temperature furnaces to insure perma-
nent insulation from the cathode sleeve.

(3) Assembling External Screens—Powerful presses
gauge and mechanically unite external- and top-shield
into one unit.

(4) Spot Welding—Every electrical connection inside
of a radio tube is welded. This insures high electrical
conductivity.

. (5) Bulb-making Machine—Drawing molten glass auto-
: 5. matically from an adjacent furnace, this mechanical giant
shapes radio tube bulbs with amazing rapidity.



o.

(6) Cementing Bases—A base is lined with special ce-
ment and placed on the tube. The assembly passes
through a rotary oven to set the cement.

(7) Bulb-sealing and Exhausting—This machine seals
the bulb to the stem. The atmosphere is then drawn from
the bulb by highly efficient pumps.

(8) Capping Screen-grid Tubes—The tiny cement-lined
metal caps are placed over the grid-connection seal of the
bulb. The bulb is rotated through an oven to fasten the
cap firmly to the glass.

(9) Seasoning Tubes—The tube, before final inspection.
is placed on a ‘“‘seasoning” rack where it is operated for a
length of time sufficient to stabilize its characteristics.

(10) An InspectingOperation—Accurate instruments are
used for inspection tests which include short- and open-
circuit checks as well as plate current, cathode activity
(emission), a-c output, gas, and leakage measurements.

10
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RADIO TUBES

RCA-1A6 C-1A6

PENTAGRID CONVERTER

The 1A6 is a multi-electrode type of vacuum tube designed
primarily to perform simultaneously the function of a mixer tube
and of an oscillator tube in superheterodyne circuits. Through its
use, the independent control of each function is made possible within
a single tube. The 1A6 is designed especially for use in batcery-
operated receivers. In such service, this tube replaces the two tubes
required in conventional circuits and gives improved performance. For general
discussion of pentagrid types see Frequency Conversion, page 21.

CHARACTERISTICS
Firament Vortace (D.C). ... ...t 2.0 Volts
FieaMeENT CURRENT. . ... ... .. ... ... 0.060 Ampere
Direct InTErRELECTRODE CAaPAciTANCES (Approx.)
Grid No. 4 to Plate (Wich shield-can).. .. .. 0.25 upf
Grid No. 4 to Grid No. 2 (Wich shield-can).. .. .. 0.2 upf
Grid No. 4 to Grid No. 1 (With shield-can).. .. .. 0.1 pupf
Grid No. 1toGrid No. 2. . ........... ... .... 0.8 upf
Grid No. 4 to all other Electrodes (R-F input) .. .. 10.5 upf
Grid No. 2 to all other Electrodes (Osc. output) . . 6 upf
Grid No. 1 to all other Electrodes (Osc. input) . . . 5 uuf
Place to all other Electrodes (Mixer output) ... ... 9 upf
BuLB (For dimensions, sec Page 151, Fig. 7). .. ... .. ..o o L. ST-12
AP o oot e Small Metal
BASE (For socket connections, see Page 150, Fig. 26). . . ... ........... Small 6-Pin
Converter Service
PLATE VOLTAGE. .« ot i iiiie e 180 max. Voles
Screen Vortace (Grid Nos. 3and5) . ...... .. . 67.5 max. Vol
Awnope-Grip (Grid No. 2). .. ........... ... 135 max. Volts
ControL-Grip (NO.4) .. oo -3 min.  Volts
ToraL CaTHODE CURRENT.............oonou.i .. 9 max. Milliamperes
Tyeicar OpERATION
Filament Voleage. .. ... ...... .. 2.0 2.0 Volts
Plate Voltage.................. 135 180 Volts
Screen Voltage (Grid Nos. 3 and 5) 67.5 67.5 Volts
Anode-Grid (Grid No. 2)........ 135 135 Volts
Control-Grid (Grid No.4). . ..... -3 -3 Volts
Oscillator-Grid (Grid No. 1) Resistor 50000 50000 Ohms
Plate Current . ................. 1.2 1.3 Milliamperes
Screen Current. .. .............. 2.5 2.4 Milliamperes
Anode-Grid Current. . .. ........ 2.3 2.3 Milliamperes
Oscillator-Grid Currenc. . ... ... .. 0.2 0.2 Milliampere
Tortal Cathode Currenc. . ........ 6.2 6.2 Milliamperes
Place Resistance................ 0.4 0.5 Megohm
Conversion Conductance. . ....... 275 300 Micromhos

Conversion Conductance (at -22.5
voltson GridNo.4).......... 4 4 Micromhos
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INSTALLATION

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

The coated filament of the 1A6 may be operated conveniently from dry-cells,
from a single lead storage-cell, or from an air-cell bactery. For dry-cell operation, a
filament rheostat may be used together with a permanently installed voltmeter to
insure the proper filament voltage. For operation from a 2-volt lead storage-cell,
the 1A6 requires no filament resistor. Operation with an air-cell bactery requires a
fixed resistor in the filament circuic. This resistor should have a value such that wich
a new air-cell batcery, the volecage applied across the filament terminals will not
initially exceed 2.15 volts. Series operation of the filament of the I A6 with those of
other two-volt battery types is not recommended. Socket terminal No. 3 (see socket
connections) should be connected to the positive battery terminal.

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

APPLICATION

As a frequency converter in superheterodyne circuits, the 1A6 can supply the
local oscillator frequency and at the same time mix it with the radio-input frequency
to provide the desired intermediate frequency. For this service, design information
is given under CHARACTERISTICS. It is important to note that the anode-grid
voltage and the plate voltage must each be higher than the screen voleage.

For cthe oscillator circuit, the coils may be constructed according to conventional
design, since the tube is not parcicularly critical. The voltage applied to the anode-
grid (No. 2) 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 cricical
but requires design adjustment depending upon che values of the anode-grid voltage
and of the screen voltage. Adjustment of the circuic should be such thac the cathode
current is approximately 6 milliamperes. Under no condition of adjustment should
the cathode current exceed the recommended maximum value of g milliamperes.

The bias voltage applied to grid No. 4 can be varied over relatively wide limits
to control the translation gain of the tube. For example, with 67.5 volts on the
screen (No. 3 and No. 5), the bias voltage may be varied from -3 to plate current

. . y P . .
cut-off (approximately —25 volts). With lower screen volcages, the cut-off poinc is
A pP A ! A P .
proportionately less. The extended cut-off feature of the 1A6 in combination wich
the similar characeeristics of super-control tubes can be
utilized advantageously to adjust receiver sensitivity.
: . . TYPICAL PENTAGRID CONVERTER CIRCUIT

Since the capacity between grid No. 4 and plate e TYPE n6
is in a parallel path with the capacity and inductance
of the plate load, it is important to use a load capacity
of sufficient size to limit the magnitude of the r-f
voltage built up across the load. If this is not done,
r-f voltage feed-back will occur between plate and grid
No. 4 to produce degenerative effects. For chis reason,
the size of the load condenser in the plate circuic X L |4
should be not less than 50 puf. or AL ANOOE-GRD P SCREEN PLATE

. . . . JCRD BAS SUPPLY  SUPPLY SUPPLY SUPPLY

Converter circuits employing the 1A6 may easily
be designed co have a translation gain of approximacely
40. A typical circuit is shown which provides excep-
tionally uniform oscillator output over the entire grid- RUCTANCE
bias range. Refer to page 38 for details of oscillator N = A AT OR Caib Lean A2

, X pag
coil assemblies.

C =0J uf,

GANGED VARIABLE CONDENSERS

ADDING CONDENSER

RID CONDENSER OF 200 U f
SCILLATOR CRIO NDUCYARCE Acoue £p)
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RCA-2A3 C-2A3
POWER AMPLIFIER TRIODE

The 2A3 is a three-electrode, high-vacuum type of power ampli-
fier tube for use in the power-output stage of a-c operated receivers.
I: possesses unusual capabilities for delivering exceptionally large,
undistorted power outpuc. The exceptionally large power-handling
abilicy 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 cathode area and thus
makes possible the desirable characteristics of the 2A3.

CHARACTERISTICS
FiLament Vortace (A. C.or D.C).......... ... 2.5 Volts
FriLamenT CURRENT. . .. ..o v 2.5 Amperes
GriD-PLATE CAPACITANCE. . . ... oov i 13 s
GriD-FiLAMENT CAPACITANCE. . . . ..o oiiiienin. .. 9 upf
PLaTe-FiILAMENT CAPACITANCE. . . .. .. ... ... ... 4 uuf
BuLB (For dimensions, see Page 151, Fig. 13). .. ... ... ovuvonn.n ST-16
BASE (For socket connections, see Page 150, Fig. 1). .. ....... ... ..... Medium 4-Pin
As a Single-Tube Class A Amplifier
Fuieament Vortage (A C).. .. ... .. oo 2.5 Voles
PLATE VOLTAGE. .. ..o oo 250 max. Volts
GRrID VOLTAGE® . .. ... i —45 Volts
PLATE CURRENT . .. . oot 60 Milliamperes
PLATE RESISTANCE. . . ... ... ... ... ... ... .. ..... 800 Ohms
AwmpriricaTioN Factor. ... .. ... ... o L 4.2
MuUTUAL CONDUCTANCE . .+ ot v eeeeeeet e e 5250 Micromhos
Loap RESISTANCE. ... .. ... . . ... 2500 Ohms
UnbistorTED Power OQuTpuT. . . ... L 3.5 Watcts
As a Push-Pull Class A Amplifier (Two Tubes)
Fixed Bias Self Bias
Fiament Vorrtace (A. C). ... ... 2.5 2.5 Voles
PLATE VOLTAGE. .. ..o 300 max. 300 max. Volts
GriD VOLTAGE*. . . . ... ... . ... -62 -62 Volts
Prate Current (Percube). . ... . ... 40 40 Milliamperes
Loap Resistance (Plate-to-plate) . ... 3000 5000 Ohms
ToraL Harmonic DistorTiON . .. ... .. 2.5 5 Per cent
Power QurpPuT. ... ... ... Ll 15 . 10 Watts

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

INSTALLATION

The base pins of the 2A3 fit che standard four-contact socket which may be in-
stalled to hold the tube eicher 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.

The filament of chis type is usually operated on a.c. See page 24.

APPLICATION

As a power amplifier (Class A), the 2A3 is adaptable either singly or in push-
pull combination to the power-output stage of a-c receivers. Recommended operating

conditions are given under CHARACTERISTICS.
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The values recommended for push-pull operation are differenc than che con-
ventional ones usually given on the basis of characeeristics for a single cube. The
values shown for Push-Pull Class A operation cover operation with fixed-bias and
with self-bias, and have been determined on the basis of no grid current flow during
the most positive swing of the input signal and of cancellation of second harmonic

distortion by virtue of the push-pull circuit.

If a single 2A3 is operated self-biased, the self-biasing resistor should be approxi-
mately 700 ohms. This value is the same for two 2A3’s in push-pull. In either case
the resistor should preferably be shunted by a suitable filcer network to minimize
grid-bias variations produced by current surges in the biasing resistor.

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

exceed 10000 ohms.

AVERAGE PLATE CHARACTERISTICS
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RCA-2A5 C-2A5

POWER AMPLIFIER PENTODE

The 2A5 is a power amplifier pentode of the heater-cacthode type
for use in the audio-output stage of a-c receivers. It is capable
of giving large power output with a relacively small inpuc-signal
voltage. Because of the heater-cathode construction, a uniformly
low hum-level is atcainable in power-amplifier design.

The power-handling ability of the 2A5 is essentially the same as
that of the 59 with pentode connection, but the laccer type has a greater flexibility
of application to power-amplifier design. The two types, however, are not directly
interchangeable because of the difference in base connections.

CHARACTERISTICS
Heater Vortage (A. C.or D.C). ool 2.5 Volts
HeaTter CURRENT . . . .. ... ... . 1.75 Amperes
PLATE VOLTAGE. . . . . ... i 250 max. Voles
SCREEN VOLTAGE. . .. oo 250 max.  Volts
GRID VOLTAGE . . .« oottt e e 16.5 Volts
PLAaTE CURRENT. ..o 34 Milliamperes
ScREEN CURRENT . . . . . tvtit i 6.5 Milliamperes
PLATE RESISTANCE. . ... ... o 100000 approx. Ohms
AwmpuiricaTiON Factor. . ..o oo 220 approx.
MuTUAL CONDUCTANCE. . . .« oo oeee e e 2200 Micromhos
LoAD RESISTANCE. .. ......... ... .. 7000 Ohms
Power Outpur (7Y%, total harmonic distortion). . . . .. 3.0 Wartes
BuLB (For dimensions, see Page 151, Fig. 11). . .. .. ..o v cvi oot ST-14
BASE (For socket connections, see Page 150, g . 13A). . . ... .. ... .. ... Medium 6-Pin

INSTALLATION

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

The bulb of chis tube will become very hot under certain conditions of operation.
Sufhcient ventilation should be provided to prevenc overheating.

The heater is designed to operate at 2.5 volts.  The transformer winding supply-
ing the heater circuit should be designed to operate che heater ac this recommended
value for full-load operating conditions at average line voltage.

The cathode should preferably be connected directly to a mid-tap on the heater
winding or to a center-tapped resistor across the heater winding. If chis practice is
not followed, the potential difference between heater and cachode should be kepec as
low as possible.

APPLICATION

As a power amplifier (Class A), the 2AS may be used either singly or in push-
ull combination. Recommended operating conditions arc given under CHAR-
ACTERISTICS.

If a single 2A5 is operated self-biased at a plate voltage of 250 voles, che self-bias-
ing resistor should have a value of 410 ohms. This resiscor should be shunted by a
suitable filter necwork to avoid degenerative effects at low audio frequencies. The use
of two 2AS5’s in push-pull eliminates the necessity for shunting the resistor. The
value of che self-biasing resistor required for the push-pull stage is one-half chat for
a single stage.
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Any conventional type of input coupling may be used provided che resistance
added to the grid circuit by this device is not too high. Transformer or impedance
coupling devices are recommended. If, however, resistance coupling is employed, the
grid resistor should not exceed one megohm with self-bias provided che heater volc-
age does not rise more than 109, above the rated value under any conditions of
operation; without self-bias, the value should be limited to 100000 ohm:s.

An output transformer should be used in order to transfer power efhiciently to
the speaker. The optimum value of load resistance for a single tube is given under
CHARACTERISTICS. For push-pull operation, the plate-to-plate load resistance
should be twice that for a single tube. For best results, the impedance in the place
circuit of the 2A5 should be as uniform as possible over the entire audio-frequency

range.
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RCA-2A6 C-2A6

DUPLEX-DIODE HIGH-MU TRIODE

The 2A6 is a 2.5-volt heater type of tube consisting
of two diodes and a high-mu triode in a single bulb. It
is for use as a combined detector, amplifier, and auto-
matic-volume-control tube in a-c receivers designed for
its characteristics. For diode-detector considerations, refer
to page 17.

CHARACTERISTICS

Heater Vortace (A. C.or D.C).. oot 2.5 Volts
HeaTeR CURRENT. . ..o ii i 0.8 Ampere
GRrID-PLATE CAPACITANCE . .. .. oo 1.7 upf
GRID-CATHODE CAPACITANCE. . . .o oo oev e e 1.7 uuf
PLaTE-CaTHODE CAPACITANCE. . . . . ... 3.8 uuf
BuLB (For dimensions, see Page 151, Fig. 7). . ... ..o en ... ST-12
AP, o i Small Metal
BASE (For socket connections, see Page 150, Fig. 13). .. ... ........... Small 6-Pin

Triode Unit—As Class A Amplifier
HEATER VOLTAGE. ... ... o 2.5 Volts
PLATE VOLTAGE. . -« oot 250 max. Vols
GRID VOLTAGE. . .. o o oot -2 Volts
AMPLIFICATION FACTOR . . . .. ... ... ... .. ... ... 100
PLATE RESISTANCE. .. ... ... i 91000 Ohms
MuTUAL CONDUCTANCE. . . .t toiii e e 1100 Micromhos
PLATE CURRENT . . ... it 0.8 Milliampere

Diode Units

The two diode plates are placed around a cathode, the sleeve of which is common
to the triode unic. Each diode plate has its own base pin. Operation curves for the
diode units are given under type 2B7, page 41.

INSTALLATION

The base pins of the 2A6 fic the standard six-conctact socket which may be in-
stalled to hold the tube in any position.

Heater operation and cathode connection are the same as for the 2A5.

APPLICATION

The 2A6 in many respects is similar in application to the 55. The outstanding
difference, however, is that the 2A6 has a high-mu triode. For this reason, the tube
is recommended for use only in resistance-coupled circuits. Furthermore, diode-bias-
ing 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 142. A family of average plate characteristics curves
applicable to this type will be found under type 75, page 113.
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C2A7

PENTAGRID CONVERTER

The 2A7 is a multi-electrode type of vacuum tube -designed
primarily to perform simultaneously the functions of a mixer (first
detector) tube and of an oscillator tube in superheterodyne circuits.
Through the use of this type, the independent control of each function
is made possible within a single tube.

The 2A7 is intended especially

for use in a-c receivers having a 2.5-volt heacer supply.

CHARACTERISTICS

HeaTer Vortage (A. C.or D.C)...............

HeaTer CURRENT . . ... ..o oot

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 (Wich shield-can) .. ..
Grid No. 1w GridNo. 2. ..................

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 ocher Electrodes (Mixer output). . . ..

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

PLATE VOLTAGE. ... ... .. .. . .. .

.. 100 max. Voles

Screen VorTace (Grids No. 3 and No. 5)........

Anope-Grip Vortace (Grid No. 2). . ....... ... ..
Anope-Grip Suppry Vorrace (Grid No. 2). ... .. ..
ControL-Grip Vor.tace (Grid No. 4). .. ....... ..
ToraL CatHope CURRENT . . .. ... .. ... ..... ...

Typicar OpERATION

S ON

. T
SoOUnUnoOUnnWwW W
3
T
=

. 1
8

. 5.
7

. 9

........ Small Metal
........ Small 7-Pin

. 250 max. Volts

. 200 max. Volts
. 250 max. Volts
. -3 min. Voles
. 14 max. Milliampercs

Plate Voleage..................... ... 100 250 Voles
Screen Voltage (Grids No. 3 and No. 5). . 50 100 Volts
Anode-Grid Voltage (Grid No. 2)....... 100 200 Volts
Control-Grid Voltage (Grid No. 4). .. .. -1.5 -3 Volts
Okscillator-Grid (Grid No. 1) Resistor.... 10000 50000 Ohms
Plate Currenc. . ................ .. .... 1.3 3.5 Milliamperes
Screen Current. .. ............ ... ..... 2.5 2.2 Milliamperes
Anode-Grid Current. . . . .............. 3.3 4.0 Milliamperes
Oscillacor-Grid Currenc. . . ... ....... .. 1.2 0.7 Milliampere
Cathode Resistor. . . .................. 150 300 Ohms
Plate Resistance.............. ... .. ... 0.6 0.36 Megohm
Conversion Conductance............... 350 520 Micromhos
Control-Grid Volrage (Conver. cond.=

2upumhos). ... ... =20 —45 approx. Volts

INSTALLATION

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

For heater operation and cathode connection,

refer to che type 2AS.

Complete shielding of the 2A7 is generally necessary to prevent intercoupling

between its circuit and the circuits of other stages.
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APPLICATION

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

given under CHARACTERISTICS.

For the oscillator circuit, the coils may be constructed according to conventional
design, since the tube is not particularly critical. The supply voltage applied to the
anode-grid (No. 2) should not exceed the maximum value of 250 voles.  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 circuic
of the oscillacor is not critical but requires design adjustment depending upon the values
of the anode-grid volcage and of the screen voltage. Adjustment of che circuic should
be such that che cathode current is approximacely 11 milliamperes. Under no con-
dition of adjustment should the cathode current exceed a recommended maximum
value of 14 milliamperes. The following tabulation gives suitable values for differ-
ent voltages on the electrodes.

PLATE VOLTAGE............................ 100 250 250 Volts
SCREEN VOLTAGE (Grids No. 3 and No. 5). ... 50 75 100 Volts
ANODE-GRID (No. 2) VOLTAGE. 100 100 250* Volts

GRID (No. 1) RESISTOR. .................... 10000-25000 25000-50000 50000-100000 Ohms

* Applied through resistor of 20000 ohms

The bias volrage applied to grid No. 4 can be varied from -3 volts to cut-off to
control the translacion gain of the tube. Wich lower screen voltages, the cuc-off
point is less remote. The excended 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 che capacity becween grid No. 4 and plate is in a parallel path with the capac-
ity and inductance of the plate load, it is important to use a load capacity of sufhcient
size to limit che magnicude of the r-f volecage buile up across che load. If chis is not
done, r-f volcage feed-back will occur becween plate and grid No. 4 to produce degenera-
tive effects. For this reason, the size of the load condenser in the plate circuit should
be not less than 50 puf.

Converter circuits employing the 2A7 may easily be designed to have a translacion
gain of approximately 60.

TYPICAL PENTAGRID CONVERTER CIRCUIT DETAILS OF OSCILLATOR COIL ASSEMBLIES
R-F t-F PLATE COIL PLATE TUNING
INPUT TYPE 2A7 OR 6A7 OUTPUT % GRID COIL coiL___ (GRID)COIL
¢ LOO0EN0000COCD " TURNS 35 90
0.005- | TURNS PER IN. 13 100

0.010" INDUCTANCE —_— 200

MICRO HENRIES,

MUTUAL INDUCTANCE OF PLATE & GRID COIL _ ¢ 1
GRID COIL INDUCTANCE :

]
> la)
m | I

] o

PLATE COIL PLATE TUNING
oo -GRID COIL CoIL___ (GRID)COIL
= - TURNS 45 "ns
SIGNAL GRID BIAS  SCREEN®SUPALY © 88%~ INBOC PERslN‘ﬁ e ne
X INDUCTANC _
SUPPLY 4~ [MICRG HENRIES 180
_ MUTUAL INDUCTANCE OF PLATE & GRID COIL 20.35
g-_o.mf. GRID COIL INDUCTANCE e
c;:_ GANGED VARIABLE CONDENSERS .
C3ZPADDING CONDENSER 3 GRID COIL PLATE TUNING
Ca=GRID CONDENSER OF 200 MU ¥. PLATE COIL coir _ (GRID)COIL
LI=OSCILLATOR GRID INDUCTANCE }CoupLED A TURNS NCE 3}, as 9l
L2=0SCILLATOR P INDUCTANCE _
2 LATE INDUC ] Ye | MICRO HENRIE 160

MIMUTUAL INDUCTANCE OF Ly & L2 ) MUTUAL INDUCTANCE OF PLATE & GRID COIL
R1ZOSCILLATOR GRID LEAK B>k MUTUAL INOUCTANCE OF PLATE & GRID COIL =0.30
R3=SELF BIASING RESISTOR T GRID COIL INDUCTANCE
R3=VOLTAGE REDUCING RESISTOR OF 20,000 OHMS N oTE *
(USED ONLY WHEN PLATE VOLTAGE EACH OF THESE COILS DESIGNED FOR AN INTERMEDIATE
IS OVER 200 VOLTS) FREQUENCY OF {75 K.C.IN A BROADCAST-BAND RECEIVER
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RCA-2B7 C-2B7

DUPLEX-DIODE PENTODE

The 2B7 is a heater type of tube consisting of two diodes and a
pentode in a single bulb. It is recommended for service as a com-
bined 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.

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

CHARACTERISTICS
Heater Vortace (A.C.or D.C)................ 2.5 Voles
HeaTerR CURRENT. ... ... ..o 0.8 Ampere
BuLB (For dimensions, see Page 151, Fig. 7). . . ... .. ... ... ... ... ST-12
AP, Small Metal
Basg (For socket connections, see Page 150, Fig. 21) . . . .. .. .......... Small 7-Pin

Pentode Unit—As Class A Amplifier

PLatE VOLTAGE. . ... . ......... 100 180 250 250 max. Volts
ScrReEN VOLTAGE. .. ........... 100 75 100 125 max. Volts

GrID VOLTAGE. . . . . . ......... -3 -3 -3 -3 Volts

PraTe CURRENT. . .. .. ... ... .. 58 3.4 6.0 9.0 Milliamperes
ScreeN CURRENT. .............. 1.7 09 1.5 2.3 Milliamperes
PLaTe REsisTaNCE. . ... ... ... .. 0.3 1.0 0.8 0.65 Megohm
AwprLiricaTioN Factor. .. ... ... 285 840 800 730

MutuaL CONDUCTANCE. . . .. ... 950 840 1000 1125 Micromhos
Grip VoLTAGE*. .. .. ...... ... -17 -13 17 21 approx. Volts

* For cathode-current cut-off.
Diode Units

Two diode plates are placed around a cathode, the sleeve of which is common to
the pentode unit. Each diode plate has its own base pin.

INSTALLATION
The base pins of the 2B7 fit the seven-contact (0.75 inch pin-circle diameter)
socket which may be installed to hold the tube in any position.
For heater operation and cathode connection, refer to type 2A5.

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

APPLICATION

The 2B7 is recommended for performing the simultaneous functions of automatic-
volume-control, detection, and amplification.

For detection, the diodes of this tube may be utilized in a full-wave circuit or
in a half-wave circuit. In the latter case, one plate only or the two plates in parallel
may be employed. The use of the half-wave arrangement will provide approxi-
mately twice the rectified voltage as compared with the full-wave arrangement.
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For automatic-volume-control, a rectified voltage which is dependenc on the
r-f or i-f carrier is usually employed. This voltage is utilized to regulate the gain of
the r-f and/or i-f amplifier stages so as to maintain essentially constanc-carrier input
to the audio detector. Refer to discussion of automatic-volume-control methods
on page 18.

The complex structure of the 2B7 permits of obtaining automatic-volume-control
voltage in a number of ways. In one case, the required voltage is obtained from the
detector circuit by utilizing the voltage drop caused by the rectified current flowing
through a resistor in the detector circuit. In another case, the required voltage is
obrained 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-de-
lay function to the a.v.c. circuit. Time-delay action is determined by the use of a
resistance and condenser combination having the desired time constant. The a.v.c.
action may be postponed by applying a negative voltage to the a.v.c. diode plate.
Another a.v.c. arrangement capable of various adaptations is to use the pentode as a
d-c amplifier to supply the regulating voleage.

For r-f or i-f amplification, the pentode unic of the 2B7 may be employed in
conventional circuit arrangements. It is designed so that its cut-off is somewhat
extended to permit of moderate gain control by grid-bias variation without introduc-
ing cross-modulation effects. The cuc-off point and the ability to handle the larger
signals may be altered by choice of screen voltage to suit the requirements of the cir-
cuit. 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 obrtaining the de-
sired benefit of the extended cut-off is to supply the screen voltage from a high-voltage
tap through a series resistor. This arrangement provides automatically an increase
in the voltage applied to the screen as the grid-bias is made more negative, with the
resule that the maximum signal-handling ability is obtained. When this method is
used, the voltage applied to the screen should be limited to 125 voles for -3 voltes
grid-bias and to 200 volts for more negative values of grid-bias.

For a-f amplification, the pentode unit of the 2B7 may be used in a resistance-
coupled circuit arrangement to provide high gain. Typical operating conditions for
such service are: Plate-supply voltage, 250 volts, applied through a load resistor of 0.2
megohm; screen voltage, 50 volts; grid-bias, —4.5 volts; and plate current, 0.65 milli-
ampere.  Grid-bias should be obtained from a fixed-voltage tap on the d-c power
supply. The value of resistor in the grid-circuit should not exceed a2 maximum value of
1.0 megohm. Additional operating conditions are given on page 142.

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT

€ra25 VOLTS | | chnrrbe crlio volvs Ey=0 j
of SCREEN voLTs=100

TYPE 687
E4=63 VOLTS

A SCREEN VOLTS=100 ot

=2

\

Y

/‘
A ——
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e
= b

PLATE MLUAMPERES
w

"] »
AN

=7

=
! =0

200
PLATE VOLTS
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AVERAGE CHARACTERISTICS

1200 AVERAGE CHARACTERISTICS HALF~WAVE RECTIFICATION-SINGLE DIODE UNIT
TYPE 2B7 ' TYPE 687 | 1 - TYPE 55 TYPE 75
£422.5 VOLTS E¢=6.3VOLTS R 288 .
[ "PLATE voLTS=250 5 287 687
CONTROL GRID VOLTS=-39, S E¢=25VOLTS E£=63VOLTS
1000 g 200
@ g
" o) | o a
Sa00l o 2 (3 e el o 60
Q ¥ 4\/ q I I
b3 v/ 0w 2 W
= 3 e g N a
e i AN i AETAN I .
£ 600 312 2 3 s P 120
o N : AN
z 3 A o2 3
2 L & S H N
9] = = O b o
2400Z8 85 S 80 W
% ] ] 4 A L [
~ z ¥ =
S 5 >~ —to6d I
© a S % o
220024 @ 1o v P
S20073 o4l 2% Bonrs
5=
3 v L o2y
ez
;‘ A }/ | ;_,
o 40 80 120 160 =40 -30 =20 -10
SCREEN VOLTS D-C VOLTS DEVELOPED BY DIODE
TYPICAL DUPLEX-DIODE PENTODE CIRCUITS
USING TYPES 287 OR 687
HALF~WAVE DETECTOR FULL-WAVE DETECTOR HALF-WAVE DETECTOR
FIXED-BIAS AMPLIFIER AF FIXED-BIAS AMPLIFIER _AF D-C AMPLIFIER
ST =
Ry NI
I R4
R T8
|
=Tl
REcuLatnG  Ct T, ]| Ca
VOLTAGE Res T
Ib,—:*l'i; i e
FIG.t 8- FIG.3 8
HALF-WAVE DETECTOR,AND HALF-WAVE DE TECTOR.SEPARATE HALF-WAVE DETECTOR
AVC.FIXED~BIAS AMPLIFIER AVC,FIXED-BIAS AMPLIFIER AF FIXED-BIAS H-F AMPLIFIER

APPROXIMATE VALUES
150 1 . FOR 5001500 KC.

Cy= 450 P FOR 175 KC. R|=0.5-1.0 MEGOHM
C2=0.1 Pif. R2=1.0-1.5 MEGOHMS
A f, R3=0.1-0.2 MEGOHM
C4=0.5Mf. OR LARGER R4‘O.5 1.0 MEGOHM
C5=0.0001 JUf. OR SMALLER Rg=1.0 MEGOHM
Cg=001-0.1 Jf. Rg=30000-100000 OHMS
C220.0005-0.001 pf. R7=0.1-0.2 MEGOHMS
Ca'O | Mf. OR LARGER Ep= VOLTAGE FOR SENSITIVITY CONTROL

NOTE: SUPPRESSOR CONNECTED TO CATHODE WITHIN BULB
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RADIO TUBES

RCA-5Z73 C-5Z23

HEAVY-DUTY FULL-WAVE
RECTIFIER

The 5Z3 is a high-vacuum rectifier of the full-wave
type indended for supplying rectified power to radio equip-
ment having very large direct-current requirements.

CHARACTERISTICS
Firament Vortace (A. C.). ..ot 5.0 Voles
FiraMENT CURRENT. . . ..o oiit it 3.0 Amperes
A-C VortaGe Per PLate RMS). .. .. ... .. ... .. 500 max. Volts
D-COutputr CURRENT. ...« 250 max. Milliamperes
BuLB (For dimensions, see Page 151, Fig. 13). .. ... ................ ST-16
BaAse (For socket connections, see Page 150, Fig. 2) ... .............. 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 witch the base down. If it
is necessary to place the tube in a horizontal position, the socket should be mounted
with the filament-pin openings either at che top or at the bottom so that the plane of
each filamenc is vertical. Only a socket making very good filament contact and
capable of carrying three amperes continuously should be used with the 5Z23. Pro-
vision should be made for adequate ventilation to prevent overheating.

The coated filament of the 573 is intended to

operate from the a-c line through a step-down trans- OPERATION CHARACTERISTICS

under CHARACTERISTICS. Filter circuits are T = 200
discussed on page 15.

. TYPE 5Z3
former. The volrage applied to the filament ter- |ec=50voirsad | | |
i ——CONDENSER INPUT TO FILTER

mmals’ should be the rated value gf 5.0 volts under NS core meot TR eA |
operating conditions and average line volcage. The %) .
high current caken by the filament makes it impera- ST ¢
tive chat all connections in the filament circuit be of L 500 =
. . o
low resistance and of adequate current-carrying N - F
capacity. S~k 'é
i 400Z
APPLICATION N L X
EEAN o
As a full-wave rectifier, the 5Z3 may be N | 3008
operated with condenser-input or choke-input filcer Tt v
under conditions not to exceed the rating given "~~~ ~dxo ~ g
3
v
1
[=]

o
o

As a half-wave rectifier, one or more 573’s ¢ 20 80 120 160 200 240 260
may be operated with plates connected in parallel. £7C LOAD MILLIAMPERES
For example, two 5Z3’s so arranged in a full-wave
circuit can supply twice the output current of a single cube. In chis service, the plates
of each 5Z3 are tied togecher at the socketc. The allowable voltage and load condi-
tions per tube are the same as for full-wave service.

4 —
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RCA-6A4 C-6A4

POWER AMPLIFIER PENTODE

The 6A4 is a power amplifier pentode of the 6.3-volt
filament type for use in the audio output of automobile
radio receivers and in other receivers employing a six-volc
storage-bateery filament supply. The 6A4 is interchange-
able with type LA.

CHARACTERISTICS

FiLamenT Vortage (A. C.or D.CH. . ... ... ... .. 6.3 Voles
FiILAMENT CURRENT . . .o oo v it 0.3 Ampere
PLATE VOLTAGE. . . . .. .. 100 135 165 180 max. Volts

ScREEN VOLTAGE. . . ... .. 100 135 165 180 max. Volts

Grip VoLTage*. .. ..... -6.5 -9 -11 -12 Voles

PraTe CURRENT. ... ... .. 9 14 20 22 Milliamperes
ScreeN CURRENT . . . .. ... 1.6 2.5 3.5 3.9 Milliamperes
Poate REsisTANCE. . . . . .. 83250 52600 48000 45500 approx. Ohms
AwmpLiricaTioN Facror. . . 100 100 100 100 approx.

MutuaL Conpuctance. . 1200 1900 2100 2200 Micromhos
Loap Resistance. . .. ... 11000 9500 8000 8000 Ohms
Power OQuteut**. . ... .. 0.31 0.7 1.2 1.4 Wates

BuLB (For dimensions, see Page 151, Fig. 11). . .. ... ... .. ... . ... ST-14

BASE (For socket connections, see Page 150, Fig. 6). .. .. ... .......... Medium 5-Pin

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

** 907 total harmonic distortion.

INSTALLATION

The base pins of the 6A4 fic the standard five-contact socket which should be
mounted preferably to hold the tube in a vertical position. If it is necessary to place
the tube in a horizoncal 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-volc storage battery. In such service, the filamenc terminals of the socket are con-
nected directly across che battery. Socket terminal No. 3 (see socket connections)
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 recom-
mended. If, however, resistance coupling is employed, the grid resistor should not
exceed 0.5 megohm. A family of plate characteristics for the 6A4 is shown on
page 45.
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RCA-6A7 C-6A7

PENTAGRID CONVERTER

The 6A7 is a multi-electrode type of vacuum ctube designed
primarily to perform simultaneously the functions of a mixer (first
detector) tube and of an oscillator tube in superheterodyne circuits.
Through the use of this type, the independent control of each
function is made possible within a single tube. The 6A7 is especially
suited for receivers of the automobile type, and for receivers in which

the heaters are operated in series from the power line.

CHARACTERISTICS

Heater Vortace (A. C.or D. C.). ... ...... 6.3 Voles
Heater CURRENT...... ... i 0.3 Ampere
Direct InTERELECTRODE CAPACITANCES, Approx.

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

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

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

Grid No. 1 toGridNo. 2. ................... 1.0 puf

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

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

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

Plate to all other Electrodes (Mixer output). . . . . .. 9.0 ppf
BurB (For dimensions, see Page 151, Fig. 7) ... ................... ST-12
AP Small Metal
BAse (For socket connections, see Page 150, Fig. 20). .. ... ........... Small 7-Pin

As Frequency Converter

PLATE VOLTAGE. ............ . ... ... ... 250 max. Voles.
Screen VorTace (Grids No. 3 and No. 5). . . 100 max. Volts
AnNobe-Grip Vorrtace (Grid No. 2)..... ... 200 max. Volts
Anope-Grip SuppLy Vorrace (Grid No. 2). . 250 max. Volts
ConTrOL-GRID VOLTAGE (Grld No. 4)...... -3 min. Voles
Torar CatHOoDE CURRENT. ..., .ot 14 max. Milliamperes
TyeicaL OperATION

Plate Voleage............ .. ... .. .. ... 100 250 Voles

Screen Voltage (Grids No. 3 and No. 5). . 50 100 Voles

Anode-Grid Voltage (Grid No. 2). ... ... 100 200 Voles

Control-Grid Voltage (Grid No. 4). .. ... -1.5 -3 Voles

Oscillator-Grid (Grid No. 1) Resistor. ... 10000 50000 Ohms

Plate Currenc........................ 1.3 3.5 Milliamperes

Screen Current....................... 2.5 2.2 Milliamperes

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

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

Cathode Resistor. .. .................. 150 300 Obms

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

Conversion Conductance. .............. 350 520 Micromhos

Control Grid Voltage (Conver. cond.=

2umhos). . ... -20 —45 Volts
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INSTALLATION

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

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

The cathode of the 6A7, when operated from a transformer, should preferably
be connected directly to the electrical mid-point of the heater circuic. When itis
operated in receivers employing a 6-volt storage battery for the heater supply, the
cathode circuit is tied in eicher directly or through biasing 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 biasing resistors to the
negative side of the d-c plate supply which is furnished either by the d-c power line or
by the a-c line by means of a rectifier. In circuits where the cathode is not directly
connected to the heater, the potential difference between them should be kept as low
as possible. If the use of a large resistor is necessary between the heater and cathode
of the 6A7 is some circuit designs, it should be by-passed by a suitable filter network or
objectionable hum may develop.

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

APPLICATION
Refer to APPLICATION on the 2A7.

AVERAGE PLATE CHARACTERISTICS
* ¢ T 1
L TYPE 6Ad
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RCA-6B7 C-6B7

DUPLEX-DIODE PENTODE

The 6B7 is a hcater type of tube consisting of two diodes and a
pentode in a single bulb. It is recommended for service as combined
detector, amplifier (radio-frequency, intermediate-frequency or audio-
frequency), and automatic-volume-control tube in radio receivers.
The 6B7 is especially suited for receivers of the automobile type,
and for receivers in which the heaters are operated in series from the power line.
Except for the difference in heater voltage, this type is idencical in design and

application to the 2B7.

For diode-detector considerations, refer to page 17.

CHARACTERISTICS

HeaTer Vortace (A. C.or D.C)............ .. .. 6.3 Volts
HeaTerR CURRENT . ... ..o 0.3 Ampere
BuLB (For dimensions, see Page 151, Fig. 7). . . . .. . .o oo vt i ST-12
AP, oo Small Metal
BASE (For socket connections, see Page 150, Fig. 215 ... . ... ... ....... Small 7-Pin

Pentode Unit—As Class A Amplifier
PLATE.VOLTAGE. .............. 100 180 250 250 muax. Volts
ScrEeN VOLTAGE. ... .......... 100 75 100 125 max. Voles
GRID VOLTAGE. ......... .o -3 -3 -3 -3 Volts
PraTe CURRENT. ... ..o 58 3.4 6.0 9.0 Milliamperes
Screen CURRENT. ... ..., 17 09 1.5 23 Milliamperes
PrLATE RESISTANCE. . ... ... .. .. 0.3 1.0 0.8 0.65 Megohm
AwmpriricaTioN Factor. ... ... .. 285 840 800 730
Mutuar CONDUCTANCE. ... ... .. 950 840 1000 1125 Micromhos
Grip Bias VovTace*. . ..... ... -17 -13 17  -21 approx. Volts

* For cathode current cut-off.

Diode Units
Two diode plates are placed around a cathode, the sleeve of which is common to
the pentode unit. Each diode plate has its own base pin. Operation curves for the
diode units are given under type 2B7, page 41.

INSTALLATION
Refer to INSTALLATION on the 6A7.

APPLICATION
Refer co APPLICATION on the 2B7.
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RCA-6F7 C-6F7

TRIODE-PENTODE

The 6F7 is a heater type of tube combining in one bulb
a triode and an r-f pentode of the remote cut-off type.
Since these two units are independent of each other except
for the common cathode sleeve, the 6F7 may be adapted
to circuit design in several ways.

CHARACTERISTICS
Heater Vortacge (A. C.or D.C).. oot 6.3 Volts
Heater CURRENT. ... ..o 0.3 Ampere
Direct INTERELECTRODE CAPACITANCES
Triode Unit— Gridto Plate. .............. 2.0 uuf
Grid to Cathode............. 2.5 nuf
Plate to Cathode . . . ......... 3.0 puf
Pentode Unit—Grid to Plate (With shield-can) 0.008 max. frma
[npuc............ .. ... 3.2 nuf
Output. ..o 12.5 puf
BuLB (For dimensions see, Page 151, Fig. 7). . . . . ... ivinn v, ST-12
CAP. ottt Small Metal
BASE (For socket connections, see Page 150, Fig. 27). . ... ............ Small 7-Pin

Triode Unit  Pentode Unit

PLa1eE VOLTAGE. . ... .o 100 max. 250 max. Volts
SCREEN VOLTAGE. .« o oot eieet e e - 100 max. Volts

GRID VOLTAGE. . ..ot eei e -3 -3 min. Volts
AMmPLIFICATION FacTorR . .. .. ... ... .. ... 8 900

PLATE RESISTANCE. . .. ... ... 17800 850000 Ohms
MuTtuaL CONDUCTANCE. . ..ot oo e e a 450 1100 Micromhos
MutuaL Conpuctance (Ac =35 voles bias) - 10 Micromhos
PLATE CURRENT. .. .. ..o 3.5 6.5 Milliamperes
ScREEN CURRENT. . ... ..o - 1.5 Milliamperes

TypicaL OperaTION

Plate Voltage...................... 100° 250 Volts

Screen Voltage. .................... - 100 Volts

Grid Bias Voleage.................. 1 —10* Voles
Okscillator Peak Voleage Inpuc. . ... ... - 7 Volts

D-C Grid Current. ... .............. 0.15 0 Milliampere
D-C Plate Currencft................ 2.4 2.8 Milliamperes
Screen Current. .. .................. - 0.6 Milliampere
Plate Resistance.................... - 2.0 Megohms

|

w
S -
o

Conversion Transconductance..... .. Micromhos

° May be obtained from 250-volt source through 60000-ohm dropping resistor.
* Obtained by means of 1700-ohm self-biasing (cathode) resistor.
1 Obtained by 100000-ohm grid-leak resistor returned directly to cathode.
1+ Oscillator conditions should be adjusted so that plate current does not exceed maximum of 4 milliamperes.
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INSTALLATION
Refer to APPLICATION on type 6A7.

APPLICATION

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

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

AVERAGE PLATE CHARACTERISTICS

8 TRIODE _UNIT
T 1
TYPE 6F7 °
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AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT

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

o

CONTROL GRID VOLTIS EciT0

2
Zio
& |t =
=
Y -
8
-
3 L= L L
= // £ci=E
<s cI=
o
& . =
A 6
4
I—"
£q=[9
2 1

N

240 320 400 480
PLATE VOLTS



@Rﬂdiotron %ﬂm

RCA-1273 C-12273

HALF-WAVE RECTIFIER

The 12Z3 is a half-wave, high-vacuum rectifier of the heater-
cathode type for use in suitable circuits designed to supply d-c power
from an a-c power line. It is well-suited for use in ‘‘transformerless’’
receivers of the ‘‘universal’’ (a.c.-d.c.) type. The adaptability of
the 12773 to such receivers is facilicated by the heater design which
permits of convenient series operation with other tube types.

“

CHARACTERISTICS
Heater Vortace (A. C.or D. C).. oot 12.6 Volts
HEeATER CURRENT . ... v ovii i 0.3 Ampere
A-C Prate Vortage (RMS). ... ... 250 max. Volts
D-C Outpur CURRENT. . .« oo 60 max. Milliamperes
BuLB (For dimensions, see Page 151, Fig. 6) . . . ... ... ... .. ST-12
Base (For socket connections, see Page 150, Fig. 22). .. ..o ovveuun .. Small 4-Pin

INSTALLATION

The base pins of the 12Z3 fit the standard four-contact socket which may be
mounted to hold the tube in any position. Sufhcient ventilation should be provided
to circulate air freely around the tube to prevent overheacing.

The 12.6-volt heater of the 1273 is designed to operate under the normal condi-
tions of line voltage variation without macerially affecting the performance or serv-
iceability of this tube. For operation of the 12Z3 in series with the heaters of other
types having 0.3 ampere rating, che current in the heater circuic should be adjusted
to 0.3 ampere for the normal supply voltage. The d-c potential difference between
heater and cacthode should be limited to 350 volts.

OPERATION CHARACTERISTICS
APPLICATION TYPE 1223 L vat xzzla

€ ¢=12.6 VOLTS

INPUT ouTPUT

As a half-wave rectifier, the 1273 is parcicu- | fvoss | |
larly useful in ‘‘transformerless’’ receivers of the ‘‘uni- Mo as Lt
versal’”’ type. Conditions for chis service are given

under CHARACTERISTICS.

A filter of the condenser-input type is recom- <~
mended for use with chis tube in order to obtain a d-c
output voltage as high as possible. A large input ca-
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pacitance in the order of 16 uf is desirable. Typical ~ 60

output curves for several values of input condensers =

are shown in the accompanying diagram. As a (—— v 80

supplement to the curves with a-c input voltage, a | |

dashed curve is included to show the output when o
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the receiver is operated from a d-c power line. D-C LOAD MILLIAMPERES
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RCA-2575 C-2575

RECTIFIER-DOUBLER

The 2575 is a full-wave, high-vacuum rectifier of the heater-
cathode type for use in suitable circuits designed to supply d-c power
from an a-c 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 2575 may be used as a half-wave rectifier,
while in the ‘‘a-c operated’’ type, it may be used as a voltage doubler to provide about
twice the d-c output voltage obtainable from the half-wave arrangement. This two-
fold application is made possible by the use of a separate base pin for each of the two
cathodes. For voltage-doubler considerations, see page 16.

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

CHARACTERISTICS
HEATER VOLTAGE......... ... ... ... .. 25 Voles
HeaTer CURRENT. ... ... 0.3 Ampere
A-C VoLTAGE Per PeaTte (RMS)............... ... 125 max. Volts
D-C Outpur CURRENT. ..« o oeei i 100 max. Milliamperes
BuLs (For dimensions, see Page 151, Fig. 6) . . .. .. ... .. ... ... ... .. ST-12
BASE (For socket conncctions, sce Page 150. Fig. 5) . .. ... . i Small 6-Pin

INSTALLATION

The base pins of the 25Z5 fic the standard six-contact socket which may be
mounted in any a position.

The bulb of this tube will become quite hor under certain conditions of operation.
Sufficient ventilation should be provided to circulate air freely around che tube to pre-
vent overheating.

The heater is designed to operate under the normal conditions of line volcage
variation without materially affecting the performance or serviceability of chis 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 wich this tube in
order to obtain a d-c output voltage as high as possible. A large input capacitance
in the order of 16 uf is desirable for half-wave rectifier service, while a higher value is
advantageous for voltage-doubler circuits. Since the peak voltage applied to che
input condenser(s) is relatively low, it is possible to use condensers of moderate volcage
rating (sufficient only for the line volrage).

APPLICATION

As a half-wave rectifier, the 2575 is designed for service in ‘‘transformerless’’
receivers of the ‘‘universal’” type. In such service, the two plates are connected to-
gether at the socket in order to act as a single plate; likewise, the cachodes are connected
as a unit. Conditions for this mechod of operation are given under CHARAC-
TERISTICS. Typical outpuc curves for several values of input condensers are
shown on page 51. As a supplement to the curves with a-c input voltage, a dotted
curve is included to show the output when the receiver is operated from a d-c power line.
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As a voltage doubler, the 2575 is adaptable to service in ‘‘transformerlzss’’
receivers of the ‘‘a-c operated’’ type and is capable of supplying approximately twice
the d-c output voltage of the half-wave circuit. In voltage-doubling service, the two
diode units of the tube are arranged as shown in the voltage-doubler circuit, below.
Operating conditions for this type of service are the same as for half-wave service.
Typical output curves for the voltage-doubler circuit are given on this page.

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
HALF~WAVE RECTIFIER VOLTAGE DOUBLER
TYPE 2525 TYPE 2525
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RCA-01A C-01A

DETECTOR, AMPLIFIER

The 01-A is a three-electrode storage battery tube for
use as a detector and as an amplifier.

CHARACTERISTICS
Fiament Vortage (D. C.). ... ... L. 5.0 Volts
FiLAMENT CURRENT. .. ..ot 0.25 Ampere
PLATE VOLTAGE....... ... ... ... ..... 90 135 max. Volts
GRID VOLTAGE. . .t ooeee e -4.5 -9 Volts
PLATE CURRENT. . ... 2.5 3.0 Milliamperes
PLATE RESISTANCE. .. ......... ... ... .... 11000 10000 Ohms
AwmpLiFicATION FACTOR. ... ... ... .. .. ... 8 8
MuTtuar CONDUCTANCE. . ... oo ioe e 725 800 Micromhos
GriD-PLATE CAPACITANCE. .. . ... .......... 8.1 puf
Grip-FiLamMenT CAPACITANCE. . .. ... . ... ... 3.1 uuf
PraTe-FiLamMenT CaPACITANCE. . ... .. ... ... 2.2 pnuf
BuLB (For dimensions, see Page 151, Fig. 11) .. .. ... .............. ST-14
Base (For socket connections, see Page 150, Fig. 1). ... ... ... ....... Medium 4-Pin

INSTALLATION

The base pins of the 01-A fit the standard four-contact socket. The socket should
be installed so that the tube will operate in a vertical position. Cushioning of the
socket in the detector stage may be desirable if microphonic disturbances are en-
countered.

The filament in the 01-A is intended for operation from a 6-volt storage battery.
A fixed or variable resistor of suitable value is required to reduce the battery volrage
to 5.0 volts across the filament terminals at the socket. At this volrtage, the most
satisfactory operating performance will be obtained.

APPLICATION

As a detector, the 01-A may be operated either with grid leak and condenser
or with grid bias. The recommended plate voltage for the former method is 45
volts. A grid leak of from 0.25 to 5 megohms used with a grid condenser of 0.00025 uf
is suitable. The grid-circuit return should be connected to the positive filament
terminal. For grid-bias detection, plate voltages up to the maximum value of 135
volts may be used with the corresponding negative grid-bias volrage (13.5 volts
approximately, at 135 volts).

As an amplifier, the 01-A is applicable to the audio- or the radio-frequency
stages of a receiver. Plate voltages and the corresponding grid voltages for audio
amplifier service should be determined from the tabulated characteristics and the curves
in order to obtain optimum performance and freedom from distortion. The higher
plate voltages will be found advantageous under conditions where the impressed signal
is large or where maximum voltage outpur is desired.

When the 01-A is used as a radio-frequency amplifier, little is gained from the use
of plate voltages exceeding 90 volts. The 01-A is well adapted for use as an inter-
stage audio-frequency amplifier but a power outputr tube is recommended for the
final audio stage.

Volume control of che receiver may be accomplished by variation of either che
grid bias or the plate voltage applied to the radio-frequency stages.

Average plate characteristics curves are given on page 55.
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RCA-1-v C1-v

HALF-WAVE RECTIFIER

The 1-v is a half-wave, high-vacuum rectifier cube employing =
heater cathode. It is intended for use in radio equipment of either
the “‘universal’ or the automobile type designed for its character-

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

CHARACTERISTICS

Heater Vortace (A. C.or D.C).. oot
HEATER CURRENT . ..\ oot et
A-C Prate Vorrage (RMS). .. ............ ... ...
D-C Outpur CURRENT . . .ot i e
BuLB (For dimensions, see Page 151, Fig. 6). .. ............
BASE (For socket connections, see Page 150, Fig. 22). ... .. .. ..

INSTALLATION

6.3 Voles
0.3 Ampere
350 max. Volts
50 max. Milliamperes

....... ST-12
....... Small 4-Pin

The base pins of the 1-v fict the standard four-contact socket which may be

mounted to hold che tube in any position.

Heater operation is similar to that for Type 6A7.

APPLICATION

The filter may be either of the condenser-input or

the choke-input type provided

the recommended maximum plate voltage and output currenc ratings given under

CHARACTERISTICS are not exceeded. The d-c

heater and cachode should never exceed 500 volts.

If che condenser-input type of filter is used, con-
sideracion must be given to the instantaneous peak
value of the a-c input volcage which, for a sinusoidal
wave, is about 1.4 times the RMS value as measured
with an a-c volumeter. It is important, therefore,
that che fileer condensers (especially the inpuc con-
denser) have a sufficiently high breakdown rating to
withstand cthis instancaneous peak value. Parcicular
actention must be given to chis point when the wave-
shape input to the plates of the rectifier tube is non-
sinusoidal.

When the input-choke method is used, che avail-
able d-c output voltage will be somewhat lower chan
with the input-condenser method for a given a-c place
voltage. However, improved regulation together
with lower peak current will be obtained

53—
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RADIO TUBES

RCA-10 C-10

POWER AMPLIFIER, OSCILLATOR

The 10 is a three-electrode high-vacuum tube suitable
for power amplifier use. As an audio-frequency amplifier,
it is capable of delivering large undistorted output to the
loudspeaker.

CHARACTERISTICS
FiLament VoLtace (A. C.or D.C) ........... ... 7.5 Voles
FieAMENT CURRENT . .. ... ... oo 1.25 Amperes
PraTe VoLTAGE. .............. ... 250 350 425 max. Volts
Gripb VoLTAGE*.................. =22 -31 -39 Volts
PraTe CURRENT. ... .............. 10 16 18 Milliamperes
PrLaTE Resistance. . .............. 6000 5150 5000 Ohms
AwmpLiFicaTiON FacTor . ... ... ... .. 8 8 8
MutuaL CONDUCTANCE. .. ......... 1330 1550 1600 Micromhos
Loap ResisTance................. 13000 11000 10200 Ohms
UnpistorTED Power QuTeuT. . ... .. 0.4 0.9 1.6 Watts
Grip-PLaTe CAPACITANCE. .. .. .. ... 7 uuf
Grip-Fiament CaPACITANCE. . . . . . . 4 puf
PraTe-Firament CapaciTANCE. . . . .. 3 uuf
BuLs (For dimensions, see Page 151, Fig. 14). .. ... ... ... ......... S-17
BASE (For socket connections, see Page 150, Fig. 1) . . . ... ... ....... 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
sLattég value of grid voltage should be decreased by 3.75 volts and should be referred to the negative end of
the filament.

INSTALLATION

The base pins of the 10 fic che standard four-contact socket. The socket should
be installed so that the tube will operate in a vertical position with the base down.

The filament of the type 10 is usually operated from the a-c line through a step-
down transformer. Most satisfactory operating performance of the tube will be
obtained at the rated filament volcage.

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

Grid bias for the type 10 may be obtained from a C-supply or by means of the
voltage drop in a resistor connected in the negative plate-return lead. The latter
method is known as the self-biasing method, since the plate current determines the
drop. It is not, however, generally applicable to battery-operated receivers.

APPLICATION

As an audio power amplifier this tube should be operated under conditions as
given under CHARACTERISTICS. To prevent overloading and distortion, the
recommended grid bias should always be used. Average plate characteristics curves
are given on the following page.
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AVERAGE PLATE CHARACTERISTICS
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RADIO TUBES

UX-112-A CX-112-A

DETECTOR, AMPLIFIER

The 112-A is an improved storage battery tube. It is
sensitive as a detector and excellent as a three-electrode
radio-frequency and audio-frequency amplifier.

CHARACTERISTICS
FitamMenT Vortage (D. C.). ... o oii i 5.0 Voles
FILAMENT CURRENT . ... .o .ovii i 0.25 Ampere
PLATE VOLTAGE. ................. 90 135 180 max. Volts
GRID VOLTAGE. ...t oie et -4.5 -9 -13.5 Volts
PLATE CURRENT. . . ...t 5.0 6.2 7.7 Milliamperes
PLATE RESISTANCE. . ... ........... 5400 5100 4700 Ohms
AmpLIFICATION FACTOR. . ... ....... 8.5 8.5 8.5
MutuaL CONDUCTANCE. .. ... ...... 1575 1650 1800 Micromhos
LoaDp RESISTANCE. ................ 5000 9000 10650 Ohms
UnbpistorTED Power QutpuT. . .. . .. 0.035 0.13 0.285 Wates
Grip-PLaTe CapaciTANCE. .. .. ... .. 8.5 uuf
Grip-FiLamMenT CAPACITANCE. . . . . . . 4.0 nuf
PraTe-FiLamenT CAPACITANCE. . . . .. 2.0 nuf
BuLB (For dimensions, see Page 151, Fig. 9) . . .o i iii e S-14
BASE (For socket connections, see Page 150, Fig. 1) . .. .. ............ Medium 4-Pin

INSTALLATION

The base pins of the 112-A fit the standard four-contact socket. The socket
should be installed so that the tube will operate in a vertical position. Cushioning
of the socket in the detector stage may be desirable if microphonic disturbances are
encountered.

The coated filament employed in the 112-A may be operated conveniently from
a 6-volt storage battery. A fixed or variable resistor of suitable value is required to
reduce the batrery voltage to 5.0 volts across the filament terminals at the socket.

APPLICATION

As a detector, the 112-A may be operated either with grid leak and condenser or
with grid bias. The recommended plate voltage for the former method is 45 volts.
A grid leak of from 0.25 to 5 megohms used with a grid condenser of 0.00025 uf is
suitable. The grid-circuit return should be connected to the positive filament 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,
when no signal is being received, is about 0.2 milliampere. Usually, a plate voltage
of 135 volts with a grid bias of approximately —15 voles will be satisfactory.

As an amplifier, the 112-A should be operated as shown under CHARACTER-
ISTICS. Average plate characteristics curves are shown on the preceding page. When the
112-A is used as a radio-frequency amplifier, lictle is gained from plate voltages ex-
ceeding 90 voles.  If the 112-A is substituted for the 01-A in radio-frequency circuits,
it may be necessary to readjust the neutralizing condensers or to increase the value
of the grid suppressor resistors to prevent oscillation.

Volume control of the receiver may be accomplished by variation of either che
grid bias or the plate voltage applied to the radio-frequency stages.
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RCA-19 C19

CLASS B TWIN AMPLIFIER

The 19 combines in one bulb two high-mu triodes designed for
Class B operation. It is intended for use in the output stage of
battery-operated receivers and is capable of supplying approximacely
2 wates 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
Freament Vortace (D. C.).. ... .0 2.0 Voles
FILAMENT CURRENT ..\ oot it 0.26 Ampere
BuLB (For dimensions, see Page 151, Fig. 6). . .. oo oo vvie e e nnn ... ST-12
BAse (For socket connections, sce Page 150, Fig. 25). . . ... ........... Small 6-Pin

As Class B Power Amplifier

PLATE VOLTAGE. . ... .o 135 max. Voles
Dynamic Peak PLaTe Current (Per plate). ... ...... 50 max. Milliamperes
TyricaL OperaTION
Filament Voltage.............. 2.0 Volts
Plate Voltage................. 135 135 135 Voles
Grid Voltage. ................ -6 -3 0 Volts
Static Plate Currenc............ 1 4 10 Milliamperes
Load Resistance (Plate-to-place) 10000 10000 10000 Ohms
Average Power Inpuc*. ... ... .. 95 130 170 approx. Milliwates
Nominal Power Output. . ...... 1.6 1.9 2.1 Wates

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

INSTALLATION

The base pins of the 19 fic the standard six-contact sockec. The socket should be
installed so that the tube will operate in a vertical position. In some cases, cushioning
of the socket may be found desirable.

For filament operation, refer to INSTALLATION for Type 1AS6.

APPLICATION

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

The type of driver tube chosen to precede the 19 should be capable of handling
enough power to operate the Class B amplifier stage. Allowance should be made for
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cransformer efficiency. It is most importane, if low distorcion is desired, that the
driver tube be worked well below its Class A undistorced 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 14.
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UX-120 CX-220

POWER AMPLIFIER

The '20 is a three-electrode, high-vacuum, power ampli-
fier tube designed for operation from dry-cells. It is
intended for use in the last audio stage of dry-battery-
operated receivers using the '99 and/or 22.

CHARACTERISTICS
Fieament Vortace (D. C) ..o oot 3.0-3.3 Volts
FILAMENT CURRENT . . .o ot vi e et 0.125-0.132 Ampere
PraTe VoLTaGE. ... ... ... L. 90 135 max.  Volts
GRID VOLTAGE. .. ..o oo oo -16.5 -22.5 Volts
PLAaTE CURRENT. .. ... .ol 3.0 6.5 Milliamperes
PLAaTE RESIsTANCE. ... .. ... ... .. .. 8000 6300 Ohms
AwmpLiFicaTIiON FACTOR . . .. ... . L 3.3 3.3
MutuaL CoNDUCTANCE. .. ... oottt 415 525 Micromhos
Loap RestisTaNnce. .......... ... ... 9600 6500 Ohms
UnpistorTED Power QuTPUT.. ... . ... 0.045 0.11 Wates
Grip-PLaTE CAPACITANCE. . . .. .. .. ... 4.1 uuf
Grip-FiLaAMENT CAPACITANCE. . . ... ... 2.0 wuuf
PraTe-FiLament CAPACITANCE. . ... ... 2.3 upf
BuLB (For dimensions, see Page 151, Fig. 1) . oo vi i i iiee o T-8
Base (For socket connections, see Page 150, Fig. 1) .. .. ove e, .. Small 4-Pin

INSTALLATION

The base pins of the 20 fic the standard four-contact socket. The socket should
be installed to operate the tube in a vertical position.

The filament in chis tube is designed for operation with three No. 6 dry-cells
connected in series. In mulci-tube receivers the use of six or nine No. 6 dry-cells
connected in series-parallel to give 4.5 volts will decrease the current drain per cell
and give a more stable source of filament power. If storage-battery operation is pre-
ferred, a four-volt storage battery may be used.  Inany case, a filament rheoscat should
be provided to maintain the voltage applied to the ilament within the stated range.

APPLICATION

For power amplifier service, the '20 will give greatest power output when oper-
ated at a plate voltage of 135 volts and the corresponding grid bias of -22.5 volts.
At 90 volts on the plate and with a corresponding grid bias of =16.5 volts, good quality
of reproduction may be obtained at a lower level of power outpuc.

In reczivers employing tubes of the 3.3-volt filamenc type, the use of the '20 in the
outpurt stage will be found desirable.
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RCA-22 C-22

SCREEN GRID RADIO-FREQUENCY
AMPLIFIER

The 22 is a screen grid tube designed particularly for
radio-frequency amplification in dry-battery-operated re-
ceivers employing 3.3-volt filament cubes.

CHARACTERISTICS
Firament Vortace (D. C). ..o 3.3 Voles
FILAMENT CURRENT . .« 0ottt 0.132 Ampere
PLATE VOLTAGE. . ..o e i i 135 135 max. Volts
SCREEN VOLTAGE . « vt e 45* 67.5 max.** Vols
GRID VOLTAGE. .« eoe e eeeca e -1.5 -1.5 Volts
PLATE CURRENT . . . oo i 1.7 3.7 Milliamperes
ScREEN CURRENT. ..ot eieieineaenn 0.6 1.3  max. Milliamperes
PLATE RESISTANCE. . .. .. .. ... ... .. ... 725000 325000 Ohms
AmpLIFICATION FACcTOR . . . ... ... o1 270 160
MutuaL CONDUCTANCE. . . . ..ot 375 500 Micromhos
Grip-PLaTe Caracitance (With shield-can) 0.02 max. npf
INPUT CAPACITANCE. ...« oo vviit s 3 uuf
QuUTPUT CAPACITANCE. . .o oot vveeee e 12 uuf
BuLB (For dimensions, see Page 151, Fig. 10) .. ... ................ S-14
AP et e Small Meral
BASe (For socket connections, sce Page 150, Fig. 4) .. .. ............. 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 22 fic the standard four-contact socket. The socket should
be installed to hold the tube in a vercical position. Cushioning of the socket may be
desirable to avoid microphonic disturbances.

For filament operation, refer to INSTALLATION for type '20.

APPLICATION

As a radio-frequency amplifier in multi-stage circuits, it is necessary to shield
carefully each stage and to include within the stage shield all of the component parts
of that stage. Unless this is done, the amplification possibilities of the 22 cannot
be realized.

As an audio-frequency amplifier, this tube may be operated with eicher the
screen-grid or space-charge-grid connection. In either case, the value of plate-coupling
resistor should be of from 100000 to 250000 ohms. With the screen-grid arrange-
ment, a plate-supply voltage of 135 to 180 volts applied through the coupling resistor
is recommended. Under these conditions, a screen voltage of 22.5 volts and a negative
grid volcage of 0.75 to 1.5 volts are suitable. For the space-charge-grid connection,
the inner grid is operated at 22.5 volts, while the outer grid becomes the control grid
and is biased negatively by from 0 to 1.5 volts, depending upon conditions of operation.
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RCA-24-A C-24-A

SCREEN GRID RADIO-FREQUENCY
AMPLIFIER

The 24-A is a screen grid amplifier tube containing
a 2.5-volt uni-potential heater-cathode which permits
operation from alternating current. This tube is recom-
mended for use primarily as a radio-frequency amplifier in carefully shielded
circuits especially designed for it. The 24-A may also be used as a screen-
grid detector or audio amplifier.

CHARACTERISTICS
Heater Vortace (A. C.or D.C).............. 2.5 Volts
HeaTer CURRENT . ... .. ... . i 1.75 Amperes
PraTe VoLtage*. ... .. ... ... ... 180 250 Voles
GRrID VOLTAGE. . ... oo oo -3 -3 Volts
ScREEN VOLTAGE. ... ... 90 90 max. Volts
Prate CurReNT. ... 4 4 Milliamperes
ScREEN CURRENT . ..ot 1.7 1.7  max. Milliamperes
PraTe REsisTance. . ... ... ... ... .. 400000 600000 Ohms
AwmprLiFicaTION FacToR . ... ... . .. 400 630
MuTtuaL CONDUCTANCE. .. ... ..o 1000 1050 Micromhos
Grip-PraTte Caracitance (With shield-can) 0.007 max. puf
InpuT CAPACITANCE. ... oo 5.3 uuf
Ovutputr CAPACITANCE. ... .. oo 10.5 s
BuLB (For dimensions, see Page 151, Fig. 12) . .. .. .. ... ........... ST-14
CAP . Small Mecal
BasE (For socket connections, see Page 150, Fig. 9). .. ... ............ Medium 5-Pin

* Maximum plate voltage = 275 volts.

INSTALLATION

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

The heater of the 24-A is intended for operation from a 2.5-volt winding of che
power transformer. The voltage applied to the heater terminals should be the rated
value of 2.5 volts under conditions of operating load and average line voltage.

The cathode connection to the heater should be made (1) to the movable arm
of a potentiometer connected across the heater winding of the power transformer,
or (2) to a mid-tapped resistor across the heater winding, or (3) to the mid-point of
the heater winding itself. Recommended practice is to have no voltage difference
between heater and cathode.  If chis practice is not followed, the potential difference
becween heater and cathode should be kept as low as possible.

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

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

As a radio~frequency amplifier, the 24-A should be operaced at the voltages
given under CHARACTERISTICS. Place voltage and screen voltage are not cricical.
In general, properly designed radio-frequency transformers are preferable to inter-
stage coupling impedances, especially in cases where a high impedance B-supply may
cause oscillation below radio frequencies.

As a detector, the 24-A may be operated either with grid leak and condenser
or with grid bias (see page 18). For grid-bias decection, suitable operating conditions
are: Plate-supply voltage of 275 voles applied through a plate-coupling resistor of
250000 ohms, a positive screen voltage of 20 to 45 volts, and a negative grid bias
(approximately 5 volts) so adjusted that a place current of 0.1 milliampere is obtained
with no input signal. For grid leak and condenser detection, suitable operating
conditions are: Plate-supply voltage of 275 volts applied through a plate-coupling
resistor of 250000 ohms, a positive screen voltage of 20 to 45 volts, a grid leak of 2
to 5 megohms, and a grid condenser of 0.00025 wf.

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

AVERAGE PLATE CHARACTERISTICS

T
TYPE 24-A
Eg=2.5 VOLTS
SCREEN VOLTS = 90
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RCA-26 C-26

AMPLIFIER

The 26 is an amplifier tube containing a filament de-
signed for operation on alternating current. It is useful
as a radio-frequency amplifier and as a transformer-
coupled audio-frequency amplifier. The 26 is not ordi-
narily suitable for use as a detector or power output tube.

CHARACTERISTICS
FiLamenTt Vortage (A. C.or D.C)....... oo 1.5 Volts
FiLaMENT CURRENT . .. ..o 1.05 Amperes
PLATE VOLTAGE. ................. 90 135 180 max. Volts
Grip VoLTaGE* . ................. -7 -10 -14.5 Voles
PLaTe CURRENT. .. ..o 2.9 5.5 6.2 Milliamperes
PLATE RESISTANCE. . .. ... ... ..... 8900 7600 7300 Ohms
AwmeLiricaTiON FACTOR . .. ... ... ... 8.3 8.3 8.3
Mutuar CONDUCTANCE. ........... 935 1100 1150 Micromhos
Grip-PLATE CAPACITANCE. .. ... .... 8.1 uuf
Grip-FiLaMenT CAPACITANCE. . ... .. 3.5 uuf
PrLaTe-FiLAMENT CAPACITANCE. . . . .. 2.2 M

ST-14

BuLB (For dimensions, see Page 151, Fig. 11) .. ... ...... .. ........
Medium 4-Pin

BASE (For socket connections, see Page 150, Fig. 1). .. . ... ...........

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

INSTALLATION

The base pins of cthe 26 fit che standard four-contact socket. The socket should
be installed so chat the tube will operate in a vertical position.

The coated filament of the 26 should be operated at the rated voleage of 1.5
volts from the a-c line through a step-down transformer. For certain applications,
it may be operated from a d-c filament power source.

When the filament is a-c operated, che plate and grid return lead should be brought
(1) to the movable arm of a 20 to 40 ohm potentiometer across the filament winding,

or (2) to the mid-tap of the filament winding itself. When d.c. is used to operate
the filament, the grid and plate recurns should be connected to the negative filament

terminal.
APPLICATION
As an audio-frequency amplifier, the 26 should be used with transformer
coupling in order to secure the greatest amplification per stage.

As a radio-frequency amplifier, the 26 may be operated at plate voltages as
low as 90 voles with good results.
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AVERAGE PLATE CHARACTERISTICS

T
TYPE 26
E¢=1.5 VOLTS D.C.
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C-27

DETECTOR, AMPLIFIER

The 27 is a chree-electrode general purpose tube con-
taining a 2.5-volt heater-cathode of the equi-potential
type which permits operation from alternating current.

CHARACTERISTICS
Heater Vortage (A. C.or D.C)..... ... 2.5 Volts
HeaTer CURRENT. ... ... ... . i 1.75 Amperes
Prate VoLtace*. ... ... .. 90 135 180 250 Volts
Grip VOLTAGE. ........... -6 -9 -13.5 -21 Volts
PraTe CURRENT . . ... ... ... 2.7 4.5 5.0 5.2 Milliamperes
PLATE REsIsTANCE. . ... .. .. 11000 9000 9000 9250 Ohms
AwmpLiFicaTION FACTOR . . . .. 9 9 9 9
Mutuar CoNDUCTANCE.. . . . 820 1000 1000 975 Micromhos
Grip-PLaTE CAPACITANCE. . . 3.3 uuf
Grip-CatHoDE CAPACITANCE. 3.5 uuf
PraTe-CaTHobpE CAPACITANCE 3.0 puf

BuLB (For dimensions, see Page 151, Fig. 9). . . . ..o viviin e S-14
Medium 5-Pin

BasE (For socket connections, see Page 150, Fig. 8). . . . .. ... ... . .....

* Maximum plate voltage = 275 volts.

INSTALLATION

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

The heater of the 27 is intended for operation from a 2.5-volt winding of the
power transformer. The voltage applied to the heater terminals should be the rated
value of 2.5 voles under conditions of operation and average line voltage.

The cathode connection to the heater should be made (1) to the movable arm
of a potentiometer connected across the heater winding of the power transformer,
or (2) to a mid-tapped resistor across the heater winding, or (3) to the mid-point of
the heater winding itself. Recommended practice is to have no potential difference
between heater and cathode. If chis practice is not followed, the potential difference
should be kept as low as possible.

APPLICATION

As an amplifier, the 27 is applicable to the audio- or the radio-frequency stages
of a receiver. Recommended plare and grid voltages are shown under CHAR-
ACTERISTICS. A plate family for this type is given on the preceding page.

As a detector, the 27 may be operated either with grid leak and condenser or
with grid bias. The recommended plate voltage for grid leak and condenser detec-
tion is 45 voles (see page 18). A grid leak of from 1 to 5 megohms used with a 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 che
plate current, when no signal is being received, is approximately 0.2 milliampere. For
the condition of 250 volts on plate and cransformer coupling, the grid bias will be
approximately -30 volts.
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RCA-30 C-30

DETECTOR, AMPLIFIER

The 30 is a detector and amplifier tube of the three-electrode
type. It has a coated filament which takes as little power as pos-
sible consistenc with satisfactory operating performance. This fea-
ture makes the 30 parcicularly suicable in battery-operated radio
receivers where economy of filament-current drain is important.

CHARACTERISTICS
FiLament Vortace (D. C.). ... .. ... L. 2.0 Volts
FILAMENT CURRENT . . .o o oi it 0.060 Ampere
PLaTE VOLTAGE. ... oo 90 135 180 max. Volts
GRID VOLTAGE. .. ..o oeeieee e -4.5 -9 -13.5 Volts
Prate CURRENT. .. ... oL 2.5 3.0 3.1 Milliamperes
PrLaTE RESISTANCE. .. ... ... oL 11000 10300 10300 Ohms
AwmpLiFicaTioN Factor. ... ... ... 9.3 9.3 9.3
MutuaL CONDUCTANCE. .. ... ... .. 850 900 900 Micromhos
Grip-PLaTe CAPACITANCE. .. .. .. ... 6.0 upf
Grip-FiaAMENT CAPACITANCE. . . . ... 3.7 uuf
PrLaTe-FiLamenT CAPACITANCE. . . . .. 2.1 uuf
BuLB (For dimensions, see Page 151, Fig. 6). . . . . oo i, ST-12
BASE (For socket connections, sce Page 150, Fig. 1). . v v v v e v e v v v e Small 4-Pin

INSTALLATION

The base pins of che 30 fic the scandard four-contact sockec. The socket should
be installed so that the tube will operate in a vertical posicion. Cushioning of the
socket in the detector stage may be desirable if microphonic disturbances are en-
countered.

The coated filament of the 30 may be operated conveniently from dry-cells, from
a single lead storage-cell, or from an air-cell batcery. For dry-cell operation, a fila-
menct rheostat may be used together with a permanently installed voltmeter to insure
the proper filament voltage. For operation from a 2-volt lead storage-cell, the 30
requires no filament resistor. Operation with an air-cell bactery requires a fixed
resiscor in the filament circuit. This resistor should have a value such thact with a
new air-cell bactery, che volcage applied across the filament cerminals will not initially
exceed 2.15 volcs.  Socket terminal No. 3 (see socket connections) should be connected
to the positive bacttery terminal.  Series operation of the filaments of these tubes is not
recommended.

APPLICATION

As a detector, the 30 may be operated either wicth grid leak and condenser or
with grid-bias. The plate voltage for the former method should preferably not be
more than 45 volts. A grid leak of from 1 to 5 megohms used wich a grid condenser
of 0.00025 puf is satisfaccory. The grid recurn should be connected to the positive
filamenc socket terminal.  For grid-bias detection, plate voltagesup to the maximum
value of 180 volts may be used. The corresponding grid-bias should be adjusted so
thac the place current is about 0.2 milliampere when no signal is being received.

As an amplifier, the 30 is applicable to the audio- and che radio-frequency stages
of a receiver. Plate voltages and che corresponding grid voltages should be decer-
mined from the CHARACTERISTICS and che curves in order to obtain optimum
performance and freedom from distortion.  The plate family for chis type is given on
page 64.
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RCA-31 C-31

POWER AMPLIFIER

The 31 is a power amplifier cube of the three-electcrode type.
It has a coated filament which takes as little power as possible con-
sistent with satisfactory operating performance. This feature makes
the 31 parcicularly suitable in battery-operated radio receivers where
econo:my of filament-current drain is important.

CHARACTERISTICS
Firament Vortace (D. C)... ...t 2.0 Volts
FILAMENT CURRENT . . oo vo it 0.130 Ampere
PLATE VOLTAGE. . ..... ... it 135 180 max. Volts
GRID VOLTAGE. ......coii i -22.5 -30 Volts
PLATE CURRENT. .. oo 8.0 12.3 Milliamperes
PLATE RESISTANCE. . ..................... 4100 3600 Ohms
AMPLIFICATION FACTOR. .. ........ ... ..... 3.8 3.8
MuTtuAaL CONDUCTANCE. ..\ oo 925 1050 Micromhos
LoAaD RESISTANCE. . ......covi it 7000 5700 Ohms
UnbistorTED Power OurtpuT. ... ... .. .. ... 0.185 0.375 Warte
BuLB (For dimensions, see Page 151, Fig. 6). . v oo oo eveineeee ST-12
BASE (For socket connections, see Page 150, Fig. 1). .. o vov v, . Small 4-Pin

INSTALLATION

Refer to INSTALLATION on Type 30.

APPLICATION

As a power amplifier, the 31 should be operated as shown under CHAR-
ACTERISTICS. Grid voltage for the 31 may be obtrained from a C-battery, or by
use of the voltage drop in a resistor connected in the negative plate-recurn lead. The
laccer method is known as the self-biasing method and is required where a grid resistor
(maximum value 1 megohm) is used. If more oucput is desired chan can be obtained
from a single 31, two 31’s may be operated either in parallel or push-pull connection.

AVERAGE PLATE CHARACTERISTICS

TYPE 31
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RCA-32 C-32

RADIO-FREQUENCY AMPLIFIER

The 32 is a screen grid tube recommended primarily for use as a
radio-frequency amplifier. It contains a coated filament which
takes as lictle power as possible consistent wich satisfactory operating
performance. This feature makes the 32 parcicularly suitable in
battery-operated radio receivers where economy of filament-current

drain is importanc.

CHARACTERISTICS
Ficament Vortage (D. C.).. ... oot 2.0 Volts
FiLaAMENT CURRENT . . ... ..o 0.060 Ampere
PLATE VOLTAGE. ....... ... ... ... .. 135 180 max. Volts
SCREEN VOLTAGE. .. ottt 67.5 67.5 max. Vol
GRID VOLTAGE. . .o oot e ee e -3 -3 Volts
PLATE CURRENT. . ... ..o 1.7 1.7 Milliamperes
ScrREEN CURRENT . . v v e 0.4 0.4 max. Milliampere
PLATE RESISTANCE. . ... ....... ... ... .... 950000 1200000 Ohms
AMPLIFICATION FAcTOR . . .. ... ... ... ... 610 780
MuTuaL CONDUCTANCE. ... ..o ovivvena .. 640 650 Micromhos
Grip-Prate Capacitance (Wich shield-can). 0.015 max. nuf
InpUT CAPACITANCE. ..« o oo oot e 6.0 uuf
OutpPuT CAPACITANCE. ... o oot e ev e 11.7 uuf
BuLB (For dimensions, see Page 151, Fig. 12). ... ... . ... .......... ST-14
AP, ot Small Metal
BASE (For socket connections, see Page 150, Fig. 4). . . ... ............ Medium 4-Pin

INSTALLATION

T For socket mounting and filament operation, refer co INSTALLATION for
ype 30.

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

Volume control may be effected by variation of the screen voltage between 0
and 67.5 volts.  The variation must, however, be made by a potentiometer shunted
across the screen-voltage supply and not by a high-resistance rheostat.

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

APPLICATION

As a radio-frequency amplifier, the 32 is operated as shown under CHAR-
ACTERISTICS. Neicher the plate voltage nor the screen volrage is critical. In
general, properly designed radio-frequency transformers are preferable to incerstage
coupling impedances, especially in cases where a high impedance B-supply may cause
oscillacion below radio frequencies.
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As a detector, che 32 may be operated eicher 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 100000 ohms or an
equivalent impedance; positive screen voltage, 67.5 volts; and a negative grid bias
(approximately 6 volts) so adjusted chat a plate currenc of 0.2 milliampere is obtained
with no inpuc signal. For grid leak and condenser detection, suitable operating
conditions are: Plate-supply voltage, 135 volts applied through a plate-coupling
resistor of 250000 ohms; a positive screen voltage up to 45 volts; a grid condenser
of 0.00025 uf; and a grid leak of 1 to 5 megohms.

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

As an audio-frequency amplifier in resistance-coupled circuits, the 32 may be
operated under the following conditions: Plate-supply voltage, 180 volts applied
through a plate-coupling resistor of 100000 to 250000 ohms (or a 500-henry choke
shunted by a 0.25 megohm resistor); plate current, 0.25 milliampere (approximate);
grid voltage, —1 volt; and a grid resistor, 0.25 to 2.0 megohms.

AVERAGE PLATE CHARACTERISTICS

TYPE 32
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RCA-33 C-33

POWER AMPLIFIER PENTODE

The 33 is a power amplifier pentode for use in the output stage
of battery-operated receivers. The low filament current required
by the 33 makes this tube particularly applicable for use in radio sets
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 wichout serious sacrifice in power output.

CHARACTERISTICS
Firament Vortace (D. C.).. ... .. il 2.0 Volts
FieaMent CURRENT .. ... i 0.260 Ampere
PLATE VOLTAGE. ...t o i 135 max. Volts
SCREEN VOLTAGE. . .ttt ittt e 135 max. Volts
GRID VOLTAGE. . ..o\ttt et ittt -13.5 Volts
PLaTE CURRENT. .. ..o 14.5 Milliamperes
SCREEN CURRENT . .ot e e e 3 Milliamperes
PLATE RESISTANCE. ... ... o e 50000 Ohms
AwmpLIFICATION FACTOR . . ... .. oo o 70
MuTUAL CONDUCTANCE. .. .ot ii i iei e 1450 Micromhos
LOAD RESISTANCE. . ...\ .. 7000 Ohms
Power QUTPUT. .. ... .. i 0.7 Wate
BuLs (For dimensions, see Page 151, Fig. 11) .. . .. ... ............. ST-14
Base (For socket connections, see Page 150, Fig. 6) . ... ............. Medium 5-Pin

INSTALLATION

The base pins of the 33 fic the standard five-contact socket. The socket should
be installed so that the tube will operate in a vertical position. In some cases, cushion-
ing 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 eicher
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. If a single 33 is operated self-biased, the self-biasing
resistor should be approximately 770 ohms. This 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 necwork. The self-biasing
resistor required for the push-pull stage is approximately 385 ohms. Transformer or
impedance coupling devices are preferable. If resistance coupling is employed, the
grid resistor should not exceed a value of more than 1.0 megohm under self-bias condi-
tions; wichout self-bias, maximum value is 0.5 megohm.

An output transformer should be used to couple this tube to the winding of the
reproducing unit. The optimum load resistance for the output device is 7000 ohms.
For best results, the impedance in the plate circuit of the 33 should be as uniform as
possible over the entire audio-frequency range.

The plate family of curves is given on the preceding page.
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RCA-34 C-34

SUPER-CONTROL R-F AMPLIFIER PENTODE

The 34 is a super-control pentode recommended for use primarily
as a radio-frequency amplifier and intermediate-frequency amplifier
in battery-operated receivers where economy of filament-current drain
is important.

The 34 is very effective in reducing cross-modulation and modu-
lation-distortion over the usual range of signal volcages without the
use of antenna potentiometers or auxiliary volume-control switches. (See Super-
Control amplifier page 11.) This super-concrol characteristic makes the tube uniquely
adaptable to the r-f and i-f stages of receivers employing automatic volume control.

CHARACTERISTICS

Fiament VoLtace (D. C.). .. ... ... ... .. ... 2.0 Voles
FiLAMENT CURRENT . . .. ... 0.060 Ampere
PLATE VOLTAGE................. 67.5** 135 180 max Volts
ScreeN VoLTacge (Maximum?®). . .. 67.5 67.5 67.5 Volts
Grip VoLTAGE, Variable (Min.). . .. -3 -3 -3 Volts
PraTe CURRENT. .. ... ... ... .. 2.7 2.8 2.8 Milliamperes
ScrREEN CURRENT......ovvv v . 1.1 1.0 1.0 Milliamperes
PLATE RESISTANCE. . . ... ... ... 0.4 0.6 1.0 Megohm
AwmpLiFicaTION FAaCcTOR . ... ..o 224 360 620
Mutuar CONDUCTANCE. .. ........ 560 600 620 Micromhos
Mutvuar Conpuctance (At -22.5

volts bias). .................. 15 15 15 Micromhos
Grip-PLaTe Caracitance (Wich

shield-can). .................. 0.015 max. uuf
INPUT CAPACITANCE. ... .......... 6.0 uuf
Output CAPACITANCE. ... ... ..... 12.6 uuf
BuLB (For dimensions, see Page 151, Fig. 12) . . . . .. .. i i e, ST-14
AP o e Small Metal
BASE (For socket connections, see Page 150, Fig. 4A). . . .. vvve v oo nnn. Medium 4-Pin

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

INSTALLATION

The base pins of the 34 fit che standard four-concact socket. 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 obraining the screen voltage, provided the maximum voltage between
screen and filament does not exceed 100 volts under conditions of reduced plate current.

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

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

Volume control of the receiver is accomplished eflectively by variacion of the
negative voltage applied to the grid. In order to obrain adequate volume control,
an available grid-bias voltage of approximately —22.5 volts will be required. The
exact value will depend upon the circuic 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 chat che super-control feature of the 34 requires a compara-
tively large grid-bias change, the screen and plate voltage may vary considerably for
various volume settings depending on receiver design. It is recommended, therefore,
that design features be incorporated in the receiver so that the screen voltage will not
exceed 67.5 volts under conditions of minimum grid bias and maximum plate current.
With a design arrangement of this kind, the screen voltage at decreased values of
plate currenc may reach a value higher than 67.5 voles but should not exceed 100
voles. It should be recognized that under the condition of screen voltage above 67.5
volts at low plate current, an increase in the grid-bias voltage supply must be provided
for adequate volume control.

As cthe mixer in superheterodyne circuits, the 34 may be utilized to advantage.
In such service, the grid bias may or may not be made variable. Wich variable bias,
the peak oscillator voltage should be preferably about one vole less than the lowest
operating grid bias. This practice will eliminate the possibility of cross-modulation
caused by the mixer drawing grid current. Wichout variable bias, the oscillator peak
voltage should be considerably less than the grid bias to prevent grid current on very
strong signal swings. It should be noted that by varying the grid bias on the mixer
in conjunction with that on the radio-frequency and/or the intermediate-frequency
stages, additional control of volume may be accomplished.

AVERAGE PLATE CHARACTERISTICS

T TYPE 34
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RCA-35 C-35

SUPER-CONTROL RADIO-FREQUENCY
AMPLIFIER

The 35 is a super-control screen grid amplifier tube containing
a 2.5-volt heater-cathode of the equi-potential type. It is recom-
mended as a radio-frequency amplifier and an intermediace-fre-
quency amplifier in a-c receivers. The 35 is very effective in reduc-
ing cross-modulation and modulation-distortion over the entire rangc
of received signals. Its 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 adaprable to circuits incorporating auto-
matic volume control. See page 11 for Super-Control feature.

CHARACTERISTICS
HeaTer Vortage (A. C.or D. C).............. 2.5 Volts
HeaTer CURRENT. ... ... . oo 1.75 Amperes
PLAaTE VoLTAGE*. ... ... ... ... ... ... 180 250 Volts
SCREEN VOLTAGE. . . oot v e 90 max. 90 max. Voles
Grip Vorrace, Variable (Minimum). .. .. -3 -3 Volts
Peate CURRENT. ... oo 6.3 6.5 Milliamperes
ScreeN CurrenT (Maximum)............ 2.5 2.5 Milliamperes
PLATE RESISTANCE. . . ... ............... 300000 400000 Ohms
AmpLiricATION FAacTOR . ... ... . L 305 420
MutuarL CONDUCTANCE. .. ... ... ... ... 1020 1050 Micrombhos
MutuaL Conpuctance (At —40 volts bias) 15 15 Micromhos
Grip-PLaTe Capacitance (With shield-can) 0.007 max. uuf
InpUT CAPACITANCE. .. . oo oot 5.3 uuf
OutruTt CAPACITANCE. . .. .. oo oo 10.5 uuf
BuLB (For dimensions, see Page 151, Fig. 10) .. .. ... ... ... ....... S-14
AP, Small Metal
BAsE (For socket connections, sce Page 150, TFig. 9) . . . oo ... Medium 5-Pin

* Maximum plate voltage = 275 volts.

INSTALLATION

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

The heater of the 35 is intended for operation from a 2.5-volt winding of the
power transformer. The voltage applied to the heater terminals should be the rated
value of 2.5 volts under operating conditions and wich average line voltage.

The cathode connection to the heater should be made (1) to the movable arm
of a potentiometer connected across the heater winding of the power transformer,
or (2) to a mid-tapped resistor across the heater winding, or (3) to the mid-point of
the heater winding itself. Recommended practice is to have no potential difference
between heater and cachode. If chis practice is not followed, the potential difference
should be kept as low as possible.

The positive screen voltage for the 35 may be obrained from a fixed or variable
tap on a voltage divider across the supply voltage or a portion of che supply.
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Complete shielding for all stages of the circuit is necessary if maximum gain and
the volume-control-range capabilities of chis tube are to be realized.

APPLICATION

As a radio-frequency and intermediate-frequency amplifier, the 35
should be operated as shown under CHARACTERISTICS. In general, properly
designed radio-frequency transformers are preferable to interstage coupling impedances,
especially in cases where a high impedance B-supply may cause oscillation below radio
frequencies.

Volume control of receivers designed for the 35 may be accomplished by vari-
ation 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 voles will
be required, depending upon the circuit design and operating conditions. This
voltage may be obrained from a potentiometer, a bleeder circuit, or an adjustable
cathode resistor.

As a detector working directly into an audio-frequency amplifier, the 35 is not
ordinarily suited. However, this tube does have a very useful application as a mixer
(first detector) in superheterodyne circuits. Suitable operacing voltages for such service
are: Plate voleage, 250 volts; screen voleage, 90 volts; and grid-bias, =7 volts with a
6-vole peak swing from the oscillator. By varying the grid-bias on the mixer in con-
junction with that on the radio-frequency and/or the intermediate-frequency stages,
additional control of volume may be accomplished.

As an audio-frequency amplifier, the 35 may be used in a single stage, resisc-
ance-coupled circuit when it is followed by not more than one amplifier stage. Addi-
tional stages of amplification are not recommended because of the possibilicy of noise
and microphonic disturbances resulting from the high level of amplification  Suitable
operating voltages for such service are: Plate-supply voleage, 180 to 250 volts, applied
through a load resistor of 100000 to 200000 ohms; screen voltage, 25 volts; grid bias,
—1 vole. In general, the higher value of load resistor will permit increased amplifica-
tion but will give poorer fidelity. The higher plate-supply voltages allow increased
signal swing without distortion but are not required where only small signals are to be
amplified. In resistance-coupled circuits employing the 35S, the grid resistor should
have a value not exceeding 1.0 megohm.

AVERAGE PLATE CHARACTERISTICS

T TYPE 35
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RCA-36 C-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. Its heater-cathode construction permits of operation on
either a-c or d-c power supply. The relatively low heater current of
this type makes it suitable for automobile receivers and for power-
line-operated sets, particularly cthose with a series-heater arrangement.

CHARACTERISTICS

Heater Vortage (A. C.or D. C). ... ... L. 6.3 Volts
HeaTer CURRENT. ... ... ... .. . . . 0.3 Ampere
PrATE VOLTAGE. . ... ... ... 100 135 180 250 max. Volts
ScreeN VOLTAGE. ... ...... 55 67.5 90 max. 90 max. Voles
GrID VOLTAGE. . .......... -1.5 -1.5 -3 -3 Volts
Prate CURRENT. .. .. ... ... 1.8 2.8 3.1 3.2 Milliamperes
Screen CURRENT........... — — — 1.7 max. Milliamperes
PLaTe REsisTANCE. . ... .. .. 0.55 0.475 0.5 0.55 Megohm
AwmpLiFicaTiON FacTOR. . . .. 470 475 525 595
Mutuar CONDUCTANCE. . . . 850 1000 1050 1080 Micromhos
Grip-PLaTe CapaciTANCE

(With shield-can)..... ... 0.007 max. uuf
InpuT CAPACITANCE. ... .. .. 3.7 upuf
OuTtpuTr CAPACITANCE. .. . .. ) 9.2 puf
BuLB (For dimensions, see Page 151, Fig. 7). . . ... ... ... .......... ST-12
CAP. o Small Metal
BASE (For socket connections, see Page 150, Fig. 9) .. ... ............ Small 5-Pin

INSTALLATION

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

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

The positive screen voltage for the 36 may be obtained from a section of the
B-bactery, or from a fixed or variable tap on a voltage divider connected across the
supply voltage, or a portion of the supply. The impedance between the screen and
cathode should be kept as low as possible by means of a suitable by-pass condenser.

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

APPLICATION

As a radio-frequency amplifier, the 36 should be operated as shown under
CHARACTERISTICS. Neither che plate nor the screen voleage 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
oscillacion below radio frequencies
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As a detector, the 36 may be operated either wich grid leak and condenser or
with grid bias. For grid-bias detection, suitable operating conditions are: Plate-
supply voltage, 180 volts applied through a plate-coupling resistor of 250000 ohms;
positive screen voltage, 67.5 volts; and negative grid bias, 6 volts (approx.), so ad-
justed chat a plate current of 0 1 milliampere is obtained with no input signal.  When
grid leak and condenser detection is employed, a plate voltage of 135 volts applied
through a plate-coupling resistor of 250000 ohms together with a positive 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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RCA-37 C-37

DETECTOR, AMPLIFIER

The 37 is a chree-electrode, general purpose tube of the
heater-cathode type. Its heater-cathode construction per-
mits of operation on either a-c or d-c power supply. 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 Vortace (A. C.or D.Cl)..... oo oL 6.3 Volts
Heater CURRENT . ... ... o i 0.3 Ampere
Prate VoLTAGE. ... ... ... 90 135 180 250 max. Volts
GriD VOLTAGE. ........... -6 -9 -13.5 -18 Voles
Prate CurrenT. . . ... ... .. 2.5 4.1 4.3 7.5 Milliamperes
PrLaTeE REsisTance. . .. ... .. 11500 10000 10200 8400 Ohms
AwmpLiFicaTION FAacTor. . ... 9.2 9.2 9.2 9.2
MutuaL CoNDUCTANCE. . . . 800 925 900 1100 Micromhos
Grip-PLaTE CAPACITANCE. . . 2.0 uuf
Grip-CaTtHope CAPACITANCE 3.5 nuf
PrLaTe-CaTHODE CAPACITANCE 2.2 upf
BuLB (For dimensions, see Page 151, Fig. 6). ... ... v .. ST-12
BAse (For socket connections, see Page 150, Fig. 8) ............ e e Small 5-Pin__

INSTALLATION

The base pins of the 37 fic che standard five-contact socket. The socket may be
mounted to hold che tube in any position.

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

APPLICATION

As a detector, the 37 may be operated with either grid leak and condenser or
with grid bias. The recommended plate volecage for che grid leak and condenser
method is 45 volts A grid leak of from 1.0 to 5.0 megohms used with a grid con-
denser of 0.00025 uf is suitable.

For grid-bias detection a plate volecage of 135 volcs together with a negative grid
bias of approximately 15.5 volts may be used. The place current should be adjusted
to 0.2 milliampere with no inpuc signal. The grid-bias voltage may conveniently
be obtained from the voltage drop in a resistor between the cachode and ground. The
value of chis self-biasing resistance is not critical, 75000 to 100000 ohms being suicable.
The higher value will allow the use of a larger inpuc signal.

As an amplifier, the 37 is applicable to the audio- or the radio-frequency stages
of areceiver. Plate voltages and the corresponding grid voleages for amplifier service
should be determined from CHARACTERISTICS and curves to obtain optimum
performance and freedom from distortion. The plate family is given on che preceding
page.
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RCA-38 C-38

POWER AMPLIFIER PENTODE

The 38 is a power amplifier pentode of the heater-
cathode type. Its heater-cathode construction permits of
operation on eicher a-c or d-c power supply. The relacively
low heater current of this type makes it suitable for auto-
mobile receivers and for power-line-operated sets, particularly those with
a series-heater arrangement.

CHARACTERISTICS
Heater VorLTtage (A. C.or D.C). .ot 6.3 Volcs
HeaTer CURRENT. ... .. oo 0.3 Ampere
PLaTte VoLTAGE..... .. .. 100 135 180 250 max. Voles
ScreeN VOLTAGE. .. .. ... 100 135 180 250 max. Volts
GriD VOLTAGE. ......... -9 -13.5 -18 -25 Volts
PeaTe CURRENT . .. ... ... 7 9 14 22 Milliamperes
ScreeN CURRENT......... 1.2 1.5 2.4 3.8 Milliamperes
PLaTE RESIsTANCE. . ... .. 0.14 0.13 0.11 0.10 Megohm
AwmpLiricaTiON FAcTOR. . . 120 120 120 120
MurvaL Conpuctance... 875 925 1050 1200 Micromhos
Loap REesisTANCE. . ...... 15000 13500 11600 10000 Ohms
Power OutpPuT. ... ... .. 0.27 0.55 1.0 2.5 Watts
BuLB (For dimensions, see Page 151, Fig. 7). . . . ... ... . ... ST-12
CAP. ot Small Metal
Basg (For socket connections, see Page 150, Fig. 9A) . .. ............. Small 5-Pin

INSTALLATION

The base pins of cthe 38 fit che 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-pull combination. More than one audio stage preceding the 38 is
undesirable because of che possibilicy of microphonic disturbances resulting from the
high level of amplification. Transformer or impedance-coupling devices are prefer-
able. If, however, resistance coupling is used, the grid resistor should be limiced
for a self-biased tube to 1.0 megohm with plate voltages up to 250 volts provided the
heater voltage does not rise more than 109, above the raced 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 co
250 volts.

A family of plate characeeristics for this type is given ac the botcom of page 80.
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RCA-39/44 C-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, intermediate-
frequency amplifier, and mixer in receivers designed for its character-
istics. 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 Vortage (A. C.ort D C)..ooovvioi ot 6.3 Volts
HeaTer CURRENT. ... .. oo 0.3 Ampere
PLaTe VOLTAGE. ................. 90 180 250 max. Volts
ScREEN VOLTAGE. . ... ....cvou... 90 90 90 max. Volts
GRID VOLTAGE. . ..o e ovee it -3 -3 -3 min. Volts
PrAaTe CURRENT. .. ... ..o 5.6 5.8 5.8 Milliamperes
ScrEEN CURRENT .. ..., 1.6 1.4 1.4 Milliamperes
PrLaTe RESisTANCE. . .. ... L 0.375 0.750 1.0 Megohm
AwMmpLIFICATION FacTor. .. ... ... ... 360 750 1050
Mutuar CONDUCTANCE. .. ......... 960 1000 1050 Micromhos
MutuaL Conpbuctance (At —42.5

volesbias). . .................. 2 2 2 Micromhos
Grip-PLaTte CaraciTance (With

shield-can) . .. ................. 0.007 max. uuf
InpuT CAPACITANCE. ... ... .. ...... 3.5 upf
Ourputr CAPACITANCE. ... . ... .. ... 10 uuf
BuLB (For dimensions, see Page 151, Fig. 7). . .« . . 0 i v e .. ST-12
AP e ittt et e e Small Metal
BASE (For socket connections, see Page 150, Fig. 9A) .. . . . v oo v nn ... Small 5-Pin

INSTALLATION

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

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

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

When the 39/44 is self-biased, a resistor in series wich 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 voles 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

obrtained.
APPLICATION

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

As a detector working directly into an audio-frequency amplifier, the 39/44 is not
ordinarily suiced. However, it does have a very useful application as che mixer
in superheterodyne circuits and may be utilized to advantage in thac position. Suic-
able operating voltages for such service are: Plate voltage, 90 to 250 volcs; screen
voltage, 90 volts; grid voleage, -7 volts (approx.). With variable bias on the mixer,
the peak oscillator voltage should be preferably about one volt less than the minimum
grid-bias (approximately 7 volts). This practice will eliminate the possibilicy of
cross-modulation caused by the mixer drawing grid current. Wichout variable bias
on the mixer, the oscillacor peak volcage should be considerably less than che grid-bias
to prevent grid current on very strong signal voltage swings.

AVERAGE PLATE CHARACTERISTICS

TYPES 39/44
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RCA-41 C-41

POWER AMPLIFIER PENTODE

The 41 is a power amplifier pentode of the heater-cathode type
for use in the audio-oucput stage of radio receivers, especially those
of the mobile type which obrain their heater-supply voltage from a
storage bactery. The tube is capable of giving a large power outpuc
wich a relacively small inpuc-signal volrage.

In comparison with other types for the output stage of automobile
receivers, the 41 has greater power output capability than cthe 38 and has the same out-
puc as the 89 with the pentode conneccion. The 41 has higher power sensitivity than
the 89 but lacks cthe 89's flexibility of application to Class A and to Class B Triode
amplifier circuits. These three types are not interchangeable.

CHARACTERISTICS
Heater Vortace (A. C.or D. C).............. ... 6.3 Voles
Heater CurrReNT. ... ... ... ... . 0.4 Ampere
PLATE VOLTAGE. ... .. ........ 100 135 180 250 max. Volcs
ScrREEN VOLTAGE. .. ........... 100 135 180 250 max. Voles
GriD VOLTAGE. .. ... .......... -7 -10 -13.5 -18 Voles
Peate CuRReNT. . .. ... ... 9.0 12.5 18.5 32 Milliamperes
ScreeN CURRENT............... 1.6 2.2 30 5.5 Milliamperes
PLaTeE REsisTANCE. . . ... . .. ...103500 94000 81000 68000 approx. Ohms
AwmpriricaTiON FAacTOR. . ... .. .. 150 150 150 150 approx.
MutuaL CONDUCTANCE. . . ... ... 1450 1600 1850 2200 Micrombhos
Loap ResisTance.............. 12000 10400 9000 7600 Ohms
Power OQurtpPuT. . . ... oo 0.33 0.75 1.5 3.4 Wates
BuLs (For dimensions, sce Page 151, Fig. 6). . . . ... .. .. ... ... ..... ST-12
BASE (For socket connections, seec Page 150, Fig. 15A) ... ... ......... Medium 6-Pin

INSTALLATION

The base pins of the 41 fit the standard six-contact socket which may be installed
to hold che tube in any position.

The bulb of chis cube will become very hot under certain conditions of operacion.
Sufhcient ventilation should be provided to prevent overheating.

The heater of the 41 is designed to operate direccly from a 6-volt automobile
storage battery despite the voltage fuctuations during the charge and discharge periods.
If che heacer is operated with a.c., che cransformer winding which supplies the heater
circuit should be designed to operate the heater at 6.3 voles for full-load operating
condicions at average line voltage.

In a series-heater circuit employing several 6.3-volt types and one or more 41’s, the
heaters of the 41’s should be placed on the positive side. Furthermore, since most
6.3-volt types have 0.3-ampere heaters, a bleeder circuit across these heaters is required
to take care of the additional 0.1-ampere heater currenc of the 41. Each 6.3-volt
tube of the 0.3-ampere type in che series circuic should, cherefore, be shunted by a
bleeder resistance of 63 ohms.
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For cathode connection, refer to INSTALLATION for Type 6A7.

APPLICATION

For the power amplifier stage of automobile receivers and other receivers, the
41 may be used either singly or in push-pull combination More than one audio
stage preceding the 41 is undesirable because of the possibility of microphonic disturb-
ances resulting from che high level of amplification.

If a single 41 is operated self-biased, the self-biasing resistor should be shunted by a
suitable filcer necwork to avoid degenerative effects at low audio frequencies. The use
of two 41’s in push-pull eliminates the necessity for shunting the resistor. The self-
biasing resistor required for the push-pull stage is one-half that for a single stage.

Any conventional type of input coupling may be used provided the resistance
added to the grid circuit by this device is not too high. Transformer or impedance
couplmg 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 109, above the rated value under any condition of
operation. When self-bias is not used, the value should be limited to 100000 ohm:s.

An output transformer should be used to supply power to the winding of the
reproducing unit. The optimum value of load resistance for a single tube is given
under CHARACTERISTICS For push-pull operation, the plate-to-plate load resist-
ance should be twice that for a single tube.  For best results the impedance in the place
circuit of the 41 should be as uniform as possible over the entire audio-frequency range.

AVERAGE PLATE CHARACTERISTICS

TYPE 41
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RCA-42 C-42

POWER AMPLIFIER PENTODE

The 42 is a power amplifier pentode of the heater-cachode type
for use in the audio-output stage of a-c receivers. It is capable of
giving large power output with a relatively small input-signal voltage.
Because of the heater-cathode construction, a uniformly low hum-level
is attainable in power amplifier design.

CHARACTERISTICS
Heater Vortace (A. C.or D. C).. ... ... 6.3 Voles
Heater CURRENT. ... .. ... i 0.7 Ampere
PLaTE VOLTAGE. . ... ..o o 250 max. Volts
SCREEN VOLTAGE. . ..\ oo 250 max. Vols
GRID VOLTAGE. ..ot i et e e -16.5 Voles
PLaTE CURRENT . . ..o oot 34 Milliamperes
SCREEN CURRENT . . ...\ itii i 6.5 Milliamperes
Prate RESISTANCE. .. ... ... .. . 100000 approx. Ohms
AwmpriricaTiON FACTOR. ... ... 220 approx.
MuTuAL CONDUCTANCE. . . . ..o 2200 Micromhos
LOAD RESISTANCE. ...\ o oo 7000 Ohms
Power Output (79 toral distortion). . ... ......... 3.0 Wates
BuLB (For dimensions, see Page 151, Fig. 11) ... .. ... ............. ST-14

BASsE (For socket connections, see Page 150, Fig. 15A) . . .. .. .......... Medium 6-Pin

INSTALLATION

The base pins of the 42 fic che standard six-contact socket which may be installed
to hold che tube either in a vertical or in a horizontal position. Suthcient venrilation
should be provided to prevent overheating.

In a series-heater circuit employing several 6.3-volt types and ore or more 42’s, the
heacers of the 42’s should be placed on the positive side. Furthermore, since most
6.3-volt types have 0.3-ampere heaters, a bleeder circuit across these heaters is required
to take care of che additional 0.4-ampere heater current of the 42. Each 6.3-volt
tube of the 0.3-ampere type in the series circuit should, therefore, be shunted by a
bleeder resistance of 16 ohms.

APPLICATION

As a power amplifier (Class A), the 42 may be used eitler singly or in push-pull
combination. Recommended operating conditions are given under CHARACTER-
[STICS. The plate family for this type is idencical with that for che 2A5.

If a single 42 is operated self-biased, the self-biasing resistor should have a value of
410 ohms. This resistor should be shunted by a suitable filcer network to avoid
degenerative effects at low audio frequencies. The use of two 42's in push-pull
eliminates the necessity for shunting the resistor. The seif-biasing resistor required
for che push-pull stage is one-half that for a single stage.

Transformer or impedance-input coupling devices are reccommended.  If, however,
resistance coupling is employed, the grid resistor should nct exceed one megohm with
self-bias, provided the heater voltage does not rise more than 109, above the rated
value under any condition of operation; without self-bias, the value should be limited
to 100000 ohms.
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RCA-43 C-43

POWER AMPLIFIER PENTODE

The 43 is a power amplifier pentode of the leater-cathode type
for use in the output stage of radio receivers, especially chose of the
“d-c power line’’ type and the ‘‘universal (a.c.-d.c.)” type. In
such applications, the 43 is capable of handling relatively large audio
power at the low plate and screen voltage available. A single 43
in the outpuc stage operating with 100 voles on plate and screen can
deliver nearly one watt of audio power, while two 43’s in push-pull arrangement wich
the same voltages can supply approximately two watts.

CHARACTERISTICS
Heater Vortage (A. C.or D.C).... ool 25 Volts
HeATER CURRENT . ..ottt te et i 0.3 Ampere
PLATE VOLTAGE. ...t oii e 100 135 max. Volts
SCREEN VOLTAGE. . o vt eeeeieeene 100 135 max. Volts
GRID VOLTAGE. ..o\ oooi et -15 -20 Volts
PLATE CURRENT. ...t 20 34 Milliamperes
SCREEN CURRENT .. ..vviiaeia e 4 7 Milliamperes
PLATE RESISTANCE. . ... ... .o 45000 35000 Ohms
AMPLIFICATION FACTOR. . ..o io e 90 80
MuTtuar CONDUCTANCE. .. ..ot vt e s 2000 2300 Micromhos
LoaD RESISTANCE. . ...........o ... 4500 4000 Ohms
Power OQUTPUT ... ...t iii i 0.9 2.0 Watts
BuLB (For dimensions, see Page 151, Fig. 11) . .. .. ... ............ ST-14
BAse (For socket connections, see Page 150, Fig. 15A) . ... ........... Medium 6-Pin

APPLICATION

The base pins of cthe 43 fit che standard six-contact socket which may be installed
to hold the tube either in a vertical or in a horizontal position. Sufhcient ventilation
shou!d be provided to circulate air freely around the tube to prevent overheating.

The 25-volt heater of the 43 is designed to operate under che normal conditions
of line-voltage variation without materially affecting the performance or service-
ability of chis tube. For operation of the 43 in series with the heaters of other types
having 0.3-ampere rating, the current in the heater circuic should be adjusted to 0.3
ampere for the normal supply voltage.

In a series-heater circuit of the ‘‘d-c power line’’ type employing several 0.3-ampere
(6.3-vole) types and one or two 43’s, the heaters of the 43’s should be placed on the
positive side of the line. Under chese conditions, heater-cathode voltage of the 43
must not exceed the value given below under cathode In a series-heater circuit of
che “‘universal’ type employing rectifier tube 2575, one or two 43’s, and several
0.3-ampere (6.3-volt) types, it is recommended that the heacer(s) of the 43(’s) be
placed in the circuit so that che higher values of heater-cathode bias will be impressed
on the 43(’s) rather than on the 6.3-volc types. This is accomplished by arranging
the 43(’s) on the side of che supply line which is connected to the cathode of the recti-
fier, i.e., the positive terminal of the rectified-voltage supply. Between this side of the
line and che 43 (’s), any necessary auxiliary resistance and the heater of the 2575 are
connected in series.
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The catheode circuit in ‘‘d-c power line”’ or ‘‘universal’’ receivers is tied in eicher
directly or through biasing resistors to the negative side of the d-c plate supply which
is furnished either by the d-c power line or by the a-c line by means of a rectiher. The
potential difference thus introduced between heater and cathode of the 43 should not
exceed 90 voles d.c., as measured between the negative heater terminal and the cachode.

INSTALLATION

As a power amplifier (Class A), the 43 is recommended for use eicher singly or
in push-pull combination in the power output stage of ‘‘d-c power line’’ and ‘‘universal”’
rgc_leﬂi\(/:egs. Recommended operating conditions are given under CHARACTER-
ISTICS.

If a single 43 is operated self-biased, the self-biasing resistor should be approxi-
mately 625 ohms for the 100-volt condition and 490 ohms for the 135-volt condition.
This resistor should be shunted by a suitable filter network to avoid degenerative effects
at low audio frequencies. The use of two 43’s in push-pull eliminates the necessity
for shunting the resistor. The self-biasing resistor for the push-pull stage is half of
the value given for single-tube operation.

If resistance coupling is used for the 43, the maximum grid resistor value is 0.25
megohm. Under operating conditions such that the heater voltage never exceeds 25
voles, a value of 0.5 megohm is permissible.

AVERAGE PLATE CHARACTERISTICS
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RCA-45 C-45

POWER AMPLIFIER

The 45 is a power amplifier tube for supplying large
undistorted output to a loudspeaker. It is for use as an
audio-frequency output tube in a-c receivers using 2.5-volt
heater and filament-type tubes.

CHARACTERISTICS
FiLament VoLtage (A. C or D. C).ooovvo oot 2.5 Voles
FitaAMENT CURRENT . . .. .o 1.5 Amperes
PLATE VOLTAGE. ................. 180 250 275 max. Volts
Grip VoLTAGE*. . ................ 31.5 -50 -56 Volts
PLaTE CURRENT. ....... .. ... ..... 31 34 36 Milliamperes
PLATE RESISTANCE. . ... ........ ... 1650 1610 1700 Ohms
AwmpLiricaTiON FAacTOR . ... ... .. .. 3.5 3.5 3.5
MutuaL CONDUCTANCE. .. ... ...... 2125 2175 2050 Micromhos
Loap RESISTANCE. ................ 2700 3900 4600 Ohms
UnbistorTeD Power OQutpuT. . ... .. 0.83 1.6 2.0 Watts
BuLB (For dimensions, see Page 151, Fig. 11). . . ... e i ST-14
Base (For socket connections, see Page 150, Fig. 1). . . ..o oo vveen .. Medium 4-Pin

* Referred to mid-point of a-c operated filament. Self-bias is advisable in all cases and is required if a
grid resistor (max. value of 1.0 megohm) is used.

INSTALLATION

The base pins of the 45 fic the standard four-contact socket which should be
mounted preferably to hold the tube in a vertical position. If it is necessary to place
the tube in a horizontal position, the socket should be mounted with the filament-
pin holes vertically one above the other. This precaution locates the filament plane
vertical for most satisfactory performance. Sufhicient ventilacion should be provided
to prevent overheating.

The filament of chis type is usually operated on a.c. See page 24.

APPLICATION

As a power amplifier, the 45 should be operated as indicaced under CHAR-
ACTERISTICS. A plate family is given on the preceding page.

Grid bias for the 45 should be obtained by use of the voltage drop in a resistor
connected in the negative plate-return lead. This scheme is known as the self-biasing
method. The proper value of che resistor for a single 45 is 1550 ohms for a plate
voltage of 275 volts; 1470 ohms for a plate voltage of 250 volts; and 1000 ohms for
a plate voleage of 180 volcs.

If more output is desired than can be obtained from a single 45, two 45’s may be
operated either in parallel or push-pull connection. See page 12. When two 45’s
are operated togecher in the same amplifier stage, the values of the self-biasing resistors
will be approximately one-half the values given above for a single tube.

An output device should be used to transfer power to the winding of che repro-
ducing unit.
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RCA-46 C-46

DUAL-GRID POWER AMPLIFIER

The 46 is a double-grid power amplifier tube recommended
especially for service in Class B amplifier circuits of suitable design.
In such circuits an output stage is preceded by a power-amplifier
stage designated as the ‘‘driver.”” A pair of 46's in a Class B output
stage is capable of supplying an exceptionally large amount of virtually
undistorted power; while a single 46, operated in the driver stage as a
Class A amplifier, can deliver sufficient power to drive the pair of 46’s in the out-
put stage.

The dual application of the 46 to Class B and to Class A amplifier service is made
possible by different connections of the two grids incorporated in the tube’s scructure.
Each grid terminates in its respective base pin. For Class B operation, the two grids
must be tied together. This connection causes the tube to have an amplification
factor so high that negative grid-bias is not required for its operation as a Class B
amplifier. For Class A operation, the grid adjacent to the plate is tied to the plate
in order chat the tube will have a low amplification factor. In che lateer case, negative
grid-bias is required for proper operation of the tube. See page 14 for discussion of
Class B operation.

CHARACTERISTICS
Firament Vortace (A. C.or D. C)vvviit .. 2.5 Volts
FiLAMENT CURRENT . ... ..ot ive it 1.75 Amperes
BuLB (For dimensions, see Page 151, Fig. 14) v oo v iv vt i i ee e .. S-17
BASE (For socket connections, see Page 130, Fig. 7) . .. .. . ..o ... Medium 5-Pin

As Class B Amplifier

PLATE VOLTAGE. ..\ ot it ie e et 400 max. Volts
Dyn~namic Peak PLATE CURRENT . .. ... .ot 200 max. Milliamperes
AvVErRAGE PLATE DissipATION. ... 10 max. Watts
Typicar OperaTiON (2 tubes)

Filament Voltage (A. C).............. 2.5 Voles

Plate Voltage............... ... ... .. 300 400 Voles

Grid Voltage (Both grids tied together) . . 0 0 Volts

Static Plate Currenc (Per tube).......... 4 6 Milliamperes

Load Resistance (Plate-to-plate)......... 5200 5800 Ohms

Nominal Power Qutpuc (2 tubes)....... 16* 20%** Wates

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

As Class A Amplifier

PLATE VOLTAGE. ......... i 250 max. Volts

Grip Vortace (Grid adjacent to plate tied to plate). . -33 Volts

PLATE CURRENT .+« .ttt ie e 22 Milliamperes
PLATE RESISTANCE. . . ... ... ..o 2380 Ohms
AwmpLiricaTIiON FACTOR. ... v oo 5.6

MUTUAL CONDUCTANCE. « vttt it e eieeeeeeee e 2350 Micromhos
Loap Resistance (For max. undistorted power)***. .. 6400 Ohms

Max. UnbistorTED Power OuTPUT. .. oot oo vt 1.25 Wates

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

The base of the 46 is of the medium five-pin type. lts pins fic the standard five-
contact socket which may be installed to operate the tube either in a vertical or in a
horizoncal position. For horizontal operacion, the socket should be positioned with
the filamenc-pin openings one vertically above the other. Sufficient vencilation
should be provided around the tube to prevent overheating.

The filament is designed to operate at 2.5 volts. The transformer winding that
supplies the filament circuit should operate the filament at this recommended value
for full-load operating conditions at average line voltage. The filament wiring should,
insofar as possible, be isolated from the input circuit of the driver stage in order to
avoid the possibility of hum caused by electrostatic induction from this wiring.

The grid and che plate return lead for the Class B stage should be connected to the
mid-tap of che filament winding or to the center-tap of a 20-ohm resistor across the
winding. The grid and place return for the driver stage should be made to a variable
center-tapped resistor across the filament supply for minimum hum adjustment. The
use of a push-pull driver stage with either equi-potential or filament-type tubes will
reduce hum resulting from the filament supply, but is required only in special appli-
cations.

APPLICATION

For Class B audio power amplifier service, the 46 is particularly recom-
mended because of its design. In this type of service, the two grids in the tube are
connected together and, thus, the signal voltage is applied to both simultaneously.
Consideration of general Class B amplifier design features is given on page 14.

For Class A operation of the 46, the grid adjacent to the plate is connected to
the plate. The grid next to the filament serves as the control grid. Operation of
the tube is then similar to any Class A power amplifier triode. The operation of this
tube connected as a Class A amplifier is not indicative of its performance in Class B
circuits and should not be confused with the laccer.

The intended application of the 46 as a Class A amplifier is for driving two 46’s
in a Class B amplifer circuitc. The tube has been constructed for this dual service in
order to reduce the number of tube types necessary in a receiver. The tabulated values

for Class A operation of this type as given under CHARACTERISTICS are for its

operation as a power output tube.

OPERATION CHARACTERISTICS
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AVERAGE PLATE CHARACTERISTICS

CLASS B OPERATION

200 T T — ———=
" TYPE 46 N% EA—.QE"_ -
& €£,=2.5 VOLTS D.C. © o VOLTS 8-
w f -/ " IGR\O_"= =
g s 21 conTRO
< g,‘;l ==
3
2 ;|7 d-

50| —=
2 i A% -
o / I
v Vv / P
\D’ 128| A4
z 1A%
S / 4 L—
o ‘.‘I, /
i 10 1 T R =
° I | _Ecio—=

[+ "1

2 X |
a 75
)
w

H
<
g £c, =0|
o | —+15
o 29 =410

£ci=t
°
0 40 &0 120 160 200 240 280 320 360 400 440 480

AVERAGE OPERATION CHARACTERISTICS
LASS A OPERATION
T

PLATE VOLTS

AVERAGE OPERATION CHARACTERISTICS
d CLASS A OPERATION
" Tvreas -
TYPE 46
. E¢=25voLTsaC. Le,= 5 A
PLATE VOLTS = 250 Er2svaIs AC.
GRID VOLTS=-33
40 — — a0
/
J | o/
i
" <
| Caz | o 432
r ; C/ ~a
4 & g | | & 25
g o 5 N7 Zu
$ & 2 ooo‘ o |87 0
7z & £2.4,,120001———1— vt 24 5
Z . z ez | NG 53
£ NT 2o N g € o J B 45, €9
5 .4 22 <3 z 2 3 N & & | ] 28
L 3 ke 2 0 16£ 8000——] ¥ 6 2
2z Z a Y wE
o 2z — +— e
a \ Q < ~ <«z
z I I=J &S
o. —Ag 082400, L/ LT "Ng 0O
w (X3P "L
ko ) . z 3 /y
I a T
Ny ¢ 1
3 12 16X103 < 0 0 00 300 300
LOAD RESISTANCE (Rp)OHMS PLATE vOLTS
AVERAGE PLATE CHARACTERISTICS
CLASS A OPERATION
TYPE 46
£4=2.5 VOLTS D.C. Py / / ,
70 >
" @ 9, 7
£ AN ' /7
w ) O
L o 5
2 9
3 3/
35 v o,
[s)
o & “ 7
5 & 3
©49 9 /7 ;
O
F /I S
B / 4
Laol—— (— J S
g / |/ //T A
o O
: / 4 / 5
Z 29 / S
< /4 i3
a0 /2 / <
a / / / / V/ Y
/ 4 // A /
o 80 160 240 320 300 280 560

PLATE VOLTS




@Rﬂdiotron m"; pen

RCA-47 C-47

POWER AMPLIFIER PENTODE

The 47 is a power amplifier pentode for use in the audio output
stage of a-c receivers. It is capable of giving large power output
with a relacively small input-signal volcage. In comparison with
three-electrode power amplifiers of the same plate dissipation, the
47 is capable of greater power output with the additional feature
of higher amplification. This power-handling ability of the 47 is made possible
by the addition of both a suppressor and a screen between the grid and plate.

CHARACTERISTICS
FiLaMment Vortace (A. C.or D.C). .. ... ... ... 2.5 Volts
FitaMenT CURRENT. . ... 1.75 Amperes
PLATE VOLTAGE. .. .. oo i 250 max. Volts
SCREEN VOLTAGE. . .ot it e 250 max. Volts
GriD VOLTAGE® . .. ... . . i -16.5 Volts
PLATE CURRENT . ... ... e 31 Milliamperes
ScREEN CURRENT . ... .0ttt 6.0 Milliamperes
PLATE RESISTANCE. . .. ... ... i 60000 Ohms
AwmpriricaTiON FacTOoR . ..o o 150
MuTUAL CONDUCTANCE. .« oo it i e e e e 2500 Micromhos
LOAD RESISTANCE. ... ..o 7000 Ohms
Power QUTPUT.. ... ... 2.7 Wates
BurLs (For dimensions, see Page 151, Fig. 13). .. ..o ii ... ST-16
Base (For socket connections, see Page 150, Fig. 6). . .. .. .. ......... Medium 5-Pin

*1f filarnent is operated on d.c., grid bias should be —15.3 volrs.

INSTALLATION

The base pins of the 47 fic the standard five-contact socket which should be
mounted preferably to hold the tube in a vertical position. If it is necessary to place
the tube in a horizontal position, the socket should be mounted with its filament-pin
openings one vertically above the other. Sufhicient ventilation should be provided
around the tube to prevent overheating.

The filament of chis type is usually operated on a.c.  See page 24.

APPLICATION

For the power amplifier stage of radio receivers, the 47 is recommended either
singly or in push-pull combination. More than one audio stage preceding the 47 is
undesirable because of the possibility of microphonic disturbances resulting from the
high level of amplificacion.

If a single 47 is operated self-biased, the self-biasing resiscor should be approxi-
mately 450 ohms. This resistor should be shunted by a filter network to avoid degen-
crative effects at low audio frequencies. The use of two 47’s in push-pull climinates
the necessity of the network and is, in addition, effective in reducing hum from filter
circuits.  The sclf-biasing resistor required for the push-pull stage is approximacely
225 ohms.
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Any conventional type of input coupling may be used, provided the resist-
ance added to the grid circuit by this device is not too high. Transformer or imped-
ance-coupling devices are preferable. If resistance coupling is used, a grid resistance
not to exceed 0.5 megohm may be employed under che self-bias conditions. Wichout
self-bias, the grid-leak resistance should not exceed 50000 ohm:s.

An output transformer should be used in order to supply power to the winding
of the reproducing unit. The optimum value of load resistance for the output device
is 7000 ohms. For best results, the impedance in the plate circuic of the 47 over
the entire audio-frequency range should be as uniform as possible.

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

an indication of the performance of the tube.

AVERAGE PLATE CHARACTERIS"ICS
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TYPICAL SUPERHETERODYNE RECEIVER FOR A-C OPERATION

R.F 1 ST. DET. IF. 2 ND. DET. POWER AMPLIFIER
TYPE 3% i TYPE 24-A TYPE 35 TYPE 27 BEC TYPE 47
§ c i
c . c c ¢
€5 [ SR
RFC! ¥4 l
RFC.
il L] { ==
Rg =
s Ry
Be25OV. 2.5V AC B+250V. 2.5V, AC B+250V.

Ry= RESISTOR (14 000 OHMS)
R4z SELF-BIASING RESISTOR (! 500 OHMS)
Rg= SELF-BIASING RESISTOR (50 000 OHMS)

€ 2R-F BY-PSS CONDENSER (0.1pf.)
C{=0SC. CRID CONDENSER (0.00075 )
€2z R-F BY-PASS CONDENSER (0.00025uf. )
C3=R-F BY-PASS CONDENSER (0.5uf ) Rg= SELF -BIASING RESISTOR (225 OHMS)
Cq= CONDENSER (O3 g APPROX.) Ry= PARTIAL SELF-BIAS RESISTOR ( 150 OHMS)
R = VOLUME CONTROL POTENTIOMETER ( 8 000 OHMS) Ra=RESISTOR (10000 OHMS APPROX.)
R;= RESISTOR (6000 OHMS) Rg= RESISTOR (8000 OHMS)
Rz OSCILLATOR CRID LEAK (40000 OHMS) P = POTENTIOMETER (20 OHMS)

C5= AF BY-PASS CONDENSER (2-4 uf)
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RCA-48 C-48

POWER AMPLIFIER TETRODE

The 48 is a power amplifier tetrode which has pentode character-
istics when operated at the recommended screen and place voltage.
It is for use in the audio-output stage of receivers designed to operate
from 115-vole d-c power lines. The 48 is exceptional in its abilicy
to deliver power at the low plate and screen voltage obtainable in
such service.

The large power-delivering ability of the 48 is made practical by the unique fea-
tures of its electrical and struccural design.  Among these are the big cathode wich its
large emitcing surface, the control-grid structure with its heat radiator, and che plate
with a rib structure fastened to its inner surface. The rib structure serves to suppress
the effects of secondary emission which limic the power output of four-electrode screen-
grid types.

CHARACTERISTICS
Heater Vortage (D. C). ..o 30.0 Volts
HEATER CURRENT . ... oot 0.4 Ampere
PLATE VOLTAGE. ... oo v 95 125* max. Volts
SCREEN VOLTAGE. . .o o ie e 95 100 max. Voles
GRID VOLTAGE . . .ot e i -20 -22.5* Volts
PLATE CURRENT . .. .o v i 47 50 Milliamperes
ScrREEN CURRENT. .....o.viiiiiennnnn. 9 9 Milliamperes
PLATE RESISTANCE. ... ................. 10000 10000 approx. Ohms
AwmeLirication FacTor. ... ..o L L 28 28 approx.
MuTtuaL CONDUCTANCE. ... ..o v oivovn .. 2800 2800 Micromhos
LoAD RESISTANCE. . ...t 2000 2000 Ohms
Power OUTPUT. . ..o ii i 1.6 2.5 Wates
BuLB (For dimensions, see Page 151 Fig. 13) . ... .. ............. ST-16
Base (For socket connections, see Page 150, Fig. 15) oo oo vv v ... Medium 6-Pin

* Suitable conditions for operation with auxiliary C-battery which permits utilization of full d-c power-
line voltage (110-115 volts) for plate supply.

INSTALLATION

The base of the 48 fits the standard six-contact socket which may be installed to
operate the tube either in a vertical or in a horizontal position. For horizontal opera-
tion, the socket should be positioned with the plate-pin opening at the top and the
cathode-pin opening at the bottom or vice versa. Sufhicient vencilation should be
provided around the tube to prevent overheating

The heater of the 48 is designed to operate at approximately 30 volts. Due to
the heater-cathode design, the heater voltage may range between 26 and 34 voles
during line-voltage fluctuations without greacly affecting the performance or serv-
iceability of the tube.

In a series-heater circuit employing several 6.3-volt types and one or more 48’s,
the heaters of the 48’s should be placed on the positive side. Furthermore, since the
6.3-volt types have 0.3-ampere heaters, a bleeder circuit across these heaters is required
to take care of the additional 0.1-ampere heater current of the 48. Fach 6.3-volt tube
n the series circuit should, cherefore, be shunted by a bleeder resistance of 63 ohms.

— 92 —



Tue RCA RabpiotroNn—CunningHAM Rabpio Tuse ManuaL

The cathode circuit in d-c receivers is tied in either directly or cthrough biasing
resistors to the negative side of the heater circuit. The potential difference thus intro-
duced between heater and cathode of the 48 should not exceed 90 volcs, as measured
between the negative heater terminal and the cachode.

APPLICATION

As a Class A power amplifier tecrode in the output stage of d-c line receivers,
the 48 is recommended for use either singly or in push-pull combination. Recom-

mended operating conditions are given under CHARACTERISTICS.

When a single 48 is operated self-biased, the self-biasing resistor should be approxi-
mately 360 ohms. This resistor should be shunted by a suitable filcer network to
avoid degenerative effects at low audio frequencies. With two 48’s in push-pull, the
network may be omitted. The self-biasing resistor required for the push-pull stage
is approximately 180 ohms.

Any conventional type of input coupling may be used, provided the resistance
added to the grid circuit by this device is not too high. Transformer or impedance-
coupling devices are preferable. In any case, the sum of the resistance of the coupling
devices in the grid circuit and the resistance of the filter network (if used) should not
exceed 10000 ohms.

An output transformer should be used in order to supply power to the winding
of the reproducing unit. The optimum value of load resistance for a single tube is
2000 ohms. For push-pull operation, the plate-to-plate load resistance should be
4000 ohms. For best results, the impedance in the plate circuit of che 48 should be as
uniform as possible over the entire audio-frequency range, as in the case of power
amplifier pencodes.

As a Class A amplifier triode, the 48 may be used by connecting che screen to
the plate at the socket. A pair of these tubes connected as triodes and operated with
105 volts on the plates and a grid-bias of =30 volts, are capable of approximately
2.0 wates output having a total harmonic distortion of less than two per cent. The
plate-to-plate load for this condition is 1500 ohms.

The application of the 48 is limited to circuits having d-c heacer supply If the
plate voleage is obtained from a 115-vole d-c power line, the negative grid-bias may
be conveniently obtained from a small C-baccery.

AVERAGE PLATE CHARACTERISTICS
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RCA-49 C-49

DUAL-GRID POWER AMPLIFIER

The 49 is a double-grid power-amplifier tube designed
for use in battery-operated receivers employing 2-volt tubes.
In such service, it may be used either as a Class B output
tube or, by a change in socket connections, as a Class A driver tube.

CHARACTERISTICS
FiLament Vortace (D. C.). ... ..o 2.0 Volts
FILAMENT CURRENT . ..o ov i 0.12 Ampere
BuLB (For dimensions, see Page 151, Fig. 11). . . . . . ..o 0. . ST-14
BASE (For socket connections, see Page 150, Fig. 7) . .. ... ........... Medium 5-Pin

As Class B Power Amplifier

PLATE VOLTAGE. ... 180 max. Voles
Dynamic Peak PLATE CURRENT . . .. ... ... oottt 50 max. Milliamperes
TvypicaL OperaTION (2 tubes)

Filament Voleage. ................. ... ... ... 2.0 Voles

Plate Voleage. . .......... ... 180 Volts

Grid Voltage (Both grids tied together). . . ... ... 0 Voles

Static Plate Current (Per cube). ... ........ ... .. 2 Milliamperes

Load Resistance (Plate-to-place)................ 12000 Ohms

Nominal Power Output (2 tubes). ............. 3.5 Watts

As Driver—Class A Amplifier

FILAMENT VOLTAGE. ... ..o 2.0 Voles

PLATE VOLTAGE. ... .ot ii it 135 max. Voles

Grip VorTtace (Grid adjacent to plate tied to plate). . -20 Volts

PLATE CURRENT . ..o ii i 5.7 Milliamperes
PLATE RESISTANCE. . .. ...... ... ... .. .. ......... 4000 Ohms
AwmpLIFICATION FACTOR . .. ... .. o 4.5

MuTuAL CONDUCTANCE. .. ..ot oot 1125 Micromhos
LoAD RESISTANCE. . ... .. ... . . 11000* Ohms
NominaL Power OutpuT. ... oo oo e 0.170 Watt

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

INSTALLATION

The base pins of the 49 fic the standard five-contact socket. The socket should
be installed so that the tube will operate in a vertical position. In some cases, cushion-
ing of the socket may be found desirable.

For filament operation, refer to INSTALLATION on Type 1A6.

APPLICATION

Class B amplifiers are discussed on page 14. Also refer to the Application section
of the 46 on page 88.
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RADIO TUBES

UX-250 CX-350

POWER AMPLIFIER

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

CHARACTERISTICS
Firament VortaGe (A. C.or D.C). . ............ 7.5 Voles
FiLaMENT CURRENT . .. ..o i i 1.25 Amperes
Prate VoLTAGE. ... ... . ... 350 400 450 max. Volts
Gripb VoLTAaGE*.................. -63 -70 -84 Volts
Prate CURRENT. . ...t 45 55 55 Milliamperes
PLATE RESISTANCE. . . ... .......... 1900 1800 1800 Ohms
AwmpLiricaTION FACcTOR. . ... ... ... 3.8 3.8 3.8
MutuaL CONDUCTANCE. . ...\ ... ... 2000 2100 2100 Micromhos
LoAp RESISTANCE........ ..o u .. 4100 3670 4350 Ohms
UnpistorTED POowEr OuTPUT. ... ... 2.4 3.4 4.6 Wates
BuLB (For dimensions, see Page 151, Fig. 16) . . . v v v v it vvin e S-21
BAse (For socket connections see Page 150, Fig. 1). .. . ............. Medium 4-Pin Bayonet

* Measured from mid-point of a-c operated filament.

INSTALLATION

The base pins of the '50 fit the standard four-contact socket which should be
mounted to hold the tube in a vertical position. Provision should be made for free
circulation of air around the tube, since the bulb becomes quite hot during operation.

The coated filament is designed to operate from a 7.5-volt winding of a power
transformer. However, if desirable, it may be operated equally as well from a d-c
source. In either case the voltage applied to the filament terminals should be the
rated value of 7.5 volts.

APPLICATION

As a power amplifier, the 50 should be operated as shown under CHAR-
ACTERISTICS. A plate family for the '50 is given on the preceding page. Grid-
bias voltage may be conveniently obtained by means of the voltage drop through a
resistor in the plate-recurn lead. The proper value of this resistor is 1400 ohms
for a plate voltage of 350 volts; 1275 ohms for a plate potential of 400 volts; and
115130 ohms for a plate potential of 450 volts. The use of self-bias is advisable in
all cases.

If more output is desired than can be obtained from a single '50, two '50's may
be operated either in parallel or push-pull connection. See page 12. When two
’50’s are operated together in the same amplifier stage, the values of the self-biasing
resistors will be approximately one-half those shown above for a single tube.

Any conventional type of input coupling may be used provided the resistance
added to the grid circuit by this device does not exceed 10000 ohms. An output
transformer should be connected in the plate circuit of the '50 in order to transfer power
efhciently to the loudspeaker.
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RADIO TUBES

RCA-53 C-53

CLASS B TWIN AMPLIFIER

The 53 is a heater-cathode type of tube combining in one bulb
two high-mu triodes designed for Class B operation. It is intended
primarﬁy for use in the output stage of a-c operated radio receivers.
The triode units have separate excernal terminals for all electrodes

"7 except the cathodes and heaters, so that circuit design is similar to
that of Class B amplifiers utilizing individual cubes in the output stage. The 53 may
be used as a Class A amplifier (with triode units connected in parallel) to drive a 53
as a Class B amplifier in the oucput stage.

CHARACTERISTICS
Heater VorTace (A. C.or D. C)ovvnnnoo 2.5 Volts
HEeATER CURRENT. ... v viiiiiiin i i 2.0 Amperes
BuLB (For dimensions, see Page 151, Fig. 11). .. ... ...ttt ST-14
BASE (For socket connections, see Page 150, Fig. 24). .. ... .......... Medium 7-Pin
As Class B Power Amplifier

PLATE VOLTAGE. .\t i i iee e 300 max. Voles
Dynamic Peak PraTe Current (Per place). .. .... ... 125 max. Milliamperes
AVERAGE PLATE DissiPATION. . ..... ... ........... 10 max. Wates
TypicaL OpErAaTION

Heacer Voleage....................... 2.5 Volts

Place Voleage............ ... .. .. 250 300 Voles

Grid Voltage...............oiit. 0 0 Volcs

Static Plate Current (Per place)..... ... .. 14 17.5 Milliamperes

Load Resistance (Plate-to-plate)......... 8000 10000 Ohms

Nominal Power Qutpuc*.............. 8 10 Waces

As Driver—Class A Amplifier
(Both grids connected together at socket; likewise both plates.)

HEeATER VOLTAGE. ..o 2.5 Volts
Prate VoLTace**. .. ... ................. 250 294 Volts
GRID VOLTAGE. ..ot e v i -5 -6 Volts
AwmpLiricaTION FACcTOR . . .. ... ... L. 35 35
PLATE RESISTANCE. . ... .................. 11300 11000 Ohms
MuTtuAaL CONDUCTANCE. .o oot oo ee 3100 3200 Micromhos
PLATE CURRENT . . ..o 6 7 Milliamperes

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

INSTALLATION

The base pins of the 53 fit the seven-contact (0.855 inch pin-circle diameter) socket
which may be installed to operate the tube in any position. Sufficient ventilation
should be provided to circulate air freely around the tube to prevent overheating.
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The heater is intended for a-c operation ac 2.5 volts. The transformer winding
supplying the heater circuit should be designed to operate the heater at this recom-
mended value for full-load operating conditions at average line voltage.

The cathode should preferably be connected directly to a mid-tap on the heater
winding. If chis practice is not followed, the potencial difference between heater
and cathode should be kept as low as possible.

The grids for Class B and for Class A service should be connected so as to give
resultant tube characteristics suited to the particular service. Detailed information

on connections is given under APPLICATIOIN.

APPLICATION

As a Class B power amplifier, the 53 is used in circuits similar in design to those
utilizing individual tubes in the output stage. It requires no grid-bias, since che high-
mu feature of the triode units reduces the steady plate current at zero bias to a relatively
low value. Refer to page 14 for general Class B amplifier design considerations.

Two 53’s can be operated in a Class B output stage with the two triode units of
each 53 connected in parallel to give a power output of 20 watts, approximate,
under conditions of 300 volts on the plates and of a 500-ohm plate-to-plate load.

As a Class A amplifier triode, the 53 may be employed in the driver stage of
Class B amplifier circuits, and thus reduce the number of tube types necessary in a
receiver. When operated in this way with a plate supply of 300 volts and corre-
sponding grid-bias, the 53 is capable of supplying a power output upwards of 400
milliwacts.  The load into which the driver works will depend largely on the design
factors of the Class B amplifier. In general, however, the load will be between
20000 and 40000 ohms. For Class A amplifier-triode operation of the 53, the two
grids are connected together at the socker; likewise, the two plates. These connections
place the two triode units in parallel. Operation of che tube is then similar to any
Class A power amplifier triode.

The d-c resistance in the grid circuit of the 53 when operated as a Class A amplifier
may be as high as 0.5 megohm with self-bias. With fixed bias, however, the resist-
ance should not exceed 0.1 megohm.

Among other and less conventional applications of the 53 are its use as (1) biased
detector and one-stage a-f amplifier, (2) two-stage a-f amplifier, (3) amplifier and
phase-inverter to supply resistance-coupled, push-pull output tubes, (4) two tube
oscillator, and (5) oscillator and amplifier.

AVERAGE PLATE CHARACTERISTICS
CLASS A OPERATION - TRIODE UNITS IN PARALLEL
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RCA-55 C-55

DUPLEX-DIODE TRIODE

The 55 is an a-c heacer type of tube consisting of two diodes and
a triode in a single bulb. It is recommended for service as a combined
detector, amplifier and automatic-volume-control tube.

In operation, the two diodes and the triode are independent of
each other except for the common cathode sleeve, which has one emit-
ting surface for the diodes and anocher for the triode.  This inde-
pendence of operation permits of unusual flexibility in circuit arrangement and design.
For example, che diodes of this tube can perform at the same time the functions of
detection and of automatic volume-control (a.v.c.); while ac the same time che triode
may be used as an amplifier under its own optimum conditions. For diode-decector
considerations, refer to page 17.

CHARACTERISTICS

Heater Vortage (A. C.or D. C)..ooooooi o0 2.5 Volts
HeaTer CURRENT. ... ... ..o 1.0 Ampere
GRrID-PLATE CAPACITANCE. . ... ..o 1.5 uuf
GRID-CATHODE CAPACITANCE. .. ..o oot it e e 1.5 nuf
PLATE-CATHODE CAPACITANCE. . ..ot vt 4.3 nuf
BuLB (For dimensions, see Page 151, Fig. 7). . v oo oo oo eee et e e nn ST-12
AP ettt ittt e e e e e Small Metal
BASE (For socket connections, see Page 150, Fig. 13). . . .. ............ Small 6-Pin

HEATER VOLTAGE. . ... .o 2.5 Voles

PLATE VOLTAGE. ................. 135 180 250 max. Volts

GRID VOLTAGE. .. .oveeeeeen -10.5 -13.5 -20.0 Volts

PLATE CURRENT. . ... ... ... 3.7 6.0 8.0 Milliamperes
PLATE RESISTANCE. . ... ..ot 11000 8500 7500 Ohms
AmpLiricaTION FACTOR . ... ... ... .. 8.3 8.3 8.3

MutuaL CONDUCTANCE. .. ... ... .. 750 975 1100 Micrombhos
Loap RESISTANCE................. 25000 20000 20000 Ohms
Power OuTPUuT. ... . oo 0.075 0.16 0.35 Warce

Diode Units

Two diode places are placed around a cachode, the sleeve of which is common to
the criode unit. Each diode place has its own base pin. Operation curves for the
diode units are given under Type 2B7.

INSTALLATION

The base pins of the 55 fic the standard six-contact socket which may be installed
to operate the tube either in a vertical or in a horizontal position.

For heater operation and cathode connection, refer co INSTALLATION under
Type 2A5.

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

The 55 is recommended for performing the simultaneous functions of automatic
volume-control, detection, and amplification.

For detection, the diodes may be utilized in a full-wave circuit or in a half-wave
circuit. In the latter case, one plate only, or the two plates in parallel may be employed.
The use of the half-wave arrangement will provide approximately twice the rectified
voltage as compared with the full-wave arrangement.

For automatic volume-control, a rectified voltage which is dependent on the
t-f or i-f carrier is usually employed. This voltage is utilized to regulate the gain of
the r-f and/or i-f amplifier stages so as to maincain essentially constanc-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. As is well
nown, the regulating voltage may be applied to the control grids of the amplifier
tubes. On the other hand, by less familiar methods, the voltage may, depending on
the requirements of the designer, be applied to other electrodes. For example, the
voltage may be applied to suppressor, plate and/or screen of an r-f pentode.

The complex structure of the 55 permits of obtaining automatic-volume-control
voltage in a number of ways. In one case, the required voltage is obtained from the
detector circuit by utilizing the voltage drop caused by the rectified current flowing
through a resistor in the detector circuit. In another case, the required voleage is ob-
tained by utilizing one diode for the sole purpose of automatic volume-control (a.v.c.).
This latter method is of particular interest since it confines the sensitivity and time-
delay function to the a.v.c. circuit. Time-delay action is, of course, determined by
the use of a resistance and condenser combination having the desired time constant.
The a.v.c. action may be postponed by applying a negative voltage to the a.v.c.
diode plate. Another a.v.c. arrangement capable of various adaprations is to use the
triode as a d-c amplifier to supply the regulating voltage. Additional information on
automatic volume-control is given on page 18.

For amplification, che triode may be employed in conventional circuit arrange-
ments. Representative conditions for resistance-coupled amplifier applications are
given on page 142. Grid bias for cthe triode, depending upon circuit design,
may be obtained from a fixed voltage tap on che d-c power supply or may .be
obtained by utilizing the variable voltage drop caused by che rectified current lowing
through a resistor in the detector circuit. In this connection, it should be noted that
the circuits on page 128 designate this latter arrangement as ‘‘Diode-Biased
Amplifier.” Diode %iasing of the triode unit may be employed only when at least
20000 ohms resistance is used in the triode plate circuit.-
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RCA-56 C-56

SUPER-TRIODE AMPLIFIER, DETECTOR

The 56 is a three-electrode tube of the uni-potential heater-
cathode type recommended for use as detector, amplifier, or oscil-
lator in a-c receivers designed for it. This tube is characterized by
its high mutual conductance, and its comparatively high amplifica-
tion factor. The 56 is useful in resistance-coupled audio-frequency amplifiers.

CHARACTERISTICS
Heater Vortage (A.C.or D.C.).......... 2.5 Volts
HeATER CURRENT . ... .o vviieei ., 1.0 Ampere
PLATE VOLTAGE. . ... ..o 250 max. Volts
GriD VoLTAGE*. . ....................... -13.5 Volts
PLATE CURRENT . . ..o ioii i 5 Milliamperes
PLATE RESISTANCE. . .. ................... 9500 Ohms
AmpLiFICATION FACTOR . ... ... ... ... ... ... 13.8
MutuaL CONDUCTANCE. ... .. ..o, 1450 Micromhos
GrID-PLATE CAPACITANCE . .. ... ... 3.2 o
Grip-CaTHODE CAPACITANCE. . ............. 3.6 puf
PLaTE-CATHODE CAPACITANCE. . ............ 2.5 upf
BuLB (For dimensions, see Page 151, Fig.6). .. ... ... ............. ST-12
BAsE (For socket connections, see Page 150, Fig.8) .o .. .. oo oo vvun .. Small 5-Pin

* If a grid coupling resistor is used, its maximum value should not exceed 1.0 megohm.

INSTALLATION

The base pins of the 56 fic the standard five-contact socket which may be inscalled
to hold the tube either in a vertical or in a horizontal position.

The bulb of this tube will become very hot under certain conditions of operation.
Sufficient ventilation should be provided to prevent overheating.

The heater is designed to operate at 2.5 voles. The transformer winding supply-
ing the heater circuit should be designed to operate the heater at this recommende
value for full-load operating conditions at average line voleage.

The eathode should preferably be connected directly to a mid-tap on the heater
winding or to a center-tapped resistor across the heater winding. If this practice is not
followed, the potencial difference should be kept as low as possible.

APPLICATION

As an amplifier, cthe 56 is applicable either to radio-frequency or audio-frequency
circuits. Recommended operating conditions for service using transformer coupling
are given under CHARACTERISTICS. For circuits utilizing resistance coupling,
typical operating conditions are as follows: Plate supply voltage, 250 volts; grid-bias
voltage, -9 volts (approximate); plate load resistor, 50000 to 100000 ohms; and
plate current, 1 to 2 milliamperes.

As a detector, the 56 may be of the grid leak and condenser or grid-bias type.
The plate voltage for the grid leak and condenser method should be about 45 volts.
A grid leak of from 1 to 5 megohms with a grid condenser of 0.00025 uf is satisfactory.
For the grid-bias method of detection, the maximum plate-supply voleage of 250 volcs
may be used together with a negative grid-bias voltage of approximately 20 volts.
The plate current should be adjusted to 0.2 milliampere with no input signal volc-
age. The grid-bias voltage may be supplied from the voltage drop in a resistor
between cathode and ground. The value of this self-biasing resistor is not critical,
100000 to 150000 ohms being suicable. The higher value will permit the applica-
tion of a larger input signal.
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AVERAGE PLATE CHARACTERISTICS
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fRadiotron  Pupmingliam,

RCA-57 C-57

TRIPLE-GRID DETECTOR AMPLIFIER

The 57 is a triple-grid tube recommended especially for service
as a biased detector in a-c receivers designed for its characteristics.
In such service, this tube is capable of delivering a large audio-
frequency output voltage with relatively small inpuc voltage  Other
applications of the 57 include its use as a low signal-input, screen
grid amplifier tube and as an automatic-volume-control tube.  Signifi-
cant among its electrical feacures are its sharp plate current “‘cut-off”” with respect to
grid voltage, and its adaptability of electrode combinations to unusual circuit applica-

tions.
CHARACTERISTICS
Heater Vortace (A. C.or D.C). ...t 2.5 Voles
HEATER CURRENT ...« oovto i 1.0 Ampere
PLATE VOLTAGE. . ..ot ot i i e e 250 max. Volts
SCREEN VOLTAGE. « oo ttetet e e e 100 max. Volts
GRID VOLTAGE. . vt ettt e e e e -3 Volts
SUPPRESSOR . « « 4« v eaee e e e e e Connected to cathode at socket
PLaTE CURRENT . ... .ot 2.0 Milliamperes
SCREEN CURRENT . . .\t v tve et i 0.5 Milliampere
PLaTE RESISTANCE. . . ..o Greater than 1. Megohms
AMPLIFICATION FacTorR . ... ... ... . ... Greater than 1500
MUTUAL CONDUCTANCE. . .. o\ oo e ee e 1225 Micromhos
GRIDVOLTAGE®. .. . oot —7 approx. Volts
Grip-Prate Caracitance (With shield-can). .. ... 0.007 max. upf
INPUT CAPACITANCE. ... o oo ee e ee e e 5.2 uuf
OQUTPUT CAPACITANCE. « v et v etee e eee e e 6.8 uuf
BuLB (For dimensions, see Page 151, Fig. 8) . .. .. .. ... ............ ST-12
AP e ettt e et e e e Small Metal
BAse (For socket connections, see Page 150, Fig. 11) . .. ............. Small 6-Pin
* For cathode current cut-off.
INSTALLATION

The base pins of the 57 fit the standard six-contact socket which may be installed
to hold the tube either in a vertical or in a horizontal position.

For heater operation and cathode connection, refer to INSTALLATION for
Type 56.

pThe screen voltage may be obrained from a potentiometer or bleeder circuit
across the B-supply source Due to the screen current characteristics of the 57, the
use of a resistor in series with the high-voltage supply may be employed for obtain-
ing the screen voltage provided the cathode-resistor method of bias control is used.
This n}ethod, however, is not recommended if the high-volcage B-supply exceeds
250 volts.

Complete shielding of detector circuits employing the 57 is generally necessary,
since considerable voltage at carrier frequency is usually present in the plate circuic
¢ven though the laccer is by-passed with a low impedance capacitor. Two-section
filcers in che plate circuit are frequently necessary to prevent radio-frequency feed-
back to the input of the detector.

In receivers employing a built-in loudspeaker, acoustic shielding may be neces-
sary to prevent microphonic feed-back when a strong radio-frequency carrier voltage
is present on the tube elements. It should be noted also that condenser plates may
cause an audio how! due to mechanical feed-back from the speaker.

— 104 —



Tue RCA Rabiotron—CunningHaM Rabpio Tuese ManuaL

APPLICATION

As a biased detector, the 57 is particularly recommended because of its ability
to deliver a large audio-frequency oucput voltage of good quality with a fairly small
radio-frequency signal input. Recommended conditions for the 57 as a biased de-
tector are as follows:

HEATER VOLTAGE. . ... .. i e e i i 2.5 Volts
PLATE SUPPLY t....... .. 250 250 250 250 Volts
SCREEN VOLTAGE..... 50 33 100 max. 100 max. Volts
GRID VOLTAGE................... -2 -17 -39 —4.3 Volts
CATHODE RESISTOR. . 3000 8000 4000 10000 Ohms
SUPPRESSOR...............ovieia.tn Connected to cathode at socket

CATHODE CURRENT (No signal) ...... 0.65 0.21 0.97 0.43 Milliampere
PLATE RESISTOR......... e 0.25 0.50 0.25 0.50 Megohm
BLOCKING CONDENSER............... 0.03 0.03 0.03 0.03 pf
GRID RESISTOR**..................... 0.25 0.25 0.2§ 0.2§ Megohm
R-F SIGNAL (RMS)®° .....ovviviininen. 118 1.21 1.38 1.37 Volts

1 Voltage at plate will be PLATE SUPPLY voltage minus voltage drop in plate resistor caused by
plate current.

** For the following amplifier tube.

©° With these signal voltages modulated 20%, the voltage output under each set of operating conditions
is 17 peak volts at the grid of the following amplifier, a value sufficient to insure full audio output
from a type 2AS.

Detector bias may be obtained from a bleeder circuit, from a resistor in the cathode
circuit, or from a partial self-biasing circuit. The cacthode-resistor method permits
of higher output at low percentage modulation since the input signal may be increased
almost in inverse proportion to the modulation without resulting in objectionable
distortion.

As an audio-frequency amplifier in resistance-coupled circuits, the 57 may be
operated under the following conditions: Plate supply voltage, 250 volts, applied
through a plate coupling resistor of 250000 ohms; screen voltage, 100 voles; plate
current, 0.75 ma., approx.; grid voltage, —4.5 volts. The grid resistor should have
a value not exceeding 1.0 megohm.

As a radio-frequency amplifier, the 57 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 voles. 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-modula-
tion and modulation-distortion. Recommended operating conditions for amplifier

service are given under CHARACTERISTICS.

AVERAGE PLATE CHARACTERISTICS

8
| B
— ot
=1 Er=25VOLTS
7 — schEEN vOLTS =100 as
SUPPRESSOR VOLT S =0
|
6
[ CONTROL GRID VOLTS Ec|=—l,0
@ |t
3 =73
& o
3
2 |
> -
3
w7 .
< , g
g
—39)
il
g —40,
—s9
° 80 160 300 260

240 320
PLATE VOLTS

— 105 —




@Rﬂdiotron ;
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RCA-58 C-58

TRIPLE-GRID SUPER-CONTROL AMPLIFIER

The 58 is a triple-grid super-control amplifier tube recommended
especially for service in the radio-frequency and intermediate-fre-
quency stages of a-c receivers designed for its characteristics.  Signifi-
cant among its electrical features are the extended mutual conduct-
ance operating range and the adaptability of electrode combinations
to various circuit applications. The ability of chis tube to handle usual signal
voltages without cross-modulation and modulation-distortion makes it adaptable
to the r-f and i-f stages of receivers employing automatic volume-control.

When the suppressor is not connected directly to the cathode, its utilicy may be
extended. The suppressor, in suitable circuits, provides a means for obtaining the
desirable conditions of reduced selectivity for local reception. This operational
characteristic makes possible improved loudspeaker response when the receiver is
tuned to powerful nearby stations.

CHARACTERISTICS
HeaTer VoLTAGE (A. C.or D.C). ... ... .. .. .. 2.5 Voles
Heater CURRENT ... ... ... o 1.0 Ampere
PLATE VOLTAGE. . ... ... ... ... .. ... ... ....... 250 max. Voles
SCREEN VOLTAGE . ... o\ etiii it 100 max. Volts
GRID VOLTAGE. ..\t iot et e -3 min. Volts
SUPPRESSOR . .« . o oot ee e et e Connected to cathode at socket
PLATE CURRENT. .. ... i 8.2 Milliamperes
ScREEN CURRENT . ... 0 i it ittt 2.0 Milliamperes
PLATE RESISTANCE. . ... .. ... 800000 Ohms
AwmpriricaTioN FacTror. ... .. o 1280
MuTtuAaL CONDUCTANCE. .. ..t v oo i 1600 Micromhos
Murtuar Conpuctance (At —40 voles bias). .. ... ... 10 Micromhos
Grip-PLaTE CapaciTance (With shield-can). ... ... .. 0.007 max. puf
INPUT CAPACITANCE. ... .. .ot 5.2 puf
QUuTPUT CAPACITANCE . ..\ v v iie et 6.8 uuf
BuLB (For dimensions, see Page 151, Fig. 8). . . . . ... ... ST-12
AP e Small Metal
BASE (For socket connections, see Page 150, Fig. 11) . .. ... ......... Small 6-Pin

INSTALLATION

The base pins of the 58 fic the standard six-contact socket which may be installed
to hold the tube either in a vertical or in a horizontal position.

For heater operation and cathode connections, refer to INSTALLATION for
Type 56.

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 voles will be required. The exact value will depend upon the
circuic design and operating conditions. This voltage may be obtained, depending
on receiver requirements, from a potentiometer across a fixed supply voltage or by
the use of a variable self-bias resistor in the cathode circuit.
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The screen voltage may be obtained from a potentiometer or bleeder circuit
across the B-supply source. Due to the screen currenc characteristics of the 58, 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 che high-voltage B-supply exceeds 250
volts. Furthermore, it should be noted that the use of a resistor in the screen circuit
will have an effect on the change in plate resistance with variation in suppressor
voltage in case the suppressor is utilized for control purposes.

The suppressor may be connected directly to the cathode or it may be made nega-
tive 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 auto-
matic-volume-control tube.

Shielding requirements are similar to those for Type 57.

APPLICATION

As a radio-frequency amplifier, the 58 is especially applicable to radio receiver
design because of its ability to reduce cross-modulation effects, its remote “‘cut-off”’
feature, and its flexible adaptability to circuit combinations and to receiver design.
Recommended conditions for the 58 as an amplifier are given under CHARACTER-
ISTICS. Characreristics curves are given at the botctom of page 103.

To realize the maximum benefit of the long ‘‘cut-off’’ feature of cthis tube, it is
necessary to apply a variable grid bias and to maincain che screen at a constant potential
with respect to the cathode. However, good results may be obtained by using a
variable cathode resistance which, of course, reduces the screen potential with respect
to the cathode by the same amount thac the bias is increased, thus hastening the
“cut-off”’ and reducing che ability of the tube to handle large signals. This unde-
sirable effect may be nullified by means of a series resistor in the screen circuit.

The use of series resistors for obtaining satisfactory control of screen voltage in
the case of four-electrode tubes is usually impossible because of secondary emission
phenomena. In the 58, however, the suppressor practically removes these effects
and it is cherefore 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 litele
from minimum to maximum value of cachode-control resistor. In some cases,
it may actually rise. This rise of screen-to-cathode voltage above the normal maxi-
mum value is allowable because the screen and the place current are reduced simultane-
ously by a sufficient amount to prevent 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 con-
trolling volume. When screen and control-grid voltages are obtained in chis manner,
the remote ‘“‘cut-off’’ advantage of the 58 may be fully realized.

As a mixer in superheterodyne circuits, the 58 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 inter-
mediate-frequency amplifier stage. In addition, chis gain can be controlled as in the
case of the radio-frequency amplifier by varying che grid bias either from a separate
supply or from a variable resistor in the cathode circuit. This is a particularly desir-
able feature in receivers employing automartic volume-control, because it enables a
much lower threshold input to be received without loss of amplification and permits
the reception of high input voltages without loss of control. Recommended condi-
tions for the 58 as a superheterodyne mixer follow: Plate volrage, 250 volts; screen
voltage, 100 volts; suppressor, connected to cathode at socket; and grid-bias voltage,
—10 volts minimum (with 9-volt oscillator peak swing). With an oscillator peak
swing of 1 volt less than the grid-bias, these values are not critical and may be chosen
to meet circuit design requirements.
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RCA-59 C-59

TRIPLE-GRID POWER AMPLIFIER

The 59 is a triple-grid power amplifier tube of the heater-cathode
type recommended for che use in the output stage of a-c operated
receivers. The triple-grid construction of chis tube, with excernal
connections for each grid, makes possible its application as (1) a
Class A Power Amplifier Triode, (2) a Class A Power Output Pentode,
and (3) a Class B Power Output Triode.

CHARACTERISTICS
Heater Vortace (A.C.or D.C).ovviivniiin.. 2.5 Volts
HeaTeER CURRENT...... . ovvii i 2.0 Amperes
BuLs (For dimensions, see Page 151, Fig. 13) .. .. ..o viii e e .. ST-16
BASE (For socket connections, see Page 150, Fig. 18) ... ............. Medium 7-Pin

Class B Power Amplifier—Triode Connection
(Grids No. 1 and No. 2 tied together; grid No. 3 tied to plate)

PLATE VOLTAGE. .ottt tiitiiniine e, 400 max. Volts
Dynamic Peak PLaTe CURRENT . ...l 200 max. Milliamperes
AvVERAGE PLaTE DissipaTiON. .. ... 10 max. Wates
AveraGe Grip DissiraTion (Grids No. 1 and No. 2

together)....... ... ..ol 1.5 max. Waus
TypicaL OperaTiON (2 tubes)

Heater Voltage. ..................... 2.5 Volts

Platce Voltage. . ... int. 300 400 Volts

Grid Voltage (Grids No. 1 and No. 2

together)......... ... ... ..o 0 0 Volts

Static Plate Current (Per cube).......... 10 13 Milliamperes

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

Nominal Power Output (2 tubes)....... 15 20 Watts

Class A Power Amplifier
Triode®  Pentode®®

HEeATER VOLTAGE. . ... .o 2.5 2.5 Volts

PLATE VOLTAGE. ........... ... v 250 max. 250 max. Voles
Screen Vortace (Grid No. 2) .......... — 250 max. Volts

Grip Vortace (Grid No. 1)............ -28 -18 Volts
AMPLIFICATION FAcTOR. .. ... ... ... ... . 6 100

PLATE RESISTANCE. . ... ..ot iiiia 2400 40000 Ohms
MutuaL CONDUCTANCE. . ... ..ot 2600 2500 Micromhos
PLATE CURRENT. . ... 26 35 Milliamperes
ScREEN CURRENT . ..ot oveeeie et - 9 Milliamperes
LoAD RESISTANCE. ... oo iiiieneen ., 5000%* 6000 Ohms
Power OUTPUT.. .. cvviii i i iieeens 1.25 3.0** Wates

° Grids No. 2 and No. 3 tied to plate.
°° Grid No. 3 tied to cathode.
* Optimum for maximum undistorted power output of 1.25 watts. Approximately twice this value is
recommended for load of this type as driver for Class B stage.

** 7% total harmonic distortion.
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INSTALLATION

The base of the 59 is of the medium 7-pin type. lts pins fit the seven-contact
(0.855 inch pin-circle diameter) socket which may be installed to operate the tube in
any position.

The bulb of this tube may become very hot under cercain conditions of operation.
Sufficient ventilation, therefore, should be provided to circulate air freely around che
tube to prevent overheating.

For heater operation and cathode connection, refer to INSTALLATION for
Type 56.

APPLICATION

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

order to minimize distortion due to the driver stage.

The d-c resistance in the grid circuit of the 59 operating as a Class A amplifier
(either wich triode or pentode connection) should not exceed 0.5 megohm if self-bias
is used. Without self-bias, the resistance should not exceed 10000 ohms. The use
of resistances higher than these may cause the tube to lose bias due to grid current with
che resule that che plate current will rise to a value sufhciently high to damage the tube.

For Class A Pentode Operation of the 59, the grid (No. 3) adjacent to the
plate is tied to the cathode and thus serves as the suppressor, while the other two grids
(No. 2 and No. 1) serve as the screen-grid and control-grid respectively. Operation
of the tube is then similar to any Class A power output pentode.

For Class B Triode Operation of the 59, the grid (INo. 3) adjacent to the plate
is tied to the place, while the other grids (No. 2 and No. 1) are connected togecher to
serve as a single control-grid. [No grid bias is necessary with this connection. This
feature is particularly important because it prevents the variation of bias with applied
signal which would otherwise exist if any self-bias arrangement were employed. A
discussion of Class B design features is given on page 14.
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AVERAGE PLATE CHARACTERISTICS
CLASS A OPERATION - TRIODE CONNECTION
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RAD1O TUBES

RCA-71-A C71-A

POWER AMPLIFIER

%

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

CHARACTERISTICS
FiLament Vortage (D. C).... ... .. L. 5.0 Volts
FiLAMENT CURRENT . ... ... oot 0.25 Ampere
PLATE VOLTAGE.................. 90 135 180 max. Volts
Grip VOLTAGE*.................. -16.5 -27 -40.5 Volts
PLATE CURRENT. .. ............... 10 17.3 20 Milliamperes
PLATE RESISTANCE. . .............. 2170 1820 1750 Ohms
AwmpLiFICATION FACTOR . . ... ... ... 3 3 3
MutuaL CONDUCTANCE. .. ... ... ... 1400 1650 1700 Micromhos
LoaD RESISTANCE................. 3000 3000 4800 Ohms
UnbpistorTED Power Ourtpur. . ... .. 0.125 0.4 0.79 Watres
BuLB (For dimensions, see Page 151, Fig. 11). . .. oo vvvevenn. ... ST-14
BASE (For socket connections, see Page 150, Fig. 1). ... ............. Medium 4-Pin

* For operation on a-c filament supply, increase grid-bias voltage 2.5 volts.

INSTALLATION

The base pins of chis tube fit the standard four-contact socket. The socket should
be installed so that the tube will operate in a vertical position.

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

APPLICATION

Operating conditions are given under CHARACTERISTICS for the use of this
tube in che power output stage. A family of plate characteristics is given on page 113.

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

Grid bias for the 71-A may be obtained from a C-battery or by means of the
voltage drop in a resistor connected in the negative plate-return lead. This second
method is known as the self-biasing method, since the plate current determines the
drop. It is not, however, generally applicable to battery-operated receivers. The
proper value of this resistor for a plate voltage of 180 volts is 2150 ohms; for a place
voltage of 135 volts, 1700 ohms; and for 90 volts, 1600 ohms.

If more output is desired than can be obtained from a single 71-A, ewo 71-A’s may
be operated either in parallel or push-pull connection. When two 71-A’s are operated
together in the same amplifier stage, the values of the self-biasing resistors will be
approximately one-half cthe values given above for a single tube.

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

DUPLEX-DIODE HIGH-MU TRIODE

The 75 is a 6.3-volt heater type of tube consisting of two diodes
and a high-mu triode in a single bulb. It is for use as a combined
detector, amplifier, and automatic-volume-control tube in radio
receivers designed for its characteristics. It is especially useful in
automobile receivers where the heater supply is obtained from a
storage battery. For diode-detector considerations, refer to page 17.

CHARACTERISTICS

Heater Vortace (A. C.or D.C)..ooiiiiiin. 6.3 Volts
Heater CURRENT . ... vttt it 0.3 Ampere
GRID-PLATE CAPACITANCE. .« « oot e e e e i 1.7 upf
GRrID-CATHODE CAPACITANCE. ...\ oo ea e 1.7 puf
PLATE-CATHODE CAPACITANCE. ..ot o vt e 3.8 uuf
BuLB (For dimensions, see Page 151, Fig. 7) . . . oo o oo oi i eiee et eon . ST-12
[N Small Metal
BAasE (For socket connections, see Page 150, Fig. 13). . . . ..o vv .. .. Small 6-Pin

Triode Unit—As Class A Amplifier
HEATER VOLTAGE. . . ... i ittt 6.3 Volts
PLATE VOLTAGE. . .......o i 250 max. Volts
GRID VOLTAGE. ...ttt e i e eiee i e -2 Volts
AmpLIFICATION FACTOR. . . ... ... ... oL, 100
PLATE RESISTANCE.. ... ... ..o it i .. 91000 Ohms
MUTUAL CONDUCTANCE. ...\t v v iieiieaeeennnn 1100 Micrombhos
PLATE CURRENT. . ..ot i it e 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 under Type 2B7, page 41.

INSTALLATION

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

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

APPLICATION

The 75 in many respects is similar in application to the 55. The outstanding
difference, however, is that the 75 has a high-mu triode. For this reason, the tube is
recommended for use only in resistance-coupled circuits. Furthermore, diode-biasing
of the triode unit is not suitable because of the probability of triode plate current cuc-oft
even with relatively small signal voltages applied to the diode circuit.

As an amplifier in resistance-coupled a-f circuits the 75 may be operated under
the conditions given on page 142. A family of plate characteristics is given on the
next page.
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RCA-77 C-77

TRIPLE-GRID DETECTOR AMPLIFIER

The 77 is a triple-grid tube recommended especially for service
as a biased detector in radio receiver designed for its character-
istics, especially those of the mobile type employing a 6-volc heater
supply. In such service, this tube is capable of delivering a large
audio-frequency output voltage with relatively small input voltage.
Orther applications of the 77 include its use as a low-signal-input screen-grid
amplifier tube and as an automatic-volume-control tube.

CHARACTERISTICS
Heater Vortace (A. C.or D.C)................ 6.3 Voles
HeaTeR CURRENT. ... ... oo 0.3 Ampere
PLATE VOLTAGE. ............ ... ... . ..... 100 250 max. Volts
SCREEN VOLTAGE. .. ..ot 60 100 max. Voles
GRID VOLTAGE. .. ..o oo i i, -1.5 -3 Volts
SUPPRESSOR + . oo vooiei i Connected to cathode at socket
PLATE CURRENT. .. .. ... ... L. 1.7 2.3 Milliamperes
SCREEN CURRENT . oo oo ie i 0.4 0.6 Milliampere
Prate REsistance. ........ ... ... ... 0.65 1.5 approx. Megohms
AmpLiFicaTiON FAcTOR . ... ..o 715 1500 approx.
MutuaL CONDUCTANCE. . ................. 1100 1250 Micromhos
GriD VOLTAGE*.............. oo .. -5.5 =7.5approx. Voles
Grip-Prate Capacitance (With shield-can). . 0.007 max. puf
INpUT CAPACITANCE. ... ..o ve e 4.4 upf
OutpPUT CAPACITANCE. ... o o oo 10.6 uuf
BuLB (For dimensions, see Page 151, Fig. 7). o o oo oo oo oot ST-12
AP . Small Metal
Base (For socket connections, see Page 150, Fig. 11)................ Small 6-Pin
* For cathode current cut-off.
INSTALLATION

The base pins of the 77 fic che standard six-contact socket which may be installed
to hold the tube in any position.

For heater operation and cathode connection, refer to INSTALLATION under
Type 6A7.

Shielding requirements are similar to those for the Type 57.

APPLICATION

As a biased detector, the 77 is particularly recommended because of its ability
to deliver a large audio-frequency output voltage of good quality with a fairly small
radio-frequency signal input. Recommended conditions for the 77 as a biased detector
are as follows:
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Heater VoLTaGE. .. ... .. ... ..... 6.3 Volts
PraTe Suepryt....... ... . ... ... 100 250 250 Voles
ScreeN VOLTAGE. . .. ............. 36 50 100 max. Volts
GRrRID VOLTAGE. .................. -2 -2 -4.3 Volts
CaTHODE REsIsTOR. ... ... ......... 12500 3000 10000 Ohms
SUPPRESSOR . . o ooove e Connected to cathode at socket

CatHope CurrenT (No signal). ... .. 0.16 0.65 0.43 Milliampere
PLaTe ResisTor. . ... .. ... ... ... .. 0.25 0.25 0.50 Megohm
BrockinG CONDENSER . ... ... .. ..... 0.064 0.03 0.03 uf

Grip ResisTor**. .. ... ..., ...... 0.25 0.25 0.25 Megohm
R-F SionaL (RMS)°°. ... .. ...... 1.88 1.18 1.37 Voles

1 Voltage at plate will be PLATE SUPPLY voltage minus voltage drop in plate resistor caused by
plate current.

** For the following amplifier tube.

2 With these signal voltages modulated 209, the voltage output for the 100-volt plate supply is 14 peak
volts at the grid of the following amplifier, a value sufficient to insure full audio output from a type 43:
likewise, for the 250-volt conditions, 17 peak volts, a value sufficient to insure full audio output from a

type 2AS.

Detector bias may be obtained from a bleeder circuic, from a resistor in the cathode
circuit, or from a partial self-biasing circuit. The cathode-resistor method permits
of higher output at low percentage modulation since the input signal may be increased

almost in inverse proportion to the modulation wicthout resulting in objectionable
distorcion.

As an audio-frequency amplifier in resistance-coupled circuits, the 77 may
be operated as shown on page 142.

As a radio-frequency amplifier, the 77 may be used particulatly in applica-
tions where the r-f signal applied to the grid is relatively low, chat is, of the order of a
few volts. In such cases either screen or control-grid voleage (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-modula-
tion and modulation-distortion. Recommended operating conditiors for amplifier

service are given under CHARACTERISTICS.
As a mixer in superheterodyne circuits, the 77 may be employed tut a tube having

super-control characteristics is to be preferred, especially if signals of large magnitude
are to be received, and if supplementary volume control is to be obtained in this stage.

AVERAGE PLATE CHARACTERISTICS

T
TYPE 77
E ¢=6.3 VOLTS
SCREEN VOLIS=100
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RCA-78 C-78

TRIPLE-GRID SUPER-CONTROL AMPLIFIER

The 78 is a triple-grid super-conctrol amplifier tube recommended
for service in the radio-frequency and intermediate-frequency stages
of radio receivers designed for its characceristics, especially those of
the mobile type employing a 6-volt heater supply. The ability
of this tube to handle usual signal volcages without cross-modula-
tion and modulation-distortion makes ic adaptable to che r-f and i-f
stages of receivers employing automatic volume-control. The internal shield around
the plate of the 78 is connected to the cathode within the cube.

CHARACTERISTICS

HeaTer Vortace (A.C.or D.C).... ... oo L. 6.3 Volts
HeATER CURRENT ... ..o 0.3 Ampere
PLATE VOLTAGE. .............. 90 180 250 250 max. Volts
ScrEEN VOLTAGE. .. ........... 90 75 100 125 max. Volts
Grib VOLTAGE. .............. -3 -3 -3 -3 min. Volts
SUPPRESSOR. -« - oot ieann Connected to cachode at socket
PLaTe CurrenT. .. ... ... L. 5.4 4.0 7.0 10.5 Milliamperes
Screen CURRENT............... 1.5 1.1 20 3.0 Milliamperes
PLATE REsisTaNce. . ... ... ... .. 0.315 1.0 0.8 0.6 Megohm
AwmpriricaTiON FacTor . . ... .. .. 400 1100 1160 990
MuTtuar CONDUCTANCE. .. ... ... 1275 1100 1450 1650 Micromhos
Grip Vortace*............... -38.5 -32.5 -42.5 -52.5 Voles
Grip-PraTe Caracitance (With

shield-can) ... ... ....... ... 0.007 max. puf
InpuT CAPACITANCE. . ... ... .. .. 4.4 puf
OuTtput CAPACITANCE. ... ... ... 10.6 nuf
ButB (For dimensions, sec Page 151, Fig. 7). . ..o oo oo ST-12
AP o ettt et e e e e Small Metal
BAse (For socket dimensions, see Page 150, Fig. 11) .o oot o Small 6-Pin

* For mutual conductance = 2 micromhos.

INSTALLATION

The base pins of the 78 fit the standard six-contact which may be installed co hold
the cube in any position,

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

Control-grid bias variation, screen voltage supply, and suppressor connec-
tion follow the methods given under INSTALLATION for the 58.

Shielding requirements are similar to the 57.

APPLICATION

As a radio-frequency amplifier, the 78 is especially applicable to radio receiver
design because of its ability to reduce cross-modulation effects, its remote “‘cut-off”’
feacure, and its flexible adaprability to circuit combinations and to receiver design.
RSec?(r:nSmended conditions fer the 78 as an amplifier are given under CHARACTER-
ISTICS.
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To realize the maximum benefic of the long “‘cut-off”’ feature of this tube, ic is
necessary to apply a variable grid bias and to maincain the screen at a constant potential
with respect to the cathode. However, good results may be obtained by using a
variable cathode resistance which, of course, reduces the screen potential with respect
to the cathode by the same amount that the bias is increased, thus hastening the ‘‘cut-
off”” and reducing the ability of the tube to handle large signals. This undesirable
effect may be nullified by means of a series resistor in the screen circuit.

The use of series resistors for obtaining satisfactory control of screen voltage in
the case of four-electrode tubes is usually impossible because of secondary emission
phenomena. In che 78, however, the suppressor practically removes these effects and
it is cherefore possible to obtain sacisfactorily che screen voltage from che plate supply
or from some high intermediate voltage providing these sources do not exceed 250
voles.  With this mechod, che screen-to-cathode voltage will fall off very little from
minimum to maximum value of cathode-control resistor. In some cases, it may
actually rise. This rise of screen-to-cathode voltage above the normal maximum
value is allowable because the screen and the plate current are reduced simultaneously
by a sufficient amount to prevent 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 cachode-resistor method of controlling
volume. When screen and control-grid voltages are obtained in this manner, the
remote ‘‘cut-off’’ advantage of the 78 may be fully realized.

As a mixer in superheterodyne circuits, the 78 may be used to advantage. It is
capable of producing under the proper conditions of grid and local oscillator volcage,
a gain in cthe mixer stage of about one-third chat which can be obtained in an inter-
mediate-frequency ampﬁﬁer stage. In addicion, this gain can be controlled as in the
case of the radio-frequency amplifier by varying the grid bias either from a separate
supply or from a variable resistor in the cathode circuic. This is a particularly desir-
able feature in receivers employing automatic volume-control, because it enables a
much lower threshold input to be received without loss of amplification and permits
the reception of high input volcages without loss of control. Recommended condi-
tions for the 78 as a superheterodyne mixer follow: Plate voltage, 250 volts; screen
voltage, 100 volcs; suppressor, connected to cathode ac socker; and grid-bias voleage,
—10 volts minimum (with 9-vole oscillator peak swing). Wich an oscillacor peak
swing of 1 volc less than che grid bias, these values are not critical and may be chosen
to meet circuit-design requirements.

AVERAGE PLATE CHARACTERISTICS
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TYPE 78
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RADIO TUBES
RCA-79 C-79

CLASS B TWIN AMPLIFIER

The 79 is a heater-cathode type of tube combining in one bulb
two high-mu triodes designed for Class B operation. It is intended
for use in the audio-output stage of radio receivers, especially chose
of the mobile type which obtain their heater-supply voltage from a
storage battery. The triode units have separate external terminals
for all electrodes except the cathode and heater so that circuit design
employing the 79 is similar to that of Class B amplifiers utilizing individual tubes in
the output stage

CHARACTERISTICS

HeaTer Vortace (A. C.or D. C). ..o 6.3 Volts
HeaTer CURRENT. ... ..o 0.6 Ampere
PLATE VOLTAGE. .. ... ... i 250 max. Vol
Dynamic Peak PLate CurrenT (Per plate). . ...... .. 90 max. Milliamperes
AVERAGE PLATE DissipATION. ... ... o 11.5 max. Watts
Typicar. OpERATION

Heater Voltage. . .................... 6.3 Voles

Plate Voltage........................ 180 250 Volts

Grid Voleage. .......... ... ... 0 0 Voles

Static Plate Current................... 7.5 10.5 Milliamperes

Load Resistance (Plate-to-plate)......... 7000 14000 Ohms

Nominal Power Outpue*............ .. 5.5 8.0 Watts
BuLs (For dimensions, see Page 151, Fig. 7) . .. .o ooviviiiiin .. ST-12
AP, ot Small Metal
BAse (For socket connections, see Page 150, Fig. 19). . .. .. ........... Small 6-Pin

* With average power input of 380 milliwatts applied between grids.

INSTALLATION

The base pins of the 79 fit cthe standard six-contact socket which may be installed
to operate the tube either in a vertical or in a horizontal position. Sufficient ventila-
tion should be provided to circulate air freely around the tube to prevent overheating.

The heater of the 79 is designed to operate on either d.c. or a.c. For operation
on a.c. with a transformer, the winding which supplies the heater circuit should operace
che heater at its recommended value for full-load operating conditions ac average line
volecage. For service in automobile receivers, the heater terminals of the 79 socket
should he connected directly across a 6-volt battery. In receivers that employ a series-
heater connection, the heater of the 79 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
adjusced to 0.3 ampere for the normal supply-line voleage.

The cathode of the 79 when operated from a.c., should preferably be connected
directiy to the electrical mid-point of the heater circuit. This practice follows the
recommendation that no bias be applied becween heater and cathode, and that the
potencial difference between them be kept as low as possible in order to prevent
hum in the circuit. If the use of a large resistor is necessary between
heater and cathode in some circuit designs, it should be by-passed by a suitable filcer
network or obiectionable hum may develop. In the case of the 79 when it is operated
in receivers em»loying a 6-volc storage battery for the heater supply, the cathode circuic
is tied in either directly or through biasing resistors to the negacive battery terminal.
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In receivers employing a series-heater circuit, the cathode circuit of the 79 is tied in
either directly or through biasing resistors to the negative side of the d-c plate supply
which is furnished either by the d-c power line or by the a-c line through a rectifier

APPLICATION

As a Class B power amplifier, the 79 is used in circuits similar in design to
those utilizing individual tubes in the output stage. It requires no grid-bias, since the
high-mu feacure of the triode units reduces the steady plate current at zero bias to only
a few milliamperes. Refer to page 14 for general Class B amplifier design considera-
tions.

Asa Class A amplifier, the 79 may be used with grid-bias voltage for small inpuc
signals. Such applications include circuits employing the two triode units either in
parallel or in push-pull connection.

In other applications, the two triode units of the 79 may be used in various cir-
cuits to combine the functions of oscillation, detection and/or amplification.

AVERAGE PLATE CHARACTERISTICS
EACH TRIODE UNIT
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RCA-80 C-80

FULL-WAVE RECTIFIER

The 80 is a full-wave rectifying tube intended for use in
d-c power supply devices which operate from the a-c supply

line.
CHARACTERISTICS

Fiament Vortage (A. C.). ..o 5.0 Voles
FiILAMENT CURRENT . .. .o vi i iii i eeeanne 2.0 Amperes
1 [A-C Vortace Per Prate (RMS).............. 350 Volts

1D-C Outpur CURRENT. . . .o e 125 max.  Milliamperes
2 JA-C Vortace Per PLate RMS).............. 400 max. Volts

}D-C OQuUTPUT CURRENT .« - o ot veeeiee e 110 max.  Milliamperes
3* [A-C VoLtAGe Per PLate (RMS).............. 550 max  Volts

1D-C Outpur CURRENT .. .ot vei e 135 max. Milliamperes
BuLB (For dimensions, see Page 151, Fig. 11) .. .. v v vvi e i ennn. ST-14
BASE (For socket connections, see Page 150, Fig. 2). ... ... .vuuuunn.. Medium 4-Pin

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

INSTALLATION

The base pins of the 80 fic the standard four-contact socket which should be
mounted preferably to hold the tube in a vertical position. If it is necessary to place
the tube in a horizontal position, the socket should be mounted with both of the
filament-pin openings, either at the top or at the bottom. This precaution locates the
filament-plane vertical for most satisfactory performance. Provision should be made
for free circulation of air around che bulb since it becomes quite hot during operation.

The coated filament of the 80 is designed to operate from the a-c line through a
step-down transformer. The voltage applied to the filament terminals should be the
rated value of 5.0 volts under operating conditions and average line voltage.

The approximate d-c¢ output voltage of the 80 for various values of a-c input
voltage may be obtained from the curves. For the d-c voltage available at the radio
set, it is necessary to subtract the voltage drop across the filter from the value read from
the curves.

APPLICATION

As a full-wave rectifier, the 80 may be operated with condenser-input or choke-
irslput filter under conditions not to exceed the ratings given under CHARACTER-
ISTICS.

As a half-wave rectifier, two 80's may be operated in a full-wave circuit with
reasonable serviceability to deliver more d-c output current than can be obtained from
one tube. For this use, the plates of each 80 are tied together at the socket. The
allowable voltage and load conditions per tube are the same as for full-wave service.

The filter may be of either the condenser-input or choke-input type. If an input
condenser is used, consideration must be given to the instantaneous peak value of the
a-c inpuc voltage. The peak value is about 1.4 times the RMS value as measured
by most a-c voltmeters. Filter condensers, therefore, especially the input condenser,
should have a rating high enough to withstand the instantaneous peak value, if break-
down is to be avoided. When the input-choke method is used, the available d-c
output voltage will be somewhat lower than with the input-condenser method for
a given a-c plate voltage. However, improved regulation together with lower
peak current will be obrained.
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OUTPUT CHARACTERISTICS

(CHOKE INPUT TO FILTER)

OUTPUT CHARACTERISTICS
(CONDENSER INPUT TO FILTER)
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UX-281 CX-381

HALF-WAVE RECTIFIER

The '81 is a half-wave rectifier tube for use in d-c power-
supply devices operating from the alternating-current supply
line. Full-wave rectification may be accomplished by
two '81’s.

CHARACTERISTICS
Firament Vortage (A. C.). ..ot 7.5 Voles
FitAMENT CURRENT . ... ..o i i 1.25 Amperes
A-C PLate VoLTtace (RMS). . ................... 700 max. Volts
D-COuTPUT CURRENT . . . oot oi e 85 max. Milliamperes
BuLB (For dimensions, sce Page 151, Fig. 15). . . . ..o oo ii it S-19
BaAsEe (For socket connections, sce Page 150, Fig. 3). ... ... ... .. .... Medium 4-Pin

INSTALLATION

The base pins of the '81 fit the standard four-contact socket which should be
mounted to hold the tube in a vertical position. Provision should be made for free
circulation of air around the bulb since it becomes quite hot during operation.

The coated filament of the '81 is designed to operate from the a-c line through a
step-down transformer. The voltage applied to the filament terminals should be
cthe raced value of 7.5 voles under operating conditions and average line voleage.

The approximate d-c output voltage of the '81 in half-wave and full-wave con-
nection for various values of a-c input voltage may be obtained from the curves.
For the d-c voltage available at che radio set, it is necessary to subtract the voleage
drop across che filter from che value read from the curves on preceding page.

APPLICATION

As a half-wave rectifier, the '81 may be operated under conditions not to exceed

those given under CHARACTERISTICS.

In full-wave circuits, two '81’s are required to rectify each half of the a-c voltage.
Operating voltages per cube are the same as for the half-wave circuit, but twice che
d-c output current may be obtained.

The filter may be of cicher the condenser-input or choke-input type. If an inpuc
condenser is used, consideracion must be given to the instantaneous peak value of the
a-c input voltage. The peak value is about 1.4 times the RMS value as measured
by most a-c voltmeters ~ For this reason, filter condensers, especially the input con-
denser, should have a rating high enough to withstand the instantaneous peak value,
if breakdown is to be avoided. When the input-choke method is used, the available
d-c output voltage will be somewhat lower than with che input-condenser mechod for
a given a-c plate voltage. However, improved regulation, together with lower
peak currenct, will be obtained.

For special applications, it is possible to obtain a d-c output voltage approxi-
mately double that to be expected from conventional rectifier circuits, without exceed-
ing the recommended maximum a-c input-voltage per tube. This is accomplished
by means of a voltage-doubling system designed for each particular applicacion.
See page 16.
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RADIO TUBES

RCA-82 C-82

FULL-WAVE MERCURY-VAPOR
RECTIFIER

The 82 is a full-wave mercury-vapor rectifier tube of the hot-
cachode type for use in suitable rectifying devices designed to supply
d-c power of uniform voltage to receivers in which the direct-current
requirements are subject to considerable variation. The excellent
voleage-regulation characteristic of the 82 is due to its low and practically constant
tube voltage drop (only about 15 volts) for any current drain up to the full emission
of the filament (see page 4).

CHARACTERISTICS
Fieament Vortage (A. C.). ... ... . oo .. 2.5 Volts
Fiament CURRENT . . ... .. ... ovii 3.0 Amperes
A-C VoLTAGE Per PLATE (RMS). . ................ 500 max. Volts
Peax INVERSE VOLTAGE. ......................... 1400 max. Volts
D-C Ovurreut Current (Continuous)............... 125 max. Milliamperes
Peak PLATE CURRENT. .. .. ... ... . ... 400 max. Milliamperes
Tuse Vortace Drop (Approximate)............... 15 Volts
BuLB (For dimensions, see Page 151, Fig.9). oo oot oveennnnnn. .. S-14
BASE (For socket connections, see Page 150, Fig. 2). . oo o oo vvnn ... Medium 4-Pin

MERCURY-VAPOR RECTIFIER CONSIDERATIONS

The 82 has very low internal resistance, so that the current it delivers depends on
the resistance of the load and the regulation of the power transformer. Sufficient
protective resistance or reactance must always be used with this tube to limit its
current to the recommended maximum value. If this value is exceeded, che tube
voltage drop will increase rapidly and may permanently damage the filaments.

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

INSTALLATION

The base of che 82 is of the medium 4-pin type. Its pins fic the standard four-
contact socket which should be installed to operate the tube in a vertical position
with the base down. Only a socker making very good filament contact and capable
of carrying 3 amperes continuously should be used. Poor contact at the filament
pins will cause overheating at the pins and socket, lowered filament volcage, and also
high internal tube drop with consequent injury to the tube.

— 123 —




Tue RCA Rapiotron—CunnNiNngHAM Rapio Tuse Manuar

The bulb becomes hot during continuous operation  Provision should be made,
especially if shielding is employed, for adequate natural ventilation to prevent over-
heating

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

The plate supply is obtained from a center-tapped high-voltage winding designed
so that the maximum a-c input voltage per plate will not exceed 500 voles RMS
under varying conditions of supply-line voltage. The resistance of the transformer
windings should, of course, be low if full advantage of the excellent regulacion capabili-
ties of this mercury-vapor rectifier is to be obtained. Since the drop through the tube
is practically constant, any reduction in rectified voltage when the load is increased is
due to the drop in the transformer and/or the filter windings. The return-lead from
the plates, i.e., the positive bus of the filter and load circuit, should be connected to
the center-tap of the filament winding

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

A fuse having a rating approximately 50 %, in excess of normal load requirements
should be inserted in the primary of the power transformer to prevent damage in case
of excessive current which may flow under abnormal conditions.

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

APPLICATION

The 82 is recommended for supplying d-c power to receivers, parcicularly those
in which the direct-current requirements cause considerable variation in the load im-
pressed on the rectifier tube.

Filter circuits (page 15) of either the condenser-input or the choke-input type may
be employed provided the maximum voltages and currents tabulated under CHAR-
ACTERISTICS are not exceeded. The choke-input type of circuit is to be preferred
from the standpoint of obtaining the maximum continuous d-c oucput current from
the 82 under the most favorable conditions.

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

Under operating conditions, the 82 has a bluish-white glow filling the space
within the plates and extending to some degree into the surrounding space outside the
plates. This glow, caused by the mercury vapor, is an inherent operating character-
istic of the 82.
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RCA-83 C-83

FULL-WAVE MERCURY-VAPOR RECTIFIER

The 83 is a heavy-duty, full-wave, mercury-vapor rectifier tube
of the hot-cathode type. It is intended for use in suitable rectifying
devices designed to supply d-c power of uniform voltage to receivers.
The excellent voltage regulacion characteristic of the 83 is due to
its low and practically constant tube voltage drop (only about 15
volts) for any current drain up to the full emission of its filamencs.
For mercury-vapor rectifier considerations, refer to page 4.

CHARACTERISTICS
FiLament VoLtace (A. C.).o oot 5.0 Volts
Freament CUuRRENT . ... ..o 3.0 Amperes
A-C Vortace Per Pate (RMS)........... ... . ... 500 max. Volts
Peax INVERSE VOLTAGE. . ........................ 1400 max. Volts
D-C Outpurt Current (Continuous). ... ... ..... .. 250 max. Milliamperes
Peak PLATE CURRENT . .. .. ..o 800 max. Milliamperes
Tupe Vortack Drop (Approximate)............... 15 Volts
BuLB (For dimensions, see Page 151, Fig. 13) ..................... ST-16
BAse (For socket connections, see Page 150, Fig. 2) .. ............... Medium 4-Pin

INSTALLATION

Installation of che 83 is similar to chat of the 82.

APPLICATION

The 83 is incended for supplying large amounts of d-c power to receivers whose
requirements are in excess of the rating of the 82. The 83 is recommended for heavy-
drain receivers in which the direct-current requirements cause considerable variation
in the load impressed on the rectifier cube.

Filter circuits (page 15) of eicher che condenser-input or the choke-input type may
be employed provided the maximum voleages and currents tabulated under CHAR-
ACTERISTICS are not exceeded. The choke-input type of circuit is to be preferred
from the standpoint of obraining the maximum continuous d-c output current from
the 83 under the most favorable conditions.

As a half-wave rectifier, the 83 may be operated with plates connected
in parallel. For example, ewo 83’s so arranged in a full-wave circuit can supply
twice che output current of a single tube. When the 83's plates are operated in parallel,
a resistor of not less than 50 ohms should be connected in series with each place in
order chat each plate will carry ics proper share of the toral load. If the load is less
chan 759, of the total maximum current rating of che tube(s), the series place resistors
should be increased to 100 ohms each.

Under operating conditions, che 83 has a bluish-white glow filling the space within
the plates and extending to some degree into che surrounding space outside the plates.
This glow, caused by the mercury-vapor, is an inherent operating characteristic of the
tube.
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RCA-84 C-84

FULL-WAVE RECTIFIER

The 84 is a high-vacuum rectifier of the heater-cathode
type intended for supplying rectified power to automobile-
radio equipment designed for its characteristics. This type
is interchangeable with the 6Z4.

CHARACTERISTICS
Heater VorLtage (A. C.or D.C). ..ot 6.3 Volts
HeaTer CURRENT. ... .o 0.5 Ampere
A-C VoLtaGe Per PLaTte (RMS).................. 225 max. Volts
D-COutpur CURRENT ... .o 50 max. Milliamperes
BuLs (For dimensions, see Page 151, Fig. 6). . . ... .. i ST-12
BAse (For socket connections, sce Page 150, Fig. 23). . ... ... ......... Small 5-Pin

INSTALLATION

The base pins of the 84 fit the standard five-contact socket which may be mounted
to hold the tube in any position.

The bulb of this tube will become very hot under certain conditions of operation.
Adequate ventilation should be provided for cooling the tube by the use of chassis
enclosures designed to radiate heat efficiencly.

The heater is designed so that the normal vole- [ OYTPUT CHARACTERISTICS

. . . . TYPE 84 INPUT 1O FILTER
age variation of 6-volt automobile batteries during E4=63v0LTS | = GONDENSER
charge and discharge will not materially affect the
performance or serviceability of this tube. In such @
service, the heater terminals of che socket should be 2
connected directly across a 6-volt battery. Leads to )‘\J’OL{‘ s obr poo o
. . PLA -
che baccery should have as low resistance as practical. 200 = 2
175 \‘\4 2z
206 | ,00:
APPLICATION i Sl o7 el 2
Gl - Q
The 84 is well suited for supplying rectified power T 5
to radio equipment of the automobile type. In such 0 3
equipment, the performance of chis tube is similar to ?
thac of any other high-vacuum rectifier. |
G

Filter circuits of the condenser-input or the B e B D e
choke-input type may be employed provided the
recommended maximum plate voltage and output current given under CHARAC-
TERISTICS are not exceeded. The d-c potential difference becween heater and
cacthode should be limited to 300 voles.

For discussion of reccifiers and filcer circuits, refer to page 15.
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RCA-85 C-85

DUPLEX-DIODE TRIODE

The 85 is an a-c heater type of tube consisting of two diodes and a
triode in a single bulb. It is for use as a combined detector, amplifier,
and automatic-volume-control tube in radio receivers designed for its
characteristics. The 85 is especially useful in automobile receivers
where the heater-supply volrage is obtained from a storage battery.

The two diodes and the triode are independent of each other
except for a common cathode sleeve which has one emitting surface for che diodes and
another for the triode. The separate tube units permit of unusual flexibility in circuic
arrangement and design. For example, the diodes of this tube can perform at the
same time the functions of detection and of automatic volume-control; while at the
same time the triode may be used as an amplifier under its own optimum conditions.
For diode-detector considerations, refer to page 17.

CHARACTERISTICS

HeaTer Vortace (A. C.or D.C).. .o oL Volts

6.3
HeaTER CURRENT........ .. .. .. ... it 0.3 Ampere
GRrID-PLATE CAPACITANCE. .. . oo oo 1.5 s
GRrID-CATHODE CAPACITANCE. .. oo oo v vov e 1.5 uuf
PLATE-CATHODE CAPACITANCE. ... ..o 4.3 nuf
BuLB (For dimensions, see Page 151, Fig. 7). . oo oo vvo oo ST-12
CAP. o ot Small Metal
BASE (For socket connections, see Page 150, Fig. 13) ... .............. Small 6-Pin

Triode Unit—As Class A Amplifier

HeaTer VoLTAGE. . ............... 6.3 Volts
PLaTeE VoLTAGE. ................. 135 180 250 max. Volts
GRrID VOLTAGE. .. ... oo -10.5 -13.5 -20 Volts
AwmpLiFicATION FAcTOR . .. ... ... ... 8.3 8.3 8.3
PLATE RESISTANCE. . ... ........... 11000 8500 7500 Ohms
MutuaL CONDUCTANCE. . ... .. ... .. 750 975 1100 Micromhos
PLATE CURRENT. . ... ...l 3.7 6.0 8.0 Milliamperes
Loap ResiSsTANCE. ................ 25000 20000 20000 Ohms
Power OQurtPuT. ... ... .. ... 0.075 0.16 0.35 Watt

Diode Units

The two diode plates are placed around a cathode, the sleeve of which is common
to the triode unit. Each diode plate has its own base pin. Operation curves for the
diode units are given under Type 2B7, page 41.

INSTALLATION
The base pins of the 85 fit the standard six-contact socket which may be installed
to hold the tube in any position.
Heater operation and cathode connection are the same as for the 77.

Complete shielding of detector circuits employing the 85 is generally necessary
to prevent r-f or i-f coupling between the diode circuits and the circuits of other stages.
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APPLICATION

The 85 is recommended for performing the simultaneous functions of detection,
automatic volume-control, and amplification.

For detection, the diodes may be utilized in a full-wave circuit or in a half-wave
circuit. In che latter case, one plate only or the two plates in parallel may be employed
The use of the half-wave arrangement will provide approximacely twice the rectified
voltage as compared with che full-wave arrangement.

For automatic volume-control, a rectified voltage which is dependent on the
r-f or i-f carrier is usually employed as explained on page 101 for che 55.

For amplification, the triode may be employed in conventional circuit arrange
ments. Representative conditions for resistance-coupled amplifier applications are
given on page 142.  Grid-bias for the triode, depending upon circuit design,
may be obtrained from a fixed voltage tap on the d-c power supply or may
be obrained by utilizing the variable voltage drop caused by the rectified current lowing
through a resistor in the detector circuic. In this connection, it should be noted that
the accompanying diagrams using types 85 or 55 designate this latter arrangement as
“Diode-Biased Amplifier.”” Diode biasing of the triode unit may be employed only
when at least 20000 ohms is used in the triode-plate circuit.

The plate family of characteristics for the triode unit is the same as thac of the 55.
See page 101 for these curves.

TYPICAL DUPLEX-DIODE TRIODE CIRCUITS

HALF ~WAVE DETECTOR FULL-WAVE DETECTOR HALF-WAVE DETECTOR
DIODE BIASED AMPLIFIER DIODE BIASED AMPLIFIER FIXED BIAS AMPLIFIER
RfFC /
A BaF 8 Tc| Ry P-AF
C 'Ich Ce - ¢ T
R | R3 L iy Ra
v 4 Ga
] R 1
—ig B8+ B+
FIG.1 FlG.2
HALF-WAVE DETECTOR HALF-WAVE DETECTOR HALF-WAVE DETECTOR, SEPARATE
DIODE BIASED D-C AMPLIFIER FIXED BIAS AMPLIFIER AN.C,FIXED BIAS AMPLIFIER
c |
3 Ra_ 47 i A Ry ¢ AF
Ci < — 1E
— L Cy
L R Ll Tce 2 C4)
A 1 1 C T
VW i} LA 1 Ra 'y SL\_QQQJRE go
L ke P V.
REGULATING I 6 '_lc. 3| POV SN
VOLTAGE Re R A Ro  Rs3 | T3Rs
8 2
= B+ Avcs p-ttmlamwrgy  AVCE LI -
8 1o 0 = |EE1 I
FIG.4 B FIGS = FIG6
APPROXIMATE VALUES
€, =150 M UE FOR 500-1500 KC. Cg= Q000! Pf. OR SMALLER
V=450 U FOR 175 KC. R) =Q5-1.0 MEGOHM
C2= Qu« Rp = 1.0=1.5 MEGOHMS
Ca= Qiue R3=QI MEGOHM
C4 = QS5F OR LARGER Rq =Q5—1.0 MEGOHM
Cs = Q5UF OR LARGER Rs: 1.0 MEGOHM
Cg = QOI=04 uf Rg =25000-75000 OHMS
C7 = 00005-Q00I1LF Ep =VOLTAGE FOR SENSITIVITY
Ceg = 0. Uf OR LARGER CONTROL
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RCA-89 C-89

TRIPLE-GRID POWER AMPLIFIER

The 89 is a triple-grid power amplifier tube of the d-c heater-
cathode type recommended for use in automobile receivers and other
applications where d-c operation is desirable. The triple-grid con-
struction of this tube, with external connections for each grid, makes
possible its application as (1) a Class A Power Amplifier Triode, (2)
a Class A Power Output Pentode, and (3) a Class B Power Output Triode.

CHARACTERISTICS
Hearer VorLtace (A. C.or D.C).. ..o 6.3 Voles
HeaTer CUrRRENT. ... ... o 0.4 Ampere
BuLB (For dimensions, see Page 151, Fig. 7). ... ... ............... ST-12
AP . Small Metal
BAse (For socket connections, sce Page 150, Fig. 14). .. .. ........... Small 6-Pin

Class B Power Amplifier—Triode Connection
(Grids No. 1 and No. 2 tied together; grid No. 3 tied to plate)

PLaTe VoLTAGE. . ... ... 250 max. Volts
Dynamic Peak Peate Current. ..o oo L 90 max. Milliamperes
Averace Grip Dissipation (Grids No. 1 and No. 2

together). . ... ... .. .. 0.35 max Wates
Tyeicar OperaTiON (2 tubes)

Heater Voltage. .. ............ ... .. ....... 6.3 Volts

Place Voltage.......... ... ... ... .. ....... 180 Voles

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

Static Plate Current (Per tube). . ............ ... 3 Milliamperes

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

Nominal Power Output (2 tubes). ............. 3.5 Wates

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

HeaTer VOLTAGE. . . ............. 6.3 Volts

PLATE VOLTAGE. . ................ 160 180 250 max. Volts

Grip Vortace (Grid No. 1)....... -20 -22.5 -31 Volts
AwmpriricaTioN FacTor . .. ... L 4.7 4.7 4.7

PrLATe RESISTANCE. . ... .. ... ...... 3300 3000 2600 Ohms
Mutuar CONDUCTANCE. . . .. ...... 1425 1550 1800 Micromhos
Poate CurrenT. .. ... .. L 17 20 32 Milliamperes
LoAp Reststance*................ 7000 6500 5500 Ohms
UnpistorTED Power OuTtpUT. . ... .. 0.3 0.4 0.9 Warte

* Optimum for maximum undistorted power output. Approximately twice the value for any given set of
conditions is recommended for load of this tube when used as driver for Class B stage.
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Class A Power Amplifier—Pentode Connection
(Grid No. 3 tied to cathode)

HeaTer VoLTAGE. . ... .. .. .. .. 6.3 Volcs

PLATE VoLTAGE. . ... . ... .. ... 100 135 180 250 max. Volts
Screen Vortace (Grid No. 2)... 100 135 180 250 max. Voles

Grip Vortace (GridNo. 1). .. .. -10 -13.5 -18 -25 Volts
AwmpLiricaTION FACTOR. . .. ... .. 125 125 125 125

PLATE RESIsTANCE. ... .. .. ... .. 104000 92500 80000 70000 Ohms
MutuaL CONDUCTANCE. .. ... ... 1200 1350 1550 1800 Micromhos
PLAaTe CURRENT. .. ... ... ...... 9.5 14 20 32 Milliamperes
ScreeN CURRENT............... 1.6 2.2 3.0 5.5 Milliamperes
Loap REstsTANCE. . ............ 10700 9200 8000 6750 Ohms
Power OQurpuT®. ... .. ... ..... 0.33 0.75 1.5 3.4 Waces

© 99, total harmonic distortion.

INSTALLATION

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

For heater operation, see Type 41; and for cathode connection refer to Type
6A7.

APPLICATION

For Class A Triode Operation of the 89, the two grids (INo. 3 and No. 2)
immediately adjacent to the plate are connected to the plate, while the third (No. 1) is
employed for control purposes. Operation of the tube is then similar to any Class A
Power Amplifier Triode. When it is used as the driver for a Class B stage, the load
requirements are changed as indicated in the note under CHARACTERISTICS.

This change is recommended in order to minimize distortion due to the driver stage.

The d-c resistance in the grid circuic of the OPERATIN GoRAR TN T
89 operating as a Class A amplifier (eicher wich ErmeavoLTS l
triode or pentode connection) should not ex- N L : H
ceed 1.0 megohm if self-biasisused. Wichout [ oureur lsS R ‘.‘QZ EZEBVVZLUZ o i
self-bias, the resistance should not exceed 0.5 PRl
megohm. 32p Mo ’“5“:;1:‘2:“;“;1'.?5&;”;2@?%?‘322'eg

For Class A Pentode Operation of the /1;? %
89, the grid (No. 3) adjacent to the plate is tied 22_4 S 2 23 ©
to the cathode and thus serves as the suppres-  § > ARPy a2 b
sor, while the other two grids (No. 2 and No. 5 v)/ S B% %:’
1) serve as the screen-grid and control-grid re- 5 A & B 3¢
spectively. Operation of the tube is then g v ; - 2
similar to any Class A power output pentode. § R ] WQ»J"‘“L 4§'°§

For Class B Triode] Operation of the N(: e | 9 °8
89, the grid (No. 3) adjacent to the plate is tied Gz 4 6 6- 12 4 ie ;’-

. . DRIVER SIGNAL VOLTS (RMS)
to the plate, while the ocher two grids (No. 2

and No. 1) are connected together to serve as a single concrol-grid. A discussion of
Class B design features is given on page 14.
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AVERAGE PLATE CHARACTERISTICS
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RAD10 TUBES

UV-199 anp UX-199 C-299 anp CX-299

DETECTORS, AMPLIFIERS

The '99 types are three-electrode, general purpose
tubes designed for dry-cell operation. The low power
consumption of these tubes makes them applicable to

porcable receivers and services where power economy
is important. The two types have different bases.

CHARACTERISTICS

Fiament Vortace (D. C.)......... ... ... 3.0-3.3 Voles
FiraMenT CURRENT . . ... .o 0.060-0.063 Ampere
PLATE VOLTAGE................ i 90 max. Volts
GRID VOLTAGE. . ..o oo i -4.5 Volts
PLATE CURRENT. . ... ... o 2.5 Milliamperes
PLATE RESISTANCE. . .. ... .. ... .. ... ..... 15500 Ohms
AwpLiricaTioN FacToR . .. ..o oL 6.6
MutuaL CONDUCTANCE. . ... oo oo 425 Micromhos
Grip-PLATE CAPACITANCE. .. ... .o ot 3.3 uuf
GriD-FiLAMENT CAPACITANCE. .. . ... ... ...... 2.5 uuf
PraTe-FiLament CaPACITANCE. .. ... ... ... ... 2.5 upf

Type '99 X-Type ‘99
BuLB (See Figs.onPage 151). . .. .......... T-8 (Fig. 3) T-8(Fig. 1)
BASE. ... .. Small 4-Nub Small 4-Pin

INSTALLATION

The base pins of the X-Type '99 fic the standard four-contact socket while the
'99 fits only the small shell socket with bayonet slot. The socket should be installed
so that the tubes will operate in a vertical position. Cushioning of the socket in
the detector stage may be desirable if microphonic disturbances are encountered.
For socket connections of X-Type '99 and of '99, see page 150, Fig. 1 and Fig.
10, respectively.

The filaments in these tubes are designed for operation with three No. 6 dry-
cells connected in series.  In mulci-tube receivers the use of six or nine No. 6 dry-cells
connected in series-parallel to give 4.5 volts will decrease the current drain per cell
and give a more stable source of filament power. If storage-battery operation is
preferred, a four-volt storage battery may be used. In any case, a filament rheostat
should be provided so thar the filamenr. voltage can be adjusted to the recommended
operating value.

APPLICATION

As detectors, '99’s may be operated either with grid leak and condenser or with
grid bias. The recommended plate voltage for the former method is 45 volts. A
grid leak of from 1 to 5 megohms used with a grid condenser of 0.00025 uf is satis-
factory. The grid-circuit return should be connected to the positive filament terminal.
For grid-bias detection the maximum plate voltage of 90 volts may be used with the
corresponding negative grid bias of 10.5 volts. The grid bias should be adjusted so
thae the plate current is 0.2 milliampere with no input signal.

As amplifiers, '99’s are applicable to the audio- or the radio-frequency stages of a
receiver. Recommended plate and grid voltages are shown under CHARACTER-
ISTICS.
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Radio Tube Testing

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

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

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

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

In view of these factors, dealers and service men will find it economically expedient
to obtain adequate accuracy and simplicity of operation by employing a device which
indicates the status of a single characteristic. Whether the tube is satisfactory or un-
satisfactory is judged from the cest result of this single characceriscic. Consequently,
it is very desirable that the characteristic selected for the test be one which is cruly
representative of the tube’s overall condition.

SHORT CIRCUIT TEST

The fundamental circuit of a shore-circuit tester is shown in Fig. 35. While che circuit
is suitable for tetrodes and types having less than four electrodes, tubes of more elec-
trodes may be tested by adding more indicator lamps to the circuit. Volcages are
applied between the various electrodes with lamps in series with cthe electrode leads.
Any two shorted electrodes complete a circuic and light one or more lamps. Since
two electrodes may be just touching to give a high-resistance short, it is desirable
thac the indicating lamps operate on very low current. It is also desirable to maintain’
the filament or heater of the tube at its operating temperature during che shore-circuit
test,h bcctiusc short-circuits in a tube may sometimes occur only when the electrodes
are heated.

SELECTION OF A SUITABLE CHARACTERISTIC FOR TEST

Some characteristics of a tube are far more important in determining its operating
worth than are others. The cost of building a device to measure any one of the more
important characteristics may be considerably higher than that of a device which
measures a less representative characteristic. Consequently, three methods of test will
be discussed, ranging from relatively simple and inexpensive equipment to more
elaborate, more accurace, and more costly devices. B

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

Fig. 36 shows the fundamental circuic diagram for an emission test. All of the
electrodes of che tube, except the cathode, are connected to the plate.  The filament,
or heater, is operated at rated voltage; a low positive voltage is applied to the-plate.
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After che tube has reached constant temperature, the electronic emission is read on the
meter. Readings which are well below the average for a particular tube type indicate
that the total number of available electrons has been so reduced that the tube is no
longer able to function properly.

DIRECT—
CURRENT
METER o

P

J)o—uov.xc.—o(S

Fig. 35 Fig. 36

A mutual conductance test takes into account a fundamental operating prin-
ciple of the tube. (This will be seen from the definition of Mutual Conductance on
page 8.) It follows that mutual conductance tests, when properly made, permit better
correlation between test results and actual performance than does a straight emission test

There are two forms of mutual conductance test which can be utilized in a tube
tester. In the first form (illustrated by Fig. 37 giving a fundamental circuit with a
tecrode under test), appropriate operating voltages are applied to the electrodes of the
tube. A place current, depending upon the electrode voltages, will then be indicated
by the meter. If the bias on the grid is chen shifted by the application of a different
grid voltage, a new plate-current reading is obtained. The difference between the
two plate-current readings is indicative of the mutual conductance of the tube. This
method of mutual conductance testing is commonly called the ‘‘grid-shifc’’ mechod,
and depends on readings under static conditions. The fact that this form of test is
made under stacic conditions imposes limitations not encountered in the second form
of test made under dynamic conditions.

The dynamic mutual-conductance test illustrated in Fig. 38 gives a fundamental
circuit with a tecrode under test. This method is superior to the static mutual-con-
ductance test in that a-c voltage is applied to the grid. Thus, the tube is tested under

DIRECT= A-C
CURRENT CD MILLIAMMETER
METER (DYNAMOMETER

@

£ =l

Fig. 37 Fig. 38

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

Fig. 39 shows the fundamental circuit of a power output test for Class A operation
of tubes. The diagram illuscrates che method for a pentode. The a-c output voltage
developed across the plate-load impedance (L) is indicated by the current meter. The
current meter is isolated as far as the d-c plate current is concerned by the condenser (C).
The power output can be calculated from the current reading and known load resist-
ance. In this way, it is possible to determine the operating condition of the tube
quite accurately.

Fig. 40 shows the fundamental circuit of a power output test for Class B operation
of tubes. With a-c voltage applied to the grid of the tube, the current in the plate
circuic is read on a d-c mecer.  The power output of the tube is approximately equal to:

(D-c currentin amperes)2 X Load resistance in ohms

0.405

Power Output (watts) =

A=C
(DMLLIAMMETER
(DYNAMOME TER

TYPE)

A-C
MILLIAMMETER A-C
INPUT

Fig. 39 Fig. 40

ESSENTIAL TUBE TESTER REQUIREMENTS

1. It is desirable chat the tester provide for a short-circuit test to be made prior to
measurement of the tube’s characteristics.

2. It is important that some means of controlling the voltages applied to the elcc-
trodes of the tube be provided. If the tester is a-c operated, a line-voltage control
will permit of supplying proper electrode voltages.

3. It is essential that the rated voltage applied to the filament or heater be main-
tained accurately.

4. lIc is suggested that the characteristics test follow one of the methods described.
The method selected and the quality of the parts used in the tester will depend upon the
requirements of the user.

TUBE TESTER LIMITATIONS

A tube testing device can only indicate the difference between a given tube’s char-
acteristics and those which are standard for that particular type. Since the operating
conditions imposed upon a tube of a given type may vary within wide limits, it is
impossible for a tube testing device to evaluate tubes in terms of performance capabili-
ties for all applications. The tube tester, therefore, cannot be looked upon as a final
authority in determining whecher or not a tube is always satisfactory. Actual operat-
ing tests in the equipment in which the tube is to be used will give the best possible
indication of a tube’s worth. INevertheless, che tube tester is a most helpful device for
indicating the serviceability of a tube.
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Circuit Section

The circuit diagrams given on the following pages have been carefully chosen,
not necessarily to illustrate commercial practice, but rather to show many different
uses of radio tubes. All of the circuits are conservatively designed to give reliable
and satisfactory performance. Alchough relacively few circuits are given, it is practical
to use a porcion of one circuit in combination with portions of other circuits to obtain
one meeting the desired requirements. Information on the characteristics and the
application features of each tube, given under each tube type, will prove of assistance
in understanding and utilizing these circuits.

HIGH-QUALITY CLASS A AUDIO-FREQUENCY AMPLIFIER
OUTPUT 12 WATTS

TYPE 56 T2 TYPE 56

TYPE 2A3

SPEAKER
N2t

TYPE 56
— 4,0MA. 8.0 MA,

S1.0 MA,

16 +362 V.
I +236V.
! 4396 V. N 2
) _—
I L
2.0 AMP
FUSE I
|
I
nsv. |
‘@‘ | TYPE 83
|
I
|
l ¢

3

o uf.(200V.)

0.0 Bf (75V.)

0.0 U f.(75V.)

0.0 Jf. (400 V.) L= FILTER CHOKE;236 OHMS, 12 HENRIES AT 140MA.
Cs- .0 Mf.(300 V.) L2=$PEAKER FIELD; 125 VOL1S, 2000 OHMS
R|'= 250000 OHMS (VOL, CONTROL) = SPEAKER FIELD; 175 VOLTS, 3400 OHMS
Rz-IOOOOO OHMS Y,-INPUT TO-GRID TRANSFORMER
R3=2200 OHMS T= PLATE-TO-PUSH-PULL-GRID TRANSFORMER

R4=1100 OHMS T35 PUSH-PULL-PLATE-TO-PUSH-PULL-GRID TRANSFORMER

14= OUTPUT TRANSFORMER; PLATE-TO-PLATE

R, IMPEDANCE =4000 OHM'S
Ry=430 OHMS (15 WATT) T5= POWER TRANSFORMER; SHOULD HAVE GOOD
Rg=20 OHMS,CENTER TAPPED VOLTAGE REGULATION CHARACTERISTICS

NOTE SPEAKERS ESPECIALLY DESIGNED FOR HIGH POWER ARE RECDMMENDED CIRCUIT CONSTANTS SHOULD CLOSELY
APPROYIMATE THOSE GIVEN ABOVE FOR SATISFACTORY RESULT
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TYPICAL CLASS B AUDIO-FREQUENCY AMPLIFIER

OUTPUT 20 WATTS
TYPE 56

TYPE 59 TYPE 59

SPEAKER
Net

3]
0]

SPEANER
N2 2

TYPE 59

26 TO 100 MA

2.0 AMP, 103 10 (83 MA.

FUSE

3
CYCLE

A1)

=0.1 Mf.
g o.zfpf. R7= 25000 OHMS
C3=1.0 YU, Rg= 3500 OHMS
C4=8.0 Uf. (LOW VOLTAGE) Rg=3200 OHMS (i0 WATT)
C5=0.06 M f. Ty = INPUT TRANSFORMER,;PRIMARY TO L2 SECONDARY=3:t
Ce=16Uf. éELECTROLYﬂC) PRIMARY INDUCTANCE =i2 H, AT 26 MA,
Cy=8M¢. (ELECTROLYTIC) T2 =0UTPUT TRANSFORMER;6000 OHMS PLATE-TO-PLATE
R| = 250000 OHMS (VOL.CONTROL) T3=POWER TRANSFORMER; SHOULD HAVE GOOD
Ry = 7000 OHMS VOLTAGE REGULATION CHARACTERISTICS
R3= 100000 OHMS L1 =15 HENRIES AT 100 MA.;80 OHMS D-C
R4= 25000 OHMS RESISTANCE, OR LESS
Rg= 250000 OHMS L2=1500 OHM SPEAKER FIELD. 115 VOLTS
Rg=1100 OHMS L3=2500 OHM SPEAKER FIELD.125 VOLTS

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

CLASS B POWER AMPLIFIER CIRCUIT
USING 53 WITH TRIODE UNITS IN PARALLEL AS DRIVER

DRIVER [] R)= 7250 OHMS

" TYPE 53 Ro= 950 OHMS
R3= 0,5 MEG. MAX,
NN C;=0.034 uf
& Co=2TOIOUT
e T C3=I0Hf
R3 2 L| = 1000-OHM SPEAKER FIELD
+ 1 L= 1.3-OHM SPEAKER VOICE COIL
T) = INPUT TRANSFORMER
[l - ! PRI
VOLTAGE RATIO =5.0
e 1/2 S¥C.
ot'zs 0y & 3<f>ov NO SIG.ON OUTPUT 53 EAK POWER £PRZ TG o
L /oy T2= OUTPUT TRANSFORMER
M % v s T 2 G3T 272\ FULL SIG.ON OUTPUT 53 [,2 =85 MILLIAMPERES -RMS
Coms_ N\ } L2 =130 MILLIAMPERES RMS
o\ q I3=7 MILLIAMPERES D,C.
s 2602, 1 15 =38 MILLIAMPERES D,C.
2 onmas = [5 =35 TO 50 MILLAMPERES D.C,
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TYPICAL TUNED RADIO - FREQUENCY CIRCUIT
2-VOLT FILAMENT TYPES

| ST R-F 2ND. R-F DETECTOR 1 ST AUDIO POWER AMPLIFIER
TYPE 34 __TYPE 34 __TYPE 30 ool TYPE_30 TYPE_ 31 5
10
F SPEARER
N
> >

Ry
-@ -3710-22 sV
C = R-F BY-PASS CONDENSER (0.01pg) R
€)= R~F BY-PASS CONDENSER (0.00025uf) WY:‘
L = RADIO -FREQUENCY CHOKE ---N
R = RHEOSTAT L 157.5VOLTS
R;= VOLUME CONTROL POTENTIOMETER - A+ e 8+

OPTIONAL DETECTOR AND AMPLIFIER—2-VOLT FILAMENT TYPES

DETECTOR , POWER AMPLIFIER
TYPE 32 RFC 2 TYPE 33

c = BY-PASS CONDENSER (10p : Yo
= R-F BY-PASS CONDENSER {o 00025 ) SPEARER

cz BLOCKING CONDENSER (0.005 g, TO 0.05uf) Ry
R = COUPLING RESISTOR (100000 OHMS) IN
Ry= GRID LEAK RESISTOR (0 5 MEGOHM) o
Rp= FILTER RESISTOR (50 000 OHMS) 2

| 4

SCREEN A+ A-B+ C- AMP
B+ 8- B

c+

DIAGRAMMATIC SHORTWAVE RECEIVER USING 6.3-VOLT TUBES

DETECTOR TYPE 36

Jgﬁwm S

ST R~ F STAGE 2ND R-F STAGE AUDIO AMPLIFIER
TYPI TYPE 39 TYPE 37
1
Rz
_l > outPUT
1
Tess™ T

6.3V +67V. ©@+135V.

ANTENNA COUPLING CONDENSER (APPROX.30 UAIf) R = COMPENSATING RESISTOR(0.25 MEGOHM)
~F BY-PASS CONDENSER(0.01 Uuf TO O.1 Lipuf) Ro=GRID COUPLING RESISTOR(! MEG. MAX.)
RID CONDENSER (0.00025 AL fu CREEN DECOUPLING RESISTOR (30000 OHMS)
R-F BY-PASS CONDENSER(( gj Rq=MINIMUM BIAS RESISTOR (275 OHMS)
25 JUF.) R.
R

-F BY-PASS CONDENSER (0.00:

OUPLING CONDENSER 6005}“ T0 O.I}Jf)

A-F BY-PASS CONDENSER(Z}JF 10 4).lf)
~F CHOKE (10 TO 50 MILLIHENRIES)

c
c
C,
C.
[
C
L Rg

R =GRID LEAK RESISTOR (2 T0 S MEGOHMS) X =PLATE CHOKE (300H.OR MORE)

M?TEZ TYPES 56, 57 AND 58 MAY BE USED IN THIS CIRCUIT IN PLACE OF THE 37.36 AND 39 RESPECTIVELY, PROVIDED THAT THEY ARE

OPERATED AT THEIR RECOMMENDED HEATER, SCREEN,PLATE AND GRID BIAS VOLTAGES. THE SUPPRESSOR GRID OF THE 57 AND
58 SHOULD BE TIED TO THE CATHODE AT.THE SOCKET.
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TYPICAL SUPERHETERODYNE RECEIVER CIRCUIT FOR A-C OPERATION

\V4 PENTAGRID CONVERTER
R-F_AMPLIFIER YPE 2A7 I-F AMPLIFIER DIODE DETECTOR
TYPE 58 TYPE 58 DELAYED AV.C.
TYPE 55
T, T
Al e, 8
™
¥
c|c c
R ok
Ry
Rz
Re Sfe r—il
<7
N—]
c!
+140V. .
L T4 250V, +20vV,
T [ +430V
| TYPE 2A5
| TYPE 2A5 .
1.0 AMP. |
FUSE |
[ Rg
- U)Q'
I £ -4 L
Hsv. p=ly Cs Cs Cs
A.C. il TYPE 523
R= C —
! T o
—— ]
1)
{
A F
. i SPEAKQR:
R = 250000 OHMS
R, = 300 OHMS C3= 0.00025 Mf.
R = 20000 OHMS Ca= 0.006 Uf.
R3= 10000 TO 50000 OHMS
Ry = 25000 OHMS ooos Mt
Rg = 5ooooo OHMS (A-F VOL. CONTROL)
R = 1.0 MEGOHM Cg= 80 }u gsoo V. ELECTROLYTIC)
R7= 205 OHMS (5 WATT) Cg=8.0 pf. 25V. ELECTROLYTIC)
RB 25000 OHMS (10 WATT) Cjo= 0.25 )J
=14000 OHMS €= 0.02
L7 = R-F CHOKE T = I75K.C l F TRANSFORMER
= SPEAKER FIELD, 1000 OHMS 'rz PLATE- TO-PUSH-PULL-GRID TRANSFORMER
L) = FILTER CHOKE, 600 OHMS, 20 TO 30 HENRIES T3 = OUTPUT TRANSFORMER; PLATE-TO-PLATE
C =0.1 Uf. IMPEDANGE 14000 OHMS
) = PADDING CONDENSER T4= POWER TRANSFORMER; 400 R.M.S. VOLTS
C2=GANGED VARIABLE CONDENSERS EACH SIDE OF CENTER, UNDER LOAD

NOTE : APPROXIMATE POWER OUTPUT OF 2AS STAGE.6.0 WATTS. THE CONSTANTS OF THE THREE R-F TRANSFORMERS Ta,Tg ANO T WILL
DEPEND UPON THE FREQUENCY RANGE AND GENERAL LAYOUT OF THE SET.

HIGH- GAN AUDIO-FREQUENCY AMPLlFlER RESISTANCE-COUPLED A-F AMPLIFIER
TYPE ST
c c
| TYPE 56
INPUT _|I ]
@—
A-Troszr:gs R Rz
INPUT R, OUTPUT
]
@ ®
-8 HEATER  +100V. $250V. - HEATER B+

C = A-F BY-PASS CONDENSER (0.5 M )
€= COUPLING CONDENSER (0.01 M f)
R = VOLUME CONTROL POTENTIOMETER (250000 OHMS)
R;= SELF-BIASING RESISTOR (1000 OHM, | WATT)
Rp= DECOUPLING RESISTOR (250000 OHMS) «
Ry= COMPENSATING RESISTOR (250000 OHMS) C = COUPLING CONDENSER (0.1 pfi = 1.0 pg.)
"Ra= CENTER-TAPPED RESISTOR (50 OHMS) Ci= BY-PASS CONDENSER (4 jf.)

= INPUT TRANSFORMER
L =300 TO 500 HENRY CHOKE — 139 —
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FIVE-TUBE SUPERHETERODYNE RECEIVER CIRCUIT
.FOR A-C AND D-C OPERATION

PRNTAGRID CONVERTER I-F AMPLIFIER DETECTOR POWER AMPLIFIER
TYPE 6A7 TYPE 78 TYPE 77 TYPE 43
T
C2 Ca <2
[ C2l Rs)
27 d
0000 OHMS GANGED TUNING CONDENSERS
VOLUME CONTROL) 0002 i f,
150 OHMS Ol UF
| R3= 10000 OHMS .0004 U f.
Lo R4= 430 OHMS =100 HF(ELECTROLYTIC)
I==_| Rg | Rg = 17500 OHMS Cg= ooo S Uf.
] Rg = 500000 OHMS Cg= 00
EUSE CyL"C7-L | R7= 250000 OHMS C7= ao Hf‘ (ELECTROLYTIC)
C7 T__IRrRg= 6250HMS(2 WATT) Cg=
>y 2525 43 78 Rg = 20000 OHMS(BLEEDER) L= R—F CHOKE 60 MILLIHENRIES
RI0= 150 OHMS (25 WATT) L) = 100 VOLT D~C SPEAKER FIELD, 2000 OHS
R0 77 67, T|' = 456 KC. [-F TRANSFORMER L 2 = FILTER CHOKE MAX. RESISTANCE 200 OHMS;
SERES-HEATER ClReuT T2 = OUTPUT TRANSFORMER;PRIMARY INDUCTANCE AS LARGE AS PRACTICAL

NOTE

LOAD IMPEDANCE 4500 OHMS

NECESSARY TO KEEP HUM AT A SATISFACTORY LEVEL

* THE MECHANICAL LAYOUT OF THE SET WILL DETERMINE TO A LARGE EXTENT THE MINIMUM SIZE OF FILTER CHOME

CLASS A AUDIO AMPLIFIER FOR USE ON 115-VOLT D-C LINES

TYPE 37 TYPE 37

TYPE 48

1

dil

[ L

C 4 TYPE 48
VWV
RS
Re
0.5 AMP. FUSE T ¢ 7 4
O5 l 000 4
15 VOLTS D,C L
A o Cs 23
o T Tee |
cy _
= CHASSIS
R, 2500000 OHMS Cs=2.0 uf (150 VOLTS)

R,
ai- 100000 OHMS (TONE CONTROL)
R3=190 OHMS (S WATT

S OHMS (2 WATT

5 OHMS (25 WATT)

O Mf (LOW VOLTAGE

LO"Mf (LOW VOLTAGE

.03 -0.05 op

2=2.0 Mt (LOW VOLTAGE)

Ce o e (150 voLTS)
Cz= f (LOW VOLTAGE)
L= D HENRIES, 60 OHMS

10 VOLT D-C SPEAKER FIELD
INPUT -TO-GRID TRANSFORMER
72 ZINTERSTAGE TRANSFORMER
T3 2 PLATE ~TO-PUSH -PULL -GRID-TRANSFORMER
=OUTPUT TRANSFORMER; PLATE-10-PLATE
IMPEDANCE 4000 OHMS
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SIX—=TUBE SUPERHETERODYNE AUTOMOBILE RECEIVER CIRCUIT
WITH AUTOMATIC VOLUME CONTROL

Y  R—F AMPLIFIER PENTAGRID CONVERTER I-F AMPLIFIER DIODE—DE TECTOR, AV.C.
TYPE 78 TYPE 6A7 TYPE 78 TYPE 85
[
Ci]c <
2 <
Cy R3 R3
I _ iro HEATERS
—A B#C 6.0-VOLT +180 V. ~135V.
GRoukp STORAGE BATTERY POWER SUPPLY C-BIAS
OMA. SPEAKER

R =25000 OHMS C —GANGED TUNING CONDENSERS
=0l

R4 =100000 OHMS C3 =00l Uf
150 OHMS C4 =000045 U .
40000 OHMS Cs =20 Mf
20000 OHMS T~ =175 KC, I-F TRANSFORMER
1.0 MEGOHM T) =PLATE-TO—PUSH—PULL—GRID TRANSFORMER
R¢ = 500000 ows(vowm: CONTROL) T2 =OUTPUT TRANSFORMER; PRIMARY LOAD
Ry =315 OHMS (2 WATT) IMPEDANCE 18000 OHMS

A TUNED RADIO-FREQUENCY RECEIVER CIRCUIT
WITH DELAYED AVC. AND INTERCHANNEL NOISE SUPPRESSION

DIODE-DETECTOR  A-F AMPLFER
R-F_AMPLIFIER R-F AMPLIFIER R-F AMPLIFIER s QAV.C.AND NSC. . TYPE 57
TYPE 58 TYPE 58 o TYPE 58 TYPE 55 R4
L R7.
Co) |
= \\i
Raf LA
Re RS
c
) JNW Csg ®
MM T
R4 Re3 |
H l R3 '}c_a
33 1
w\N‘V\AWN\JJ m
i TYPE
?I ! v 25w, 3v._ioow Tww. lav] . . . ol
EWRE S jce ReS 22| AVPLIER

¥432 V. ,_T
L J 1=100MA, APPROX, D:]
40w v SPEAKER

C =GANGED TUNING CONDENSERS

C1=01 Uf.
cz-o.oooos ME
R4— LO MEGOHM C3=0000 Uf,
Rs= 300000 OHMS(VO(_ CONTROL) Ca=8-16 |1 [LOW VOLTAGE)
Rg= 500000 OH C5=003 [If,
R7= 50000 OH| C6=80 JIf {500 VOLT ELECTROLYTIC)
Rg— 410 omsﬁ)oo ATT) C7=005
Rg= 0000 —20 Ca= 00! lif.
L”= R=F CHOKE , 60 MILLIHENRIES Cg= 0.5 Uf
L1 =HIGH-QUALITY R~F CHOKE , 85 MILLIHENRIES T = POWER TRANSFORMER
L2— FILTER CHOKE;400 OHMS, 30 HENRIES AT 00 MA, . Tj AND T2-SEE NOTE
L3= SPEAKER FIELD, 1250 OHMS T3=OUTPUT TRANSFORMER, PRIMARY IMPEDANCE 7000 OHMS

NOTE : THE CONSTANTS OF THE R-F TRANSFORMERS Tj AND T2 WILL DEPEND UPON THE FREQUENCY RANGE AND GENERAL LAYOUT
OF THE SET. THE BLEEDER RESISTANCE VALUES WILL VARY WIDELY N INDIVIDUAL SETS; THEY SHOULD BE CHOSEN TO GIVE
THE VOLTAGES INDICATED ACROSS EACH SECTION,
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489 Pus 482 G4 Pus 9vg

S8 pUs 5§

(PLATE SUPPLY® (Volts)

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

VOLT. OUTPUT**(Peak Volts)
VOLTAGE AMPLIFICATION

(PLATE SUPPLY® (Volts)

rl,m CURRENT (Milliamp.)

SCREEN SUPPLY (Voltd)
GRID BIAS (Volts)
CATHODE, RESISTOR  (Ohms)
PLATE RESISTOR  (Megohm)
GRID RESISTOR®  (Megohm)
PLATE CURRENT (Milliamp.)

VOLT.OUTPUT ** (Peak Volts)
LVOLTAGE AMPLIFICATION

[PLATE SUPPLY® (volts)

SCREEN SUPPLY (Volts)
GRID BIAS (Volts)
CATHODE RESISTOR  (Ohams)
PLATE RESISTOR  (Negohm)
GRID RESISTOR®  (Megohbm)

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

(PLATE SUPPLY® (Volts)

SCREEN SUPPLY (volts)
GRID BIAS (Volts)
o JCATHODE RESISTOR  (Obms)
~qPLATE RESISTOR  (Megohnm)
GRID RESISTOR®  (Megohm)

VOLT.OUTPUT** (Peak Volts)

PLATE CURRENT (Nilliamp.)
Lvomcs AMPLIFICATION

100 136 180 250
-1.06 -1.06 -1.10 -1.06 =-1.06 =-1.10 -1.05 =1.10 -1.25 -1.20 -1.30 -1.30 -1.30 -1.36 -1.3E ~1.3E
10600 165400 11650 15000 8200 9150 5850 10000 4800 7100 65450 9000 3170 65200 3380 560
0.25 0.5 0.26 0.50 0.26 0.50 0.25 0.50 0.25 0.560 0.26 0.50 0.26 0.50 0.26 0.58
0.26 0.26 0.50 0.50 0.26 0.26 0.50 0.50 0.25 0.26 0.50 0.50 0.25 0.25 .0.50 0.60
0.10 0.07 0.089 0.07 0.17 0.12 0.18 0.11 0.26 0.17 0.24 0.14 0.41 0.26 0.40 0.24
11-16 10-14 15-19 14-19 17-23 17-21 20-30 18-27 26-33 24-30 32-40 30-38 33-38 28-35 36-46 35-44
30 29 36 37 42 38 50 48 48 46 56 56 51 48 59 68
100 135 180 250,
20 20 20 20 20 20 20 20 25 26 ‘25 25 50 50 60 50
-2.00 -2.60 -2.16 -2.60 -1.80 -2.26 -1.95 -2.40 -2.10 -2.80 -2.10 -2.60 -4.5 -65.0 -4.6 -5.0
5660 12200 9350 18250 3800 8300 4850 10800 3700 7600 3500 7300 5600 11400 6500 11400
0.26 0.60 0.26 0.50 0.26 0.60 0.26 0.50 0.26 0.50 0.26 0.50 0.25 0.60 0.26 0.50
0.26 0.26 0.50 0.50 0.26 0.286 0.60 0.50 0.26 0.26 0.50 0.50 0.25 0.256 0.60 0.50
0.27 0.15 0.23 0.13 0.35 0.20 0.30 0.18 0.43 0.26 0.45 0.26 0.5 0.36 0.86 0.35
28-30 25-27 36-38 32-33 38-40 32-35 48-50 42-44 650-53 45-48 65-68 64-86 656-66 55-60 656-70 66-76
35 36 47 46 36 38 S3 56 50 53 83 70 64 56 86 76
100- 135. 180 250.
-4.76 -3.76 -6.00 -5.80 -6.80 -4.75 =-7.00 -7.00 -7.60 -7.00 -7.00 =7.50 -11 ~-10 -14 -12
16800 25800 21200 46000 21200 24300 22000 42500 16300 28000 14800 31200 17600 28500 25200 38600
0.26 0.60 0.26 0.50 0.26 0.50 0.25 0.50 0.26 0.50 0.26 0.50 0.26 0.560 0.26 0.50
0.26 0.26 0.50 0.850 0.26 0.26 0.50 0.50 0.25 0.26 0.50 0.50 0.26 0.26 0.50 0.50
0.28 0.14 0.23 0.12 0.32 0.19 0.31 0.18 0.486 0.25 0.47 0.24 0.626 0,35 0.56 0.32
24-26 17-22 27-29 26-27 34736 27-30 38-42 36-40 38-40 36-38 40-44 40-45 556-60 45-55 65-76 66-70
8.1 8.0 6.6 8.2 6.1 6.1 8.5 8.3 6.4 6.4 8.7 8.5 6.4 8.3 8.7 6.8
100- 135 180 250.
20 20 20 20 26 26 26 26 30 30 30 30 52 54 50 52
-1.10 -1.26 -1.06 -1.26 -1.20 -1.35 -1.26 =-1.40 -1.25 -1.50 -1.30 =-1.55 -2 -2.2 -2.1 -2.3
3760 8450 3400 7260 3100 6600 3760 6300 2180 4560 2600 4860 3100 5700 36500 6200
0.26 0.50 0.26 0.50 0.26 0.50 0.26 0.50 0.26 0.50 0.26 0.50 0.26 0.60 0.26 0.50
0.26 0.26 0.50 0.50 0.26 0.25 0.50 0.50 0.25 0.26 0.50 0.50 0.26 0.26 0.50 0,50
0.22 0.14 0.23 0.13 0.2 0.18 0.26 0.17 0.43 0.26 0.38 0.24 0.62 0.31 0.48 0,295
16-23 17-22 16-29 18-28 21-32 27-31 29-37 34-38 31-43 36-41 36-52 45-62 60-60 50-56 60-70 60-70
40 39 54 63 54 52 [ 62 76 85 92 93 80 76 100 110

®©Voltage at plate will be PLATE SUPPLY voltage wminus voltage drop in plate

® For the following amplifier tube.

The tabulated values illustrate design

resistor caused

practice.

by plate current,

For any particular set of conditions, however, the grid
resistor for the following amplifier tube should conform to the recommendations given on the DATA page of the type involved.

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

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

ing tube is assumed.

4 0.1 microfarad condenser is usnally adequate to insure good low-frequency response.

Value to left is maximum undis—
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Tuae RCA Rabpiotron—CunNINGHAM Rabpio Tuse ManNuaL

ADDITIONAL TUBE TYPES
Supplementing those given on pages 30 to 132.

The *00-A is a three-electrode detector tube of the gas-filled type for use in storage-
batcery-operated receivers. As a grid-leak detector, this tube is especially effective on
weak signals. See RADIO TUBE CHART for operating conditions.

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

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

The RCA Radiotron UX-874, or the Cunningham CX-374, is a voltage-regulator
tube designed to maintain constant d-c output voltage from rectifier devices for
different values of d-c load current. In such devices, the 874, or 374, maintains an
approximately constant d-c voltage of 90 volts across its terminals for any current
from 10 to 50 milliamperes. This tube consists of two electrodes (a cathode and an
anode) in a gas-filled bulb. It requires 125 volts for starting and shows a pronounced
glow in operation. This type has an S-17 bulb (see page 151) and a2 medium 4-pin
base. Socket connections with reference to Fig. 1 of RADIO TUBE CHART are as
follows: Pin No. 1—Anode (+); Pin No. 2—Connected within base to Pin No. 4;
Pin No. 3—Cathode (—); Pin No. 4—See Pin No. 2.

The RCA Radiotron UV-876, or the Cunningham C-376, is a current regulator
designed for use in series with the primary of a power transformer to absorb the
voltage variations normal to a-c power lines. The operating current of this tube is
1.7 amperes for a voltage range of 40 to 60 volts drop in the tube.

The RCA Radiotron UV-886, or the Cunningham C-386, is similar to the
UV-876 and C-376. The operating current of this tube is 2.05 amperes for a volcage
range of 40—60 volts drop in the tube.

The RCA-868 is a sensitive phototube of the gaseous type. It is particularly well
adapted for use with sound-moving pictures and for experiments wich light because
of its excellent response to incandescent lamp sources of light. See RADIO TUBE
CHART for characteristics.

THE NEW TUBE-NUMBERING SYSTEM

Type numbers for new ctubes are now being assigned in accordance with the new
system adopted in the early parc of 1933 by the Radio Manufacturers Association. A
new system was required because practically all of the available ewo and three digitc
numbers had been utilized.

The new system, which provides for future expansion of tube types, ordinarily
requires only three symbols to identify a tube. These symbols are arranged with a
numeral first, then a letter, and finally, a numeral. An example of the new type
designation is the 2A5.

New type numbers are formed according to the following simple rules. The
first numeral indicates the filament voltage in steps of one volt. For instance, 1 is
used for voltages below 2.1; 2 is used for voltages between 2.1 and 2.9 inclusive;
3 for voltages between 3.0 and 3.9, inclusive; et cetera. The digit 1, racher than the
digit 2, is used for the 2.0-volt types in order to separate the 2.0- and 2.5-volt tubes.
Thus, the 2.0-vole 1.A6, and the 2.5-volt 2A5.

The lecter is used to distinguish the tube type and is assigned, starting with A, in
alphabetical sequence. In the case of rectifiers, however, the assignment is made,
starting with Z, in reverse sequence.

The final numeral indicates the number of useful elements brought out to terminals.
Thus, the 2AS has five such elements; a heater, a cathode, two grids, and a plate.

While these rules assist to some extent in classifying tubes by filament voltage and
function, the significance of the individual symbols will in most cases be inadequate
to idencify the specific features of a tube.
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Radio Tube Chart«——RCA Radiotron-

DIMENSIONS RATING
SOCKET | MAXIMUM ATHO! FILAMENT 0B
TYPE NAME BASE CONNEC- OVERALL c‘I’YPE DE HEATER PLATE | SCREEN
n
EN
TIONS u ;:'m YR TS
DIAMETER VOLTS | AMPERES | VOLTS | VOLTS
PENTAGRID
RCA-1A6 chENTAGRID, smaccepiN | Fa.s | 4l x 1" | pfiinr | 2.0 | 0.06 | 180 [67.5
POWER AMPLIFIER
RCA-2A3 oy MEDIUM 4-PIN | FIG. 1 537 x 245" | rament | 2.5 | 2.5 250 | —
RCA-2A5 | POWER AMPLIFIER | wenwm epin | Fio.1sa | 433” x 143" | weaten | 2.5 | 1.75 | 250 | 250
DUPLEX-DIODE
RCA-2A6 HIGH-MU TRIODE | SMALL &-PIN FIG. 13 4" z 18%" | Heater 2.5 | 0.8 250 | —
PENTAGRID
RCA-2A7 CONVERTER O SMALL 7-PIN FIG. 20 411" x 1%" | weaten 2.5 | 0.8 250 | 100
RCA-2B7 DUPLEYEDEDE | smawcren | mo.zn | 4217 x 1%” | Wearer | 2.5 | 0.8 | 250 | 125
RCA-6A4 POWER AMPLIFIER
aleo LA PENTODE MEDIUM 6-PIN | FIG. 8 447 x 113" | rament | 6.3 | 0.3 | 180 | 180
PENTAGRID
RCA-6A7 CONVERTER © SMALL 7-PIN FIG. 20 442" x 1%" | Heater 6.3 | 0.3 250 | 100
RCA-6B7 OUPLEX-DIODE | smare7piN | FG. 21 | 433” x 1%” | weaten | 6.3 | 0.3 | 250 | 125
100 | —
RCA-6F7 L SMALL7-PIN | FIG.2r | 4327 x 1% | HEATER | 6.3 | 0.3
250 | 100
UX- 200-A DETECToR mEDIUM o-PIN | PG 1 | alk” x 1327 | Bl ] sio [ o.s [ 4s | —
DETECTOR x
RCA- 01-A DETECTORK MEDIUM ¢-PIN | FIG. 1 4B x 17 | pfienr | 50 [ o025 |13 | —
RCA- 10 | POWER AMPLIFIER | meowm «PIN | FIG.1 [ 55° x 2" |Fament | 7.5 | 1.25 | 425 | —
aGrids #3 and #5 are screen. Grid # 4 is signal-input control-grid.
Y For Grid-leak Detection—plate volts 45, grid return to + filament or to cathode.
“WD- 11 DETECTORA WD 4-PIN fa. 12 | 43" x 1%” bc )
WX- 12 AMPLIFIER MEDIUM 4-PIN | FIG. 1 4‘}’_%'/ * 11_%& FILAMENT | 1.1 ] 0.25 | 135 [ —
DETECTOR#
- B D-
UX -112-A Arg'l.&g:m MEDIUM 4-PIN | FIG. 1 47 x 13 ,,u,fmf 5.0 | 0.25 | 180 | -—
TWIN X
RCA- 19 AMPUIN R smaLePn | Fa.2s | 47 x 1% | e DGy | 2.0 | 0.26 | 135 | —
POWER AMPLIFIER
UX -120 TRIODE SMALL 4-PIN |  FIG. 1 437 x 1% | alear | 3.3 | oas2] 135 | —
R-F_AMPLIFIER
RCA- 22 ML meowm e | FiG. 4 | st x 1187 | gDy | 3.3 | 0.132] 135 | er.s
RCA- 24-A[ PR-FAMPLIMER | meowmsein [ Fa.s | 5" x 113Y | weatern | 2.5 | 175 | 275 | 90
RCA- 26 AMPLIFIER MEDIUM 4-PIN | FiG.1 | 412¥ x 1137 | FLament | 1.5 | 1.05 | 180 | —
DETECTOR¥
RCA- 27 AMPLIFIER MEDIUM 5-PIN FIG. 1w 13 . J—
MPLIFIE G.8 | 411" x 112 HEATER | 2.5 | 1.75 | 275
DETECTOR#
- 1w 9 D-C
RCA- 30 AMPLIFIER SMALL 4-PIN FIG. 1 44" x1%" | famenr | 2:0 | 0.06 | 180 | —
RCA- 31 POWER AMPLIFIER | smaALL 4-PIN | FIG.1 4 x 1% | poivenr | 2.0 | 013 | 180 | —
RCA- 32 R-F AMPLIFIER | meDIUM 4PN | FIG. 4 sir” x 12" | pfhenr | 2-0 | 0.06 | 180 | 67.5
RCA- 33 | POWER AMPLIFIER | mepumspin [ Fiae | 413" x 13" | pBnr | 2.0 | 0.26 [ 135 | 135
SUPER-CONTROL v . 130 DC
RCA- 34 arampirien | meowmepin [ RG.aa | st x 113 | e | 2.0 | 006 | 180 {675
SUPER-CONTROL L ”
RCA- 35 A-f AMPLIFIER | MEDIUM S-PIN | FIG. 0 S#r” x 113 HEATER 2.5 | 1.75 | 275 90

Y For Grid-leak Detection—plate volts 45, grid return to + filament or to cathode.

B Either A.C.or D.

C. may be used on filament or heater, except as specifically noted. For use

of D. C. on A-C filament types, decrease stated grid volts by !5 (approx.) of filament voltage.
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Cunningham-—~Radio Tube Chart

U,
USE PLATE A-c M%N-A | vour- Lr%k: POWER
. SCREEN [PLATE | PLATE AGE
Values te right give | SUP- | GRID |SCREEN] MILLI- |MILLI- | RES puc- AMPLL STATED | OUT- TYPE
ating conditions . - | BESIS- | yance "
over > PLY |VOLTSm| VOLTS POWER | PUT
and characteristies for AMP. | AMP. | TANCE FICATION
Indicated typical use |VOLTS OHMS MICRO- FACTOR OUTPUT | WATTS
MHOS OHMS
-3.0 Anode-Grid ( %2) 135 Max. Volts, 2.3 Ma.
CONVERTER 180 min. 67.5 2.4 1.3 [ 500000 |Oscillator Grid( # 1) Resistor, 500000hms. | C-1A6
Conversion Conductance, 300 Micromhos.
CLASS A AMPLIFIER | 250 | —45 — | — Je0.0 300 5250 4.2 2500 3.5
PUSH-PULL 300 -62 Self-bias 40.0 |Power Qutput is for 2 tubes at | 5000 10.0 C-2A3
AMPLIFIER 300 | -62 Fixed-bias 40.0 | stated load, plate-to-plate 3000 | 15.0
CLAsS A AMPLIFIER | 250 [ —16.5 250 6.5 [34.0 [ 100000 2200 220 7000 3.0 C-2A5
TRIODE UNIT AS — — | — i = 50 .
CLASS A AMPLIFIER 250 @ 1.35 0.4 Gain per stage = 50-60 C-2A6
Anode Grid ( # 2) 200 Max. Volts, 4.0 Ma.
CONVERTER 250 | - 3.0 100 2.2 3.5 | 360000 |Oscillator Grid( # 1) Resistor, 50000 Ohme. | C-2A7
Conversion Conductance, 520 Micromhos.

PENTODE UNIT As | 100 [ — 3.0 100 1.7 5.8 | 300000 950 285
RF AMPLINIER 250 | — 3.0 125 2.3 9.0 | 650000 1125 230 | 7 | = |eop7

P e e | 250k| - 4.5 so | — | o.65 — | — | — | —

00 | - 6.5 100 1.6 9.0 83250 1200 100 | 11000 0.31 | C-6A4

CLASS AAMPLIFIER | 180 | —12,0 | 180 | 3.9 |22.0 [ 45500| 2200 100 | 8000 | 1.40 | atoza

‘Anode Grid ( ¥ 2) 200 Max. Volts, 4.0 Ma.
CONVERTER 250 - 3.0 100 2.2 3.5 | 360000 |Oscillator Grid ( # 1) Resistor, 500000hms. | C-6A7
Conversion Conductance, 520 Micromhos.

PENTODE UNIT AS | 100 [ — 3.0 100 1.7 5.8 | 300000 950 285
RF AMPLIFIER 250 | — 3.0 125 2.3 9.0 | 650000 1125 730 ¢-687

P = | 250k — 4.5 so | — |o.6s — | — [ — | —

TRIODE UNIT AS | —
AMPLIFIER 100 |- 3. — 3.5 17800 450 8
PEN'AT’E)‘?EEK_J"NTAS 250 - 3.0 100 1.5 6.5 35‘:0):021 - no‘l: - 9007 y — — C -6F7
r r aK VO - /.0,
PENTODE UNITAS 1 250 | —10.0 | 100 | 0.6 | 2.8 e e onductance. = 300 hos.
GRID LEAK Grid Return to — — 00.
GRID X 45 (=) Filament 1.5 30000 666 20 CX-300-A
90 | -45| — [ — 2.5 11000 725 8.0 N A A
CLASS A AMPUIFIER | (30 | Z g7p 3.0 | 10000 800 | 8.0 C-0iA
350 | —31.0] __ | — [16.0 5150 1550 8.0 11000 0.9 N
CLASS A AMPLIFIER | 295 | _39.0 18.0 sooo| 1600 | 8.0 [ 1020 | 1.6 |C-10
»«Applied through plate coupling resistor of 200000 ohms.
x Applied through plate coupling resistor of 250000 ochms.
90 - 4.5 . 2.5 15500 425 6.6 cC-1
CLASS A AMPLIFIER | 135 | _10.5 3.0 | 15000 440 | 6.6 cX- 12
90 | — 4.5 5.0 5400 1575 8.5

CLASS A AMPLIFIER | 199 | 1315 7.7 | ar00| 1800 | 85 CX-112-A
135 0 Power output value is for one tube 10000 | 2.1

CLASS B AMPLIFIER | 135 | — 3.0 at stated load, plate-to-plate. 10000 | 1.9 C-19
90 [ -16.5 3.0 8000 415 3.3 9600 | 0.04s

CLASS A AMPLIFIER | 435 | _22.5 6.5 6300 s25 | 3.3 6500 | o.110 | CX-220
SCREEN GRID 135 | - 1.5 45 0.6* | 1.7 | 725000 375 270 _ c.-22
R-F AMPLIFIER 135 | —1.5 | 67.5 1.3* | 3.7 | 325000 500 160 — -
SCREEN CRID 180 | - 3.0 90 1.7° | 4.0 | 400000 1000 400 _

R-F AMPLIFIER 250 | — 3.0 90 1.7° | 4.0 | 600000 1050 630 ¢ - 244
—~ 5.0 [ 20to Plate current to be adjusted to 0.1 milliampere s
BIAS DETECTOR 275@ | approx. 45 with no signal.
% |- 7.0 2.9 8900 935 8.3
CLASS A AMPLIFIER | 10 | —14.5 6.2 7300 | 1150 | 8.3 — |¢-26
13 | —-9.0 | __ | — 4.5 9000 1000 9.0 _
CLASS A AMPLIFIER | 250 | —21.0 5.2 9250 975 9.0 ¢-27
BIAS DETECTOR 250 —30.0 Plate current to‘l;?l;dg\;s:izd ;: 0.2 milliampere
90 | — 4.5 2.5 11000 850 9.3
CLASS A AMPLIFIER | 135 - 9.0 _— _— 3.0 10300 900 9.3 e R ¢ - 30
180 | —13.5 3.1 10300 900 9.3
135 | —22.5 8.0 4100 925 3.8 7000 [ 0.185

CLASS A AMPLIFIER | 130 | —30.0 12.3 3600 | 1050 | 3.8 s700 [ o375 [ C -3
SCREEN GRID 135 | — 3.0 { 67.5 0.4° | 1.7 | 950000 640 610 _

R-F AMPLIFIER 180 | - 3.0 | 67.5 0.4* | 1.7 |1200000 650 780 ¢-3
- 6.0 67.5 Plate current to be adjusted to 0.2 milliampere -
BIAS DETECTOR 180y approx. with no signal.

CLASS A AMPLIFIER | 135 | —13.5 135 3.0 |14.5 50000 1450 70 7000 0.7 Cc-33
SCREEN CRID 135 [(- 3.0)| 67.5 1.0 2.8 | 600000 600 360 c-34
R-F AMPLIFIER 180 min. 67.5 1.0 2.8 1000000 620 620 -
SCREEN CRID 180 {— 3.0} 90 2.5* | 6.3 | 300000 1020 305 ¢-35
R¥ AMPLIFIER 250 min. 90 2.5* | 6.5 | 400000 1050 420 -

@ Applied through plate coupling resistor of 250000 ohms or 500-henry choke shunted by 0.25 megohm resistor.
WApplied through plate coupling resistor of 100000 ochms.

*Maximum.
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Radio Tube Chart (Continued)<-RCA Radiotron-

DIMENSIONS RATING
SOCKET MAXIMUM CATHODE | FLamest or
TYPE NAME BASE CONNEC- OVERALL TYPEm HEATER PLATE | SCREEN
TIONS meru x| wx
DIAMETER vouts | ampERes | veuts | voLts
RCA- 36 Lad.L IO SMALL &-PIN FIG. 9 433" x 1%" | HEATER 6.3] 0.3 250 90
ETECTOR
RCA- 37 Dmrun:: SMALL 5-PIN FIG. 8 417 x1%" HEATER 6.3| 0.3 250 | —
TRIODE
RCA- 38 | POWERAMPLIFIER | suaiispin [ FIG.9A | 4327 x 15" | HEATER 6.3] 0.3 | 250 | 250
ER-CONTROL
RCA-39-44 s#-: AMPLIFIER SMALL 5-PIN FIG. 5A 4337 x 15%" HEATER 6.3 0.3 250 90
PENTODE
VOLTAGE "
UX -240 AMPLIFIER meowm apN | Rt | 413 x 113 | pBEar | s.o o2s | 180 | —
RCA- 41 POWER AMPLIFIER [ sMALL e-PIN FIG. 1A | 41" x 1%”| HeaTer 6.3| 0.4 250 | 250
RCA- 42 | POWERAMELIFIER [ mepiumepiv| FiG.15A | 4117 x 113" | HEaTER 6.3] 0.7 | 250 [ 250
RCA- 43 | POWER AMBLIFIER | mepiwm e-piN|  FIG.15A | 4117 x 1327 | MeEaTER | 25.0f 0.3 | 135 | 135
ER AMPLIFIER _
RCA- 45 | POWER AMmL meDium opiN | FIG.1 | 4B x 1327| Peament | 25| 1.5 | 275
256 | —
DUAL-GRID s v
RCA- 46 POWERLGRID £R | MEDIUM SPIN | FIG.7 5" x 25" | muament | 25| 1.75 0
RCA- 47 | POWERAMPLIFIER | meowmsein| Fic.6 | 557 x 23" | mament | 2.5) 1.75 | 250 | 250
ER_AMPLIFIER D-C
RCA- 48 POWER ALt MEDIUM 6-PIN |  FIG. 15 53" x 28" | meater | 30.0] 0.4 125 | 100
*For Grid-leak Detection—plate volts 45, grid return to + filament or to cathode.
135 | —
DUAL-GRID D-C
RCA- 49 POWER AMPLIFIER | MEDIUM 6PIN [  FIG. 7 a7 x 112" | puament | 2.0 0.120 180 | —
UX -950 | POWERAMPLIFIER | meowm a-piN| FiG.1 | 617 x 2117 | ruament | 7.5 1.25 | 450 | —
RCA- 53 TWMEIMODE  ImeDium 7-PiNe|  Fic.2¢ | 4317 x 113" |  meater 2.5 2.0 300 | —
RCA- 55 DUPLEXDIODE | sMALL&PIN | FIG.13 | 4117 5 187 | weater | 2.5 1.0 | 250 | —
RCA- 56 S RMPLIFIER SMALL 5-PIN FIG. 8 17 o v
- AMPLIFIER 2 a7 x 1% HEATER 2.5] 1.0 250 | —
RCA- 57 TAMPLIFIER SMALL 6PIN | FIG. 11 13v LY 2.5] 1.0
: DETECTOR d 418" x 175 HEATER . . 250 | 100
TRIPLE-GRID
RCA- 58 SUPER-CONTROL | SMALL 6-PIN FIG. 11 413" x 17%"| HEATER 2.5] 1.0 250 | 100
AMPLIFIER
250 | —
RCA- 59 | powenieaMiDen | MEDIUM 7PN PG 18 | 53” x 27%”| mHeater | 2.5 2.0 | 250 | 250
400 | —
RCA- 71-A| POWERAMELIFIER | mepium apiN|  FiG. 1 41”7 x 11" | mament | 5.0l o.25| 180 | —
RCA- 75 HOURLEX-DIODE. | sMaLL oI FIG. 13 413" x 1%"| Heater 6.3 0.3 250 | —
TRIPLE-GRID
RCA- 77 AMPLIFIER SMALL 6-PIN FIG. 11 443" x 1%" | HEATER 6.3] 0.3 250 | 100
RCA- 78 smsféﬁ“’m SMALL 6-PIN FIG. 11 4127 x 15%”
- PER-CONTR . B ox 5% HEATER 6.3] 0.3 250 | 128
*For Grid-leak Detection—plate volts 45, grid return to + filament or to cathode.
mEither A. C. or D. C. may be used on filament or heater, except as specifically noted. For use
of D. C. on A-C filament types, decrease stated grid volts by 15 (approx.) o{ filament voltage.
# Requires different socket from small 7-pin.
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Cunningham—Radio Tube Chart (Continued)

MUTUAL LOAD
A-C l VOLT-
USE -
o e | TEATE SCREEN |PLATE| PLATE | SON- | ‘g | FOR |POWER
Valus 1o cisnt ave| SUP- | GRID [SCREEN"\L Il g | DU | Lpn ISTATED] OUT- | e
o e rten o | PLY | VOLTSm| VOLTS TANCE POWER | PUT
and characterlstics AMP. | AMP. | TANCE FICATION
indicated tywca wso. | VOLTS oHMs | MICRO- L g [OUTPUT | WATTS
MHOS OHMS
100 | - 15 ss | — | 1.8 | sso000 850 | 470
AR RID 180 | - 3.0 90 | — | 3.1 | 500000 1050 525 _— —
250 | — 3.0 90 | 1.7* [3:2 | 5s0000 | 1080 | 595 c-36
1000 | — 5.0 55 Plate current to be adjusted to-0.1 milliampere
BIAS DETECTOR 2500 | — 8.0 90 with no signal.
9% | - 6.0 2.5 | 11500 80 [ 9.2
cuass A ampLiFier | 180 | —13.s | — | — | 4.3 | 10200 90 | 9.2 |— | — ]
250 | —18.0 7.5 8400 | 1100 | 9.2 ¢ -37
90 —10.0 - . Plate current to be adjusted to 0.2 milliampere
BIAS DETECTOR 250 —28.0 with no signal.
100 | — 9.0 | 100 | 1.2 | 7.0 | 140000 815 | 120 ] 15000 | 0.27
CLASS A AMPLIFIER | 180 | —18.0 | 180 | 2.4 [14.0 ] 110000 | 1050 | 120 |11600 | 1.06 | ¢ - 38
250 | —25.0 | 250 | 3.8 |22.0 | 100000 | 1200 | 120 |10000 | 2.50
SREEN GRID 90 3.0 90 | 1.6 | 5.6 | 375000 960 | 360 c
180 { = 3. } 90 | 1.4 |58 |7s0000 | 1000 | 750 | — | — -39-44
RF AMPLIFIER | 359 || min. 90 | 1.4 | 5.8 [1000000 | 1050 | 1050
135% | — 1.5 0.2 | 150000 200 30 ]
CLASS A AMPLIFIER | g5, | — 3.0 0.2 | 150000 200 30 CX-340
100 | — 7.0 | 100 | 1.6 | 9.0 | 103500 | 1450 | 150 | 12000 | 0.33
Class A AMPLIFIER | 180 | —13.5 | 180 | 3.0 [18.5 | 81000 | 1850 | 150 9000 | 1.50 { ¢ - 41
250 | —18.0 | 250 | 5.5 |32.0 | esooo | 2200 | 150 7600 | 3.4c
CLASS A AMPLIFIER | 250 | —16.5 | 250 | 6.5 |34.0 | 100000 | 2200 | 220 7000 | 3.00 | € - 42
100 | —15.0 | 100 | 4.0 |20.0 | 45000 | 2000 90 4500 | 0.0
CLASSAAMPLIFIER | 135 | —20.0 | 135 | 7.0 [34:0 | 35000 | 2300 80 4000 | 2000 { ©- 48
180 | —31.5 | 180 31.0 1650 | 2125 | 3.5 2700 | 0.82
CLASS A AMPLIFIER | 250 | —50.0 | 250 | — [34.0 1600. | 2175 | 3.5 3900 | 1.60. | C - 45
275 | —s6.0 | 275 36.0 1700 | 2050 | 3.5 4600 | 2.00'.
CLASS AAMPLIFIERG| 250 | —33.0 | — | — [22.0 2380 | 2350 | 5.6 6400 | 1.5
300 0 Power output values are for 2 tubes 5200 16.0 c-48
CLASSBAMPLIFIER @ [ 0 at indicated plate-to-plate load. 5800 | 20.0
CLASS A AMPLIFIER | 250 | —16.5 250 6.0 [31.0 60000 2500 150 7000 2.7 C-47
95 | —20.0 95 | 9.0 [47.0 | 10000 | 2800 28 2000 | 1.6
CLASS A AMPLIFIER | 195 | —22.5. | 100 | 9.0 |[s0.0 | 10000 | 2800 28 2000 | 25 | € -48
® Applied through plate coupling resistor of 250000 ohms or 500-henry choke shunted by 0.25 megohr resistor.
w Applied through plate coupling resistor of 250000 ohms. 9 Two grids tied together. *Maximum,
CLasS A AMPLIFIERD] 135 | —20.0 | — | —— [ s.7 | 4000 | 1125 | 4.5 |11000 | 0.17 ¢ -9
Power output values are for 2 tubes L]
CLASSB AMPLIFIER ¢ | 180 [ — | = | stindicated plate-topiate load. 12000 | 3.5
300 | —54.0 35.0 2000 | 1900 | 3.8 4600 | 1.6
cLass A AMPLIFIER | 400 | =700 [ — | —  [ss.0 1800 | 2100 | 3.8 3670 | 3.4 €X-350
450 | —84.0 55.0 1800 | 2100 | 3.8 4350 | 4.6
250 [ Power output value is for one tube 800) 8.0
CLASS B AMPLIFIER | 399 0 — at stated load, plate-to-plate. | 100c0 ] 10.0 c-53
e ouras | 135 [ -103 3.7 | 11000 083 3500 [0.078 c - 55
180 [-135 [— | — 6.0 8500 97! 8.3 [2000 |o.160 .
CLASS A AMPLIFIER | 259 | —20.0 8.0 7500 | 1100 | 8.3 |20000 | 0.350
CLASS AAMPLIFIER | 250 | —13.5 | — | —— [5.0 9500 | 1450 |13.8 | ——
BIAS DETECTOR | 250 | —20.0 Plate current to &g{:d::s:ied“;? 0.2 miliampere C -56
SCREEN CRID exceeds xceeds
RF AMPLIFIER | 250 | — 3.0 | 100 [ 0.5 ]2.0 [y75'ee | 1225 [")s500 I ¢-57
[Cathode current Plate coupling resistor 250000 ohms. -
BIAS DETECTOR 250 - 3.9 100 0.97 ma. Grid coupling resistor 250000 ohms**.
SReENcRD | 2s0 [{ 530 ] 100 | 2.0 |s.2 |soo000 | 1600 I 1280 I — l—¢.5s
SWE&AAETEER%YNE 250 | —10.0 100 | — |— Oscillator peak volts = 7.0,
S TRIDE Y e | 250 | —28.0 | — [ —  [26.0 2400 | 2600 | 6.0 so0 | 1.25
LA ENTODE Mee | 250 | ~18.0 | 250 | 9.0 |35.0 | 40000 | 2500 | 100 6000 | 3.00 | € - 59
AS TRIODE @ 300 0 Power output values are for 2 tubes 4600 15.0
CLASS B AMPLIFIER | 400 0 at indicated plate-to-plate load. 6000 20.0
90 | —19.0 10.0 2170 | 1400 | 3.0 3000 | 0.125
CLASS A AMPLIFIER | 159 | _43.0 20.0 1750 | 1700 | 3.0 4800 | o.700] € - 71-A
R T A | 2sox| —1.3s [ — | — | 0.4 . | — | Gainyperstege = 5060 | € - 75
[ ScREEN CRID | =3 5.4 | 1.7 650000 | 1100 | 715 ]__
_RFAMPLIFIER | 250 | — 3.0 | 100 | 0.6 | 2.3 |1sooo00 [ 1250 | 1500 l c-7
Cathode current * | Plate coupling resistor 250000. ohms. -
BIASDETECTOR | 250 | — 1.95 [ 50 0.65 ma. Grid coupling resistor 250000 ohms*®,
90 " 90 | 1.5 [ 5.4 | 315000 | 1275 | 400
SCREEN GRID 180 [(— 3.0 75 | 1.0 | 4.0 |1000000 | 1100 |1100 _ c-78
RFAMPLIFIER | 250 || min. 100 | 2.0 | 7.0 | 800000 | 1450 |1160
250 125 | 3.0 [10.3 ] 600000 | 1650 | 990

®*®Grid #1 is control grid. Grid #2 isscreen. Grid #3 tied to cathode. #Two grids tied together.
9Grid #1 is control grid. Grids #2 and % 3 tied to plate. X Applied through plate coupling resistor of 250000 ohms.
@Grids #1 and # 2 connected together. Grid # 3 tied to plate.  **For grid of followng tube.
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Radio Tube Chart (Continued)~-RCA Radiotron-

DIMENSIONS RATING
SOCKET MAXIMUM CATHODE | FILAMENT on
TYPE NAME BASE CONNEC- OVERALL TYPE HEATER PLATE | SCREEN
I []
TIONS "E"f“' MAX. | MAX.
DIAMETER VOLTS | AMPERES | voLts | veLrs
RCA- 79 LT ORE SMALL 6-PIN FIG. 19 4327 x 1% HEATER 6.3 0.6 250 | —
RCA- 85 DUPLEX-DIODE | sMALL &-PIN [ FIG.13 | 433" x 1.%”| HeATER | 6.3] 0.3 | 250 | —
TRIPLE-GRID
RCA- 89 POWER AMPLIFIER | SMALLE-PIN [ FIG.14 | 412" x 1%"|  HEATER 6.3 0.4 250 | 250
uv -199 DETECTOR SMALL &-NUB |  FIG. 10 33" x 176" D-C
UX -199 A RLnE SMALL 4-PIN FIG. 1 Py T ,g” FILAMENT|  3.3| 0.063 90| —
RCA-864 AMPLIFIER smaL 4PN | FiGt | 4" x| g BeEar| 1 ouzs | 13s | —
*For Grid-leak Detection—plate volts 45, grid return to + filament or to cathode.
sEither A. C. or D. C. may be used on filament or heater, except as specifically noted. For use
of D. C. on A-C filament types, decrease stated grid volts by 15 (approx.) of filament voltage.
RECTIFIERS
RCA-523 FULLWavE MEDIUM 4-PIN |  FIG. 2 537 x 2%" | Fament | s.0| 3.0 — | —
RCA-1223 e SMALL 4-PIN FIG. 22 417 x 1% HEATER | 12.6| 0.3 — | —
RCA-2525 R aLen SMALL 6-PIN FIG. 5 41" x1%" | meaten | 25.0| 0.3 — | —
RCA-1-v° RALT-WAVE SMALL 4-PIN FIG. 22 43" x1%"| HEATER 6.3| 0.3 — ! —
F "
RCA- 80 LWAVE MEDIUM 4-PIN [  FIG. 2 43" x 11" Pument [ s.0| 2.0 — | —
ux -981 e MEDIUM 4PIN |  FIG. 3 61" x 2%" | mament | 7.s| 1.2 | — | —
RCA- 82 REGNE> | meowmapn | Fa.2 aH” x 17| fuament | 25| 3.0 — | —
RCA- 83 'R"E%,‘r;fz"n" ‘MEDIUM 4-PIN |  FIG. 2 53" x 29%" | FuAmenT | 5.0 3.0 — | —
- LL-
Rﬁ'lo ‘24 Tirave SMALL 5-PIN FIG. 23 41" x1%" | Heater 6.3 0.5 — | —
ALF -\
RCA-866 HATWANE> [ MEDIUM 4-PIN s:Sﬁ:B 63" x 27%" | Fuament [ 2.5) so | — | —
» Mercury Vapor Type. ° Interchangeable with type 1.
B Plate connection made to top cap of tube.
PHOTOTUBES
. Note: Pins No.1and No.3—No Con-
RCA-868 PHOTOTUBE SMALL 4-PIN | FIG.1 4" x 1% nections, Pin No. 2—Anode (+),
Pin No. 4—Cathode (—).
INDEX OF TYPES BY USE AND BY CATHODE VOLTAGE
CATHODE VOLTAGE AMPLIFIERS
ATwoD POWER AMPUIFIERS Incluting Dopien Dt Topes CONVERTERS IN SUPERHETERODYNES
1.0 —— 11, 12, 864 —
1.5 — 26 —
2.0 19, 31, 33,49 30, 32, 34 1A6
2A3, 2A%, 45, 46, 2A6, 2B7, 24-A, 27, 35, 55, 56,
25 47,53, 59 57, 58 2A7
33 ‘20 22, '99 J—
5.0 112-A, 71-A 01-A, '40, 112-A —
6.3 6A4, 38, 41, 42, 74 89 6B7, 6F7, 36, 37, 3944, 75, 77, 73, 85 6A7, 6F7
7.5 10, '50 —
12.6 —
25.0 43 —
30.0 48 J—
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Cunningham—Radio Tube Chart (Continued)

MUTUAL LOAD
o LT-
UsE A .| Yo
van PLATE SCREEN|PLATE | PLATE | SON- | age [ FOR |POWER
alues to right give| .SUP- | GRID [SCREEN puc- STATED| OUT-
oersiog sonditons | ‘pry | voLTs | vouTs | MIEl- (MILLI- | RESIS- | o yce | AMPLL- Foowen | pur | TVPE
and characteristics for AMP. | AMP. | TANCE FICATION
Indicated typical use | VOLTS OHMS MICRO- FACTOR OUTPUT | WATTS
MHOS OHMS
180 0 Power output value is for one tube 7000 5.8
CLASS B AMPLIFIER | 559 0 at stated load, plate-to-plate. 14000 | 8o | € -7
135 -10.5 3.7 11000 750 8.3 25000 0.075
TRIRE A [ 180 [ -135 | — | — | 6.0 8500 975 8.3 20000 | 0.160 [ ¢ - 85
250 —20.0 8.0 7500 1100 8.3 20000 0.350
160 —20.0 17.0 3300 1425 4.7 7000 0.300
S TRIODE Yer | 180 [ 225 | — | — |20.0 3000 | 1550 | 4.7 6500 | 0.400
250 —=31.0 32.0 2600 1800 4.7 5500 0.900
100 -10.0 100 1.6 9.5 104000 1200 125 10700 0.33
LS, PENTODE "Ex | 180 [ —18.0 180 | 3.0 [20.0 [ 80000 | 1550 | 125 8000 | 1.50 | € -89
250 —25.0 250 5.5 32.0 70000 1800 125 6750 3.40
AS TRIODE @ 180 ° Power output values are for 2 tubes 13600 2.50
CLASS B AMPLIFIER - " operating at indicf»d plate-to-plate load. 9400 3.50
CLASS A AMPLIFIER 90 — 4.5 —_— — 2.5 15500 425 6.6 — - gx:gg
90 | — 4.5 2.9 13500 610 8.2 —
CLASS AAMPLIFIER | 135 | _ 9.0 3.5 | 12700 | 645 | 8.2 ¢ -864
®®Grid #1 is control grid. Grid #2 is screen. Grid #3 tied to cathode
9Grid #1 is control grid. Grids %2 and # 3 tied to plate,
@Grids #1 and % 2 connected together. Grid #3 tied to plate.
RECTIFIERS
Maximum A-C Voltage per Plate. 500 Volts, RMS ¢ 523
Mazximum D-C Output Current. 250 Milliamperes
Maxlmum A-C Voltage per Plat 50 Volts, RMS c-1223
D-C Output Current. 60 Milli.
Mnxxmum A-C Voltage per Plate . 125 Volts, RMS c-2525
D-C Output Current 100 Milliampe
Max:mum A-C Voltage per Plate...... 350 Volu, RMS C-Iv°
D-C Output Current 50 M
A-C Voltage per Plate (Volts RMS).. 350 400 550 The 550 volt rating applies to filter circuits having an c - 80
D-C Output Current (Maximum MA.) 125 110 135 input choke of at least 20 henries.
Max!mum A-C Plate Voltage. ..700 Volts, RMS CX-381
D-C Output Curren! 85 Milliamp i
Maximum A-C Voltage per Plate. Max:mum Peak Inverse Voltage. c-82
Maxlmum D-C Output Curren Peak Plate Current
Maxlmum Peak Inverse Voltage. ¢ .83
Maximum Peak Plate Current
Maxlmum A-C Voltage per Plate... ..225 Volts, RMS ! cC-8
D-C Output Current 50 Milliamp. ; also 6Z4
Mnxnmum Peak Inverse Voltage. .7500 Volts ; C -866
Maximum Peak Plate Current... 0.6 Ampere ! (CX-366)
PHOTOTUBES
Max. Anode Supply Voltage, 90 Volts. Max. Anode Current, 20 Microamperes.
Static Senasitivity, 55 Microamperes per Lumen. C -868
Dynamic Sensitivity, 50 and 48 Microamperes per Lumen at 1000 and 5000 Cycles per second, respectively.
INDEX OF TYPES BY USE AND BY CATHODE VOLTAGE
DETECTORS MIXER TUBES IN SUPERHETERODYNES RECTIFIERS “v'o':':‘
11, 12, 864 — f— Il
— - 1.5
30, 32 1A6, 34 — 20
2A6, 2B7, 24-A, 27,
55, 56, 57 2A7, 35, 58 82,866(C-366) 25
‘99 — — 3.3
00-A; 01-A, *40, 112-A 523, 80, 83 5.0
6B7, 6F7, 36, 37, 75, 77, 85 _ 6A7, 6F7, 3944, 78 1-v, 84 6.3
_ '81 7.5
1223 12.6
p— 2325 25.0
— — 30.0
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Tube Symbols and Bottom Views of Socket Connections

N2d-METAL TOP CAP
Fi1G.1l FIG.19 F1G.26

JRIODE PLATE

ot .
“4GRID N2a-METAL TOP CAP “PENTODE CRID-METAL TOP CAP

FI1G.20 FIG.27
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Outline Dimensions of RCA Radiotron
and Cunningham Radio Tube Types

This chare of tube dimensions is to be used in conjunction with the texc

The bulb

reference number for each tube is given under its CHARACTERISTICS.

The prefix letters of the bulb designation indicate the bulb shape; as, S for “straight side,” T for “tubu-
lar,” ST for a combination of tubular and straight side, or “dome type.
desxgnatlons indicate the nominal maximum diameter of the bulbin elghths of inches, i.e., the diameter of

the S-12 is 12 eighths, or 115”7,

1 max
T8
T

FIG.1

SMALL
a-PIN

',% MAX.

MEDIUM
4,5~PIN

FiG.14

||

e suffix numbers of the bulb

a,
Fice FIG.7
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3 3
112 MAX, ~
S-14 x X
SN < <
T -y .3
0 =
‘1)’ a l(\l T 9
™
T
MEOIUM weown [T )
4.5-PIN 4.5.6,7-PIN
F1G.10 FiG.1
’-—aﬁ.MAx 4—-{
. S=19
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S$-17 ; N3
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w2
o
o

7
1% IEMAX.  [-
-l|-MAx_-<-
i6
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X x $ %
<< 2z
W33 W03
wo —re =@
L K]
s |] U
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4-PIN
FIG.4 FIG.5
13MAX. 13
1gMAX. |
S s-14 X %
] 3.3
o g 12 =@
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Pl @
e ‘lrm
MEDIUM H U
4,5-PIN 1
Fi1G6.9
K
‘l 2|6 MAX r—
ST-16 % 0%
z: 32
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To the Radio Amateur

The RCA Radiotron Co., Inc.
offers an extensive line of trans-
mitting tubes for amateur and

experimental use

Technical information on these

types may be obtained from

8], AMATEUR RADIO DIVISION
RCA RADIOTRON COMPANY, INC.
CAMDEN, NEW JERSEY

Radio amateurs are invited to

communicate with this division

which is devoted solely to
their interests
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