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FOREWORD 
The RCA RECEIVING TUBE MANUAL, like its 

preceding editions, has been prepared especially to 
assist those who work or experiment with radio h1bes 
and circuits. 

The information and technical data presented in 
this book were selected after careful consideration of 
their usefulness in the field of radio-tube applica
tions. 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 for the individual All-Metal types and 
glass-bulb types is arranged in numerical-alpha
betical sequence, starting on page 40. Information 
for octal-base glass-bulb types is given on page 188 
and, for recently added All-Metal and Glass types, 
on page 192. 

This Manual will be found valuable by radio ser
vice men, radio technicians, experimenters, radio 
amateurs, and all others technically interested in 
radio tubes. 

RCA MANUFACTURING COMPANY, INC. 

Commercial Engineering Section 

Harrison, New Jersey 
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RECEIVING TUBE 
MANUAL 

Electrons and Electrodes 
The radio tube is a marvelous device. It makes possible the pc:rtorming of 

operations, amazing in conception, with a precision and a certainty that are 
astounding. It is an exceedingly sensitive and accurate instrument-the product of 
coordinated efforts of engineers and craftsmen. Its construction requires materials 
from every corner of the earth. Its use is world-wide. Its future possibilities, even 
in the light of present-day accomplishments, are but dimly foreseen, for each 
development opens new fields of design and application. 

ELECTRONS 
A radio tube consists of a cathode, which supplies electrons, and one or more 

additional electrodes, which control and collect these electrons, mounted in an 
evacuated envelope. The envelope may be a glass bulb, or it may be the more 
compact and efficient metal shell. 

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

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

Electron movement may be accelerated by the addition of energy. Hea.t is one 
form of energy which can be conveniently used to speed up the dectron. For 
example, if the temperature of a metal is gradually raised, the electrons in the metal 
gain velocity. When the metal becomes hot enough to glow, some electrons may 
acquire sufficient speed to break away from the surface of the metal. 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 
cathode to release the electrons. The method of heating the cathode may be used 
to distinguish between the different forms of cathodes. For example, a directly 
heated cathode, or filament-cathode, is a wire heated by the passage of an electric 
current. An indirectly heated cathode, or heater-cathode, consists of a :filament, or 
heater, enclosed in a metal sleeve. The sleeve carries the electron-emitting material 
on its outside surface and is heated by radiation and conduction from the heater. 
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A filament, or directly heated cathode, may be further classified by identifyin& 
the filament or electron-emitting material. The materials in regular use are tungsten, 
thoriated-tungsten, and metals which have been coated with alkaline-earth oxides. 
Tungsten filaments are made from the pure metal. Since they must operate at high 
temperatures (a dazzling white) to emit sufficient electrons, a relatively large amount 
of filament power is required. Thoriated-tungsten filaments are drawn from 
tungsten slugs which have been impregnated with thoria. Due to the thorium, these 
filaments liberate electrons at a more moderate temperature ( a bright yellow) and 
are, therefore, much more economical of filament power than are pure tungsten 
filaments. Alkaline earths are usually applied as a coating on a nickel alloy wire 
or ribbon. This coating, which is dried in a substantial layer on the filament, 
requires only a very low temperature (a dull red) to produce a copious supply of 
electrons. Coated filaments operate very efficiently and require relatively little 
filament power. However, each of these cathode materials has special advantages 
which determine the choice for a particular application. 

DIRECTLY HEATED CATHODES 
( FILAMENT TVPE) 

CATHODE 

INSULATED 
HEATER 

INDIRt:CTLV HEATED CATHODES 
(HEATER TYPE) 

Directly heated filament-cathodes require comparatively little heating power. 
For that reason, they are used in almost all the tube types designed for battery 
operation because it is, of course, desirable to impose as small a drain as possible on 
the batteries. Examples of the battery-operated filament types are the 30, 31, 32, 
33, and 34. A-c operated types having directly heated filament-cathodes are the 
2A3 and 45'. 

Heater, or indirectly heated cathodes, comprise an assembly of a thin metal 
sleeve coated with emitting material and a heater contained within and insulated 
from the sleeve. The heater is made of tungsten wire and is used only for the 
purpose of heating the sleeve and its coating to an electron-emitting temperature. 
The tungsten wire is operated at a moderate temperature and supplies the energy 
for heating the sleeve. 

The heater-cathode construction is well adapted for use in radio tubes intended 
for operation from a-c power lines. The use of separate parts for emitter and 
heater functions, the electrical insulation of the heater from the emitter, and the 
shielding effect of the sleeve may all be utilized in the design of the tube to prevent 
the a,c heater supply from causing hum. From the viewpoint of circuit design, the 
heater-cathode construction offers advantages in connection flexibility due to the 
electrical separation of the heater from the cathode. Another advantage of the 
heater-cathode construction is that it permits a rectifier tube to be designed with 
closer spacing between the cathode and plate, and an amplifier tube with closer 
spacing between the cathode and grid. In a rectifier tube, this results in less voltage 
drop in the tube and improved regulation; in an amplifier tube, it results in an 
increase in the gain obtainable from the tube. Because of the advantages of the 
heater-cathode construction, almost all present-day tubes designed for a-c operation 
have heater-cathodes. 
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DIODES 

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

(!5" 
FILAMENT 

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

If a negative potential is applied to the plate, the free electrons in the space 
surrounding the cathode will be forced back to the cathode, and no plate current 
will flow. Thus, the tube permits electrons to flow 
from the cathode to the plate but not from the plate 
to the cathode. If an alternating voltage is applied 
to the plate, the plate is alternately made positive 
and negative. Plate current flows only during the 
time when the plate is positive. Hence the current 
through the tube flows in one direction and is said 
to be rectified. Diode rectifiers are used 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. Rectifier tubes may have one plate and 
one cathode. The 1,V and 12Z3 are of this form 
and are called half-wave rectifiers, since current can 
flow only during one-half of the alternating-current 
cycle. When two plates and one or more cathodes 
are used in the same tube, current may be obtained 
on both halves of the a-c cycle. The 5Z4, 80, and 5Z3 are examples of this type 
and are called full-wave rectifiers. 

Not all of the electrons emitted by the cathode reach the plate. Some return 
to the cathode while others remain in the space between the cathode and plate for 
a brief period to form 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 depend on 
the cathode temperature and the plate potential. The higher the plate potential, the 
less is the tendency for electrons to remain in the space-charge region and repel 
others. This effect may be noted by applying increasingly higher plate voltages to 
a tube operating at a fixed heater or filament voltage. Under these conditions, the 
maximum number of available electrons is fixed, hut increasingly higher plate 
voltages will succeed in attracting a greater proportion of the free electrons. 

Beyond a certain plate voltage, however, additional plate voltage has little effect 
in increasing the plate current. The reason is that all of the electrons emitted by 
the cathode are already being drawn to the plate. This maximum current is called 
saturation current, and because it is an indication of the total number of electrona 
emitted, it is also known as the emission current, or, simply, emission. Tubes are 
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sometimes tested by measurement of their ermss1on 
current. However, in this test it is generally not 
feasible to measure the full value of emission because 
this value would be sufficiently large to cause change 
in the tube's characteristics, or to damage the tube. 
For that reason, the test value of current in an emission 
test is less than the full emission current. However, 
this test value is larger than the maximum value which 
will be required from the cathode in the use of the 
tube. The emission test, therefore, indicates whether 
the tube's cathode can supply a sufficiently large 
number of electrons for satisfactory operation of the 
tube. 
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If space charge were not present to repel electrons coming from the cathode, 
it follows that the same plate current could be produced at a lower plate voltage. 
One way to make the effect of space charge small is to make the distance between 
plate and cathode small. This means is used in rectifier types, such as the 83-v and 
the 25'Z5', having heater-cathodes. In these types the radial distance between 
cathode and plate is only about two hundredths of an inch. Another means for 
reducing space-charge effect is utilized in the mercury•vapor rectifier types, such as 
the 83. This tube contains a small amount of mercury, which is partially vaporized 
when the tube is operated. The mercury vapor consists of mercury atoms permeating 
the space inside the bulb. These atoms are bombarded by the electrons on their 
way to the plate. If the electrons are moving at a sufficiently high speed, the 
collisions will tear off electrons from the mercury atoms. When this happens, the 
mercury atom is said to be "ionized," that is, it has lost one or more electrons and, 
therefore, is charged positive. Ionization, in the case of mercury vapor, is made 
evident by a bluish-green glow between the cathode and plate. When ionization 
due to bombardment of mercury atoms by electrons leaving the filament occurs, the 
space-charge is neutralized by the positive mercury ions so that increased numben 
of electrons are made available. A mercury-vapor rectifier has a small voltage drop 
between cathode and plate (about 15' volts). This drop is practically independent 
of current requirements up to the limit of emission of electrons from the filament. 
but is dependent to some degree on bulb temperature. 

TRIODES 

When a third electrode, called the grid, is placed between the cathode and 
plate, the tube is known as a triode, the family name for three-electrode tubes 
The grid usually is a winding of wire extending the length of the cathode. The 
spaces between turns are comparatively large so that the passage of electrons from 
cathode to plate is practically unobstructed by the turns of the grid. When the 
tube is used as an amplifier, the grid is usually operated at a negative voltage so 
that it repels the electrons and therefore does not draw appreciable current. 

The purpose of the grid is to control plate current. With a negative voltage 
on the grid, the grid exerts a force on electrons in the space between cathode and 
grid. This force drives the electrons back to the cathode. In this way, the 
negatively charged grid opposes the flow of electrons to the plate. When the voltage 
on the grid is made more negative, the grid exerts a stronger 
repelling force on the electrons and plate current is decreased. 
When the grid voltage is made less negative, there is less repelling 
force exerted by the grid and plate current increases. Hence, 
when the voltage on the grid is varied in accordance with a 
signal, the plate current varies with the signal. Because a small 
voltage applied to the grid can control a comparatively large 
amount of plate current, the signal is amplified by the tube. 
Typical three-electrode tube types are the 6C5', 76, and 2A3. 

PLATE 

GRID 

CATHOOt 

HEATER 

The grid, plate, and cathode of a triode form an electrostatic system, each 
electrode acting as one plate of a small condenser. The capacitances are those 
existing between grid and plate, plate and cathode, and grid and cathode. These 
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capacitances are known as interelectrode capacitances. Generally, the capacitance 
between grid and plate is of the most importance. In high-gain radio-frequency 
amplifier circuits, this capacitance may act to produce undesired coupling between 
the input circuit, the circuit between grid and cathode, and the output circuit, the 
circuit between plate and cathode. This coupling is undesirable in an amplifier 
because it may cause instability and unsatisfactory performance. 

TETRODES 

The capacitance between grid and plate can be made small by mounting an 
additional electrode, called the screen, in the tube. With the addition of the screen, 
the tube has four electrodes and is, accordingly, called a 
tetrode. The screen is mounted between the grid and the 
plate and acts as an electrostatic shield between them, thus 
reducing the grid-to-plate capacitance. The effectiveness of 
this shielding action is increased by connecting a by-pass 
condenser between screen and cathode. By means of the 
screen and this by,pass condenser, the grid-plate capacitance 
of a tetrode is made very small. In practice, the grid,plate 

PLATE 

$CR£EN 
GJUD 

CATHOCE 

HEATER 

capacitance is reduced from an average of 8.0 micromicrofarads (µ.µ.f) for a triode 
to 0.01 µ.µ.f or less for a screen-grid tube. 

The screen has another desirable effect in that it makes plate current practically 
independent of plate voltage over a certain range. The screen is operated at a 
positive voltage and, therefore, attracts electrons from the cathode. But because of 
the comparatively large space between wires of the screen, most of the electrons 
drawn to the screen pass through it to the plate. Hence the screen supplies an 
electrostatic force pulling electrons from the cathode to the plate. At the same 
time the screen shields the electrons between cathode and screen from the plate so 
that the plate exerts very little electrostatic force on electrons near the cathode. 
Hence plate current in a screen-grid tube depends to a great degree on the screen 
voltage and very little on the plate voltage. This holds true only as long as the 
plate voltage is higher than the screen voltage. The fact that plate current in a 
screen-grid tube is largely independent of plate voltage makes it possible to obtain 
much higher amplification with a tetrode than with a triode. The low grid-plate 
capacitance makes it possible to obtain this high amplification without plate-to-grid 
feedback and resultant instability. Representative screen-grid types are the 32 
and 24-A. 

PENTODES 

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

The plate-current limitation is removed when a fifth electrode, known as the 
11Uppressor, is placed in the tube between the screen and plate. The family name 
for five-electrode types is "pentode." The suppressor is usually connected to the 
cathode. Because of its negative potential with respect to the plate, it retards the 
Bight of secondary electrons and diverts them back to the plate, where they cannot 
cause trouble. 

The suppressor is utilized in pentodes designed for two different functions. 
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In power output pentodes, the suppressor makes possible 
a lai-ge power output with high gain, due to the fact that 
the plate swing can be made very large. Tubes of this 
type are represented by the 6F6, 42, and 33. In radio
frequency amplifier pentodes, the suppressor 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 voltage without serious loss 
in the gain capabilities of this type. Representative of this type are the 6J7 and 6K7 • 

A beam power tube makes use of a different method for suppressing secondary 
emission. In this tube there are four electrodes, a cathode, grid, screen and plate 
so spaced that secondary emission from the plate is suppressed without an actual 
suppressor. Because of the way the electrodes are spaced, electrons traveling to 
the plate slow down, when plate voltage is low, almost to zero velocity in a certain 
region between screen and plate. In this region the electrons form a stationary 
cloud, a space-charge. The effect of this space charge is to repel secondary electrons 
emitted from the plate and thus cause them to return to the plate. In this way. 
secondary emission is suppressed. 

Another feature of the beam power tube is the low current drawn by the screen. 
The screen and the grid are spiral wires wound so that each turn of the screen is 
shaded from the cathode by a grid turn. This alignment of the screen and grid 
causes the electrons to travel in sheets between the turns of the screen so that very 
few of them flow to the screen. Because of the effective suppressor action provided 
by space charge and because of the low current drawn by the screen, the beam 
power tube has the advantages of high power output, high power sensitivity, and 
high efficiency. The 6L6 is a beam power tube. 

SCREEN 

' ________,,,,,, __ 
'-J,.-' 

-'---
PLATE 

INTERNAL STRUCTURE OF BEAM POWER TUBE 

MULTI-ELECTRODE and MULTI-UNIT TUBES 

In the initial period of tube development and application, tubes were of the 
so-called "general purpose type"; that is, a single tube type-a triode-was used as 
a radio-frequency amplifier, an intermediate-frequency amplifier, an audio-frequency 
amplifier, an oscillator, or as a detector. Obviously, with this diversity of application, 
one tube did not meet all requirements to the best advantage. 
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Later and present trends of tube design are the development of "specialty" 
types. These types are intended either to give optimum performance in a particular 
application or to combine in one bulb functions which formerly required two or 
more tubes. The :first class of tubes includes such examples of specialty types as the 
6J7, 6L7, 6F6, and 6L6. Types of this class, in general, require more than three 
electrodes to obtain the desired special characteristics. Thus, they may be broadly 
classed as multi-electrode types. The 6L 7 is an especially interesting type in this 
class. This tube has an unusually large number of electrodes, seven, exclusive of 
the heater. Plate current in the tube is varied at two different frequencies at the 
same time. The tube is designed primarily for use as a mixer in superheterodyne 
receivers. In this use, the tube mixes the signal frequency with oscillator frequency 
to give intermediate,frequency output. 

Tubes of the multi-electrode class oftert present interesting possibilities of 
application besides the one for which they are designed. The 6L7, for instance, 
can also be used as a variable-gain audio amplifier in such applications as a volume 
expander for a phonograph amplifier. The 6F6, besides its use as a power output 
pentode, can also be connected as a triode and used as a driver for a pair of 6L6's. 

The second class includes multiple-unit tubes such as the duplex-diode triodes 
6Q7 and 6R 7, as well as the duplex-diode pentodes 6B8 and 6B7 and the twin 
Class B amplifier types 6N7 and 6A6. All of these types have two or more separate 
tube units. Related to this class are the electron-ray types, 6E5 and 6G5, which 
combine a triode amplifier with a fluorescent target. It is interesting to note that 
the 80 is one of the earliest illustrations of multi-unit tubes. 

PLATE 

SCREEN 

HEATER 

PPRESSOR 

GRID 
DIODE PLAlE 
OIOOE PLATE 

HOOE 

DUPLEX-DIODE PENTODE 

*
LATE 

SUPPRESSOR 

OSCILLATOR 
GRID SCREEN 

SIGNAL GRID 

CATHODE 

HEATER 

PENTAGRID MIXER 

*
LATE 

CONTROL GRID SC'.REEN 
OSCILLATOR ANODE GRID 

GRID 
CATHODE 

HEATER 

PENTAGRID CONVERTER 

TAR:~:-CONTROL 
PLATE ELECTRODE 

GRID 
CATHODE 

HEATER 

ELECTRON-RAY TUBE 

A third class combines features of each of the other two classes. Typical of 
this third class are the 6A8 and the 6A 7 pentagrid•converter types. These tubes 
are similar to the multi-electrode types in that they have seven electrodes, all of 
which affect the same electron stream, and are like the multi-unit tubes in that 
they perform two functions (oscillator and mixer in a superheterodyne receiver) 
simultaneously. 

-11-



Radio Tube Characteristics 
The term "CHARACTERISTICS" is used to identify the distinguishin11 

electrical features and values of a radio tube. These values may be shown in curve 
form or they may be tabulated. When given in curve form, they are called 
characteristic curves and may be used for the determination of tube performance 
and the calculation of additional tube factors. 

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

Plate characteristic curves and transfer (mutual) characteristic curves both give 
information on static characteristics. These curves present the same information, 
but in two different forms to increase its usefulness. The plate characteristic curve 
is obtained by varying plate voltage and measuring plate current for different 
control-grid bias voltages, while the transfer-characteristic curve is obtained by 
varying control-grid bias voltage and measuring plate current for different plate 
voltages. A plate-characteristic family of cui:ves is illustrated by Fig. 1. Fig. 2 
gives the transfer characteristic family of curves for the same tube. 
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Fig. I Fig. 2 

Dynamic characteristics include amplification factor, plate resistance, control• 
grid-plate tran&conductance and certain detector characteristics, and may be shown 
in curve form for variations in tube operating conditions. 

The amplification factor, or p., is the ratio of the change in plate voltage to a 
change in control-electrode voltage in the opposite direction, under the condition 
that the plate current remains unchanged. For example, if, when the plate voltage 
is made l volt more positive, the grid voltage must be made 0.1 volt more negative 
to hold plate current unchanged, the amplification factor is l divided by 0.1, or 10. 
In other words, a small voltage variation in the grid circuit of a tube has the same 
effect on the plate current as a large plate voltage change-the latter equal to the 
product of the grid voltage change and amplification factor. The µ. of a tube is 
useful for calculating stage gain, as discussed on page l 5. 

Plate resistance (rp) of a radio tube is the resistance of the path between 
cathode and plate to the flow of alternating current. It is the quotient of a small 
change in plate voltage by the corresponding change in plate current and is expressed 
in ohms, the unit of resistance. Thus, if a change of 0.1 milliampere (0.0001 
ampere) is produced by a plate voltage variation of 1 volt, the plate resistance is 
l divided by 0.0001, or 10000 ohms. 

Control-grid-plate transconductance, or simply transconductance (gm), is a 
factor which combines in one term the amplification factor and the plate resistance, 
and is the quotient of the first by the second. This term is also known as mutual 

-12-



R C A RECEIVING T U B E MANUAL 

conductance. Transconductance may he more strictly defined as the ratio of a 
small change in plate current (amperes) to the small change in the control,grid 
voltage producing it, under the condition that all other voltages remain unchanged. 
Thus, if a grid-voltage change of 0.5 volt causes a plate-current change of 1 mil, 
liampere (0.001 ampere), with all other voltages constant, the transconductance i8 
0.001 divided by 0.5, or 0.002 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 transconductance. So, in the example, 0.002 mho 
is 2000 micromhos. 

Conversion transconductance (s.) is a characteristic associated with the mixer 
(£rst detector) function of tubes and may he defined as the quotient of the inter, 
mediate-frequency (i-f) current in the primary of the i-f transformer by the applied 
radio-frequency ( r-f) voltage producing it; or more precisely, it is the limiting value 
of this quotient as the r-f voltage and i-f current approach zero. When the 
performance of a frequency converter is determined, conversion transconductance 
is used in the same way as control-grid-plate transconductance is used in single
frequency amplifier computations. 

Maximum peak inverse voltage characteristic of a rectifier tube is the highest 
peak voltage that a rectifier tube can safely stand in the direction opposite to that 
in which it is designed to pass current. In other words, it is the safe arc-hack limit 
with the tube operating within the specified temperature range. Referring to Fig. 3, 
when plate A of a full-wave rectifier tube is 
positive, current Bows from A to C, hut not from 
B to C, because B is negative. At the instant 
plate A is positive, the filament is positive ( at 
high voltage) with respect to plate B. The voltage 
between the positive filament and the negative 
plate B is in inverse relation to that causing 
current How. The peak value of this voltage is 
limited by the resistance and nature of the path 
between plate B and filament. The maximum 
value of this voltage at which there is no danger 
of breakdown of the tube is known as maximum 
peak-inverse voltage. The relations between peak F" 

3 inverse voltage, rms value of a•c input voltage ,g:. 

+ 

and d-c output voltage depend largely on the 
individual characteristics of the rectifier circuit and the power supply. The presence 
of line surges or any other transient, or wave-form distortion may raise the actual 
peak voltage to a value higher than that calculated for sine-wave voltages. There, 
fore, the actual inverse voltage, and not the calculated value, should he such as not 
to exceed the rated maximum peak inverse voltage for the rectifier tube. A 
cathode-ray oscillograph or a spark gap connected across the tube is useful in 
determining the actual peak inverse voltage. In single-phase, full,wave circuits with 
sine-wave input and with no condenser across the output, the peak inverse voltage 
on a rectifier tube is approximately 1.4 times the rms value of the plate voltage 
applied to the tube. In single-phase, half,wave circuits with sine-wave input and 
with condenser input to the filter, the peak inverse voltage may be as high as 2.8 
times the rms value of the applied plate voltage. In polyphase circuits, mathemat• 
ical determination of peak inverse voltage requires the use of vectors. 

Maximum peak plate current is the highest peak current that a rectifier tube 
can safely stand in the direction in which it is designed to pass current. The safe 
value of this peak current in hot-cathode types of rectifiers is a function of the 
available emission and the duration of the pulsating current Bow from the rectifier 
tube during each half cycle. In a given circuit, the actual value of peak plate 
current is largely determined by filter constants. If a large choke is used in the 
filter circuit next to the rectifier tubes, the peak plate current is not much greater 
than the load current, but if a large condenser is used in the filter next to the 
rectifier tubes, the peak current is often many times the load current. In order to 
determine accurately the peak current in any circuit, the best procedure usually is 
to measure it with a peak-indicating meter or to use an oscillograph. 
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Radio Tube Applications 
The diversified applications of a radio tube may, within the scope of this 

chapter, he grouped broadly into five kinds of operation. These are: Amplification, 
rectification, detection, oscillation, and frequency conversion. Although these 
operations may take place at either radio- or audio-frequencies and may involve the 
use of different circuits 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 
8. This action can be utilized in radio circuits iri a number of ways, depending 
upon the results to be achieved. Four 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 AB, Class B, and Class C. The term, cut-off bias, used in these 
definitions is the value of grid bias at which plate current is some very small value. 

Class A Amplifier. A class A amplifier is an amplifier in which the grid bias 
and alternating grid voltages are such that plate current in a specific tube flows 
at all times. 

Class AB Amplifier. A class AB amplifier is an amplifier in which the grid 
bias and alternating grid voltages are such that plate current in a specific tube flows 
for appreciably more than half but less than the entire electrical cycle. 

Class B Amplifier. A class B amplifier is an amplifier in which the grid bias 
is approximately equal to the cut-off value so that the plate current is approximately 
zero when no exciting grid voltage is applied, and so that plate current in a specific 
tube flows for approximately one-half of each cycle when an alternating grid voltage 
is applied. 

Class C Amplifier. A class C amplifier is an amplifier in which the grid bias 
is appreciably greater than the cut-off value so that the plate current in each tube 
is zero when no alternating grid voltage is applied, and so that plate current flows 
in a specific tube for appreciably less than one-half of each cycle when an alternating 
grid voltage is applied. 

NOTE:-To denote that grid current does not flow during any part of the 
input cycle, the suffix 1 may be added to the letter or letters of the class identification. 
The suffix 2 may be 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 
single tube or a push-pull stage. For audio-frequency amplifiers in which distortion 
is an important factor, only Class A amplifiers permit single-tube operation. In this 
case, operating conditions are usually chosen so that distortion is kept below the 
conventional 5'% for triodes and the conventional 7 to 10% for tetrodes or pentodes. 
Distortion can be reduced below these figures by means of special circuit arrange• 
ments such as that discussed under inverse feedback on page 21. With Class A 
amplifiers, reduced distortion with improved power performance can be obtamed by 
using a push-pull stage for audio service. With Class AB and Class B amplifiers, 
a balanced amplifier stage using two tubes is required for audio service. 

As a Class A voltage amplifier, a radio tube is used to reproduce grid voltage 
variations across an impedance or a resistance in the plate circuit. These variations 
are es&entially of the same form as the input signal voltage impressed on the grid, 
but of increased amplitude. This is accomplished by operating the tube at a suitable 
grid bias so that the applied grid-input voltage produces plate-current variations 
proportional to the signal swings. Since the voltage variation obtained in the plate 
circuit is much larger than that required to swing the grid, amplification of the 
signal is obtained. Fig. 4 gives a graphical illustration of this method of amplifica, 
tion and shows, by means of the grid-voltage vs. plate-current characteristics, the 
effect of an input signal (S) applied to the grid of a tube. 0 is the resulting 
amplified plate-current variation. 
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The plate current flowing through the load resistance (R) of Fig. 5 cawes a 
voltage drop which varies directly with the plate current. The ratio of this voltage 
variation produced in the load resistance to the input signal voltage is the voltage 

:nJI CA'n'.(t'Ol 
~~n.1r7_:_11_~_~1f_[_ 

0 . 
~ 

I a 
'" ~ 
ii! 

Pi,i 4 

INPUT 
SIGNAL 

L1,· -1,1111 + 
C 

Fig s 

amplification, or gain, provided by the tube. The voltage amplification dui: to the 
tube is expressed by the following convenient formulae: 

v I A l"fi • A l"fi . f Load resistance 
o tage mp I cat10n =::: mp I cation actor Load resistance + Plate resistance• or 

Transconductance in micromhoa X Plate resistance X Load resistance 
1000000 X (Plate resistance + Load resistance) 

From the first formula, it can be seen that the gain actually obtainable from 
the tube is less than the tube's amplification factor but that the gain approaches the 
amplification factor when the load resistance is large compared to the tube's plate 
resistance. Fig. 6 shows graphically how the gain approaches the mu of the tube 
as load resistance is increased. From the curve it can be seen that to obtain high 
gain in a voltage amplifier, a high value of load resistance should be 118ed. 
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Pig. 6 

In a resistance-coupled amplifier, the resistance of the tube's load is approxi• 
mately equal to the plate resistor in parallel with the grid resistor of the following 
stage. Hence, to obtain a large value of load resistance, it is necessary to use a 
plate resistor and a grid resistor of large resistance. However, the plate resistor 
should not be too large. The flow of plate current through the plate resistor 
produces a voltage drop which reduces the plate voltage applied to the tube. If the 
plate resistor is too large, this drop will be too large, the plate voltage on the tube 
will be too small and the voltage output of the tube will be too small. Also, the grid 
resistor of the following stage should not be too large because an amplifier tube may 
become unstable if its grid resistor is too large. The recommended values of plate 
resistor and grid resistor for the tube types used in resistance-coupled circuits, and 
the values of gain obtainable, are shown in the RESISTANCE-COUPLED AMPU, 
PIER SECTION. 

The input impedance of a radio tube, that is, the impedance between grid and 
cathode, is very high at audio frequencies when the tube is operated with a negative 
grid. Hence in a Class A1 or Class AB1 transformer-coupled audio amplifier, the 
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loading imposed by the grid on the input transformer is negligible. The secondary 
impedance of a Class A1 or Class AB1 input transformer therefore is not limited 
by the input impedance of the tube; the secondary impedance is limited, however, 
by other transformer design considerations. 

A super-control amplifier tube is a modified construction of a pentode or a 
screen-grid type and is designed to reduce modulation-distortion and cross-modulation 
in radio-frequency stages. Cross-modulation is the effect produced in a radio 
receiver by an interfering station "riding through" on the carrier of the station to 
which the receiver is tuned. Modulation-distortion is a distortion of the modulated 
carrier and appears as audio-frequency distortion in the output. This effect is 
produced by a radio-frequency amplifier stage operating on an excessively curved 
characteristic when the grid bias has been increased to reduce volume. The offendin& 
stage for cross-modulation is usually the first radio-frequency amplifier, while for 
modulation-distortion, the cause is usually the last intermediate-frequency sta1e. 

Pia. 7 

Pig. 8 

SUPPRESSOR GRID SCREEN 

The characteristics of super-control types are such as to enable the tube to handle 
both large and small input signals with minimum distortion over a wide range. A 
cross-section of the structure of a 6K7, a typical super-control tube, is shown in 
Fig. 7. The super-control action is due to the structure of the grid which provides 
a variation in amplification factor with change in grid bias. The grid is wound 
with coarse spacing at the middle and with close spacing at the ends. When weak 
signals and low grid bias are applied to the tube, the effect of the non-uniform turn 
spacing of the grid on cathode emission and tube characteristics is essentially the 
same as for uniform spacing. As the grid bias is made more negative to handle 
larger input signals, the electron flow from the sections of the cathode enclosed by 
the ends of the grid is cut off. The plate current and other tube characteristics are 
then dependent on the electron flow through the coarse section of the grid. This 
action changes the gain of the tube so that large signals may be handled with 
minimum distortion due to cross-modulation and modulation distortion. Fig. 8 shows 
a typical plate-current vs. grid-voltage curve for a super-control type compared with 
the curve for a type having a uniformly spaced grid. It will be noted that while 
the curves are similar at sm.ill grid-bias voltages, the plate current of the super· 
control tube drops quite slowly with large values of bias voltage. This slow change 
makes it possible for the tube to handle large signals satisfactorily. Since super• 
control types can accommodate large and small signals, they are particularly suitable 
for use in sets having automatic volume control. Super-control types also are known 
as remote cut-off types. 

As a Oass A power amplifier, a radio tube is used in the output stage of radio 
receivers to supply relatively large amounts of power to the loudspeaker. For this 
application, large power output is of much greater importance than high voltage 
amplification, so that gain possibilities are sacrificed in the design of power tubes 
to obtain power-handlinl{ capability. Power tubes of the triode type in Class A 
service are characterized by low power-sensitivity, low plate-power efficiency, and low 
distortion. Power tu bes of the pentacle type are characterized by hil!'.h power, 
sensitivity, high plate-power efficiency, and relatively high distortion. The beam 
power amplifier type 6L6 has a still higher power sensitivity and efficiency and has 
a higher power output capability than triode or pentode types. 
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A Class A power amplifier is also used as a driver to supply power to a Class 
AB or a Class B output stage. It is usually advisable to use a triode type, rather 
than a pentode, in a driver stage because of the lower distortion of the triode. 

Ill~~ 

B+ B- A-C FILAt.tENT SUPPLY 

Fig. 9 fig. 10 

Either push-pull or parallel operation of power tubes may be employed with 
Class A amplifiers to obtain increased output. The parallel connection (Fig. 9) 
provides twice the output of a single tube with the same value of grid-signal voltage. 
The push-pull connection (Fig. 10) requires twice the input-signal voltage, but has, 
in addition to increase in power, a number of important advantages over single-tube 
operation. Distortion due to even-order harmonics and hum due to plate•supply
voltage fluctuations are either eliminated or decidedly reduced through cancellation. 
Since distortion is less than for single-tube operation, appreciably more than twice 
single-tu be output can be obtained by decreasing the load resistance. 

Operation of power tubes so that the grids run p06itive is inadvisable except 
under conditions such as are discussed later in this section for Class AB and Class B 
amplifiers. 

Power output for triodes as single-tube Class A amplifiers can be calculated 
without serious error from the plate family of curves by assuming a resistance load. 
The proper plate current, grid bias, and optimum load resistance, as well as the 
per cent second-harmonic distortion, can also be determined. The calculations are 
niade graphically and are illustrated by Fig. 11 for given conditions. The procedure 
is as follows: A straight line XY is drawn through the point P on the plate family 
of curves. This point is determined by the tentatively chosen values of plate voltage 
and plate current. The slope of the line XY corresponds to the value of load 
resistance tentatively chosen. The slope of XY is determined by adjusting a line 
through P so that the voltage value ( at the intersection of the line with the zero
current axis) divided by the current value ( at the intersection of the line with the 
zero-voltage axis) gives the desired trial load resistance. A more direct method is 
to draw any convenient line AB having the proper slope, and then to draw XY 
parallel to it and through P. To draw AB, choose any convenient voltage value on 
the zero-current axis. A line drawn through this point and given the proper slope 
must intersect the zero-voltage axis at a current value equal to the chosen voltage 
divided by the chosen resistance value. 

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

P O 
(I mu. - ] min.) X (B max. - E min.) 

ower utput = 8 

U E i1 in volt• and I in milliamperea, power output ii in milliwatt•. 

Per cent second-harmonic distortion is given by the following formula in which 
lo is the trial value of d·c plate current. 
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I mu:. + I min. 

2 
- Io 

Per cent 2nd Harmonic Di1tortion = --------- X 100 

Pia. II 

By 1ubatitution of values from curves in above power formula: 

I max. - I min. 

Example: Determine the undistorted 
power output of a 3 ,electrode tube at 
a plate voltage of 2 50 volts, a plate 
current of 34 milliamperes, and a plate 
load of 3900 ohma, given the plate 
characteristic curvea aa shown. 

Procedure: Draw through point (P) 
which represents propoaed operating 
conditions, line XY with alol"' corre, 
aponding to 3900,ohm load. Thia may 
be done by drawing XY parallel to line 
AB. The line AB ia drawn between 
point (M) at 2 50 volts and xero cur, 
rent, and point (Q) at xero volts and 
current equal to 2 50 volts divided by 
plate load of 3900 ohms, i.e., 250 + 
3900 = 0.064 ampere or 64 milli, 
amperea. 

P O 
(0.066 - 0.007) X (360 - 130) 

ower utput = 
8 

= 1. 7 watts 

By substitution of values from curves in above distortion formula: 

0.066 + 0.007 
----- - 0.034 

2 
2nd Harmonic Distortion == ---------

0.066 - 0.007 
X 100 = 4.2% 

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

To check: the trial plate current, calculations should be made for d,c plate 
current& above and below the trial value. The most suitable value with its corre• 
sponding grid bias can then be selected, unless 
the value is higher than that recommended for 
the tube. In this event the maximum permissible 961-

1 
value is chosen. _1 

~a• 

~ 
The proper load for triodes in push-pull 

power amplifiers may be determined by means of 
the plate family and the relation E=0.6 Eo, 
where Eo is equal to the desired operating plate 
voltage. The method is to erect a vertical line at 
E=0.6 Eo (see Fig. 12), intersecting the Ec=0 
curve at the point (Im). A load line is then ~ 
drawn through Im and the Eo point on the zero- ~ 
current axis. Four times the resistance correspond, 
ing to this load line is the plate-to•plate load for 

ii' 
? 
:::; 
..J 

:i 

two triodes in a Class A push-pull amplifier. 

Fig. 12 illustrates the application of this 
method to the case of two type 45's operated at 
Eo= 250 volts. Then 
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Eo - 0.6 Eo 100 
Plate•to•Plate Load=----- X 4 = -- X 4 = 4160 ohm> 

Im 0.096 

This simple formula is applicable to all power output triodes. The operating grid• 
bias voltage can be anywhere between that specified for single-tube operation and 
that equal to one•half the grid-bias voltage required to produce plate•current cut•off 
at a plate voltage of 1.4 Eo. Thus, for single-tube operation of the type 45', the 
grid•bias voltage is recommended as -50 volts for 250 volts on the plate. Plate• 
current cut•off at 1.4 Eo, or 350 volts, occurs at -110 volts on the grid. One-half 
of this value is -55 volts, which is the most negative value permissible without 
departing from Class A conditions. 
Operation beyond this point will 
be accompanied by rectification 
and will no longer be representa• E , • o. 293v 
tive of a Class A amplifier. 

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

Im Eo 
Power Output = --

5 

lu1. 

(MIN. E:, 

If Im is expressed in amperes and Eo 
in volts, pm.ver is obtained in watts. 
Thus, for Fig. 12, power output 
0.096 X 250 + 5, or 4.8 watts. 

PLATE \OLTS 
*V IS THE CONTROL-GRID BIAS VOLTAGE AT TH[ OPCIUTINC P01N1' 

Fig. 13 

Power output for pentodes and for beam power tubes as Class A amplifiers 
can be calculated in much the same way as for triodes by means of the followinir 
formulas and a special plate characteristic family of curves, illustrated in Fig. 13. 

Power Output= [I mu. - I min. + 1.41 (b - Iy)]" Rp 
32 

[f I is in amperes and E in volts, then 

Rp _ E max. - E min. 
- I max. - I min. 

and power output is obtained in watta. 

in ohm,. 

Pe 2 d Ha . D" . I max. + I min. - 2 Io 
r cent n rmomc 11tortion = 1 max. _ 1 min. + 1. 41 (Ix_ ly) 

. . I max. - I min. - 1.41 (Ix - Iy) 
Per cent 3rd Harmonic D1atortion = 1 max._ I min. + 1. 41 (Ix_ ly) 

X 100 

X 100 

Per cent total (2nd and 3rd) Harmonic Distortion = V (% 2nd Har. Dist.)'+ (% 3rd Har. Dist.)• 

The conversion curves given in Fig. 14 apply to radio tubes in general but are 
particularly useful for power tubes. These curves can be used for calculating 
approximate operating conditions for a plate voltage which is not included in the 
published data on operating conditions. For instance, suppose it is desired to operate 
two 6L6's in Class A1 push•pull, fixed bias, with a plate voltage of 200 volts. The 
published operating conditions for this class of service are for a plate voltage of 
25'0 volts. The operating conditions for the new plate voltage can be determined 
as follows: First compute the ratio of the new plate voltage to the plate voltage of 
the published data. In the example, this ratio is 200/2S'0=0.8. This figure is the 
Voltage Conversion Factor, F.. Multiply by this factor to obtain the new values 
of grid bias and screen voltage. This gives a grid bias of -16X0.8=-12.8 volts, 
and a screen voltage of 2 50 X 0.8 = 200 volts for the new conditions. To obtain 
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the rest of the new conditions, multiply the 
published values by factors shown on the chart 
as corresponding to a voltage conversion factor 

CONVERSION fACTORS 
0 .. 

10 

of 0.8. In this chart, 8 

F1 applies to plate current and to screen 
current, 

PP applies to power output, 5 

Fr applies to load resistance and plate 4 

resistance. 
Fem applies to transconductance. ~ 3 .. 

Thus, to find the power output for the new ... 
conditions, determine the value of FP for a ':_ 2 

voltage conversion factor of 0.8. The chart "
shows that this value of FP is 0.6. Multiplying ... 
the published value of power output by 0.6, the 
power output for the new conditions is 14.5 X "' a: 

0 

~ 1.0 

~ 
0.6=8.7 watts. 

A class AB power amplifier employs two z o.e 
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tubes connected in push-pull with a higher o 0.1 

negative grid bias than is used in a Class A stage. ~ o.& 
With this higher negative bias, the plate and ~ o.s 
screen voltages can usually be made higher than o 
for Class A because the increased negative bias " 0 · 4 

holds plate current within the limit of the tube's 
plate dissipation rating. As a result of these 0

·
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/I 

higher voltages, more power output can be 
obtained from Class AB operation. 

Class AB amplifiers are subdivided into 
Class AB1 and Class AB2. In Class AB1 there 
is no flow of grid current. That is, the peak 
signal voltage applied to each grid is not greater 
than the negative grid-bias voltage. The grids 
therefore are not driven to a positive potential 
and do not draw grid current. In Class AB2, 
the peak signal voltage is greater than the bias 
so that the grids are driven positive and draw 
grid current. 

V 

I 
0.2 

I 
o. I 

Q.4 0.6 0.8 1.0 1.5 2.0 2-~-
VOLTAGE CONVERSION FACTOR (re) 

92C-5499R2 

Because of the flow of grid current in a Class A~ stage there is a loss of 
power in the grid circuit. The sum of this loss and the loss in the input transformer 
is the total driving power required by the grid circuit. The driver stage should be 
capable of a power output considerably larger than this required power in order that 
distortion introduced in the grid circuit be kept low. The input transformer used 
in a Class AB2 amplifier usually has a step-down turns ratio. 

Because of the large fluctuations of plate current in a Class AB2 stage, it is 
important that the power supply should have good regulation. Otherwise the 
fluctuations in plate current cause fluctuations in the voltage output of the power 
supply, with the result that power output is decreased and distortion is increased. 
To obtain satisfactory regulation it is usually advisable to use a choke-input filter. 
It is sometimes advisable to use a mercury-vapor rectifier tube rather than a vacuum 
type because of the better regulation of the mercury-vapor type. In all cases, the 
resistance of the filter chokes and power transformer should be as low as possible. 

A Cass B power amplifier employs two tubes connected in push-pull, so biased 
that plate current is almost zero when no signal voltage is applied to the grids. 
Because of this low value of no-signal plate current, Class B amplification has the 
same advantage as Class AB, that large power output can be obtained without 
excessive plate dissipation. The difference between Class B and Class AB is that, 
in Class B, plate current is cut off for a larger portion of the negative grid swing. 

There are several tube types designed especially for Class B amplification. The 
characteristic common to all these types is high amplification factor. With this high 
amplification factor, plate current is small when grid voltage is zero. These tubes, 
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therefore, can be operated in Class B at a bias of zero volts, so that a bias supply 
is. not required. A number of the Class B amplifier tube types consist of two 
tnode umts mounted in one tube. The two triode units can be connected in 
push-pull, so that only one tube is required for a Class B stage. Examples of these 
Class B twin triode types are the 6N7, 6A6, and 19 . 

. ~ecause a Class B amplifier is usually operated at zero bias, each grid is at a 
pos1t1ve potential during the positive half-cycle of its signal swing and consequently 
draws considerable grid current. There is, therefore, a loss of power in the grid 
circuit. This imposes the same requirement on the driver stage as in a Class AB2 
•tage; that is, the driver should be capable of considerably more power output than 
the power required for the Class B grid circuit in order that distortion be low. 
The interstage transformer between the driver and Class B stage usually has a 
step-down turns ratio. 

The fluctuations in plate current in a Class B stage are large so that it is 
important that the power supply have good regulation. The discussion of the power 
supply for a Class AB2 stage, therefore, also applies to the power supply for a 
Class B amplifier. 

Inverse feedback is used in audio amplifiers to reduce distortion in the output 
stage where the load impedance on the tube is a loudspeaker. Because the impedance 
of a loudspeaker is not constant for all audio frequencies, the load impedance on 
the output tube varies with frequency. When the output tube is a pentode or beam 
power tube having high plate resistance, this variation in plate load impedance can, 
if_ no~ corrected, produce considerable frequency distortion. Such frequency 
d1stort10n can be corrected by means of inverse feedback. 

'N~11 SIG~ 

+B +B 

l'i11. 16 

11•[] 
The application of inverse feedback 

to a power output stage using a single 
6L6 is illustrated by Fig. 16. In this 
circuit, R1, R2 , and C are connected 
across the output of the 6L6 as a voltage 
divider. The secondary of the grid, 
input transformer is returned to a point 
on this voltage divider. Condenser C 
blocks the d-c plate voltage from the 
grid. However, a portion of the tube's 
a,f output voltage, approximately equal 
to the output voltage multiplied by the 
fraction R2/(R1 +R2), is applied to 
the grid. There results a decrease in 
distortion which can be explained by 
the curves of Fig. 17. 

Consider first the amplifier as being without inverse feedback. Suppose that 
when a signal voltage e, is applied to the grid the a•f plate current i' P has an 
irregularity in its positive half,cycle. This irregularity represents a departure from 
the waveform of the input signal and is, therefore, distortion. For this plate-current 
waveform, the a,f plate voltage has a waveform shown by e' P• Tb.e plate•voltage 
waveform is inverted compared to the plate-current waveform because a plate-current 
increase produces an increase in the drop across the plate load. The voltage at the 
plate is the difference between the drop across the load and the supply voltage; 
thus, when plate current goes up, plate voltage goes down; when plate current 
goes down, plate voltage goes up. 

Now suppose that inverse feedback is applied to the amplifier. The distortion 
irregularity in plate current is corrected in the following manner. With an inverse 
feedback arrangement, the voltage fed back to the grid has the same waveform 
and phase as the plate voltage, but is smaller in magnitude. Hence, with a plate 
voltage of waveform shown by e'p, the feed-back voltage appearing on the grid is 
as sh.own by e' st• This voltage applied to the grid produces a component of plate 
current i'p,t. It is evident that the irregularity in the waveform of this component 
of plate current would act to cancel the original irregularity and thus reduce 
distortion. 

After the correction of distortion has been applied by inverse feedback, the 
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relations are as shown in the curve for i,,. The dotted curve shown by i,,, is the 
component of plate current due to the feedback voltage on the grid. The dotted 
curve shown by i' P is the component of plate current due to the signal voltage on 
the grid. The sum of these two components gives the resultant plate current shown 

Pig. 17 

by the solid curve of ip. Since i'p is the plate current that would How without 
inverse feedback, it can be seen that the application of inverse feedback has 
reduced the irregularity in the output current. In this manner, inverse feedback 
acts to correct any component of plate current that does not correspond to the 
input signal voltage, and thus reduces distortion. 

From the curve for ip, it can be seen that, besides reducing distortion, inverse 
feedback also reduces the amplitude of the output current. It follows that when 
inverse feedback is applied to an amplifier, there is a decrease in power output as 
well as a decrease in distortion. However, by means of an increase in signal 
voltage, the power output can be brought back to its full value. Hence, the 
application of inverse feedback to an amplifier means that more driving voltage 
must be applied to obtain full power output but that this full power output ia 
obtained with less distortion. 

The inverse-feedback method 
shown in Fig. 16 can also be 
applied to Class A1 or Class 
AB1 push-pull amplifiers as 
shown in Fig. 18. The method 
requires that the input trans• 
former have a separate seconda, 
ry winding for each grid. The 
method is not recommended for 
use in amplifiers drawing grid 
current because of the resistances 
introduced in the grid circuit. 

Inverse feedback can be ap, 
plied to any Class l\1 or Class 
AB1 power amplifier tube but is 
especially applicable to a beam 
power tube. It is not generally 
applied to a triode power ampli
fier, such as the 2i\.3, because 
the variation in speaker imped, 
ance with frequency does not 
produce much distortion in a 
triode stage having low plate 
resistance. It is sometimes ap
plied in a pentode stage but is 
not always convenient. As 
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has been shown, when inverse feedback is used in an amplifier, the driving voltage 
must be increased in order to give full power output. When inverse feedback is 
used with a pentode, the total driving voltage required for full power output may be 
inconveniently large. Because a beam power tube gives full power output on a 
comparatively small driving voltage, inverse feedback is especially applicable to beam 
power tubes. By means of inverse feedback, the high efficiency and high power 
output of the beam power tube can be combined with freedom from the effects of 
varying speaker impedance. 

A corrective filter can be used to improve the frequency characteristic of an 
output stage, using a beam power tube or a pentode, when inverse feedback is not 
applicable. The filter consists of a resistor and a condenser connected in series 
across the primary of the output transformer. Connected in this way, the filter is 
in parallel with the plate-load impedance reflected from the voice-coil by the output 
transformer. The magnitude of this reflected impedance increases with increasing 
frequency in the middle and upper audio range. The impedance of the filter, 
however, decreases with increasing frequency. It follows that by use of the proper 
values for the resistance and the capacitance in the filter, the effective load impedance 
on the output tubes can be made practically constant for all frequencies in the 
middle and upper audio range. The result is an improvement in the frequency 
characteristic of the output stage. 

The resistance to be used in the filter for a push-pull stage is 1.3 times the 
recommended plate-to-plate load resistance; or, for a single-tube stage, is 1. 3 times 
the recommended plate load resistance. The capacitance in the filter should have 
a value such that the voltage gain of the output stage at a frequency of 1000 cycles 
or higher is equal to the voltage gain at 400 cycles. A method of determining the 
proper value of capacitance for the filter is to make two measurements on the 
output voltage across the primary of the output transformer: 6rst, wb.en a 400,cycle 
signal is applied to the input, and second, when a 1000-cycle signal of the same 
voltage as the 400,cycle signal is applied to the input. 'The correct value of 
capacitance is the one which gives equal output voltages for the two signal inputs. 
In practice, this value is usually found to be on the order of 0.05' µf. 

A volume expander can be used in a phonograph amplifier to make more 
natural the reproduction of music which has a very large volume range. For 
instance, in the music of a symphony orchestra, the sound intensity of the loud 
passages is very much higher than that of the soft passages. When this music is 
recorded, it is not feasible to make the ratio of maximum amplitude to minimum 
amplitude as large on the record as it is in the original music. The recording 
process is therefore monitored so that the volume range of the original is compressed 
on the record. To compensate for this compression, a volume-expander amplifier 
has a variable gain which is greater for a high-amplitude signal than for a low, 
amplitude signal. The volume expander therefore amplifies loud passages more 
than soft passages and thus can restore to the music reproduced from the record 
the volume range of the original. 

A volume expander circuit is shown in CIRCUIT SECTION. The action of this 
circuit depends on the fact that the gain of the 6L7 as an audio amplifier can be 
varied by variation of the bias on the No. 3 grid. When the bias on the No. 3 
grid is made less negative, the gain of the 6L 7 increases. In the circuit, the signal 
to be amplified is applied to the No. 1 grid of the 6L7 and is amplified by the 6L7. 
The signal is also applied to the grid of the 6C5, is amplified by the 6C5', and is 
rectified by the 6H6. The rectified voltage developed across R8, the load resistor 
of the 6H6, is applied as a positive bias voltage to the No. 3 grid of the 6L7. 
Then, when the amplitude of the signal input increases, the voltage across R8 
increases, and the bias on the No. 3 grid of the 6L7 is m,ade less negative. 
Because this increases the gain of the 6L7, the gain of the amplifier increases with 
increase in signal amplitude and thus produces volume expansion of the signal. 

The No. 1 grid of the 6L 7 is a variable-mu grid and therefore will produce 
distortion if the input signal voltage is too large. For that reason, the signal input 
to the 6L 7 should not exceed a peak value of 1 volt. This value is of the same 
order as the voltage obtainable from the usual magnetic phonograph pick-up. 
The no-signal bias voltage on the No. 3 grid is controlled by adjustment of 
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contact P. This contact should be adjusted initially to give a no-signal plate 
current of 0.15 milliamperes in the 6L 7. No further adjustment of contact P is 
required if the same 6L 7 is always used. If it is desired to delay volume expansion 
until the signal input reaches a certain amplitude, the delay voltage can be inserted 
as a negative bias on the 6H6 plates at the point marked X in the diagram. 

A phase inverter is used to provide resistance coupling between the output of 
a single-tube stage and the input of a push-pull stage. The necessity for a phase 
inverter arises because the signal-voltage inputs to the grids of a push-pull stage 
must be 180 degrees. out of phase, and equal in amplitude. That is, when the signal 
voltage input to a push-pull stage swings one of the push-pull grids in the positive 
direction, it should swing the other grid in the negative direction by an equal 
amount. When transformer coupling is used, the out-of-phase input voltages can 
be obtained from the output of a single-tube stage by means of a center-tapped 
secondary. When resistance coupling is to be used, the out-of-phase input voltages 
can be obtained by means of a phase inverter. 

Figure 1 5 shows a simple phase inverter circuit in which phase inversion is 
provided by triode T2. In this circuit, the voltage output of T1 is applied to one 
of the push-pull grids. A portion of the voltage output of T 1 also is applied from 
the tap on Rs to the grid of T2. The voltage output of T2 is applied to the other 
push-pull grid. When the voltage output of T1 swings the grid of T2 in the 

Fl&, 15 

TO PUSH
PULL GRIDS 

positive direction, the plate current of T 2 increases. This increases the ,voltage drop 
across the plate resistor R2 and therefore swings the plate of T2 in the· negative 
direction. Hence, when the voltage output of T 1 swings positive, the voltage 
output of T2 swings negative. In other words, the voltage output of T2 is 180 
degrees out of phase with the voltage output of T1. The voltage output of T2 is 
made equal to the voltage output of T1 by adjustment of the tap on Rs. For 
example, if the voltage amplification of T 2 is 20, the tap on Rs is adjusted to 
supply one-twentieth of the a,f voltage across Rs to the grid of T 2. The a-f voltage 
across ~ is thus made equal in amplitude to the a-f voltage across Rs. The signal 
voltage inputs to the push-pull grids are then equal in amplitude and 180 degrees 
out of phase. 

In the practical application of this circuit, it is convenient to use a twin-triode 
tube combining T1 and T2. Operating conditions can be taken from the chart in 
RESISTANCE-COUPLED AMPLIFIER SECTION. The adjustment of the tap 
on Rs is not critical. 

Another form of phase inverter is shown in CIRCUIT SECTION. In this circuit, 
when the grid of the 6F5' swings in the positive direction, plate current through 
the tube increases and the voltage drops across R:, and Ro increase. The plate of 
the 6F5 therefore swings in the negative direction, while the cathode swings in the 
positive direction. The input voltages to the push-pull grids are thus supplied 
180 degrees out of phase. The push-pull input voltages are equal in amplitude 
because R11 is equal to Ro. It should be noted that this circuit is not to be used 
in a t,r,f receiver where the diode circuit is grounded by the mounting of the 
tuning-condenser rotor shaft on the chassis. A ground connection to the condenser 
would lower the impedance across Ro and would thus unbalance the input voltages 
to the push-pull grids. 

RECTIFICATION 
The rectifying action of a diode finds an important application in supplying 
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a receiver with d-c power from an a•c line. A typical arrangement for thia 
application includes a rectifier tube, a filter, and a voltage divider. The rectifyin11 
action of the tube is explained briefly under DIODES, page 7. The filter's action 
is explained on page 3 7; its function is to smooth out the ripple of the tube output, 
as indicated in Fig. 20. The voltage divider is used to cut down the output voltage 
to the values required by the plates, screens, and grids of the tubes in the receiver. 

A half-wave rectifier and a full-wave rectifier circuit are shown in Figs. 21 
and 22, respectively. In the half-wave circuit, cur• + 
rent flows through the rectifier tube to the filter on ~ /\ TRANSFORMER 

every other half-cycle of the a•c input voltage when ° V V V s~,:':.': 
the plate is positive with respect to the cathode. In -
the full-wave circuit, current flows to the filter on +I/\ /\ /\ REcrF£D ""-T,'G[ 

every half-cycle, through plate No. 1 on one half- o:::Ll==~~-=~~-=';:::::;: "-A'"'"' 
cycle when plate No. 1 is positive with respect to oj V V \ 1 
the cathode, and through pl~te N?·. 2 o~ the next r V""0 ~!~~';;}1"" 
half-cycle when plate No. 2 1s pos1t1ve with respect +I/\!""" A A A coMa0<eo 

to the cathode. Because the current flow to the -~~~~~-~~~ •~fM 
filter is more uniform in the full-wave circuit than ° "'-ATE5"''•

2 

in the half-wave circuit, the output of the full-wave ~~~~.'-<ll.T 

circuit requires less filtering. Rectifier operating ol'-~--------~~Tc~"" 
information and circuits are given under each "'!--------- o-c vocTAGE 

rectifier tube type and in the CIRCUIT SECTION o~-------- ~;~~';,"~~.~: 
A voltage-doubler rectifier circuit of simple FULL-WAVE RECTIFICATION 

form is shown in Fig. 23. The circuit derives its Pig. 20 
name from the fact that its d,c voltage output can 
be as high as twice the peak value of the a•c input. The action of this circuit i• 
briefly as follows. On the positive half-cycle of the a•c input, that is, when the 
upper side of the a•c input hne 1s pu,1m1e with respect to the lower side, the upper 
diode passes current and feeds positive charge into the upper condenser. As positive 
charge accumulates on the upper plate of the condenser, a positive voltage builds up 
across the condenser. On the next half,cycle of the a•c input, when the upper side 
of the line is negative with respect to the lower side, the lower diode passes current 
so that a negative voltage builds up across the lower condenser. As long as no 

fULL-WAVE RECTlflER 

Pia:. 21 Pig. 22 

OUTPUT 
TO 

FILTER 

current is drawn at the output terminals from the condensers, each condenser can 
charge up to a voltage of magnitude E, the peak value of the a•c input. It can 
be seen from the diagram that with a voltage of + E on one condenser and -E 
on the other, the total voltage across the condensers is 2E. Thus the voltage 
doubler supplies a no•load d-c output voltage twice as large as the peak a•c input 
voltage. When current is drawn at the output terminals by the load, the output 
voltage drops below 2E by an amount ·that depends on the magnitude of the load 
current and the capacitance of the condensers. 

Two rectifier types especially designed for use as voltage doublers are the 
all-metal 25Z6 and the glass 25Z5. These tubes combine two separate diodes in 
one tube. As voltage doublers the tubes are used in "transformerless" receivers. 
In these receivers, the heaters of all tubes in the set are connected in series with 
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TRANSrORMtR WINDINGS. 

Pig. 23 
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R = HEATERS or OTHER TUBES IN SERIES 
WITH VOLTAGE-DROPPING RESISTOR 

Pig. H 

a voltage-dropping resistor across the line. The connections for the heater supply 
and the voltage-doubling circuit are shown in Fig. 24. 

DETECTION 

When speech or music is transmitted from a radio station, the station radiate! 
a radio-frequency wave whose amplitude varies in accordance with the audio• 
frequency signal being transmitted. The r-f wave is said to be modulated by the 
a-f wave. The effect of modulation on the waveform of the r,f wave is shown in 
Pig. 25' . 

• UNMODULATED 
R-f" CARRIER 

CJ 
A-f" MODULATING 

WAVE 

Pig. 2f 

MODULATED 
R-f" WAVE 

In the receiver it is desired to reproduce the original a,f modulating wave from 
the modulated r-f wave. In other words, it is desired to demodulate the r,f wave. 
The receiver stage which performs this demodulation is called the demodulator or 
detector stage. There are three different detector circuits in general use, the diode 
detector, the grid-bias detector, and the grid-leak detector. These detector circuits 
are alike in that they eliminate, either partially or completely, alternate half-cycles 
of the r-f wave. With the alternate half-cycles eliminated, the audio variations of 
the other half of the r-f wave can be amplified to drive a loudspeaker or headphones. 

Pig. 26 

A-F 
OUTPUT 

Pig. 27 

A diode-detector circuit is shown in Pig. 26. The action of this circuit when 
a modulated r-f wave is applied is illustrated by Fig. 27. The r-f voltage applied 
to the circuit is shown in light line, the output voltage across the condenser C is 
shown in heavy line. Between points a and b on the first positive half-cycle of the 
applied r-f voltage, the condenser C charges up to the peak value of the r,f voltage. 
Then as the applied r-f voltage falls away from its peak value, the condenser holds 
the cathode at a: potential more positive than the voltage applied to the anode. 
The condenser thus temporarily cuts off current through the diode. While the 
diode current is cut off, the condenser discharges, from b to c, through the diode 
load resistor R. When the r-f voltage on the anode rises high enough to exceed 
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the potential at which the condenser holds the cathode, current flows again and 
the condenser charges up to the peak value of the second positive half-cycle at d. 
In this way, the voltage across the condenser follows the peak value of the applied 
r•f voltage and thus reproduces the a-f modulation. The curve for voltage across 
the condenser, as drawn in Fig. 27, is somewhat jagged. However, this jaggedness, 
which represents an r-f component in the voltage across the condenser, is exaggerated 
in the drawing. In an actual circuit the r•f component of the voltage across the 
condenser is negligible. Hence, when the voltage across the condenser is amplified, 
the output of the amplifier reproduces the speech or music originating at the 
transmitting station. 

It is helpful, in order to understand the diode detector better, to consider the 
circuit as a half-wave rectifier. Considered this way, the diode is the half-wave 
rectifier tube, the r,f signal voltage is the a•c input, the r•f by,pass condenser C is 
the filter condenser, and the resistor R is the load resistance. Because the d•c 
output voltage of a rectifier depends on the voltage of the a•c input, the d,c voltage 
across C varies with the amplitude of the r•f carrier and thus reproduces the a•f 
signal. On the basis of this analogy, it can be seen that the condenser C should 
be large enough to smooth out r•f or i•f variations, but should not be so large as 
to affect the audio variations. Also, on the basis of this analogy, it can be seen that 
two diodes can be connected in a circuit similar to a full-wave rectifier to give 
full,wave detection. However, in practice, the advantages of this connection 
generally do not justify the extra circuit complication. 

The diode method of detection has the advantage over other methods in that it 
produces less distortion. The reason is that its dynamic characteristic can be made 
more linear than that of other detectors. It has the disadvantages that it does not 
amplify the signal, and that it draws current from the input circuit and therefore 
reduces the selectivity of the input circuit. However, because the diode method of 
detection produces less distortion and because it permits the use of simple ave 
circuits without the necessity for an additional voltage supply, the diode method 
of detection is most widely used in broadcast receivers. 

A typical diode-detector circuit using a duplex-diode triode tube is shown in 
Fig. 28. In this circuit, R1 is the diode load resistor. A portion of the a•f voltage 
developed across this resistor is applied to the triode grid through the volume 
control Rg. In a typical circuit, resistor R1 may be tapped so that five-sixths of 
the total a•f voltage across R1 is applied to the volume control. This tapped 
connection not only reduces the voltage output of the detector circuit but also reduces 
audio distortion and improves the r,f filtering. D•c bias for the triode section is 
provided by the cathode-bias resistor R2 and the audio by-pass condenser Cs. The 
function of condenser C2 is to block the d,c bias of the cathode from the grid. The 
function of condenser C4 is to by,pass any r-f voltage on the grid to cathode. A 
duplex-diode pentode may also be used in this circuit. With a pentode, the a,f output 
should be resistance•coupled rather than transformer-coupled. 

Fig. 28 

if:, 
!~UT 

Fig. 29 

Another diode detector circuit, called a diode-biased circuit, is shown in. 
Fig. 29. In this circuit, the triode grid is connected directly to a tap on the diode 
load resistor. When an r•f signal voltage is applied to the diode, the d,c voltage 
at the tap supplies bias to the triode grid. When the r,f signal is modulated, the 
a-f voltage at the tap is applied to the grid and is amplified by the triode. The 
advantage of this circuit over the self,biased arrangement sh.own in Fig. 28 is that 
the diode-biased circuit does not employ a condenser between the grid and the 
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diode load resilltor, and consequently does not produce as much distortion of a 
signal having a high percentage of modulation. 

However, there are restrictions on the use of the diode-biased circuit. Because 
the bias voltage on the triode depends on the average amplitude of the r•f voltage 
applied to the diode, the average amplitude of the voltage applied to the diode 
should be constant for all values of signal strength at the antenna. Otherwise 
there will be different values of bias on the triode grid for different signal strengths 
and the triode will produce distortion. This restriction means, in practice, that the 
receiver should have a separate-channel ave system. With such an ave system, the 
average amplitude of the signal voltage applied to the diode can be held within very 
close limits for all values of signal strength at the antenna. The tube used in a 
diode-biased circuit should be one which operates at a fairly large value of bias 
voltage. The variations in bias voltage are then a small percentage of the total 
bias and hence produce small distortion. Tubes taking a fairly large bias voltage 
are types such as the 6R 7 or 8 '> having a medium-mu triode. Tube types having 
a high•mu triode or a pentode should not be used in a diode-biased circuit. Since 
there is no bias applied to the diode-biased triode when no r,f voltage is applied to 
the diode, sufficient resistance should be included in the plate circuit of the triode 
to limit its zero-bias plate current to a safe value. 

A grid-bias detector circuit is shown in Fig. 30. In this circuit, the grid is 
biased almost to cut-off, i.e., operated so that the plate current with zero signal is 
practically zero. The bias voltage can be obtained from a cathode-bias resistor, a 
C battery, or a bleeder _tap. Because ?f the high negative bias, _only !he positive 
half cycles of the r•f signal are amplified by the tube. The signal 1s therefore 
detected in the plate circuit. The advantages of this method of detection are that 
it amplifies the signal, besides detecting it, and that it does not draw current from 
the input circuit and therefore does not lower the selectivity of the input circuit. 

R-F CRID LEAK 
CHOKE 

111ro~_,. 
I FIER 7 ~ 

1,1,1,1,J I - B + 

Pig. 30 F~T A- A+ B+ 
TRANSFORMER Pig. 31 B-

The grid-leak and condenser method, illustrated by Fig. 31, is somewhat more 
1,ensitive than the grid-bias method and gives its best results on weak signals. In 
this circuit, there is no negative d-c bias voltage applied to the grid. Hence, on 
the positive half-cycles of the r•f signal, current flows from grid to cathode. The 
grid and cathode thus act as a diode detector, with the grid-leak resistor as the 
diode load resistor and the grid condenser as the r•f by,pass condenser. The voltage 
across the condenser then reproduces the a,f modulation in the same manner as 
has been explained for the diode detector. This voltage appears between the grid 
and cathode and is therefore amplified in the plate circuit. The output voltage 
thus reproduces the original a,f signal. 

In this detector circuit, the use of a high-resistance grid leak increases selectivity 
and sensitivity. However, improved a-f response and stability are obtained with 
tower values of grid-leak resistance. This detector circuit has the advantage that 
it amplifies the signal but has the disadvantage that it draws current from the input 
circuit and therefore lowers the selectivity of the input circuit. 

AUTOMATIC VOLUME CONTROL 

The chief purposes of automatic volume control in a receiver are to prevent 
fluctuations in loudspeaker volume when the signal at the antenna is fading in and 
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out, and to prevent an unpleasant blast of loud volume when the set is tuned from 
a weak signal, for which the volume control has been turned up high, to a strong 
signal. To accomplish these purposes, an automatic volume control circuit regulates 
the receiver's r,f and i-f gain so that this gain is less for a strong signal than for 
a weak signal. In this way, when the signal strength at the antenna changes, the 
ave circuit reduces the resultant change in the voltage output of the last i-f stage 
and consequently reduces the change in the speaker's output volume. 

The ave circuit reduces the r-f and i-f gain for a strong signal usually by 
increasing the negative bias of the r-f, i-f, and frequency-mixer stages when the 
signal increases. A simple ave circuit is shown in Fig. 3 2. On each positive 
half-cycle of the signal voltage, when the diode plate is positive with respect to 
the cathode, the diode passes current. Because of the fl.ow of diode current through 
R1, there is a voltage drop across R1 which makes the left end of R1 negative 
with respect to ground. This voltage drop across R1 is applied, through the filter 
R2 and C, as negative bias on the grids of the preceding stages. Then, when the 
signal strength at the antenna increases, the signal applied to the ave diode increases, 
the voltage drop across R1 increases, the negative bias voltage applied to the r,f 
and i-f stages increases, and the gain of the r-f and i,f stages is decreased. Thus 
the increase in signal strength at the antenna does not produce as much increase 
in the output of the last i-f stage as it would produce without ave. When the 
signal strength at the antenna decreases from a previous steady value, the ave 
circuit acts, of course, in the reverse direction, applying less negative bias, permitting 
the r-f and i-f gain to increase, and thus reducing the decrease in the signal output 
of the last i-f stage. In this way, when the signal strength at the antenna changes, 
the ave circuit acts to prevent change in the output of the Jast i-f stage, and thus 
acts to prevent change in loudspeaker volume. 

The function of the filter, C and R2, is to prevent the ave voltage from 
varying at audio frequency. This filter is necessary because the voltage drop across 
R1 varies with the modulation of the carrier being received. If ave voltage were 
taken directly from R1 without filtering, the audio variations in ave voltage would 
vary the receiver's gain so as to smooth out the modulation of the carrier. To 
avoid this effect, the ave voltage is taken from the condenser C. Because of the 
resistance R2 in series with C, the condenser C can charge and discharge at only 
a comparatively slow rate. The ave voltage therefore cannot vary at a frequency 
high enough to be in the audio range. However, the ave voltage can vary at 
frequencies below the audio range and, at these frequencies, can compensate for 
most fading. Thus the filter permits the ave circuit to smooth out variations in 
signal due to fading, but prevents the circuit from smoothing out audio modulation. 
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It will be seen that an ave circuit and a diode detector circuit are much alike. 
It is therefore convenient in a receiver to combine the detector and the ave diode 
in a single stage. Examples of how these functions are combined in receivers are 
ahown in CIRCUIT SECTION. 

In the circuit shown in Fig. 3 2, a certain amount of ave negative bias ii 
applied to the preceding stages on a weak signal. Since it may be desirable to 
maintain the receiver's r-f and i,f gain at the maximum possible value for a weak 
signal, ave circuits are designed in some cases to apply no ave bias until the signal 
strength exceeds a certain value. These ave circuits are known as delayed ave, or 
davc, circuits. A davc circuit is shown in Fig. 33. In this circuit, the diode section 
D1 of the 6H6 acts as detector and ave diode, R1 is the diode load resistor, and 
R2 and C2 are the ave filter. Because the cathode of diode D2 is returned to -3 
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volts, a d-c current flows through R1 and R2 in series with D2. The voltage 
drop of this current places the ave lead at approximately -3 volts potential. & 
long as the average amplitude of the rectified signal voltage developed across R1 
does not exceed 3 volts, the ave lead remains at -3 volts. Hence, for signals not 
strong enough to develop 3 volts across R1, the bias applied to the controlled tubes 
stays constant at a value giving high sensitivity. However, when the average 
amplitude of rectified signal voltage across R1 exceeds 3 volts, the plate of diode 
D2 becomes more negative than the cathode of D2 and current flow in diode D2 
ceases. The potential of the ave lead is then controlled by the voltage developed 
across R1. Therefore, with further increase in signal strength, the ave circuit 
applies an increasing ave bias voltage to the controlled stages. In this way, the 
circuit regulates the receiver's gain for strong signals, but permits the gain to stay 
constant at a maximum value for weak signals. 

It can be seen in Pig. 3 3 that a portion of the -3 volts delay voltage is 
applied to the plate of the detector diode D1, this portion being approximately 
equal to R1/(R1 +Rz) times -3 volts. Hence, with the circuit constants as 
shown, the detector plate is made negative with respect to its cathode by approxi
mately one-half volt. However, this voltage does not interfere with detection 
because it is not large enough to prevent current flow in the tube. 

TUNING INDICATION WITH ELECTRON-RAY TUBES 

In the electron-ray types 6E5' and 6G5', a triode is mounted in a glass bulb, 
with a fluorescent target in the dome of the bulb, as shown in Fig. 34. The target 
is operated at a positive voltage and therefore attracts electrons from the cathode. 
Electrons striking the target produce a glow in a fluorescent coating on the target. 
When electrons are flowing to the whole circumference of the target, the target 
has the appearance of a ring of light. 

An electrode, the ray-control electrode, is mounted between the cathode and 
target. When the potential of this electrode is less positive than the target, electrons 
flowing to the target are repelled by the electrostatic field of the electrode, and do 
not reach that portion of the target behind the electrode. Because the target does 
not glow where it is shielded from electrons, the control electrode casts a shadow 
on the glowing target. The extent of this shadow varies from approximately 100 
degrees of the target, when the control electrode is much more negative than the 
target, to .zero degrees when the control electrode is at approximately the same 
potential as the target. 

In the application of the electron-ray tube, the potential of the control electrode 
is determined by the voltage on the grid of the triode section, as can be seen in 
Fig. 35'. The flow of the triode's plate current through resistor R produces a voltage 
drop which detumines the potential of the control electrode. When the voltage 
of the triode grid changes in the positive direction, plate current increases, the 
potential of the control electrode goes down because of the increased drop across R, 
and the shadow angle widens. When the potential of the triode grid changes in 
the negative direction, the shadow angle narrows. 

CATHODE 
LIGHT 
SHIELD 

Pig. 3'I 

FLUORESCENT 
COATING 
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Electron-ray tubes are widely used as tuning indicators in radio receivers. lo 
this use, ave voltage is applied to the grid of the triode. Since ave voltage is at a 
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maximum when the set is tuned to give maximum response to the station, the 
shadow angle is at a minimum when the set is tuned exactly to the desired station. 
Thus the electron-ray tube gives a convenient visual indication of correct tuning. 
The choice between the electron-ray types 6E 5' and 6G5' for a receiver depends oo 
the receiver's ave characteristic. The 6E5 has a sharp cut-off triode which closes 
the shadow angle on a comparatively small value of ave voltage. The 6G'S' has a 
remote cut-off triode which closes the shadow angle on a larger value of ave voltage 
than the 6E 5. 

Electron-ray tubes are also used as indicators in vacuum-tube voltmeters. In 
this application, an electron-ray tube has the advantage that it does not draw current 
from the circuit connected to its input terminals. 

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 Figs. 36A and 36B) may be utilized, 
but they all depend on feeding more energy from the plate circuit to the grid circuit 
than is required to equal the power loss in the grid circuit. Feed-back may be 

Pig. 36A 

B- A- B+ 
A+ 

B- HE-"'TER 9+ 
TRANSFORMER 

produced by electrostatic or electromagnetic coupling between the grid and plate 
circuits. When sufficient energy is fed back to more than equal the loss in the erid 
circuit, the tube will oscillate. The action consists of regular surges of power 
between the plate and the grid circuit at a frequency dependent on the circuit 
constants of inductance and capacity. By proper choice of these values, the 
frequency may be adjusted over a very wide range. 

FREQUENCY CONVERSION 

Frequency conversion is used in superheterodyne receivers to change the 
frequency of the r,f signal to an intermediate frequency. To perform this change 
in frequency, a frequency-converting device consisting of an oscillator and a 
frequency mixer is employed. In such a device, shown diagrammatically in Pig. 37, 
two voltages of different frequency, the INPUT AT 

r,f signal voltage and the voltage gen, R-F s1GNAL 

erated by the oscillator, are applied to FREQUENCY 

the input of the frequency mixer. 
These voltages beat, or heterodyne, 

r R ~ ~UEE RN Cy 1--1 N-=OT"'~~r;~::~;"'. ~CCATc.,Tt

f' RE QUE NC Y 

OSCILLATOR 

within the mixer tube to produce a 
plate current having, in addition to FREQUENC: CONVERTER 

the frequencies of the input voltages, P,g. 37 

numerous sum and difference frequencies. The output circuit of the mixer ataee 
is provided with a tuned circuit which is adjusted to select only one beat frequency, 
i.e., the frequency equal to the difference between the signal frequency and the 
oscillator frequency. The selected output frequency is known as the intermediate 
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frequency, or i.f. The output frequency of the mixer tube is kept constant for 
all values of signal frequency by tuning the oscillator to the proper frequency. 

Important advantages gained in a receiver by the conversion of signal frequency 
to a fixed intermediate frequency are high selectivity with few tuning stages and 
a high, as well as stable, overall gain for the receiver. 

Three methods of frequency conversion for superheterodyne receivers are of 
interest. These methods are alike in that they employ a frequency-mixer tube in 
which plate current is varied at a combination of the signal frequency and the 
oscillator frequency. These variations in plate current produce across the tuned 
plate load a voltage of the desired intermediate frequency. The three methods differ 
in the types of tubes employed and in the means of supplying input voltages to the 
mixer tube. 

A method widely used before the availability of tubes especially designed for 
frequency-conversion service, employs as mixer tube either a triode, a tetrode, or 
a pentode, in which oscillator voltage and signal voltage are applied to the same 
e-fid. In this method, coupling between the oscillator and mixer circuits is obtained 
by means of inductance or capacitance. 

A second method employs a tube especially designed for frequency•converter 
service, in which the oscillator and the frequency mixer are combined in one tube. 
With this tube, called a pentagrid converter, coupling between the oscillator and 
mixer circuits is obtained by means of the electron stream within the tube. The 
arrangement of electrodes in a pentagrid converter tube is shown in Fig. 38A. 
Grids No. 1 and No. 2 and the cathode are connected to an external circuit to act 
as a triode oscillator. Grid No. 1 is the grid of this oscillator and grid No. 2 is 
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Pig. 38B 

the anode. These two grids and the cathode can be considered to be a composite 
cathode which supplies to the rest of the tube an electron stream that varies at 
oscillator frequency. This varying electron stream is also controlled by the r•f 
voltage on grid No. 4. Thus, the variations in plate current are due to the com• 
bination of the oscillator and the signal frequencies. The purpose of grids No. 3 
and No. 5, which are connected together within the tube, is to accelerate the 
electron stream and to shield grid No. 4 electrostatically from the other electrodes. 
The 6A8 and 1C6 are examples of the pentagrid-converter types. 

A third method employs a tube particularly designed for short•wave reception. 
This tube, called a pentagrid mixer, has two independent control grids and is used 
with a separate oscillator tube. R•f signal voltage is applied to one of the control 
grids and oscillator voltage is applied to the other. It follows that the variations 
in plate current are due to the combination of the oscillator and signal frequencies. 
The arrangement of electrodes in a pentagrid•mixer tube is shown in Fig. 38B. 
The two control grids are No. 1 and No. 3. The r•f signal voltage is applied to 
No. 1. This grid is a remote cut•off grid and is, therefore, suited for control by 
ave bias voltage. The oscillator voltage is applied to No. 3 grid. This grid is a 
sharp cut•off grid and, therefore, produces a comparatively large effect on plate 
current for a small amount of oscillator voltage. Grids No. 2 and No. 4 are tied 
together within the tube. They serve to accelerate the electron stream and to shield 
grid No. 3 electrostatically from the other electrodes. Grid No. 5 functions similarly 
to the suppressor in a pentode. The 6L 7 is a pentagrid-mixer tube. 
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Radio Tube Installation 
The installation of radio tubes ~equires care if high-quality performance is to be 

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

FILAMENT AND HEATER POWER SUPPLY 

The design of radio tubes allows for some variation in the voltage and current 
supplied to the filament or heater, but most satisfactory results are obtained from 
operation at the rated values. When the voltage is low, the temperature of the 
cathode is below normal, with the result that electron emission is limited. Thu; may 
cause unsatisfactory operation and reduced tube life. On the other hand, high 
cathode voltage causes rapid evaporation of cathode material and shortened life. 
To insure proper tube 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 battery 
or a d-c power line) or an alternating-current power line, depending on the type of 
service and type of tube. Frequently, a resistor (either variable or fixed) is used 
with a d-c supply to permit compensation for battery voltage variations or to adjust 
the tube voltage at the socket terminals to the correct value. Ordinarily, a step-down 
transformer is used with an a-c supply to provide the proper filament or heater 
voltage. Receivers, however, intended for operation on both d-c and a-c power 
lines have the heaters connected in series with a suitable resistor and supplied directly 
from the power line. 

D-c filament or heater operation should be considered on the basis of the 
source of power. In the case of dry-battery supply, a variable resistor in series with 
the filament and the battery is required to compensate for battery variations. It ia 
also recommended that an accurate voltmeter or milliammeter be permanently installed 
in the receiver to insure operation of the tubes at their rated filament voltage. 
Turning the set on and off by means of the rheostat is advised to prevent over-voltage 
conditions after an off-period. The voltage of dry-cells rises during off-periods. 
In the case of storage-battery supply, air-cell-battery supply, or d-c power supply, a 
non-adjustable resistor of suitable value may be used. It is well, however, to check 
initial operating conditions, and thus the resistor value, by means of a voltmeter 
or ammeter. A resistor is not required in some types of service, such as in the 
operation of the 2-volt series of tubes on a single storage-cell, and the 6.3,volt 
series of tubes from a 6-volt storage battery. 

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

Supply volts - Rated volts of tube type 
Required Resistance (ohma) = Total rated filament current (amperes) 

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 cella 
in series) minus 2 volts (voltage rating for these tubes) divided by 0.56 ampere 
( the sum of 5 X 0.060 ampere+ 2 X 0.130 ampere), i.e., approximately 1.8 ohma. 
Since this resistor should be variable to allow adjustment for battety depreciation, 
it is advisable to obtain the next larger commercial size, although any value between 
2 and 3 ohms will be quite satisfactory. Where much power is dissipated in the 
resistor, the wattage rating should be sufficiently large to prevent overheating. The 
power dissipation in watts is equal to the voltage drop in the resistor multiplied by 
the total filament current in amperes. Thus, for the example above, 1 X.0.f6=0.f6 
watts. In this case, the value is so small that any commercial rheostat with suitable 
resistance will be adequate. 
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For the case where the heaters and/or filaments of several tubes are operated 
in aeries, the resistor value is calculated by the following formula, also derived from 
Ohm's law. 

Req · d Ru" (oh ) Supply volu - Total nted volta of tubea 
uire ,atanoe ma = Rated amperea of tubea 

!hus, if a receiver having one 6A8, one 6K7, one 6B8, one 25A6, and one 25Z6 
1a to be operated from a 120•volt power line, the series resistor is equal to 120 volts 
(~h~ supply voltage) minus 68.9 volts (the sum of 3 X 6.3 volts+ 2 X 25 volte) 
d1V1ded by 0.3 ampere ( current rating of these tubes), i.e., approximately 170 ohms. 
The wattage dissipation in the resistor will be 120 volts minus 68.9 volts times 0.3 
ampe~e, or approximately 15 .3 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 
tub_ea having different current ratings, tubes of the lower ratings should have shunt 
resis~ors placed across their heater terminals to pass the excess current. The 
reqwred series resistor is then calculated on the basis of the tubes having the highest 
current rating. 

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

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

If the line voltage is consistently below that for which the primary of the 
transformer is designed, it may be necessary to install a booster transformer between 
the a•c outlet and the transformer primary. Before such a transformer is installed, 
the a•c line Huctuations should be very carefully noted. Some radio sets are 
equipped with a line-voltage switch which permits adjustment of the power 
transformer primary to the lint 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 arrangements of filaments and/ or heaters, a voltage• 
dropping resiitance in series with the heaters and the supply line is usually required. 
This resistance should be of such value that, for normal line voltage, tubes will 
operate at their rated heater or filament current. The method for calculating the 
resistor value is given above. 

HEATER-TO-CATHODE CONNECTION 

The cathodes of heater-type tubes, when operated from a.c., should be connected 
either to the mid-tap on the heater•supply winding or to the mid•tap of a 50-ohm 
(approximate) resistor shunted across the winding. This practice follows the 
general recommendation that the potential difference between heater and cathode 
be kept low. In high•gain resistance-coupled circuits, the use of 10 volts i• 
suggested to minimize hum. If a large resistor is used between heater and cathode, 
it should be by•passed by a suitable filter network or objectionable hum may develop. 
In the case of the 6.3•volt heater•cathode types when operated from a storaee 
battery, the cathodes are connected either directly or through biasing resistors to 
the negative battery terminal. When a series-heater arrangement is used, the 
cathode cir-cuits should be connected either directly or through biasing resistors to 
the negative aide of the d,c plate supply, which is furnished either by the d•c power 
line or by the a•c power line through a rectifier. 
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PLATE VOLTAGE SUPPLY 

The plate voltace for radio tubes is obtained from batteries, devices for 
rectifying a.c., direct-current power lines, and small local generators. Auto radi01 
have caused the co=ercial development of a number of devices for obtaining a 
hieh•voltage d•c supply either from the car storage•battery or from a generator 
driven by the car engine. 

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 reco=ended grid voltage is also supplied to 
the &rid. 

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 voltage divider of the higb· 
voltage d•c supply, or from the voltage drop across a resistor in the cathode circuit. 
This last is called the "self-bias" method, since the cathode current of the tube 11 

utilized to produce the bias voltage. In any case, the object of the connection is 
to make the grid negative with respect to the cathode by the specified voltage. 
With C•battery supply, the negative battery terminal is connected to the grid return. 
The positive battery terminal is connected to the negative filament socket terminal, 
or to the cathode terminal if the tube is of the heater•cathode type. If the :lilament 
is supplied with alternating current, this connection is usually made to the center-tap 
of a low resistance (20-50 ohms) shunted across the filament terminals. This method 
reduces hum disturbances caused by the a•c supply. If biaa voltages are obtained 
from the voltage divider of a high,voltage d•c supply, the grid return is connected 
to a more negative tap than the cathode. 

The self-biasing method utilize& the voltage drop produced by the cathode 
current Howing through a reaistor (Fig. 39) connected between the cathode and the 
negative terminal of the B•supply. The cathode current is, of course, equal to the 
plate current in the case of a triode, or to the aum of the plate and screen current 
in the case of a tetrode, pentode, or beam power tube. 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. 

0 

- B- B+ 
R = GRID-BIASING RESISTOR TRANSFORMER C= BY-PASS CONDENSER 

Pia. 39 

The size of the resistance for self,biaaing a single tube can be determined from 
the following formula: 

Reaiitance (ohma) = Desired grid - biaa voltage X 100-0 
Rated cathode cunent in milliamperea 

Th~,. the resistance required to produce 9 volts bias for a triode which operates at 
3 milliamperes plate current is 9 X 1000/3 = 3000 ohms. If the cathode current of 
more ~han one tube passes through the resistor, the size of the resistor will be 
detenmned by the total current. As indicated above, for tetrodes, pentodea, or 
beam power tubes, the cathode current is the sum of the screen and the plate current. 
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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 
end is obtained from a bleeder circuit by means of a potentiometer; by the self,biaa 
method using a variable resistor; or, with automatic volume control (ave), from a 
bleeder circuit by means of changes in bleeder current caused by the ave tube:. In 
any case, it is importane 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 Pigs. 40 to 4 2. 

B· B+ 

Pia. 40 Pig. 41 Pia. 42 

SCREEN VOLTAGE SUPPLY 

The positive voltage for the screen of a radio tube is usually obtained from a 
tap on the B•supply. For screen grid types of the four-electrode (or tetrode) 
construction, the screen voltage should be obtained by connecting the screen either 
directly to the proper voltage tap or through a potentiometer connected across the 
B-supply, but never through a series resistance to a high-voltage supply. This latter 
arrangement will not usually be satisfactory because of screen-current variatiom. 
Pentodes and beam power tubes, however, may utilize the series-resistor arrangement 
because tubes having suppressor action provide greater uniformity of the screen• 
current characteristic. Fig. 43 shows a pentode with screen voltage supplied through 
a series resistor. 

A+ A- B- B+ 

Pia. 4l Pig. H 

Screen voltage variation for the r-f amplilier stages is sometimes used for 
volume control of the receiver. Reduced screen voltage lowers the mutual con• 
ductance of the tube and results in decreased gain per stage. The voltage variation 
is obtained by means of a potentiometer shunted across the screen voltage supply. 
See Pig. 44. 

SHIELDING 

In high-frequency stages having high gain, the output circuit of each stage 
must be: shielded from the input circuit of that stage. Each high-frequency stage 
also must be shielded from the other high-frequency stages. Unless shielding ill 
employed, undesired feedback may occur and may produce many harmful effects on 
receiver performance. To prevent this feedback, it is a widely followed practice 
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to shield separately each unit of the high-frequency stages. For instance, in a 
superheterodyne receiver, each i-f and r,f coil may be mounted in a separate shield 
can. Baffle plates may be mounted on the ganged tuning condenser to shield each 
section of the condenser from the other sections. The oscillator coil may be 
especially well-shielded by being mounted under the chassis. The shieldin1 
precautions required in a receiver depend on the design of the receiver and the 
layout of the parts. However, in all receivers having high,gain high-frequency 
stages, it is necessary to shield separately each tube in the high-frequency sta1a. 
With all-metal tubes, complete shielding of each tube is provided by the metal shell 
of the tube. 

FILTERS 

Feed-back effects also are caused in radio receivers by coupling between stages 
through common voltage-supply circuits. Filters :find an important use in minimizin1 
such effects. They should be placed in voltage-supply leads to each tube in order 
to return the signal current through a low-impedance path direct to the tube cathode 
rather than by way of the voltage-supply circuit. Fig. 45 illustrates several forma 
of filter circuits. In these, the condenser forms the low-impedance path, while the 
choke or resistor assists in diverting the signal through the condenser by offering a 
high-impedance to the power-supply circuit. 

The choice between a resistor and a choke depends chiefly upon the permisa11ile 
d•c voltage drop through the :filter. In circuits where the current is small (a few 
milliamperes) resistors are practical; where the current is large, or regulation 
important, chokes are more suitable. 
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The minimum practical sue of the condensers may be estimated in most caaea 
by the following rule: The impedance of the condenser at the lowest frequency 
amplified should not be more than one,:fifth of the impedance of the :filter choke or 
resistor at that frequency. Better results will be obtained in special cases if the 
ratio is not more than one.-tenth. Radio-frequency circuits, particularly at hidi 
frequencies, require high-quality condensers. Mica condensers are preferable. 
Where stage shields are employed, :filters should be placed within the shield. 

Another important application of :filters is to smooth the output of a rectifier 
tube. See RECTIFICATION. A smoothing :filter usually consists of 0&ndeoaen 
and iron-core chokes, as in Fig. 46. In any :filter design problem, the load 
impedance must be considered as an integral part of the :filter because the load fl 
an important factor in :filter performance. Smoothing effect is obtamed from 
the chokes because they are in series with the load and offer a high impedance 1lO 
the ripple voltage. Smoothing effect is obtained from the condensen because they 
are in parallel with the load and store energy on the voltage peaks; this energy fl 
released on the voltage dips and serves to maintain the voltage at the load 
substantially constant. 

Smoothing :filters are classified as choke-input or condenser-input accordin&' tlO 
whether a choke or condenser is placed next to the rectifier tube. See Pig. .of6. 
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The CIRCUIT SECTION gives a number of examples of rectifier circuits with 
recommended filter constants. 

CONDENSER-INPUl TYPE rlLlER CONDENSER FIL lEA 

El • 
INPUT I FROM OUTPUT RECTIFIER 

T TUBE 

El 

L =~IL TER CHOKE C = FILTER CONDENSER 

Pi1. 46 

lf an input condenser is used, consideration must be given to the instantaneoua 
peak value of the a,c input voltage. This peak value ia about 1.4 times the RMS 
value as measured by an a,c voltmeter. Filter condensers, therefore, especially the 
inp11t condenser, should have a rating high enough to withstand the instantaneous 
peak "alue, if breakdown is to be avoided. When the input-choke method is used, 
th.- 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. 

OUTPUT-COUPLING DEVICES 

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

PLATE 

~ 
10-30H TO 
CHOKE LOUDSPEAKER 

TRAN.sroRMER METHOD 

Output-coupling devices are of two types, ( 1) choke-condenser and ( 2) trans• 
former. 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,sufply. 
The choke offers a very low resistance to the d,c plate current component o the 
signal voltage . but opposes the :flow of the :fluctuating component. A by•paaa 
condenser of 2 to 6 µf supplies a path to the speaker winding for the signal voltage. 
The transformer type is constructed with two separate windings, a primary and a 
secondary, wound on an iron core. This construction permits of designing each 
winding to meet the requirements of its position in the circuit. Typical arrangements 
of each type of coupling device are shown in Fig. 47. Examples of transformers 
for p11sh,pull stages are shown in several of the circuits given in the CIRCUIT 
SECTION. 
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RCA RADIO TUBE CLASSIFICATIONS 

The following table classifies RCA tubes according to their functions and 
cathode voltages. It is intended to assist the tube user in identifying type numbert1 
and in choosing a tube type for an application. AB new tubes have been made 
available, the importance of certain earlier types for new equipment designs has 
decreased. This decrease in importance to the designer is indicated in the table by 
showing these types in small light face. The new All,Meta] types are identified by 
large bold face. 

Cathode Vo!t;i- 1.1 1.5 2.0 2.5 3.3 5.0 6.3 7.5 12.6 25 30 

DIODES 
Detector (twin) 6H6 
Rectifier (half•WO'Ye) 1-v 81 12L3 

Rectifier (full-wove, \'Ocuum) 
5W4, 524, 5Z3 
80 83-v 6X5, 84 

Rectifier (full-wove, mercury) 82 83 
' 2526 

Rectifier-Doubler 25Z5 

TRIODES 
Voltage amplifier (medium mu) 11, 12 26 30 27, 56 '99 \oo.A, 01-AI 40 6C5, 76, 37 

Voltage amplif,er (l,igh mu) 6F5 
Power ampl1fie1 31 2A3, 45 '20 71-A, 112-A 10, 50 

Class B amplifier (twin) 19 53 6N7, 6i',6, 79 
Class 8 cmpUier (dual grid) 49 46 

TETRODES 
Voltage omplrf,e1 (sharp cut-off) 32 24-A 22 36 

Voltage amplifier (remote cut-off) 1 35 

Power amplifier ~8 

BEAM POWER TUBES 6Lb 25L6 

PENTODES 
Voltage amplifier (sharp cut-oFf) 184, 15 57 6J7,6C6, 77 

Voltage amplifier (remote cut-off) 1A4, 34 58 
6K7, 6D6, 78 
39 /44 

Power amplifier 1F4, 33 
2A5, 47 6F6, 38, 41 25A6 

59 42, 6A4, 39 43 
PENTAGRID CONVERTERS 1A6, 1C6 2A7 6A8, 6A7 

PENTAGRID MIXER 6L7 

DUPLEX-DIODE TYPES 
With medium-mu triode 1 B5 ;255 55 6R7, 85 
W11h high mu triode 2A6 607 75 
With penlode 1F6 287 6B8,6B7 

TRIODE-PENTODE 6F7 

ELECTRON-RAY TUBES 
With sharp cut-off triode 6E5 
With remote cut-off triode 6G5 

KEY TO TERMINAL DESIGNATIONS OF SOCKETS 
Alphabetical subscripts D, P, and T indicate, respectively, diode unit, pentode 

unit, and triode unit in multi-unit types. 

Numerical subscripts are used ( 1) in multi-grid types to indicate relative 
position of grids to cathode or filament, and (2) in multi-unit types to diferent1ate 
between two identical electrodes which would otherwise have the same designat10n. 

BP= Bayonet Pin 
F =Filament 
6=6rld 

H =Heeter 
K =Cathode 
NC= No Connection 
P =Plate 

PeF= Beem-Formi119 Plates 
S =Shell 
TA =Target 

Bottom mws uf sockets dTf! sho'Jllfl tmo11ghout this 6oolt. 
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RCA-00-A 

DETECTOR 
The 00-A is a three-electrode 

storage-battery tube of the gas-filled 
type for use as a sensitive grid-leak 
detector. 

RCA-0 I -A 

DETECTOR, AMPLIFIER 
The 01-A is a three-electrode 

storage-battery tube for use as a 
detector and as an amplifier. Base 
connections are same as for the 00,A. 

CHARACTERISTICS 

Ol•A 
5.0 

ru
G 

2 --- 3 

I 4 
r r 

Volts FILAMENT VOLTAGE (D. C.) .......• 
FILAMENT CURRENT .•.•••••..••.• 
Pl.ATE VOLTAGE ...•...•..•...•••• 
GRID VOLTAGE ..••...•••.••.••••• 

00-A 
5.0 

0.25 
45 max. 

0 

0.25 
90 

-4.5 

Ampere 
1 H max. Volts 
-9 Volts 

PLATE CURRENT • • • • • • • . • • . . • • • • • 1.5 
PLATE RESISTANCE •..••••••.••••• 30000 
AMPLIFICATION FACTOR • • . . . . . . • . . 20 
TRANSCONDUCTANCE . . • • • • • • . • • • • • 666 
GRID-PLATE CAPACITANCE • . . . . • • • • • 8.5 
GRID-FILAMENT CAPACITANCE . • • . . • • 3.2 
PLATE-FILAMENT CAPACITANCE . . • • . 2.0 
BULB . . . . • . . . . . . • . . . • . . • • • • S-14 

2.5 
11000 

8 
725 

3.0 
10000 

8 

8.1 
3.1 
2.2 

800 

ST-14 

Milliamperes 
Ohms 

Micromhos 
µµf 
p.p.f 

µµf 

BASE ..........•.....•...••• Medium 4-Pin Bayonet Medium 4•Pin Bayonet 

INSTALLATION AND APPLICATION 

The base pillB of the 00,A and 0l·A fit the standard four-contact socket which 
should be installed to hold the tube in a vertical position. 

As a detector, the 0l·A may be operated either with conventional grid leak 
and condenser or with grid bias. For grid-bias detection, plate voltages up to the 
maximum value of 13 5 volts may be used with the corresponding negative grid-bias 
voltage ( 13. 5 volts approximately, at 13 5 volts). 

'These two types a.re used principally for renewal purposes. 
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RCA-IA4 

SUPER-CONTROL R-F 
AMPLIFIER PENTODE 

The 1A4 is a super-control pentode 
of the filament type. It is useful 
as a radio , frequency amplifier or 
intermediate , frequency amplifier in ™

GI G2 

2 3 

I 4 
Ft G3 

F-

battery-operated receivers. The 1A4, 
although similar in application to type 34, is constructed in a smaller bulb and. 
because of its less remote cut-off characteristic, requires less B-battery power. 

CHARACTERISTICS 

FILAMENT VOLTAGE (D. C.).................... 2.0 
FILAMENT CURRENT . . . . . . . . . . . . . . . . . . . . . • . . . . . 0.060 
PLATE VOLTAGE • . • • • . • • • • • . • • • • • •.. • . • • • 90 180 max. 
SCREEN VOLTAGE (Grid No. 2)........... 67.5 max. 67.'i max. 
GRID VOLTAGE (Grid No. 1).............. -3 min. -3 min. 

Volts 
Ampere 
Volts 
Volts 
Volts 
Milliampere, 
Milliampere 
Megohm 

PLATE CURRENT • . . . . . . . • . . • • • • • • . . . . . • 2.2 2.3 
SCREEN CURRENT . . . . . . . . . . • • . . . • . . . . . . 0.9 0.8 
PLATE RESISTANCE (Approx.)............. 0.6 1.0 
AMPLIFICATION FACTOR • • • • • • • • • • • • • • . . . 425' no 
TRANSCONDUCTANCE •••••••••••••••••••• 720 750 
TRANSCONDUCTANCE (At -15 volts bias)... 15 15' 
GRID-PLATE CAPACITANCE (With shield-can) 0.007 max. 
INPUT CAPACITANCE . . . • • • • • • • • • • • . . • . . . 5' 
OUTPUT CAPACITANCE . . . . . . • • • • • • • . . . . • 11 
BULB .•.....•...............••.•.................... 
CAP •.......................•..•.................... 
BASE .....................•..•...................... 

INSTALLATION AND APPLICATION 

For INSTALLATION and APPLICATION, refer to type 34. 

AVERAGE PLATE CHARACTERISTICS 

I I I j 

1YPE IA4 
_E-t=2.0 VOLTS O.C. 

SCREEN VOL TS: 67.S 

CONTROL - C.RID VOLTS Ec1=0 

,,,,..-- _, 

(/ -- -2 

1/ - E Cl =-3 

'r 4 

'/ -• , • -7 

0 80 160 2-40 320 400 
PLATE VOLTS 
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Micromhoe 
Micromhos 
p.p.f 
p.p.f 
p.p.f 

ST,12 
Small Metal 
Small 4-Pin 
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RCA- I A6 

PENTAGRID CONVERTER 
The 1A6 ia a multi-electrode type 

of vacuum tube designed to perform 
simultaneously the function of a 
mixer tube and of an oscillator tube 
in superheterodyne circuits. Through 

its use, the independent control of each function ia made possible within a sin1le 
tube. The 1A6 is designed especially for use in battery-operated receivers. In sucb 
service, this tube replaces the two tubes required in conventional circuits and give, 
improved performance. For general discussion of pentagrid types, see Frequency 
Conversion, page 31. 

CHARACTERISTICS 
FILAMENT VOLTAGE (D. C.)..................... 2.0 
Fil.AMENT CURii.ENT • • • . • • • • • • • • • • • • • • • • • • • • • • • 0.060 
DIRECT INTERELECTRODE CAPACITANCES (Approx.) 

Grid No. 4 to Plate (With shield-can)........... 0.25' 
Grid No. 4 to Grid No. 2 (With shield-can)...... 0.2 
Grid No. 4 to Grid No. 1 (With shield-can)...... 0.1 
Grid No. 1 to Grid No. 2 .••••••.• :........... 0.8 
Grid No. 4 to All Other Electrodes (R,F Input)... 10.5' 
Grid No. 2 to All Other Electrodes (Osc. Output). 6 
Grid No. 1 to All Other Electrodes (Osc. Input).. S' 
Plate to All Other Electrodes (Mixer Output)..... 9 

BtrLB •..•••••••••••••.•••••••••••••••••••••••••••••• 
CAP ••......................•......••...•...••.••••• 
BASE .........................••................•.•• 

Converter Service 

Pr ATE VOLTAGE ..•...•..•.....•••.•••......... 
SrRFEN VOLTAGE (Grids No. 3 and 5') •••••.•....•. 
A"'ol)E-GRID VOLTAGE (Grid No. 2) .•••••••••.•.. 
A Nf)l)E-GRID VOLTAGE SUPPLY* •....••••••••••••. 
Cn'-'TROL-GRID VOLTAGE (Grid No. 4) ............ . 
T<•"~L CATHODE CURRENT ....••••••••••••••.... 
TYPICAL OPERATION 

Pl 1te Voltage ••••••••••.•••••• , ..... . 
Screen Voltage ..................... .. 
Anode-Grid Voltage .••......•.•...... 
:\node-Grid Voltage Supply ••....•...... 
Cnntrol-Grid Voltage ............ , •. , .. 
0,cillator,Grid Resistor (Grid No. 1) ..... 
Pl:ite Current •••••••••••••••••••••••• 
S,·reen Current ....•......•.••• , •..•.. 
Anode-Grid Current .•....... , , , ..... . 
0•cillator,Grid Current ....... , ••...... 
Tntal Cathode Current •........••...... 
Pl ate Resistance ••.••••••••••••••••••• 
Conversion Conductance ••••••••••••••• 
Conversion Conductance (At -22.5 volts 

on Grid No. 4) •..••••••••••.••••••• 

135' 
67.5' 
135' 
135' 
-3 

fOOOO 
1.2 
2.5 
2.3 
0.2 
6.2 
0.4 
275' 

180 max. 
67.S' max. 
135' max. 
180 max. 
-3 min. 

9max. 

180 
67.'i 
135' 
180* 
-3 

50000 
1.3 
2.4 
2.3 
0.2 
6.2 
0.5' 
300 

4 

Volts 
Ampere 

p.p.f 
p.p.f 
p.p.f 
p.p.f 
p.p.f 
p.p.f 
p.p.f 
µp.f 

ST-12 
Small Metal 
Small 6-Pin 

Volts 
Volts 
Volts 
Volts 
Volts 
Milliamperea 

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

Micromhos 
• Applied through 20000,ohm dropping resistor, by•paased by 0.1 µf condenser. 
The transconductance of the oea11ator portion (not oecillating) of the 1A6 is 42; micromhoa under 

the following conditions: Plate voltage, 1 H to 180 volts; screen voltage, 67.; volts; anode,grid voltap 
(no voltage•droppi!}g resistor), 135 volts; and ~ro oecillator arid volts. Under theae same conditiou 
the anode•grid current ia 2 .3 milliampera. 
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R C A RECEIVING T U B E M A N U A L 

INSTALLATION 

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

The coated filament of the 1A6 may be operated conveniently from dry•cells, 
from a single lead storage-cell, or from an air-cell battery. For dry-cell operation, 
a filament rheostat may be used together with a permanently installed voltmeter to 
insure the proper filament voltage. For operation from a 2-volt lead storage-cell, 
the 1A6 requires no filament resistor. Operation from an air-cell battery requires a 
fi:xed resistor in the filament circuit. This resistor should have a value such that 
with a new air-cell battery, the voltage applied across the filament terminals will 
not initially exceed 2.15 volts. 

Series operation of the filament of the 1A6 with those of other two-volt battery 
types is permissible provided certain precautions are observed. It is essential that 
shunt resistors be employed across certain filaments to carry the plate current 
returning from other tubes through these filaments. The shunt resistors should be 
adjusted to maintain the filament voltage of each tube at its rated value of 2.0 volta 
under operating conditions. It is obvious that the shunt resistor can also be used 
to adjust for a difference in filament current ratings. Series-parallel operation of 
two-volt types is not recommended because failure of one tube may cause excessive 
voltage across other tubes. Socket terminal No. 1 (see socket connections) should 
be connected to the positive battery terminal. 

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

APPLICATION 

As a frequency converter in superheterodyne circuits, the 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-gnd 
voltage and the plate voltage must each be higher than the screen voltage. 

For the oscillator circuit, the coils may be constructed according to conventional 
design, since the tube is not particularly critical for frequencies up to 10 mega,ycl es. 
For higher frequencies the 1C6 should be used. However, it should be noted that 
the 1C6 requires additional filament current. The voltage applied to the anode-grid 
(No. 2) of the 1A6 should not exceed the maximum value of 135 volts, but should 
always be higher than the screen (grids No. 3 and No. 5) voltage. The anode-grid 
voltage may be obtained from a suitable tap on the B battery or from the plate-supply 
tap through a voltage-dropping resistor of 20000 ohms shunted by a l-y-pass 
condenser of 0.1 µf. The size of the resistor in the grid circuit of the oscillator is 
not critical but requires design adjustment, depending upon the values of the anode
grid voltage and of the screen voltage. Adjustment of the circuit should be such 
that the cathode current is approximately 6 milliamperes. Under no conditwn of 
adjustment should the cathode current exceed the recommended maximum value of 
9 milliamperes. 

The bias voltage applied to grid No. 4 can be varied over relatively wide limits 
to control the translation gain of the tube. For example, with 67.5 volts on the 
screen (grids No. 3 and No. 5), the bias voltage may be varied from -3 to plate 
current cut•off (approximately -25 volts). With lower screen voltages, the cut-off 
point is proportionately less. The extended cut-off feature of the 1A6 in com, 
bination with the similar characteristics of super-control tubes can be utilized 
advantageously to adjust receiver sensitivity. 

Since the capacity between grid No. 4 and plate is in a parallel path with the 
capacity and inductance 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 flate and grid No. 4 to 
produce degenerative effects. For this reason, the size o the load condenser in 
the plate circuit should be not less than 50 µµ£. 

Converter circuits employing the 1A6 may easily be designed to have a trans
lation gain of approximately 40. A typical circuit which provides exceptionally 
uniform oscillator output over the entire grid-bias range is shown under type 1C6. 
For details of oscillator coil assemblies, refer to type 2A 7. 
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RCA-1B4 

R- F AMPLIFIER PENTODE 
The lB4 is a pentode of the fila

ment type. It is recommended for 
use primarily as a radio , frequency 
amplifier or detector in battery-oper
ated receivers. The 1B4 is similar 

type 3 2 but .is constructed in a smaller bulb. 

CHARACTERISTICS 

FILAMENT VOLTAGE (D. 0.) ....... •,....... . . . . . 2.0 
FILAMENT CU1UlBNT • • . • • • • • • • • • • • • • • • • • • . . . • • • 0.060 
PLATE VOLTAGE • • • • • • • • • • • • • • • • • • • • • • • • 90 180 max. 

Volts 
Ampere 
Volts 
Volts 
Volts 

ScREEN VOLTAGE (Grid No. 2) ........... 67.5 max. 67.5 max. 
GRID VOLTAGE (Gr:id No. 1).. . . . . . . . . . . . . -3 -3 
PLATE CUB.RENT • • . • • • • • • • • • • • • • • • • . • . • 1.6 l. 7 
SCREEN CURR.ENT .. •• • .. .. • .. • • • • .. .. .. 0.7 0.6 
PLATE RESISTANCE ... , .......... •., .. ,. l 1.5 
AMPLIFICATION FACTOB. • • • • • • • • • • • • . . . . • 550 1000 
TB.ANSCONDUCTANCB •••••••••••••••••••· 600 650 
GRID VOLTAGE* (Approx.)............... -8 -8 
GRin•PLATE CAPACITANCE ( With shield-can) 0.007 max. 
INPUT CAPACITANCE , •....• , , , , •.•. , . . . • 5 
OUTPUT CAPACITANCE ..• , •. , , •• , , . • . . . . 11 
BULB .............................................. . 
CAP ............................................... . 
BASE .............................................. . 

• For plate current cut,off. 

INSTALLATION AND APPLICATION 

Milliamperes 
Milliampere 
Megohms 

Micromhos 
Volts 
µ.µ.f 
µ.µ.f 
µ.µ.f 

ST-12 
Small Metal 
Small 4-Pin 

For INSTALLATION. refer to type 34; for APPLICATION, refer to type 32. 

I I I 
TYPEIB4 

1- E ..f =2..0 VOLTS O.C. 
SCREE.N VOL TS :;:67.5 

-,__ 

I/ 
1/ -
I, -
'IV 
'J 

,i V 
'I I 

1/r 
7/1 ,__. 

100 

AVERAGE PLATE CHARACTERISTICS 

I I I I I 
CONTROL-GRID VOLTS Ec1=0 

200 300 
PL ATC VOLTS 

-44-

_, 

-2 .__ 

-3 

Ec1=-4 

-5 

-• 
7 

400 
42C-4656 



RCA-1B5/25S 

DUPLEX- DIODE TRIODE 
The 1B5/25S is a filament type of 

tube containing two diodes and a 
triode in a single bulb. It is recom• 
mended for use as a combined 
detector, amplifier, and automatic· 

volume-control tube in battery-operated receivers. For diode-detector considerations, 
refer to page 26. 

CHARACTERISTICS 
FILAMENT VOLTAGE (D. C.).. . . . • • • . . • . . • . • • . • . . 2.0 
FILAMENT CURRENT ••.•••••.•••.•.......•.. , . . 0.06 
GRID•TRIODE PLATE CAPACITANCE................. 3.6 
GRID-FILAMENT CAPACITANCE . . . • • • . . . . . • . • • • • • . 1.6 
TRIODE PLATE•FILAMENT CAPACITANCE............. 1.9 
BULB .....................•.••.••••.....•.•.•..•.... 
BASE ......................••••••.••....•.....•.•... 

Triode Unit-As Class Ar Amplifier 

Volts 
Ampere 
p.p.f 
p.p.f 
p.p.f 

ST,12 
Small 6-Pin 

PLATE VoLTAGE ..............•••••..•......... 1~5max. Volts 
GRID VOLTAGE • . . . . . . . . . . . . . . • • • • . . . . . . . . . . . . . -3 
PLATE CURRENT • . . . . . . . . . . . . . • • • . . . . . . . . . . . . . 0.8 
PLATE RESISTANCE • . . . . . . . . . . . . . . . . . . . . . . . . . . . 35000 
AMPLIFICATION FACTOR . . . . . . . . . . . . . . . . . . . . . . . . 20 
TRANSCONDUCTANCE ......................... , , 575 

Diode Units 

Volts 
Milliampere 
Ohms 

Micrnmhos 

The two diodes and the triode are independent of each other except for the 
common filament. Diode plate No. 1 is located at the negative end of the filament; 
diode plate No. 2 is located at the positive end. Because of this arrangement, diode 
plate No. 1, when the diodes are used for different purposes, should be used for 
detection to avoid signal delay effects. Operation curves for the diode units are 
given under type 6B7. 

INSTALLATION AND APPLICATION 
The base pins of the 1B5/25S require the use of a standard six-contact socket 

which should be installed to hold the tube in a vertical position. 
For filament operation and shielding, refer to type LA6. 
The lB5/25S is similar in application to the type 6R7. 

• 
4 

2 

.., o. 
I
< 
~ 
~ 

0 

• 

• 
0.4 

o. 2 

TYP[ 185/25S 
Ef=2.0 VOLTS O.C. 

0 

u .., 
I" 
~ 

'ii ,, 
Qc 

7 
I 

J V 

AVERAGE PLATE CHARACTERISTICS 
TRIODE UNIT 

I 
_j 
'l ~ .,I 

I I 
.. 
I ol 
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I I " ., 

3/ " ' ' ? 
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RCA- I C6 
PENT AGRID CONVERTER 

The 1C6 is a multi-electrode type 
of vacuum tube designed to perform 
simultaneously the function of a 
mixer tube and of an oscillator tube 
in superheterodyne circuits. Through 

its use, the independent control of each function is made pOSlible within a sinile 
tube. The 1 C6 is designed especially for use in battery-operated receivers. In such 
service, this tube replaces the two tubes required in conventional circuits and &ivea 
improved performance. It is especially useful in multi-range receivers which are 
often designed to cover frequencies as high as 20 megacycles. For iieneral discussion. 
of pentagrid types, see FREQUENCY CONVERSION, paiie 31. 

CHARACTERISTICS 
FILAMENT VOLTAGE (D. C.)..................... 2.0 
FILAMENT CURRENT • • . • • • • • • • • • • . • . • • • • • . • • • • • 0.120 
DIRECT INTERELECTRODE CAPACITANCES (Approx.): 

Grid No. 4 to Plate (With shield-can). • • • • • • • • • • 0.3 
Grid No. 4 to Grid No. 2 (With shield-can). • • • • • 0.3 
Grid No. 4 to Grid No. 1 (With shield-can)...... 0.1 "J 
Grid No. 1 to Grid No. 2.. • • .. .. • • • • .. .. • .. • . • 1. "J 
Grid No. 4 to All Other Electrodes (R,F Input)... 10 
Grid No. 2 to All Other Electrodes (Osc. Output). 6 
Grid No. 1 to All Other Electrodes (Oac. Input).. 6 
Plate to All Other Electrodes (Mixer Output)..... 10 

Volts 
Ampere 

µµ.f 
µ.µ.£ 
µ.µ.f 
µ.µ.£ 
µ.µ.f 
µ.µ.f 
µ.µ.f 
µ.µ.£ 

BULB •.•••••••••••• ••••••••••••••••••••••••••••• •••• 

CAP •···•·••···•••· ·•·•••••••••••••••••••••••••••••• .BASE , , •••..•.• , • , , •• , ••••••••••••••••••••• , •••••••• 

ST-12 
Small Metal 
Small 6-Pin 

Converter Service 

PLATE VOLTAGE ..••.••.•••.•••••••••••••••.••• 
ScREEN VOLTAGE (Grids No. 3 and f) ............ . 
ANODE-GRID VOLTAGE (Grid No. 2) ....•••....•.•. 
ANODE-GRID VOLTAGE SUPPLY* .••••••••••••.•••. 
CONTROL-GRID VOLTAGE (Grid No. 4) ............ . 
TOTAL CATHODE CURRENT ..••••••••••••••••...• 
TYPICAL 0Pl!RATION 

Plate Voltage .................•...... 
Screen Voltage ........••••••••••..... 
Anode-Grid Voltage Supply •••••••••••.• 
Control-Grid Voltage •••••••••• , •••••• 
Oscillator Grid-Resistor (Grid No. 1) ..... . 
Plate Current •.•.•••••••.••••.••••••• 
Screen Current (Approximate) ••..•••••• 
Anode-Grid Current ................. . 
Oscillator-Grid Current •••••••••••••••• 
'Total Cathode Current (Approx.) ...... . 
Plate Resistance •••••.•••••••••••.•••• 
Conversion Conductance ••••••••. , , .•.. 
Conversion Conductance (At -14 

13" 
67."J 
13"* 
-3 

"JO000 
1.3 

2 
2.6 
0.2 
6."J 

0.H 
300 

180 max. 
67.'i max. 
13'i max. 
180 max. 
-3 min. 

9max. 

180 
67.'i 
180* 
-3 

"JO000 
u 

2 
3.3 
0.2 

7 
0.7"J 
32"J 

Volts 
Volts 
Volts 
Volts 
Volts 
Milliampere& 

Volts 
Volts 
Volts 
Volts 
Ohms 
Milliamperes 
Milliamperes 
Milliampere~ 
Milliampere 
Milliampere& 
Megohm 
Micromhoe 

volts on Grid No. 4) •••••••• , , • • • • • • 4 4 Micromhos 
The transconductance of the Olcillator pardon (not Olcillatin11) of the 1C6 ii 1000 micromhm 

under the following conditiona: Plate voltqe, lU to 180 volta; acreen voltaae, 67. f volts; anode•arld 
voltag,, (no voltage•dropping reeiator), 13 f volt11 Uld aro Olcillator Krid volta. Under theee -
conditiooa, the anode,grid current ii 4.9 milliampera. 

• Applied throup 20000,ohm droppq raialor, t,,,.,,....,d ti,, 0.1 µf c:ondal.r. 
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R C A R E C E V N G T U B E M A N U A L 

INSTALLATION 

Refer to INSTALLATION on type 1A6. 

APPLICATION 

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

For oscillator circuit information, refer to APPLICATION on type 1A6. 
Final adjustment of the 1C6 circuit should be such that the cathode current is 
approximately 6.5 mi1liamperes. 'The cathode current should never exceed 9 
milliamperes under any condition of adjustment. 

This tube, which is similar to the 1A6 although not directly interchangeable 
with it, requires twice the filament current of the latter, but offers the feature of 
an extended operating range at the higher frequencies. This feature is of particular 
value in the design of multi-range receivers, since the oscillator section of the 1 C6 
has sufficient mutual conductance to function at frequencies as high as 2 5' megacycle,. 
In order to cover this same range of operation, the 1A6 requires the use of a triode 
connected in parallel with the oscillator section for frequencies above 10 megacycles. 

The maximum conversion transconductance is obtained with an oscillator,grid 
current of slightly less than 0. 2 milliampere. The size, inductance, and coupling of 
the oscillator-grid and plate coils will determme this value. The coupling of these 
coils should be adjusted to make the oscillator-grid current the proper value 
(approximately 0.2 milliampere) when a grid condenser of 25'0 µµf and a grid leak 
of 5'0000 ohms are used. For details of oscillator-coil assemblies, refer to type 2A 7. 

., 2.0 
:> 
:c ; 
" ~ 

t, .. 
u , .. z 
~ ., 
~ .. .., 0., 

~ 
f 

04 

CONTROL-GRID (GRIOH!t4) VOLTS 
92C-5531RI 
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and will deliver a 

RCA- I F4 

POWER AMPLIFIER 
PENTODE 

The 1F4 is a power-amplifier pen
tode for use in the output stage of 
battery-operated receivers. This tube 
has low filament, and plate-current 
requirements, high power sensitivity, 

considerable amount of audio output with 

CHARACTERISTICS 

FILAMENT VOLTAGE (D. C.)..................... 2.0 
FILAMENT CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.12 

low distortion. 

PLATE VOLTAGE • .. .. .. .. .. .. . . .. • . .. .. . 90 135' max. 

Volts 
Ampere 
Volts 

ScREEN VOLTAGE (Grid No. 2)........... 90 135' max. Volts 
GRID VOLTAGE (Grid No. 1).............. -3 -4.5' 
PLATE CURRENT . . . . . . . . . . . . . . . . . . . . . . . 4 8 
SCREEN CURRENT .. . . .. .. . . . • • . . • .. .. . . 1.3 2.6 
PLATE RESISTANCE . . . . . . . . . • . • . . • . . . . . . 240000 200000 
AMPLIFICATION FACTOR . . . . . . . . . . . . . . . . . 340 340 
TRANSCONDUCTANCE .........•..••...... 1400 1700 
LOAD RESISTANCE . . . . . . . . • • • • • • . • • . . . . . . 20000 16000 
SELF-BIAS RESISTOR . . . . . . . . . . . . . • • . . . . . . 566 425 
POWER OUTPUT* . . . . . . . . . . . • . . . • . . . . . . 120 340 
BULB .........................••.................... 
BASE .........•....................................• 

• 5 'JI, total harmonic distortion. 

INSTALLATION AND APPLICATION 

Volts 
Milliamperes 
Milliamperes 
Ohms 

Micromhos 
Ohms 
Ohms 
Milliwatts 

ST-14 
Medium , ,Pin 

For INSTALLATION and APPLICATION, refer to type 33. 

,o 

.., ,o 
~ 

4 
.J .. 

I I 
TYPE IF4 

,----E.,,=2.0VOLTS D.C-. 
SCREEN VOLTS:::135 

I 

--~ 
/. 

// 
'/ 
'V 
V 

>O ,oo 

AVERAGE PLATE CHARACTERISTICS 

C,~10 vo1.."TS Ee I ::.cO 

- 1,5 

-) .u 

-4 .5 

Ec1 = -&.Ct 

-1.5 

-9.0 

10.~ 

rso 200 2so 300 350 400 
PLATE VOL TS 92C- 4607 
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RCA- I F6 P1>2 

DUPLEX- DIODE PENTODE 
The 1F6 is a duplex-diode pentode 

consisting of two diodes and a pen• 
tode in a single bulb. It is recom• 
mended for service as a combined 
detector, amplifier (radio-frequency, 

intermediate-frequency or audio-frequency), and automatic•volume•control 
battery-operated receivers. For diode-detector considerations, refer to page 

tube in 
26. 

CHARACTERISTICS 
FILAMENT VOLTAGE (D. C.)..................... 2.0 
FILAMENT CURRENT . . . . . . . . . . . . . . . . . . . . . . . 0.06 

Volts 
Ampere 

GRID•PENTODE PLATE CAPACITANCE (With shield-can) 0.007 max. ""f 
INPUT CAPACITANCE . . • . . . . . . . . . . . . . . . . . . . . . . . . 4 
OUTPUT CAPACITANCE • . . . . . . . . . . . . . . . . . . . . . . . . 9 
BULB .............................................. . 
CAP ............................................... . 
BASE .............................................. . 

Pentode Unit-As Class A R-F or 1-F Amplifier 

""f 
µµf 

ST,12 
Small Metal 
Small 6-Pin 

PLATE VOLTAGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180 max. Volts 
SCREEN VOLTAGE (Grid No. 2).................. 67.'i max. 
GRID VOLTAGE (Grid No. 1)..................... -U' 
PLATE CURRENT . . . . . • . . . . • • • . • • • . . . . . . . . . . . . . 2.0 
SCREEN CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.6 
PLATE RESISTANCE (Approx.).................... 1 
AMPLIFICATION FACTOR (Approx.)................ 650 
TRANSCONDUCTANCE . . . . . . . . . • • • • • . . . . . . . . . . . . . 650 
TRANSCONDUCTANCE (At -12 volts bias)*......... 15 

Pentode Unit-As Resistance-Coupled A-F Amplifier 
PLATE-SUPPLY VOLTAGE ........... l'.H 135 
SCREEN•SUPPLY VOLTAGE . . • . . . • . • 13"1' 135 
D,C GRID VOLTAGE .........•.••••. -1.0 -2.0 
PEAK A-F GRID VOLTAGE ........•• 0.64 0.62 
ZERO-SIGNAL D-C PLATE CURRENT •• 0.42 0.42 
MAx.-SIGNAL D,C PLATE CURRENT •• 0.34 0.34 
PLATE RESISTOR ...... , .....•••••• 0.25 0.25 
SCREEN RESISTOR ..... , . . . . . . • • . • . l 0.8 
LOAD RESISTANCE , .... , . • . . • . . . . • • ** ** 
GRID RESISTORt . . . . . . . . . . . . 1.0 05 1.0 0.5 
VOLTAGE AMPLIFICATION . . . . 48 43 46 41 
TOTAL HARMONIC DISTORTION. 5 5 5 5 
PEAK VOLTAGE OUTPUT...... 30.8 28 28 25.2 

Volts 
Volts 
Milliamperes 
Milliampere 
Megohm 

Micromhos 
Micromhos 

Volts 
Volts 
Volts 
Volt 
Milliampere 
Milliampere 
Megohm 
Megohm 

Megohm 

Per cent 
Volts 

•• The load reaiatance acroaa which the output voltage ia developed, consiata of the plate reaiflor, 
coupling_ condenser. and grid resistor of the following tube. 

t For the following tube. • For cathode current cut•ol!. 

Diode Units 
The two diodes and the pentode are independent of each other except for the 

common filament. The two diode units are placed at the negative end of the 
filament. Operation curves for diode units are given under type 6B7. 

INSTALLATION AND APPLICATION 
Refer to INSTALLATION of type 1A6. The 1F6 is similar in application to 

type 6B8. The maximum value of resistance in the grid circuit of this tube should 
not exceed 1.0 megohm for any condition of operation. A family of plate charac• 
teristic curves is given on page 61. 
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RCA-1-v 

HALF-WAVE RECTIFIER 
The 1-v is a half-wave, high, 

vacuum rectifier tube employing a 
heater cathode. It ia intended for 
use in radio equipment of either the 

pwK 2 3 

I 4 
H H 

"universal" or the automobile type 
designed for its characteristics. The low voltage drop of this tube makes it uniquely 
adapted to such service. The 1-v is interchangeable with type 1. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 6.3 
HEATER CURRENT • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0.3 
A-C PLATE VOLTAGE (RMS).................... 350 max. 
PEAK INVERSE VOLTAGE........................ 1000 max. 
D-C OUTPUT CURRENT. • • • • • • • • • • • • • • • • • • • • • • • • 50 max. 

Volts 
Ampere 
Volts 
Volts 
Milliamperes 

ST-12 ·BULB •••••••.••••••••••••••••••••••••••••••••••••••• 
BASE .••.•••.•••••..•....••.•..•......•.....•.••••.. Small 4-Pin 

INSTALLATION 

The base pins of the 1-v fit the standard four-contact socket which may be 
installed to hold the tube in any position. 

For heater operation, refer to type 6A8. The d-c potential between heater 
and cathode should never exceed 500 volts. 

APPLICATION 

The filter may be either of the condenser-input or the choke-input type 
provided the recommended maximum plate voltage and output current ratings given 
under CHARACTERISTICS are not exceeded. 

If the condenser-input type of filter is used, 
consideration must be given to the instantaneous 
peak value of the a•c input voltage which, for a 
sinusoidal wave, is about 1.4 times the RMS value ., 5 

as measured with an a-c voltmeter. It is important, ~ 

OPERATION CHARACTERISTICS 

TYPE 1-V 
Er=6.3 VOLTS 

FILTER CONDENSER= C 

therefore, that the filter condensers ( especially the .: 400f--i..::::+-+-"l'~t-> 
input condenser) have a sufficiently high breakdown ~ 
rating to withstand this instantaneous peak value. ~ 3oq--t_.:,,R,;-;~ 

Particular attention must be given to this point t; 
when the waveshape input to the plates of the "' 

~zoot--1-t--F""-j;~~E> rectifier tube is non-sinusoidal. ~ 

When the input-choke method is used, the ~ 
!; 'oot-----:1'\""''1"""-c::t:::-f.?'I°'---. available d-c output voltage will be somewhat lower o 

than with the input-condenser method for a given b 
a-c plate voltage. However, improved regulation, 
together with lower peak current, will be obtained. 

-SO-



RCA-2A3 

~ 
POWER AMPLIFIER 

:i TRIODE 

! J lJ 
The 2A3 is a three-electrode, high, 

vacuum type of power amplifier tube 
for use in the power-output stage of 
a-c operated receivers. The excep, 
tionally large power-handling ability 

ra
G 

2 --- 3 

I 4 
~ F 

of the 2A3 is the result of its design features. Among these are its extremely hieh 
transconductance and its large effective cathode area. 

CHARACTERISTICS 

FILAMENT VOLTAGE (A. C. or D. C.)............. 2.5 
FILAMENT CURRENT • . . . . . . . • . . . . . • • • • • • • • . . . . . 2.5 
GRID-PLATE CAPACITANCE • • . . . . • . • • . . . . . . . . . . . . . 16.5 
GRID-FILAMENT CAPACITANCE . . • . . • . . . . . . . . . . . . . 7.5 
PLATE-FILAMENT CAPACITANCE • • . • • . . . . . . . . . . . . . 5.5 
BULB ..•..•.....••••••...•••.••..............•.•.... 
BASE ........•......•.....•.•••................•.... 

As Single-Tube Class A1 Amplifier 

FILAMENT VOLTAGE (A. C.) .................... . 25 

Volts 
Amperes 
µµf 
µµf 
µµf 

ST-16 
Medium 4-Pin 

Volts 
PLATE VOLTAGE •.••........••.•••............. 
GRID VOLTAGE* ••••......•.•••.••............. 
PLATE CURRENT ................•............. 

2i0 max. 
-45' 

Volts 
Volts 
Milliamperu 
Ohms PLATE RESISTANCE .........•..•.•............. 

AMPLIFICATION FACTOR ........•..•••••.....••. 
TRANSCONDUCTANCE ..........••••............. 
LOAD RESISTANCE •...............•............. 
SELF•BIAS RESISTOR .............••............. 
UNDISTORTED POWER OUTPUT .•...•............. 

60 
800 
4.2 

5'25'0 
25'00 

75'0 
3.S' 

As Push-Pull Class AB1 Amplifier (Two Tubes} 

Fixed Bias 
FILAMENT VOLTAGE (A. C.).............. 2.5 
PLATE VOLTAGE (Maximum)............ . . 300 
GRID VOLTAGE* • • • • • • • • • • • • • • • • • . . . . . • -62 
SELF-BIAS RESISTOR •••••••••••••••.....• 
ZERO-SIGNAL PLATE CURRENT (Per tube)... 40 
EFFECTIVE LOAD RESISTANCE (Plate-to-plate) 3000 
TOTAL HARMONIC DISTORTION. • • • . • • • . . • • • 2,5' 
POWER OUTPUT • • • • • • • • • • • • • • • • • . • • . . . 1 5' 

• Grid volta meuured from mid-point of a•c operated filament. 

INSTALLATION 

Self-Bias 
2.5' 

300 

780 
40 

5000 
5' 

10 

Micromhoa 
Ohms 
Ohms 
Watts 

Volts 
Volts 
Volts 
Ohms 
Milliamperes 
Ohms 
Per cent 
Watt, 

The base pins of the 2A3 fit the standard four-contact socket which may be 
installed to hold the tube either in a vertical or in a horizontal position. For 
horizontal operation, the socket should be positioned with the filament-pin openin11 
one vertically above the other. Sufficient ventilation should be provided to prevent 
overheating. 
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R C A RECEIVING T U B E M A N U A L 

APPLICATION 

As a power amplifier (Class A1), the 2A3 is usable either singly or in push
pull combination in the power-output stage of a•c receivers. Recommended 
operating conditions are given under CHARACTERISTICS. 

The values recommended for push-pull operation are different than the 
conventional ones usually given on the basis of characteristics for a single tube. 
The values shown for Push-Pull Class AB1 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 
a«ond-harmonic distortion by virtue of the push-pull circuit. The self-bias resistor 
ahould preferably be shunted by a suitable filter network to minimize grid-bias 
variations produced by current surges in the self-bias resistor. 

When 2A3's are operated in push-pull, it is desirable to provide means for 
adjusting independently the bias on each tube. This requirement is a result of the 
very high transconductance of these tubes-5 250 micromhos. This very high 
value makes the 2A3 somewhat critical as to grid-bias voltage, since a very small 
bias-voltage change produces a very large change in plate current. It is obvious, 
therefore, that the difference in plate current between two tubes may be sufficient 
to unbalance the system seriously. To avoid this possibility, simple methods of 
independent ;elf-bias adjustment may be used, such as ( 1) input transformer with 
two independent secondary windings, or ( 2) filament transformer with two 
independent filament windings. With either of these methods, each tube can be 
biased separately so as to obtain circuit balance. 

Any conventional type of input coupling may be used provided the resistance 
added to the grid circuit by this device is not too high. 'Transformers or
impedances aTe -recommended. When self-bias is used, the d-c resistance in the 
pid circuit should not exceed 0.5 megohm. With fixed-bias, however, the d-c 
resistance should not exceed 50000 ohms. 

AVERAGE PLATE CHARACTERISTICS 
25 0 

TVPE 2A3 
E4c2.~VOL1S O.C, j 

20 

~ 0 

,J' ' 0 

11 I 71 rJ 

of ii I I ; I 
IS 0 

I I J ,o/ 0 

i'l 

10 
~ ,,, I I I Ir 

0 

J I J. I I rJ ~ ,;, 

I I I i ~ I /~ 
0 

I ~, 
) J I I/' I/ .... f-.J £ 11~ ti ,o I J 

i/ V, v../ 1,/./ v:: 0 ~ ~ ~ ~ 
0 ,., 200 ·~ ~~ ''"' • 0 

PL.tiTE VOL'TS 92C-5233RI 
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RCA-2A5 

POWER AMPLIFIER 
PENTODE 

The 2A5' is a heater-cathode type 
of power-amplifier pentode for use in 
the audio-output stage of a•c receiv• 
ers. It is capable of giving large 
power output with a relatively small 

input-signal voltage. Because of the heater-cathode construction, 
hum-level is attainable in power-amplifier design. 

a uniformly low 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 2.5 
HEATER CURRENT • • • • • • • . . . • . • • . • • • . . . . . . . . . . • 1.75' 
BULB .•.••••••••••••••.....•.•••...••...........••.. 
BASE •••••••.•••••••••.••••...••.....•.............. 

Other characterutico of this type are the same as for type 4 2. 

INSTALLATION 

Volts 
Amperes 

ST-14 
Medium 6· Pin 

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

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

The heater is designed to operate at 2. 5' volts. The transformer winding 
aupplying the heater circuit should be designed to operate the heater at this 
recommended ft!ue for full-load operating conditions at average line voltage. 

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

APPLICATION 
Refer to APPLICATION on type 6F6. Additional curve information is 

pven under type 42. 

AVERAGE CHARACTERISTICS 
00,,--,---,-----,,----,---,---,---,---,-=.--c;.:..._~-~------

TYPE 42 
Ef:15.3 VOLTS. 

TYPE 2A~ 
Ef=2.5 VOLTS 

~,ot---t---t-----11-----1----1-.---l-.----l---r---1---J.--,,l.--l---1----1----J .. 
~•ot---t---f-----li-----l---,,..,'!---.tl-.t..p,--',H--'./---l''+----l.l--4--1----1-----l 
~ 

~ 
~>Of---f-----lf-----lc---;i,1/-----l-/----l~-J'---,,<J---,H~-++--+---1----1-----J 
] 
Z4or--r----1r----1r-,,;:Y-1--.<-1-"-''---!..,,_-+.,_ __ -,4_~_-1-_--1-_-'-_ _J 

~ 
~ .. ,o,t--+---+---~-~.....J1-+h,-l-+-l,£....---J.l----11----1-__J_J_....J 
0 ,., 
~•o•t--+--+,,<'--++-i.<------,~+h,-l-+--11£....--11----1--.:-__J_J _ _J 

"' ~ 
.J 

L ,,oi---t-:r-tr--b<S.r-9'<f::""°--t:;:~~.-.al--'S+-':~""7:;....=-F--+--+--4 

400 

-53-



.., ., 
,:,I .., 

J 

RCA-2A6 

DUPLEX- DIODE 
HIGH-MU TRIODE 

The 2A6 is a 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 receiven designed for its characteristics. For diode-detector 
refer to page 26. 

consideratiom, 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.) •••••••••••••• , 2.f 
HEATER Ct»tRENT • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0.8 
BULB •••••••••••••••••.••••••••••••••••••••••••.•••• 
CAP •••••••••••.....•••••.••••••••••••••.•••••..•••• 
BASE ••• ' ••••••••• ' •••••••••••••••...••••••••••••••• 

Volts 
Ampere 

ST-12 
Small Metal 
Small 6-Pin 

Other characteristics of this type are the same as for the type 75. 

INSTALLATION 
The base pins of the 2A6 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 2.t\ f. 

APPLICATION 

Refer to APPLICATION on the type 75. 

AVERAGE PLATE CHARACTERISTICS 
TRIODE UNIT 

TYPE 75 TYPE 2A6 
tf=6.J VOL1S Ef=2.~ VOLTS 
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RCA-2A7 G2 

PENTAGRID CONVERTER 

H H 

The 2A7 is a multi-electrode type 
of vacuum tube designed to perform 
simultaneoUllly 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 2A 7 is intended especially for use in 
a,c receivers having a 25-volt heater supply. For general discussion of pentagrid 
types, see FREQUENCY CONVERSION, page 31. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.) .............. . 2.5 
0.8 

Volts 
Ampere HEATER CURRENT ••••.••••••••••••••••....••.• 

Other characteriatica of this type a,e the same u for type 6A7, 

INSTALLATION AND APPLICATION 

The base pins of the 2A7 fit the seven-contact (0.75-inch pin-circle diameter) 
socket which may be installed to hold the tube in any position. For heater 
operation and cathode connection, refer to the type 2AS. Complete shielding of 
the 2A 7 is generally necessary to prevent intercoupling between its circuit and the 
circuits of other stages. Refer to APPLICATION on type 6A8. 

Since the capacity between iirid No. 4 and plate is in a parallel path with the capacity and 
inductance of the plate load, it is important to use a load capacity of suflicient eiie to limit tlae 
magnitude of the r,f voltage built up across the lo•d. If this is not done, r•f voltage feed,back will 
occur between plate and grid No, 4 to produce degenerative elects. Par this reason, the siw of the 
load condemer in the plate circuit should be not less than 50 p.p.f. 

TYPICAL PENTAGRID CONVERTER CIRCUIT 

L1,---~---.. 

R-r 
INPUT 

E"11:r 
~T 
T 

L 

C a GANGCD 'TUNING C.O>llCNSER 
(40 TO 350 µ.µ.f) 

C1,C2,C51Cs1C7 = 0,1 µ:f 
C3• 0.00025 µ.f 

C4• SEE TABLE BELOW 

Rt= 250000 OHMS, o.rWA.TT 
Rz= I0000-50000 OHMS, Q.I WATT 

R~= OSCILLATOR-ANODE (G~ID N!i!:2} 
VOLTAGE-DROPPING RESISTOR 

R4= 150-300 OHMS, 0.1 WA.TT 

R11• SCREEN(GRIOS N•3&S)r1LTER RESISTOR 
L = 60-MILUHENRY R-f CHOKE 

T = 465-K.C I-F TRANSFORMER 
GRID H! 4 GRID N! 2 

81 AS SUPPLY SUPPLY 
GRIDS N!3&Si 

SUPPLY 

COIL-DESIGN DETAILS 
rREQUENC.Y BAND 

0.15 TO Q.40 0,!15 TO 1.!I 1,5 TO 4.0 4.0 TO 10 10 TO 25 MEGACYCLES 

ASSEt.lBLY N!! I I 2 2 3 3 
TURNSI WIRE* TURNS[ WIRE w- URNSIWIREtl TURNSIWIRE * TURNSl.,,IRE'fl TURNSI WIRE fl 

R-F COIL fL,I 422 136 SSE 118 I 30SSE 14S 132tllo'M 31,2 l30ENAM 10,1 13<>ENAM 4.4 20ENAM 
OSC. GRID COILfL2) 198 l36SSE 80 I 30SSE 92 132£NAM 30,9 130[NAM 9-7130~ 4.3 120[1t.1.&1.1 

OSC- PLATE COIL I L3 60 I 36SSE 30 I 30SSE 20 J32[NAM 12 130tNAM 12 j3etNAM I 136[111\M 

l"lCIC. TRACKING CONO.lU 111 our 400 our 1010µ.µ.f 29001J-Uf 7300µ.Uf 

N21 •~ 2 N! 3 
liAULTI-LAYER cn1 c::. SINGLE-LATER COILS SINGLE-LAYER CO~LS 

~6 w LDl1111,,.L
1 • ~~ L.__~ 

GRID~~ 
.0011· -ii-~ CATHOOE L2 ____r-

8+ L3 m L3~• r--L1L21 u GRIDNt2 .!i. t_,,,:1 
GRIDN!!l CAn«i:oc ; GRID N!!2 3-j; :\\Ill,. : CATHODE 

GRI> NO B• GRID N02 
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RCA-287 

DUPLEX- DIODE PENTODE 
The 2B7 is a heater type of tube 

consisting of two diodes and a pen• 
tode in a single bulb. It is recom
mended for service as a combined 
detector, amplifier (radio-frequency, 

intermediate-frequency or audio-frequency), and automatic-volume-control tube in 
radio receivers. The 2B 7 is intended especially for use in a-c receivers ha vine 
2.5,volt heater supply. For diode-detector considerations, refer to page 26. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 2.5 
HEATER CURRENT • • • . . . . . . . • • • • • • . . . . . • • . . . . • . 0.8 
BULB •••••..•.....•.•.....••.•••......•..•.•....•••• 
CAP ••••••.....••........••.•.••...........••••••••. 
BASE •••••...•.....•.•••.•.•••.•...•.....•.•...••••. 

Other characteristics of thi1 type are the same a.11 for type 6B7 .. 

Diode Units 

Volts 
Ampere 

ST,12 
Small Metal 
Small 7-Pin 

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 6B7. 

INSTALLATION AND APPLICATION 

The base i,ins 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. 

Refer to APPLICATION on type 6B8. Typical duplex-diode pentacle circuits 
are shown under type 6B7. 

10 
TYF"E 267 

[.f=2,5- VOLTS 

9 

• 

SCREEN! VOLT S=l00 

/~ , ---/ , 
/ ---~ 
/" 

l ,..--
,, 

I,, .... 

2 1/ 
~ 

.... 

0 100 

AVERAGE PLATE CHARACTERISTICS 
PENTOOE UMIT 

cbNTR L-GR JDVO 

TYPE 687 
E:f'::::6.3 VOL TS 

SCRE:EN VOL TS 100 

TSE 

200 300 
PLATE VOLTS 
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RCA-5W4 

FULL-WAVE RECTIFIER 
The 5W 4 is a full-wave high, 

vacuum rectifying tube of the All, 
Metal type for use in a,c receivers of 
low current requirements. 

CHARACTERISTICS 

F11.AMENT VOLTAGE (A. C.)..................... f.O Volts 
FILAMENT CUlUll!NT . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. J Amperes 
.A,C Pl.ATE VOLTAGE PER PLATE (RMS).......... 350 mca.x. Volts 
PEAI: INVERSE VOLTAGE........................ 1000 max. Volts 
D,C OUTPUT CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . 110 max. Milliamperea 
BASIi •....•...•................................•• Small Wafer Octal 5-Pin 

INSTALLATION 

The base pins of the 5W 4 fit the standard 
octal socket which should be installed to hold the 
tube in a vertical position with the base down. 
Provision should be made for adequate ventilation 
to prevent overheating. 

The coated filament of the 'iW 4 is designed 
to operate from the a,c line through a step-down 
tnuuformer. The voltage applied to the filament 
terminals should be the rated value of 5 .0 volts 
under operating conditions and average line voltage . 

APPLICATION 

As a full-wave rectifier, the ~W 4 may be 
operated as shown under CHARACTERISTICS. 
The recommended maximum values of plate voltage 
and d-c output current must not be exceeded. For 
I pven value of a•c input voltage, the choke-input 
type filter will give somewhat less d-c output voltage 
than that obtained with a condenser-input filter, 
bat has the advantage of reducing the peak plate 
c:unent and improving .the voltage regulation. Filter 
circuits are discu88ed on page 37. 

-57-

OPERATION CHARACTERISTICS 
TYPE SW4 
Ef= 5.0 VOLTS, A.C. 

f5 sool--+--+----<--J--+----t-+---1 
~ 
;;: 
0 
t- 400 

!; .. 
'!: 

~ Jool-+-F~e-+--+-'="l-+--1 
"' ':i 
!;? 
.,_ 2001--+--+~l---!--F"-l~+---1 
i 
g 
Y I OOl--+--+--,I---J---t----t-+---1 
0 

0 40 80 120 
0-C LOAD MlLLIAMPERES 
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RCA-523 

FULL-WAVE RECTIFIER 
The 523 is a high•vacuum rectifier 

of the full-wave type intended for 
supplying rectified power to radio 
equipment having very large direct• 
current requirements. 

CHARACTERISTICS 

FILAMENT VOLTAGE (A. C.)..................... 5.0 
FILAMENT CURRENT • • • • • • . • • • • • • • . . . . . • . . . . . • • 3.0 
A,C PLATE VOLTAGE PER PLATE (RMS).......... 500 max. 
PEAK INVERSE VOLTAGE........................ 1400 max. 
D,C OUTPUT CURRENT......................... 250 max. 

Pk1z P

1 2 3 

I 4 
F F 

Volts 
.Amperes 
Volts 
Volts 
Milliamperes 

BULB •••••••.••••••••..•••••••••..•••••••••••••••••. 
BASE ..••••..•••.••..•..•.•••.•••••.••..••••••••.... 

ST-16 
Medium 4.Pin 

INSTALLATION 

The base pins of the 523 fit the standard four-contact socket which should be 
mounted preferably to hold the tube in a vertical position with the base down. If it 
is necessary to place the tube in a horizontal position the socket should be mounted 
with the filament•pin openings either at the top or at the bottom so that the plane 
of each filament is vertical. Only a socket making very good filament contact and 
capable of carrying three amperes continuously should be used with the 5Z3. 
Provision should be made for adequate ventilation to prevent overheating. 

The coated filament of the 523 is intended to 
operate from the a•c line through a step-down 
transformer. The voltage applied to the filament 
terminals should be the rated value of 5.0 volts OPERATION CHARACTERISTICS 

TYPE 5Z3 under operating conditions and average line voltage. 
The high current taken by the filament makes it 
imperative that all connections in the filament circuit 
be of low resistance and of adequate current• 
carrying capacity. 

APPLICATION 

As a full-wave rectifier, the 523 may be oper• 
ated with condenser-input or choke-input filter 
under conditions not to exceed the rating given 
under CHARACTERISTICS. Filter circuits are 
discussed on page 3 7. 

Ef'= 5.0 VOLTS A.C. 

',-~~~-t~crr,LU~LTER 
~I 
"'-'-9 

' 
-..::: ~4~1 

"--~oo .......,"trF -

---- '5~ ......... 

~ 
--~ ....._ 

~ --.._ """ 
I 

--...:: - ------ -- 3£0 ----
80 160 240 

D-C LOAD MLLIAMPERES 

~ 
400~ 

< 
~ 

aoog 

~ 
20013 

u 
b 

I 00 

As a half-wave rectifier, one or more S'Z3's 
may be operated with plates connected in parallel. 
For example, two S'23's so arranged in a full-wave 
circuit can supply twice the output current of a 0 

single tube. In this service, the plates of each 
523 are tied together at the socket. The allowable 
voltage and load conditions per tube are the same 

92C-5237 

as for full-wave service. 
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RCA-524 

FULL-WAVE RECTIFIER 
The 5Z4 is a full-wave high, 

vacuum rectifying tube of the All, 
Metal type intended for use in d,c 
power-supply devices which operate 
from the a•c supply line. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C.)....... . . • • . . . . . . . . . . . 5.0 Volts 
HEATER CURRENT . . • . . • . • • . • • • • • • . . . . • . . . . . . . . 2.0 Amperes 
.A,C PLATE VOLTAGE PER PLATE................. 400 max. Volts 
PEAK INVERSE VOLTAGE........................ 1100 m.sx. Volts 
D,C OUTPUT CURRENT. . . • . • • . . • • • . . . . . . . . . . . . . 11. 5 max. Milliamperes 
BASE ....................••.••................... Small Wafer Octal 5,Pin 

INSTALLATION AND APPLICATION 

The base pins of the 5Z4 fit the standard octal socket which should be installed 
to hold the tube in any position. Provision should be made for adequate ventilation 
to prevent overheating. 

The heater of the 5Z4 is designed to operate from the a,c line through a 
atep,down transformer. The voltage applied to the heater should be the rated value 
of 5.0 volts under operating conditions and average line voltage . 

.As a full-wave rectifier, the 5Z4 may be operated with condenser-input or 
choke-input filter under conditions not to exceed the ratings given under· 
CH.ARACTERISTICS . 

.As a half-wave rectifier, two 5Z4'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 5Z4 are tied together at the socket. 
The allowable voltage and load conditions per tube are the same as for full-wav~ 
service. 

0 

OUTPUT CHARACTERISTIC!'> 
(CHOKE INPUT TO FILTER) 

TYPE 524 
E : !ii.0 VOL TS AC 

- •oo V.RMS P! R Pl ATE - 350 

- 300 

-- 250 

20 

2IIIO 

40 80 120 110 
D-C LOAD MILLIAMPERES 
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OUTPUT CHARACTERISTICS 
(CONDENSER INPUT TO rLTER) 

TYPE 524 
E •S.OVOL1'S A.C. 

-- a MICROrARADS 
I- 4 MC~Of'ARAOS 

I'--,. 

~ ~""s 
I"'-,.. t,,.. . r--,...: '.:_..!: ~'"£ 
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RCA-6A4 

POWER-AMPLIFIER 
PENTODE 

The 6A4 is a power-amplifier pen, 
tode of the 6.3-volt filament type for 
use in receivers employing a six-volt 
storage-battery filament supply. The 
6A4 is interchangeable with type LA. 

CHARACTERISTICS 

FILAMENT VOLTAGE (A. C. or D. C.) ............ . 
FILAMENT CURRENT .....................•..... 
PLATE VOLTAGE . • . . • . . . . . . . 100 135 165 
Sc:REEN VOLTAGE (Grid No. 2) 100 135 165 
GRID VOLTAGE• (Grid No. 1). -6.5 -9 -11 
PLATE CURRENT • . . . . . . . . . • 9 14 20 
8c:REEN CURRENT ......... . 1.6 2.5 3.5 

6.3 
0.3 

180 ffll.lX. 

180 ffll.lX. 

-12 
22 

3.9 
PLATE RESISTANCE (Approx.). 8325'0 52600 48000 4HOO 
AMPLIFICATION FACTOR (App.) 100 100 100 100 
TRANSCONDUCTANCE • . . • . . . . 1200 1900 2100 2200 
LoAD RESISTANCE . . . . . . . . . • 11000 9500 8000 8000 
SELF-BIAS RESISTOR . . . . . . . . . 615 545 470 465 
POWER OUTPUTt . . . . . . . . . . . 0.31 0.7 1.2 1.4 

Volta 
Ampere 
Volts 
Volts 
Volts 
Milliampera 
Milliampem 
Ohms 

Micromhoe 
Ohms 
Ohms 
Watts 

BULB ..•.......•.. ················ ................•. 
BASE •..........•........••...•....................• 

ST,14 
Medium 5 ,Pin 

• Grid volta meaaured from negative end of d,c operated filament. If the filament i. a•c opentled, 
the tabulated valuea of grid bias should each be increased by 4.0 volu and be referred to the mid,polnt 
of filament. 

t 9 per cent total harmonic distortion. 

INSTALLATION AND APPLICATION 

The base pins of the 6A4 fit the standard five-contact socket which should be 
mounted preferably to hold the tube in a vertical position. If it is necessary to pl&<le 
the tube in a horizontal position, the socket should be mounted with its filament,pin 
openings one vertically above the other. The coated filament of the 6A4 is primarily 
intended for operation from a six-volt storage battery. Socket terminal No. 1 should 
be connected to the positive battery terminal. 

For the power amplifier stage, the 6A4 is recommended either singly or in 
push-pull combination. Transformer or impedance input-coupling devices 8ft 

recommended. If, however, resistance coupling is employed, the grid resistor abou1d 
not exceed 0.5 megohm. A fa!Dl1y of plate characteristics for the 6A4 is shown on 
the following page. 
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R E C E V N G T U B E 

AVERAGE PLATE CHARACTERISTICS 

,,c / I I I 
'-9' TYPE 6A4 

,7 
Ct=6.3 VOLT!iO.C. 

SCREEN VOLTS:180 

s' -~ 
, I 

---
...... r, ..... --1/ / I'-.. ~ -• -

I /i ~ >..,,., 

II / " ' ,-3 .----- '"" '// /~ ~. Ec1=-16_ 
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,o ,oo IOO 200 250 300 

PLATE: VOL TS 

AVERAGE PLATE CHARACTERISTICS 

TYPE IF6 
Ef=2.0\IOLTS D.C. 
SCREEN VOLTS= 67.5 

I 
i..---
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I 
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,_ 

80 160 
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1
Ec1 =o 
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240 
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320 
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AVERAGE PLATE CHARACTERISTICS 

M A N U A L 

3'0 
92C-5336 

460 
92C-459J. 
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RCA-6A6 

CLASS B TWIN 
AMPLIFIER 

The 6A6 is a heater-cathode type 
of tube combining in one bulb two 
high,mu triodes designed for Class B 
operation. The triode units have 

K 

separate external terminals for all 
electrodes exoept the cathodes and heaters, so that circuit design is similar to that 
of Class B amplifiers utilizing two tubes in the output stage. The 6A6 may also be 
used as a Class A1 amplifier (with triode units connected in parallel) to drive a 
6A6 as a Class B amplifier in the output stage. 

CHARACTERISTICS 

HBATBll VOLTAGB (A. C. or D. C.).............. • 6.3 
HBATBll CullRBNT • • • • • • • • • • • • • • • • • • . • • • • • . • • • • 0.8 
BULB •••••••••••••••••••••••••••..•..•..••••••••.••. 
BASB ••••••••••••••••••••••••••••••••.•••••••••••••. 

Other characteriatia of thia type are the aame u for type 6N7. 

INSTALLATION AND APPLICATION 

Volts 
Ampere 

ST,14 
Medium 7, Pin 

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

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

Refer to APPLICATION on type 6N7, and additional curve under type B. 

TYPES: 6A6 • 6N7.,, 53 

AVERAGE PLATE CHARACTERISTICS 
CLASS A OPERATION - EACH TRIODE UNIT 
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RCA-6A7 

PENTAGRID CONVERTER 

CHARACTERISTICS 
HEATER VOLTAGE (A. C. or D. C.)............... 6.3 
HEATER CURRENT . • . . . . • • . . • • • • • • • • • . . . • • . • • • . 0.3 
DIRECT INTERELECTRODE CAPACITANCES (Approx.): 

Grid No. 4 to Plate (With shield-can)........... 0.3 
Grid No. 4 to Grid No. 2 (With shield-can)...... 0.15 
Grid No. 4 to Grid No. 1 (With shield-can)...... 0.15 
Grid No. 1 to Grid No. 2...................... 1.0 
Grid No. 4 to All Other Electrodes (R,F Input)... 8.5 
Grid No. 2 to All Other Electrodes ( Osc. Output) . 5 .5 
Grid No. 1 to All Other Electrodes (Osc. Input).. 7.0 
Plate to All Other Electrodes (Mixer Output)..... 9.0 

Volts 
Ampere 

1-'I-'£ 
1-'l-'f 
µµ,£ 
µ,µ,f 
µµ,£ 
µ,µf 
µ,µf 
1-'l-'f 

BULB •.•......••.•...........•••.......•...•..•..... 
CAP •.•••.•.••••••••••••••••••••..•..•.•••.•••••..•. 
BASE ...•......•..........••..••..•................. 

ST-12 
Small Metal 
Small 7-Pin 

As Frequency Converter 
PLATE VOLTAGE •..••.•.•••...••.•...........•. 
SCREEN VOLTAGE (Grids No. 3 and 5) ......•..•.•. 
ANODE-GRID VOLTAGE (Grid No. 2) .............• 
ANODE-GRID VOLTAGE SUPPLY (Grid No. 2)* ..... . 
CONTROL-GRID VOLTAGE (Grid No. 4) ......... ... . 
TOTAL CATHODE CURRENT .........•••....•••••• 
TYPICAL OPERATION 

Plate Voltage •................•...... 
Screen Voltage ................•...... 
Anode-Grid Voltage ................. . 
Control-Grid Voltage (Minimum) ....... . 
Oscillator-Grid Resistor ( Grid No. 1) ••.... 
Plate Current ••..••••••••••••••...... 
Screen Current ..•...•••••••••••....•. 
Anode-Grid Current ••••••••••••.••••• 
Oscillator-Grid Current ••.••••••••••.•• 
Total Cathode Current •••••••••••••••• 
Cathode Resistor ..•••••••••••••••.••• 
Plate Resistance ••.••••••••••••••••••• 

100 
50 

100 
-U 

10000 
1.3 
2.5 
3.3 
1.2 
8.3 
150 
0.6 
350 

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

250 
100 
200 
-3 

50000 
35 
2.2 
4.0 
0.7 

10.4 
300 

0.36 
520 

Volts 
Volts 
Volts 
Volts 
Volts 
Milliampere,i 

Volts 
Volts 
Volts 
Volts 
Ohma 
Milliampere! 
Milliampere,i 
Milliampere& 
Milliampere,i 
Milliamperea 
Ohms 
Megohm 
Micromhoe Conversion Conductance ••••••••••••••• 

Control-Grid Voltage • .Approximate 
(Conversion Conductance-2 µ,mhos)... -20 -•U Volta 

• Voltag .. in exa:81 of 200 volu require uae of 20000,ohm voltage,dropping reaiator b:,,pueed II, 
0. I µ,f condenser. 

INSTALLATION AND APPLICATION 

The base pins of the 6A7 fit the seven,contact (0.75-inch pin-circle diameter) 
socket which may be installed to hold the tube in !i!tnrsition. For heater ud 
cathode operation, refer to type 6A8. Complete sbi · of the 6A7 ia generally 
necessary to prevent intercoupling between its circuit and t e circuita of other 1ta1e1. 
Refer to APPLICATION of types 6A8 and 2A 7. A typical circuit i1 1hown under 
type 2A7. 
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RCA-6A8 

PENT AGRID CONVERTER 
The 6A8 is a multi-electrode vacu• 

um tube of the metal type designed 
to perform simultaneously the func, 
tions of a mixer (first detector) tube 
and of an oscillator tube in super, 

H H 

heterodyne circuits. Through the use of this type, the independent control of each 
function is made possible within a single tube. For general discussion of pentagrid 
types, refer to FREQUENCY CONVERSION, page 31. 

CHARACTERISTICS 

HEATER VoL TAGE (A. C. or D. C.) .............. . 
HEATER CURRENT ......••..••••••.......••.... 

6.3 
0.3 

Volts 
Ampere 

Du.EcT INTERELECTRODE CAPACITANCES (Approx.):• 
Grid No. 4 to Plate ......•.....••.... , . . . . • . . . 0.03 µµf 
Grid No. 4 to Grid No. 2...................... 0.1 µµf 
Grid No. 4 to Grid No. 1. . . . . • . . . . . . . . . . . . . . . . 0.09 µµf 
Grid No. 1 to Grid No. 2. . . • • • • . . . . . . . . . • . • . . . 0.8 µµf 
Grid No. 4 to All Other Electrodes (R,F Input). . . 12.5 µ,µ,f 
Grid No. 2 to All Other Electrodes (Osc. Output). 5 µ,µ,f 
Grid No. l to All Other Electrodes (Osc. Input).. 65 µ,µ,f 
Plate to All Other Electrodes (Mixer Output).... . 12.5' µµ,f 

CAP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Miniature 
BASE •........................................... Small Wafer Octal S•Pin 

• With shell connected to cathode. 

As Frequency Converter 

Pl.ATE VOLTAGE ..............•................ 
ScREEN VOLTAGE (Grids No. 3 and 5) ............ . 
ANODE-GRID VOLTAGE (Grid No. 2) ............. . 
ANODE-GRID SUPPLY VOLTAGE (Grid No. 2)t ..•... 
CoNTROL-GRID VOLTAGE (Grid No. 4) ............ . 
TOTAL CATHODE CURRENT ......•............... 
TYPICAL OP.ERATION 

Plate Voltage ..........•....•.•...... 
Screen Voltage •........•.....••...... 
Anode-Grid Voltage ................. . 
Control-Grid Voltage (Minimum) ••...... 
Oscillator-Grid Resistor (Grid No. 1) ..... . 
Plate Current ••••.•.•• , •.• , ••• , ••.•.. 
Screen Current •.............•........ 
Anode-Grid Current ••..•...•.•....... 
Oscillator-Grid Current .....•••••...... 
Plate Resistance ..................... . 
Conversion Conductance ••.••••..••..•. 
Control-Grid Voltage, Approximate 

100 
;o 

100 
-1.5 

50000 
1.2 
1.5 
1.6 

0.25 
0.6 

350 

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

250 
100 
2rnt 
-3 

50000 
3.3 
3.2 
4.0 
0.5 

0.36 
mo 

Volts 
Volts 
Volts 
Volts 
Volts 
Milliamperes 

Volts 
Volts 
Volts 
Volts 
Ohms 
Milliamperes 
Milliamperes 
Milliamperes 
Milliampere 
Megohm 
Micromhos 

( Conversion Conductance= 2 J£111hos) . . -20 -4 5 Volts 
t Anode,grid supply voltages in excess of 200 volts require the use of 20000-ohm voltage,droppfnc 

railtor by,passed by 0.1 µf condenser. 

INSTALLATION 

The base pins of the 6A8 fit the standard octal socket, which may be installed to 
hold the tube in any position. 

The heater of the 6A8 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 
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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 6A8 should be connected directly across a 6-volt battery. In receivers that 
employ, a series-heater connection, the heater of the 6A8 may be operated in series 
with the heater 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 6A8, when operated from a transformer, should preferably 
be connected directly to the electrical mid-point of the heater circuit. When it ill 
operated in receivers employing a 6•volt storage battery for the heater supply, the 
cathode circuit is tied in either directly or through bias resistors to the negative side 
of the d,c plate supply which is furnished either by the d-c power line or the a•c 
line through a rectifier. In circuits where the cathode is not directly connected to 
the heater, the potential difference between them should be kept as low as possible. 
If the use of a large resistor is necessary between the heater and cathode of the 6A8 
in some circuit designs, it should be by-passed by a suitable filter network or 
objectionable hum may develop. 

APPLICATION 

As a frequency converter in superheterodyne circuits, the 6A8 can supply the 
local oscillator frequency and at the same time mix it with radio-input frequency to 
provide the desired intermediate frequency. For this service, design information is 
given under CHARACTERISTICS. 

For the oscillator circuit, the coils may be constructed according to conventional 
design, since the tube is not particularly critical. The supply voltage applied to the 
anode-grid No. 2 should not exceed the maximum value of 250 volts. In fact, from 
a performance standpoint, a lower value is to be preferred, because it will be 
adequate to provide for optimum translation gain. Under no condition of adjust, 
ment should the cathode current exceed a recommended maximum value of 14 
milliamperes. 

The bias voltage applied to grid No. 4 can be varied from -3 volts to cut-oft 
to control the translation gain of the tube. With lower screen voltages, the cut•o:11 
point is less remote. The extended cut-off feature of this tube in combination with 
the similar characteristic of super-control tubes can be utilized advantageously to 
adjust receiver sensitivity. 

Refer to type 2A 7 for typical circuit and coils. When the 6A8 is used in 
this circuit, its shell should be connected to ground. 

OPERATION CHARACTERISTICS 
WITH $0000-0HM OSCILLATOR-GRID LEAK 

TYPE 6A8 I I I I I I 

' 
Ef = 6.3 VOL'TS PLATE VOLTS= 250 -SCREEN (GADS fln3&NIS) VOLTS= 100 
ANOOE-GAIO(CRID Nl'2)VOL.n=Z»-V0LT 

- SUPfll,,..Y THROUGH 20000-0HM -
14 ' 

OROPPINC, RESl"STOR 

- r--' CONTROL-GRIO(GAIO Nt -4) VOLTS= -
.,.LUE FROM SELF-BIASING 
RESISTOR OF 300 OHMS -- \OSCILLATOA-GRIO(GAID NII) -

LCAK = 50000 OHMS 
000 OX.ILLATOA-c.RIO -

' 
\ CONDtNStff:$0µ.JJ,f 
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OPERATION CHARACTERISTICS 
WITH $0000-OHM OSCILLATOR-GRID LEAK 

TYPE 6A8 
E,f:::6.3, VOLTS PLATE VOLTS=IOO 
SCREEN [GRIDS N23, & N.2:5)VOI.TS:::SO 
ANOOE-GRlD IGRID N.!.2) VOLTS=IOO 
CONTROL-GRl[l (GRID N.!.4) VOl.TS~\/ALUE 

f"ROM SELF"-81ASING RESISiOR OF 
350 OHMS 

OSCILLATOR-<.RID (GRlD N.!.1) LEAK " 
50000 OHMS 

OSCILLATOR-•:iRIO CONDENSER =50 J..IJ,.if "' 0 
r 
::l! 
!i 
u 
:ii 
u 
"' 

en 1:c 40-0~ 

~ I ........... :! 
~6l--+-i?-1f-+-+-++""l..-----+-l300g 
::l!.. "'-. I j'- O 

~THODE ICUR~,!:!.!.1-- ~ 
~4- - e+=:i::=ic:'::1:::::r:=:i=..+--l20,ov 
2 1-- :110 2• 8 +--+-+--I ~ 
.. ~,~ _-1-- =>I~ I iii 

~2- ~i~t- ~iH--- ,00 ~ 
5 1-- 1~1- 2 1~ 8 

0 100 200 300 400 
OSCILLATOR-GRID MICROAMPERESllc1l 
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RCA-6B7 

DUPLEX- DIODE PENTODE 

The 6B7 is a heater type of tube 
consistinr of two diodes and a pen• 
tode in a single bulb. ·it is recom• H 

mended for service as combined 
detector, amplifier ( radio-frequency, 

intermediate-frequency or audio-frequency), and automatic•volume•control tube in 
radio receivers. For diode-detector considerations, refer to page 26. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 6.3 
HEATER CURRENT . . . • . . • . . . • • • • • • . . • . • • • . • . • • . 0.3 
GRID-PLATE CAPACITANCE (With shield-can)....... 0.007 max. 

Volts 
.Ampere 
µµf 

INPUT CAPACITANCE • • . • . • • . • • • • • • . . . . . . . • • . . . . 3.5 
OUTPUT CAPACITANCE . . . . . . • • • • • • . • . . . . . . . . • • • 9. 5 
:BULB •.•............••.. •••••••• ... , ...•............ 
CAP ..........•.••.•••••..••••••.............••.•... 
BASE •••••....••••..••••••••••••.................•.. 

Pentode Unit-As Cla11 At Amplifier 

µµf 
µµf 

ST,12 
Small Metal 
Small 7-Pin 

PLATE VOLTAGE ........... . 
ScREEN VOLTAGE (Grid No. 2) 
GRID VoLTAGEt (Grid No. 1). 
PLATE CURRBNT .•.•.•..•.• 

100 
100 
-3 

180 
75 

-3 
3.4 
0.9 
1.0 

25'0 
100 
-3 
6.0 
u 
0.8 

800 

25'0 max. 
125 fflllX. 
-3 

Volts 
Volts 
Volts 
Milliampere, 
Milliampere, 
Megohm 

SCREEN CURRENT ......... . 
PLATE RESISTANCE ••....... 
AMPUFICATION FACTOR .... . 
TRANSCONDUCTANCE ....... . 
GRID BIAS VoLT. (Approx.)*. 

• For cathode current cut•crlf. 

,.s 
1.7 
0.3 
2s, 
9,0 

-17 

840 
840 

-13 
1000 
-17 

9.0 
2.3 

0.65 
730 

112S' 
-21 

Micromhos 
Volts 

t The total reoiotance in the grid circuit of the 6B7 1hould be limited to 1.0 me1ohm. 

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 foz 
the diode units are given under type 6B7. 

INSTALLATION AND APPLICATION 

The base pins of the 6B7 fit the standard seven-pin (0.75-inch pin-circle diam· 
eter) socket which may be installed to hold the tube in any position. 

For heater and cathode operation, refer to type 6A8. 

Complete shielding of detector circuits employing the 6B7 is generally necessary 
to prevent r•f or i•f coupling between the diode circuits and the circuits of other 
stages. 

Refer to APPLICATION on the type 6B8. Plate charactenst1cs of pentode 
unit are shown under type 2B7. 
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AVERAGE CHARACTERISTICS 
PENTOOE UNIT 

AVERAGE CHARACTERISTICS 
I-IALF-WAVE REC'TIFICATION-S NGLE DIODE UNIT 
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~ ~ 
~ 400 ~ 

8 ~ 
-' 
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!:; -:, 
:> ::: 

3 
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6.ii~ ..__ 
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)J / I 

I 
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I \ , 
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I I~ / 
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.... ~ ~ -
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6B7, 6B8. 6Q7, 

6R7, 75, 85 

~ ., 2 ~ 

['.I~ 
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I ~~ 
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~- ~ , 

~--- I'. 
·- " --:::::. ~ -........"' "' ' -,- .::-i ~ 

40 80 120 I o. D 40 - 0 -ao -10 
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92C-SU4 

TYPICAL DUPLEX-DIODE PENTODE CIRCUITS 
USING TYPES 287 OR 6B7 

160 

120 

80 

40 

0 

HALF-WAVE DETECTOR 
l'IXED-BIAS AMPLIFIER 

FULL-WAVE DETECTOR 
FIXED-BIAS AMPLIFIER AF 

HALF-WAVE DETECTOR 
D-C AMPLIFIElt 

HALf"'-WAVE DETECTOR,ANO 
A.V.C.,FIXED-BIAS AMPLIFIER 

R1=0,5-1.0 MEGOHM 
Rpl.0-1.5 MEGOHMS 
R1=0.1-0.2 MEGOHM 
R,=0.5-1.0 MEGOHM 
R1=1.0 MEGOHM 
Ro=I0000-100000 OHMS 
R7=0-1-0.2 MEGOHM 

~---+<I+ 
Cs 

c, 
FIG.2 

HALF-WAVE DETECTOR,Sf.AO<RAlE 
AY.C.,f"IXEO-BIAS AMPLIFIER~ 

HALF-WIWE DETECTOR 
FIXED-BIAS H-F AMPLIFIER 

q; 

FIG.~ 

APPROXIMATE VALUES 

C.= J 150 l'l'f FOR 500-1500 KC. 
l 450 l'l'f FOR 175 KC. 

C,a=O. I µ.f 
c.=,0.1 µ.f 
C_0.5 l'I OR LARGER 
c.=,0.0001 µf OR SMALLER 

€b=VOLTAGE FOR SENSITIVITY CONTROL 
c0=0.o 1-0. 1 ,.1 
c..=o,0005-0.00 I l'I 
C.=0.1 /J,f OR LARGER 

NOTE: 8uppreoaor ···- ta uthode within bulb. 
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RCA-6B8 

DUPLEX- DIODE PENTODE 
The 6B8 is an All-Metal type of 

tube consisting of two diodes and a 
pentode in a single envelope. It is 
recommended for service as combined 

H H 

detector, amplifier (radio-frequency, 
intermediate-frequency or audio-frequency), and automatic-volume-control 
radio receivers. For diode-detector considerations, refer to page 26. 

tube in 

CHARACTERISTICS 

HBATBR VoLTAGB (A. C. or D. C.),. . . . . . . . . . . . . 6.3 Volts 
HBATBR CURRENT •••..... , . . . . . . . . . . . . . . . . . . 0.3 Ampere 
GRID-PLAT!! CAPACITANCE* . . . . . . . . . . . . . . . . . . . . 0.00,. max. µµf 
INPUT CAPACITANCE* • • • . . . . . . • • . . . . . . . . . . . . . 6 J,IJ,lf 
OUTPUT CAPACITANCE* . . . . . . . . . . . . . . . . . . . . . . 9 J,IJ,lf 
CAP ••.....••• , •• , ••.• , • . . . . . . . . . . . . . . . . . • • • . . • • • • • Miniature 
BAS!! ............................................ Small Wafer Octal 8, Pin 

• With shell connected to cathode. 

Pentode Unit-As Class A1 Amplifier 

PLAT!! VOLTAGE ............................ . 
ScRBl!N VOLTAGE (Grid No. 2) ................ . 
GRID VOLTAGE {Grid No. 1)** ................ . 
PLA Tl! CURRENT ••....•...................... 
ScR!!l!N CURRENT ....•...................... 
PLAT!! RESISTANCE ••..•...................... 
AMPLIFICATION FACTOR •....................•• 
TRANSCONDUCTANCE , .•.... , .. , .•.. , , , . , , . , , , 
GRID BIAS VoLTAGB (Approx.)t ...•............ 

t Por cathode current cut,off. 

2S'Omax. 
125 max. 
-3 

10.0 
2.3 
0.6 
800 

132" 
-21 

Volts 
Volts 
Volts 
Milliamperea 
Milliampere, 
Megohm 

Micromh011 
Volts 

•• The value of the resistar~ce in the grid circuit should not exceed a maximum of 1. 0 megohm. 

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 6B7. 

INSTALLATION 

Refer to INSTALLATION on the type 6A8. 

APPLICATION 

The 6B8 is recommended for performing the simultaneous functions of auto
matic,volume•control, detection, and amplification. 

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

For automatic-volume-control, a rectified voltage which is dependent on the 
r-f or i-f carrier is usually employed. This voltage may be utilized to regulate the 
&ain of the r,f and/ or j,f amplifier stages so as to maintain essentially constant-carrier 
input to the audio detector. Refer to discussion of automatic-volume-control method, 
on page 28. 
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The complex structure of the 6B8 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 
Bowing through a resistor in the detector circuit. In another case, the required 
voltage is obtained by utilizing one diode for the sole purpose of automatic-volume, 
control. This latter method is of particular interest since it confines the sensitivity 
and time-delay function to the ave circuit. Time-delay action is determined by the 
use of a resistance and condenser combination having the desired time constant. 
The ave action may be postponed by applying a negative voltage to the ave diode 
plate. Another ave arrangement capable of various adaptations is to use the pentode 
as a d-c amplifier to supply the regulating voltage. 

For r-f or i-f amplification, the pentode unit of the 6B8 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 intro• 
ducing cross-modulation effects. The cut-off point and the ability to handle the 
larger signals may be altered by choice of screen voltage to suit the requirements of 
the circuit. To assist in making this choice, different operating conditions for 
representative screen voltages are given under CHARACTERISTICS. 

For many types of circuits a convenient and practical method of obtaining the 
desired benefit of the extended cut-off is to supply the screen voltage from a high, 
voltage tap through a series resistor. Thiii arrangement provides automatically an 
increase in the voltage applied to the screen as the grid-bias is made more negative, 
with the result that the maximum signal-handling ability is obtained. When this 
method is used, the voltage applied to the screen should be limited to 125 volts for 
-3 volts grid-bias and to 200 volts for more negative values of grid-bias. 

For a-f amplification, the pentode unit of the 6B8 may be used in a resistance• 
coupled circuit arrangement to provide high gain under operating conditions given 
in the Resistance-Coupled A,F Amplifier Section. 

Typical duplex-diode pentode circuits are shown under type 6B7. When the 
6B8 is used in these circuits, its shell should be connected to ground. 
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RCA-6C5 

DETECTOR AMPLIFIER 
TRIODE 

The 605 is a three-electrode tube 
of the metal type recommended for 
use as a detector, amplifier, or oscil, 
lator. This tube has a high trans• 
conductance together with a compar· 
atively high amplification factor. 

CHARACTERISTICS 
HEATER VOLTAGE (A. C. or D. C.).............. 6.3 Volts 
HEATER CURRENT . . . . . • • . • . . • • • . • . . . . . . . . • • • 0.3 .Ampere 
GRID•PLATE CAPACITANCE* . • • . • • • • . . . . . . • • . • • • 1.8 l'l'f 
GRID-CATHODE CAPACITANCE* •.••••.......• , • • . ,4 l'l'f 
PLATE-CATHODE CAPACITANCE* . • • . . . • • • • • • • • • • 13 l'l'f 
BASE ....•..................................••... Small Wafer Octal 6•Pin 

• With shell connected to cathode. 

As Class A1 Amplifier 

Transformer• 

PLATE VOLTAGE ...........••...•• 
GRID VOLTAGE*• ••.....•.••. - •.•• 
PLATE CURRENT ••............... 
PLATF RESlSTANCE .. , ........•..• 
J\MPLIFICATION FACTOR ......••.•• 
TRANSCONDUCTANCE ........•.•.•• 
VoL TAGE OUTPUT 

( ,. per cent second harmonic) ••..• 
VOLTAGE AMPLIFICATION ...•.••.•• 

Coupled 
250 max. 
-8 

8 
10000 

20 
2000 

Re.tistance· 
Coupled 

2,0· 
-5 approx. 

1 to 2 

42RMS 
u 

Volts 
Volts 
Milliamperea 
Ohms 

Micromhoe 

Volts 

0 This is a plate•supply voltage value. 
0 0 If a grid-coupling resistor is used, its maximum value should not exceed 1.0 megohm. 

INSTALLATION 
The base pins of the 6CS' fit the standard octal socket which may be installed 

to hold the tube in any position. 

Por heater operation and cathode connection, refer to INSTALLATION for 
type 6A8. 

APPLICATION 
As an amplifier, the 6C5 is applicable to radio-frequency or audio-frequenCJ 

circuits. Ri;_commended operating conditions for service using transformer couplinc 
and resistance coupling are given under CHARACTERISTICS . 

..\s a detector, the 6C5' may be of the grid-leak and condenser or grid-bias type. 
The plate voltage for the grid leak and condenser method should be 45 to 100 
volts. A grid leak from 0.1 to 1.0 megohm with a grid condenser of 0.00005 to 
O.OOM µf is satisfactory. For the grid-bias method of detection, a plate-supply 
voltage of 2S'O volts may be used together with a negative grid-bias voltage of 
approximately 17 volts. The plate current should be adjusted to 0.2 milliampen: 
with no input signal voltage. The grid,bias voltage may be supplied from the 
voltage drop in a resistor between cathode and ground. A plate family for thia 
type is given on paire 61. 

Operating conditions as a resistance-coupled A-F amplifier are given in the 
Resistance-Coupled A,F Amplifier Section. 
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RCA-6C6 

TRIPLE-GRID DETECTOR 
AMPLIFIER 

The 6C6 is a triple-grid tube of 
the heater-cathode type recommended 
for service as a biased detector in L radio receivers designed for its char-
acteristics. This tube is capable of 

delivering a large audio-frequency output voltage with relatively small input volta1e, 
Significant among its electrical ft:atures are its sharp plate current "cut-off" with 
respect to grid voltage. The 6C6 is constructed with an internal shield connected 
to the cathode within the tube. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.) ..•••••••• ,.,., 6.3 
HEATER CunENT . • • • • • . • . . . • • • . . • • • . . . • . . • . . . 0.3 
Garn-PLATE CAPACITANCE (With shield-can)....... 0.007 max. 

Volts 
.Ampere 
µµ.f 
µ.µ.f INPUT CAPACITANCE . . . . . • . • . • • • . . • • • • • • • . . • • • . f.O 

OUTPUT CAPACITANCE ••••• , , •• , , • • • . . • . . . . . . . . 6.S" 
BULB ••••••••••••••••••••••••••••.••.•••••••..•....• 
CAP ............................................... . 
BASE ....................•..•..•.................... 

Other characteristic:a of this type are the same ao for type 6]7. 

INSTALLATION AND APPLICATION 

µ.µ.f 
ST-12 

Small Metal 
Small 6-Pin 

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

For heater operation and cathode connection, refer to INSTALLATION for 
type 6A8. 

The screen voltage may be obtained from a potentiometer or bleeder circuit 
across the B-supply source. Due to the screen-current characteristics of the 6C6. 
the use of a resistor in series with the high-voltage supply may be employed for 
obtaining the screen voltage provided the cathode-resistor method of bias control 
is used. This method, however, is not recommended if the high-voltage B-supply 
exceeds 2 S"O volts. 

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

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

The application of this type is similar to that of type 6J7. 

As an audio-frequency ampliner triode, the 6C6 should have its screen and 
suppressor connected to the plate. Operating conditions for triode service in 
transformer, or impedance-coupled circuits are: Plate voltage, 2S"O volts; grid 
voltage, -8 volts; and plate current, 7 milliamperes, approximate. Operatin1 
conditions as a resistance-coupled A,F amplifier are given in the Resistance-Coupled 
A,F Amplifier Section. 

A plate family of curves is given under type 6J7. 
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RCA-6D6 

TRIPLE-GRID SUPER
CONTROL AMPLIFIER 
The 6D6 is a triple-grid super

control amplliier tube recommended 
for service in the radio-frequency and 
intermediate-frequency stai:es of radio 
receivers designed for its character• 

H 

istics. The ability of this tube to handle the usual signal voltages without 
cross-modulation and modulation-distortion makes it adaptable to the r-f and i-f 
1tages of receivers employing automatic volume control. The 6D6 is constructed 
with an internal shield connected to the cathode within the tube. 

CHARACTERISTICS 

HEATER VOLTAGE (A C. or D. C.)............... 6.3 Volts 
HEATER CURRENT . . . . • . . . . . . . . • • • • . . . . . . . . . . . . 0.3 Ampere 
PLATE VOLTAGE . . . . . . . . . . . . . . . . . • . . . . . . 100 250 max. Volts 
ScREEN VOLTAGE . . . . . . . . . . . . . . . . . . . . . . . 100 100 max. Volts 
GRID VOLTAGE (Minimum). . . . . . . . . . . . . . . -3 -3 Volts 
SUPPRESSOR ........................... Connected to cathode at socket 
PLATE CUIUI.ENT . . . . . . . • . • . . • • • • . • • . . . . 8 8.2 Milliampere! 
ScREEN CUR.RENT . . . . . . . • . . . . . • . • . . . . . . 2.2 2.0 Milliampere! 
PLATE RESISTANCE . . . . . . . . . . . . . . . . . . . . . 0.25' 0.8 Megohm 
AMPLIFICATION FACTOR . . . . . . . . . . . . . . . . . 375' 1280 
TRANSCONDUCTANCE ........ ............ 15'00 1600 
TRANSCONDUCTANCE (At -50 volts bias). . . . 2 2 
GRm-PLATE CAPACITANCE (With shield-can)....... 0.007 max. 
INPUT CAPACITANCE . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.7 
OUTPUT CAPACITANCE . . . . . . . . . . . . . . . . . . . . . . . . . 6. 'i 
BULB .............................................. . 
CAP ............................................... . 
BASE .............................................. . 

INSTALLATION AND APPLICATION 

Micromhos 
Micromhos 
µµ{ 
µµf 
µµf 

ST-12 
Small Metal 
Small 6-Pin 

The base pins of the 6D6 fit the standard six-contact socket which may be 
installed to hold the tube in any position. 

For heater operation and cathode connection, refer to INSTALLATION for 
type 6A8. 

For control-grid bias, screen voltage, and suppressor connection, refer to 
INSTALLATION on type 6K7. Shielding requirements are similar to those for 
type 6C6. 

Refer to APPLICATION on type 6K7. A plate family of curves is i:iven 
under type 58. 
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RCA-6E5 

ELECTRON-RAY TUBE 
(Indicator Type) 

The 6E5 is a high•vacuum, heater
cathode type of tube designed to 
indicate visually, by means of a 
fluorescent target, the effects of a 

W
(; TA 

p ~ 

6 

H H 

change in the controlling voltage. 
The tube, therefore, is essentially a voltage indicator and as such is particularly 
useful as a convenient and non-mechanical means to indicate accurate tuning of a 
receiver to the desired station. The 6E5 is similar to the 6G5 except that the 6Gf 
triode unit is designed with a remote plate•current cut•o:ff characteristic. For 
discussion of Electron•Ray Tube considerations, refer to page 30. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.) ••••••••••....• 
HEATER CURRENT •••••••••••••••••....•.•..... 
PLATE•SUPPLY VOLTAGE •..•••••• , ••............ 
TARGET VOLTAGE* ••••••••••••••••..•..•...... 
TYPICAL OPERATION 

Plate• and Target•Supply Voltage .. 
Series Triode• Plate Resistor ...... . 
Target Current (Approx.) ....... . 
Triode-Plate Current (For zero 

100 
0.5 
4.5 

triode-grid voltage) . . . . . . . . . . . 0.19 
Triode-Grid Voltage (For shadow 

angle of 0 O ) (Approx.) . . . • • • • • -:U 
Triode-Grid Voltage (for shadow 

200 
1 

4.5 

0.19 

-6.5' 

6.3 
0.3 
250 max. 
250 max. 

250 
I 

4.5 

0.24 

-8.0 

angle of 90°) (Approx.)....... 0 0 0 
BULB .••••.••...••••••••...•••.••.•••••.....•.•...•. 
BASE •••••••••••••••...••.••••••..•.•.....•••..•... ' 

• Minimum target voltage should not be less than 90 volts. 

INSTALLATION 

Volts 
.Ampere 
Volts 
Volts 

Volts 
Megohm 
Milliamperes 

Milliampere 

Volts 

Volts 
ST-12 

Small 6·Pin 

The base pins of the 6Ef fit the standard six•contact socket which may be 
installed to hold the tube in any position. For convenience, the tube is usually 
mounted horizontally so that the fluorescent screen is readily visible whim the 
receiver circuit is tuned. A small hood, placed over the dome and fluorescent 
target, will help to eliminate external light reflections. 

For heater operation and cathode connection, refer to type 6A8. The bulb 
of this tubt becomes hot under certain conditions of operation. Sufficient ventilation 
sltould be provided to prevent overheating. 

APPLICATION 

The visible effect is observed on the fluorescent target located in the dome of 
the bulb. The pattern on the target varies from a shaded angle of 90° with zero 
bias (off tune) to a shaded angle of approximately 0° at resonance with a strong 
carrier. Exact tuning is indicated by the narrowest shaded angle that can be 
obtained. The stronger the carrier, the narrower is the shadow. 

The diagrams on the next page show typical tuning•indicator circuits employing 
the 6ES'. If the strongest carrier received produces sufficient ave voltage to exceed 
the cut•off bias value of -8 volts, the shadow area of the fluorescent target will 
overlap. To overcome this effect, resistor Ra should be connected, as shown, 
between the trlode•unit grid and cathode in order to reduce the control voltage. 
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The value of Rs may easily be determined by applying a strong signal and adjuatin& 
Rs •intil the shadow•angle is nearly zero. If the resultant value of Ra is so low 
as to reduce the ave voltage appreciably, the d•c controlling voltage for the 6B'J 
should be obtained from a tap on the diode load resistor as shown in the diagram 
at the right. 

250 100 

200 &O 

"' "' w 

"' " ~ 60 

I 

"' .J 

" z 
< 
3' 

4 

0 
C 
< :r 
"' 

50 20 

0 0 

AVERAGE CONTROL CHARACTERISTICS 

TYPE 6E5 
Ef' = 6.3 VOLTS / 

CURVE I PLATE-SUPPLY I SERIES PLATE RE- / V} VOLTS (B+) SISTOR (R)-MEG. 
8 

==I 250 I ,.o 
/~~ / h ,oo 0.5 

I~/ lf 
qV 

lRGET 1
1 V 

6 

/ 
TARGET CURRENT ., I.CURRENT' 

/ I y I 

~ ~~, ~ 
... 

/ 
-{t(f ~f-~ ., " 

I/ ~ iZ- /1 
~~-- -8~ TO CONTROL- B+ 2 

~ .. LINCi VOL TAG£ 

I ~/ I 

-/ )// 
0 -,o -• -2 0 -e -4 

GRID VOLTS 92C-4422R2 

TYPICAL ELECTRON-RAY TUBE CIRCUITS 

"' "' :!i .. 
" < 
.J 
.J 

2 
t; ., 
"' ~ 

1-F 
DI-ODE SECTION Of' 
SECOr,m DETECTOR 

DIODE SECTION OF 
SECOND DETECTOR 

TO SELF-BIAS 
RESISTOR (Re) 

OR GROUND 

Bt 

R -{ 1.0 MEGOHM FOR B+ = 250 VOLTS 
- 0.5 MEGOHM FOR B+ = 100 VOLTS 

R1 = 0.06 11,fEGOHM {R-F FILTEI) 
R, = 0.2 MEGOHM 
Ra= DETE,RMINED BY TEST. SEE TEXT. 
R. = AVC FILTER RESISTOR 

Ro= R. 

TO SELF-BIAS 
RESISTOR (Re) 

OR GROUND 

Re+ R1 = 0.2 MEGOHM 
C, = 100 TO 200 JJl'f 
C2 = AVC FILTER CONDENSER 
C. = 0.05 TO 1.0 J<f 
C,= C, 
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RCA-6F5 

HIGH-MU TRIODE 

The 6FS' is a high-mu triode of 
the All-Metal type. It is particularly 
suitable for use in resistance-coupled 
amplifier circuits. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 6.l 
HEATER CURRENT . . . . . . . . . . . . • . • • . . . . . . . . . . . . . 0.3 
Pl.ATE VOLTAGE . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 2S'O max. 
GRID VOLTAGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -2 
Pl.ATE CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.9 
PLATE RESISTANCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66000 
AMPLIFICATION FACTOR ...... , . . . . . . . . . . . . . . . . . 100 

Volts 
Ampere 
Volts 
Volts 
Milliampere 
Ohms 

TRANSCONDUCTANCE ......... , . . . • . . . . . . . . . . . . . 1 'i00 Micromh011 
GRID-PLATE CAPACITANCE* . . . . . . . . • . . . . . . . . . . . . 2 fAl.lf 
GRID-CATHODE CAPACITANCE* . . . . . • • . . . . . . . . . . . . 6 p.p.f 
PLATE-CATHODE CAPACITANCE* . , , . . . . . . . . . . . . . . . 12 Hf 
CAP . . . . . . . . . . . . . . . . . . . . . • . . • . • . . . . . . . . . . . . . . . . . . . . • Miniature 
BASE ............................................ Small Wafer Octal S'-PiD 

• W itb ahell connected to cathode. 

INSTALLATION AND APPLICATION 

The base pins of the 6FS' fit the standard octal socket which may be mounted 
to hold the tube in any position. For heater operation and cathode connection, 
refer to INSTALLATION for type 6A8. 

As an amplifier in resistance-coupled a,f circuits, the 6FS' may be operated 
under conditions given in the Resistance-Coupled A,F Amplifier Section. 

In resistance-coupled circuits, the d,c resistance in the grid circuit of the 6FS' 
should not exceed 1.0 megohm. 

When a 6FS' is used to amplify the output of the 6H6 diode, it is recommended 
that fixed grid bias be employed. Diode-biasing of the 6FS' is not suitable because 
of the probability of plate-current cut-off, even with relatively small signal voltagee 
applied to the diode circuit. 

~ 
w 
:5 
~ 
2 
~ 

AVERAGE PLATE CHARACTERISTICS 2.--...---...----,---,---,---,---,---,--.,.....C-":.=--------
TYPE 6Fo 

Er= e.3 VOLTS 

j ,.of---HC.....P-k-1-Sif---'!.1---+-1--+-. #-+--+--+--+--+--1------1 

'> 

92C-444-41tl 

-75-



RCA-6F6 

POWER-AMPLIFIER 
PENTODE 

The 6F6 is a heater-cathode power
amplifier pentode of the All-Metal 
type for use in the audio-output stage 
of a,c receivers. It is capable of 
iiving large power output with a 

relatively small input voltage. Because of the heater-cathode construction, 
uniformly low hum-level is attainable in power-amplifier design. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.).... . . . . . . . . . . . 6.3 Volts 
HEATER CURRENT . . . . . • . • • • • • • • • • • . . . • . . . . . . . . 0.7 Ampere 
BASE •................•...•••••.................. Small Wafer Octal 7-Pin 

As Single-Tube Class A1 Amplifier-Pentode Connection 

PLATE VOLTAGE. ..•..•.••••..•.•.•...... 
SCREEN VoL,AGE (Grid No. 2) .......... . 
GRID VOLTAGE (Grid No. 1) .•.....•...... 
PLATE CURRENT •...•.•••.....•.••..... 
ScREEN CURRENT ••.•.•.••..•••••.•.•.. 
PLATE RESISTANCE (Approximate) •••...... 
AMPLIFICATION FACTOR (Approx.) .••...... 
TRANSCONDUCTANCE •••••••••••••••••••· 
LOAD RESISTANCE ..••.•........••...... 
TOTAL HARMONIC DISTORTION .....••...... 
POWER OUTPUT ....................... . 

250 
250 

-16.5 
34 

6.5 
80000 

200 
2500 
7000 

7 
3 

315* max. 
315* max. 
-22 

42 
8 

75000 
200 

2650 
7000 

7 
5 

As Single-Tube Class A1 Amplifier-Triode Connection 
(Screen tied to plate) 

PLATE VOLT/\GEt ........••.••••••............. 
GRID VOLTAGE .............•.••.•..••......... 
PLA,E CURRENT .•.•....•..•••••••..•....•••.. 
PLATE RESIS,ANCE ............•••............. 
AMPLIFICATION FACTOR ......•••..•........•••. 
TRANSCONDUCTANCE •.........•..••..........•. 
LOAD RESISTANCE ..••...•....•..•........•.... 
TOTAL HARMONIC DISTORTION ......•......••••... 
POWER OUTPUT ....•.••...•.....•............. 

250 
-20 

31 
2600 

7 
2700 
4000 

5 
0.8'i 

Volts 
Volts 
Volts 
Milliamperes 
Milliamperes 
Ohms 

Micromhos 
Ohms 
Per cent 
Watts 

Volts 
Volts 
Milliamperes 
Ohms 

Micromhm 
Ohms 
Per cent 
Watt 

Under the above maximum voltage conditions, transformer or impedance input
coupling devices are recommended. If resistance-coupling is used, refer to last 
paragraph of APPLICATION. 

• Not recommended for automobile service or other similar services where heater voltage can rt~ 
nore than 10% above rated value. 

t Maximum plate voltage=3 l 5 volte. 

As Push-Pull Class AB2 Amplifier-Pentode Connection 
Unless otherwise specified, values are for two tubes. 

PLATE VoLT.-wE ....................... . 
SCREEN VOLTAGE ...................... . 
GRID VOLTAGE ................•........ 
SELF-BIAS REsI&TOR .•....•.............. 
PEAK A-F GRID-TO-GRID VOLTAGE ......... . 
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Fixed Bias Self-Bias 
37'i max. 375 max. 
250 max. 250 max. 
-26 min. 

82 
340 min_ 

94 

Volts 
Volts 
Volts 
Ohms 
Volts 
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ZERO-SIGNAL PLATE CURRENT............. 34 54 Milliamperes 
ZERO-SIGNAL SCREEN CURRENT............ 5 8 Milliampere& 
LOAD RESISTANCE (Per Tube) •..••.•...... 2500 2500 Ohms 
EFFECTIVE LoAD RESISTANCE (Plate-to-plate) 10000 10000 Ohms 
TOTAL HARMONIC DISTORTION............. 5 5 Per cent 
PowER OUTPUT (Approx.)............... 19* 19t Watts 

Under the above maximum voltage conditions, transformer or impedance input• 
coupling devices must be used. 

• With one triode-connected 6F6 as driver operated at plate volts of 2 50, grid volta of -20, 
and with a minimum plate load of approximately 10000 ohms: input transformer ratio. primary to 
one,half secondary, is 3.32. The plate, screen and grid supply have negligible resistanoe. 

t With one triode,connected 6F6 as driver operated at plate volts of 250, grid volta of -20, 
and with a minimum plate load of approximately 10000 ohms: input transformer ratio, primary to 
one~half secondary, is 2. 5. The plate and screen supply have negligible resistance. The value 
given for the self,bias resistor is determined for a minimum grid bias of -21 volts. 

As Push-Pull Class AB2 Amplifier-Triode Connection 
(Screen tied to plate) 

Unless otherwise specified, values are for two tubes. 
Fixed Bias Self-Bias 

PLATE VOLTAGE . . . . • . • • • • • . . . . . . • . . . . . 350 max. 350 max. Volts 
GRID VOLTAGE . . • . • • . . . • • • • • . • • . • . . . . . . -38 Volts 
SELF-BIAS RESISTOR . . • • • • • • . • . • • . • . . . . • • 730 min. Ohms 
PEAK A,F GRID•TO•GRID VOLTAGE.......... 123 132 Volts 
ZERO-SIGNAL PLATE CURRENT. • . . • • • . . . . . . 45 50 Milliamperes 
LOAD RESISTANCE (Per Tube) .•...••...... 1500 HOO Ohms 
EFFECTIVE LOAD RESISTANCE (Plate-to-plate) 6000 10000 Ohms 
TOTAL HARMONIC DISTORTION............. 7 7 Per cent 
POWER OUTPUT (Approx.)............... 18° 14:j: Watts 

Under the above maximum voltage conditions, transformer or impedance input• 
coupling devices must be used. 

0 With one triode-connected 6F6 as driver operated at plate volts of 2 50, grid volts of -20, 
and with a minimum plate load of approximately 10000 ohms: input transformer ratio, primary to 
one,half secondary, is 1.67. The plate and grid supply have negligible resistance. 

i With one triode-connected 6F6 as driver operated at plate volts of 250, grid volts of -20, 
and with a minimum plate load of approximately 10000 ohms: input transformer ratio. primary to 
one-half secondary. is 1.29. The plate supply has negligible resistance. The value given for the 
aelf,bias resistor is determined for a minimum grid bias of -36. 1 volts. 

INSTALLATION 

The base pins of the 6F6 fit the standard octal socket which may be installed 
to hold the tube in any position. 

For heater operation and cathode connection, refer to type 42. 

APPLICATION 

As a Class A power-amplifier pentode, the 6F6 may be used either singly or 
in push-pull. Recommended operating conditions are given under CHARACTER• 
ISTICS. If a single 6F6 is operated at a plate voltage of 250 volts, the self-biaa 
resistor should have a value of approximately 410 ohms; at 315 volts, 440 ohms. 
For two tubes in the same stage, the value of the self-bias resistor should he 
approximately one-half that for a single tube. 

As a Class A power-amplifier triode, the 6F6 may be used either singly or in 
push-pull. For this service the screen is connected to the plate. Recommended 
operating conditions are given under CHARACTERISTICS. When a single 6F6 
is operated as a Class A triode at a plate voltage of 2 50 volts, the self,bias resistor 
should have a value of approximately 650 ohms. For two tubes in the same stage, 
the value of the self,bias resistor should be approximately one-half that for a 
single tube. 

As a Oass AB power-amplifier triode or pentode, the 6F6 should be operated 
as shown under the CHARACTERISTICS. The values shown cover operation 
with fixed-bias and with self-bias, and have been determined on the basis of 10me 
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grid-current flow during the most positive awing of the input signal and of 
cancellation of second-harmonic distortion by virtue of the push-pull circuit. 

The tH'e of input coupling used should not introduce too much resistance in 
the grid circuit. Transformer• or impedance-coupling devices are recommended. 
When the grid circuit has a resistance not hieher than 0.01 megohm, fixed biaa 
may be used; for higher values, self,biaa is required. With self,bias, the grid circuit 
may have a resistance as high as, but not greater than, 0.1 megohm provided the 
heater voltage is not allowed to. rise more than 10% above rated value under any 
condition of operation. 
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AVERAGE PLATE CHARACTERISTICS 
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TYPE 6F6 
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RCA-6F7 

TRIODE-PENTODE 
The 6F7 is a heater type of tube 

combining in one bulb a triode and 
an r-f pentode of the remote cut-off 
type. Since these two units are 
independent of each other except for 

the common cathode, the 6F7 may be adapted to circuit design in several ways. 

CHARACTERISTICS 

HE.<\TER VOLTAGE (A. C. or D. C.)....... . . . . . . . 6.3 
HEATER CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.3 
DIRECT INTERELECTRODE CAPACITANCES 

'Triode Unit-Grid to Plate............ . . . . . 2.0 
Grid to Cathode. . . . . . . . . . . . . . . 2.5 
Plate to Cathode............... 3.0 

Pentode Unit-Grid to Plate (With shield-can).. 0.008 max. 
Input . . . . . . . . . . . . . . . . . . . . . . . 3. 2 
Output . • . . . . . • . . . . . . . . . . . . . . 12.S' 

BULB .•..........................••................ 
CAP ..•..........................•................• 
BASE ............................................. . 

As Amplifier 

'Triode Unit Pentode Unit 

PLATE VOLTAGE ••..••••••••• 
SCREEN VOLTAGE (Grid No. 2) 
GRID VOLTAGE (Grid No. 1) .. 
PLATE CURRENT ..........•• 
SCREEN CURRENT ......• , ..• 
AMPLIFICATION FACTOR .• , ••• 

100 max. 100 2 S'O max. 
100 lO0max. 

-3 min. 
3.S' 

-3 min. 
6.3 

-3 min. 
6.J 

PLATE RESISTANCE ........ , • 
TRANSCONDUCTANCE ..•...••• 
TRANSCONDUCTANCE 

(At -35 volts bias) .....••. 

8 
16000 

mo 

1.6 
300 

290000 
lOS'O 

1., 
900 

8S'O000 
ll00 

9 10 

As Frequenc:y Converter 

TYPICAL OPERATION 
Plate Voltage (Maximum) ....••.. 
Screen Voltage ................ . 
Grid Voltage .......•.••••.... 
Oscillator Peak Voltage Input .... . 
D-C Grid Current .............. . 
D,C Plate Current .......••..... 
Screen Current •........•..•.... 
Plate Resistance •.•.••.......... 
Conversion Transconductance .••.• 

'Triode Unit Pentode Unit 
100" 2S'O 

t 
O.lS' 

2.4tt 

100 
-10* 

7 
0 

2.8 
0.6 
2.0 
300 

Volts 
Ampere 

µµ.f 
µ.µ.f 
µ.µf 
µµ.f 
µ.µ.f 
µ.µ.f 
ST-12 

Small Metal 
Small 7-Pin 

Volts 
Volts 
Volts 
Milliamperes 
Milliamperes 

Ohms 
Micromhoa 

Micromhoa 

Volts 
Volts 
Volts 
Volts 
Milliampere 
Milliamperea 
Milliampere 
Megohms 
Micromhos 

0 May be obtained from 2 iO•volt aourc:e through 60000,ohm droppin& ieailtor. 
• Obtained by mean• of 1700,ohm 1elf,biaaing (cathode) ieaietor. 
t Obtained by 100000,ohm &rid- leak rui1tor returned directly to cathode. 
tt Oscillator condition• should be adjusted ao that plate current does not exceed maximum ol 4 

milliamperes. 
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INSTALLATION 

Refer to INSTALLATION on type 6A8. 

APPLICATION 

M A N U A L 

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 performing any of the functions expected of single-unit types with similar 
characteristics. Circuit design for the 6F7, therefore, will follow conventional 
practice. 

As a frequency converter, the 6F7 is used by employing the triode unit as 
oscillator and the pentode unit as mixer ( first detector). The circuit should be 
adjmted so that the grid-bias voltage is approx1mateiy 3 volts greater than the peak 
Ol!cillator voltage. In operation, the plate current of the oscillator should not exceed 
4 milhampeTes. 

TVPE 6F7 
Ef'= f.3 1/0LTS 

SCREEN VOLTS:100 
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RCA-6G5 

ELECTRON-RAY TUBE 
( Indicator Type) 

The 6G5 is a high,vacuum, heater, 
cathode type of tube designed to 
indicate visually, by means of a 
fluorescent target, the effects of 

W
G TA 

p K 

6 

H H 

change in the controlling voltage. 
The tube, therefore, is essentially a voltage indicator and as such is particularly 
useful as a convenient and non-mechanical means to indicate accurate tuning of a 
receiver to the desired station. For a discussion of Electron-Ray Tube consideratione, 
refer to page 30. 

CHARACTER! STICS 

HEATER VOLTAGE (A. C. or D. C.) ••.•••••••..•.• 
HEATER CURRENT •••••••••..•••••...•..•....•. 
PLATE-SUPPLY VOLTAGE •.•.•••••••••••••••••••. 
TARGET VOLTAGE* •••••••••••••••••••••••••••• 
TYPICAL OPERATION 

Plate, and Target,Supply Voltage .. 
Series Triode, Plate Resistor ...... . 
Target Current (Approx.) ....... . 
Triode-Plate Current (For zero 

100 
0.5 
4.5 

triode-grid voltage) . . . . . . • . . • . 0 .19 
Triode-Grid Voltage (For shadow 

angle of 0°) (Approx.) .•....•. 
Triode-Grid Voltage (For shadow 

-8 

200 
l 

4.5 

0.19 

-18.5 

6.3 
0.3 
250 max. 
250 max. 

250 
l 

4.5 

0.24 

-22 

angle of 90°) (Approx.)....... 0 0 0 
BULB ••••.••••••.•••••••••••••••...••.•.....•....... 
BASE ..••••••••.•••••••••••••••••..•.........•...... 

• Minimum target voltage should not be less than 90 volts. 

INSTALLATION AND APPLICATION 

Volts 
Ampere 
Volts 
Volts 

Volts 
Megohm 
Milliamperes 

Milliampere 

Volts 

Volts 
ST-12 

Small 6-Pin 

For INSTALLATION, refer to type 6E5. The APPLICATION of the 6GJ 
is similar to that of the 6E5. Typical circuits are shown under the latter type. 
The essential difference between type 6E5 and type 6G5 is that the 6G5 has a 
remote plate-current cut,off characteristic. 

250 

200 

"' "' "' "' ;,so 
• 
0 

"' ~ 
::I 
~100 .. ., 
L 

so 

0 

100 

80 

"' "' "' "' ~ 
060 

' 
"' ., ., 
z .. 
3: 40 
0 
0 .. 
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20 

0 

AVERAGE CONTROL CHARACTERISTICS 

TYPE 6G5 
E,f=6.3 VOLTS I 
CURVE I PLATE-SUPPLY l SERIES PLATE RE-

VOL TS(B+) SIS TOR (R)-MEG. /1 
=-=1 250 I 1.0 )/ I!. 100 0.5 

cf It 
'\-E,. ,__,, I I/ -"lj 

P'TARCET ~ 
CURRENT .:.J~ I 

TARGET CURRENT_.,; ,'l.. _ I <.,JI r 

• 

,, ,, 
1\~~ ,,.V,, ~~ I R 1/2, JL --· 

~ 

~--✓-
, ~, .. 

f-1,- I~Ni0~ci~t~~E B+ v o"' .// I ~•0/ 

i--Pr 
-20 -15 -10 

GRID VOL TS 

/1 I 
-s 0 

92-C-4626 
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RCA-6H6 

TWIN DIODE 

The 6H6 is a heater-cathode type 
of All, Metal tube combining two 
diodes in one shell. Each diode has 
its own separate cathode and cor, 
responding base pin. This arrange, 

ment offers flexibility in the design of circuits employing the 6H6 
for low-voltage low-current rectincation, or for automatic volume 
diode-detector considerations, refer to page 26. 

for detection, 
control. For 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.).... . . . . • . . . . . . 6.3 Volts 
HEATER CURRENT •...•.......••. , . . . . . . • . . . . . . 0.3 Ampere 
PLATE No. 1 TO PLATE No. 2 CAPACITANCE*.... . . . 0.02 max. ,,.,,.f 
A,C PLATE VOLTAGE PER PLATE (RMS).......... 100 max. Volts 
D,C OUTPUT CURRENT. . . . . . . . • . . . . . . • • . • . . . . . . 4 max. Milliampere& 
BASE ............................................ Small Wafer Octal 7-Pin 

• With shell connected to cathode. 

INSTALLATION 

The base pins of the 6H6 :6.t the standard octal socket which may be installed 
to hold the tube in any position. For heater operation and cathode connection, 
refer to INSTALLATION for type 6A8. 

APPLICATION 

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, the 6H6 may 
be used in circuits similar to those employed for 
any of the duplex-diode types of tubes. The 
only difference is that the 6H6 is more adaptable 
due to the fact that each diode has its own 
separate cathode. 

Since the diodes by themselves do not pro, 
vide any amplification, it is usually necessary to 
provide gain by means of a supplementary tube. 
Types such as the 6C5', 6F5, 6J7, and 6K7 are 
very suitable for this purpose. Their use in 
combination with the 6H6 is similar to that of 
the amplifier sections of duplex-diode triode or 
pentode types, such as the 6R7, 6Q7 and 6B8. 
The amplifier sections of these types have some
what the same characteristics as the 6C5', 6F5' 
and 6J7, respectively. 
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70 0 
I TYPE 6H6 

s~ I Er= ••3 VOLTS rt+ 
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R CA-6J 7 

TRIPLE-GRID DETECTOR 
AMPLIFIER 

The 6J7 is a triple-grid type of 
All-Metal tube recommended espe
cially for service as a biased detector 
in radio receivers designed for its 

H 

characteristics. In such service, this 
tube is capable of delivering a large audio-frequency output 
small input voltage. Other applications of the 6J7 include 
amplifier tube. 

voltage with relatively 
its me as a high-gain 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 6.1 Volts 
HEATER CURRENT . . . . • . . • • . . . • • • . . . . . . . . . . . • • • 0.3 Ampere 
PLATE VOLTAGE . . . • . . . . . . . . • . • • • • . . . . . . 100 250 m4X. Volts 
SCREEN VOLTAGE • • • . . . . . . • . • • • • • • . . . . . . 100 100** Volts 
GRID VOLTAGE* . . . . . . . . . • • . • • • • • • . . . . . . -3 -3 Volts 
SUPPRESSOR ...........•...••••••...... Connected to cathode at so::ket 
PLATE CURRENT . . . . . . . . . . . . • • • • • • . . . . • 2 2 Milliamperes 
SCREEN CURRENT • • . . . . • • • • • • • • • • • • • • • • 0. 5 0.5 Milliampere 
PLATE RESISTANCE • • • . . . • • • • . • • • • . . . . . . 1.0 Greater than 15 Megohm 
AMPLIFICATION FACTOR •••••••••• , . . . . . . 1185 Greater than 15'00 
TRANSCONDUCTANCE . . . . . • • . • • • • • • . . . . . . l 185 1225 Micromhos 
GRID VOLTAGE (Approximate)t . . • • . . . . . . . -7 -'7 Volts 
GRID-PLATE CAPACITANCE 0 

• • • • • • • • • • • • • • • • • • • • • 0.005 max. µµf 
INPUT CAPACITANCE 0 

• • • • • • • • • • • • • • • • • • • • • • • • • • '7 µµf 
OUTPUT CAPACITANCE 0 

• • • • • • • • • • • •• • • • • • • • • • • • • 12 µµf 
CAP . . . . . . . . . . . . . . . . . • . . . • • • . . • • . . . . . . . . . . . . . . . . . . . . Miniature 
BASE ..........................................•. Small Wafer Octal 7-Pin 

• The d•c resistance in the grid circuit shou1d not exceed 1.0 megohm. 
•• Maximum Screen Volta = 12S. t For cathode current cut-off. 0 With ,hell connected to cathock, 

INSTALLATION 

The base pins of the 6J7 fit the standard octal socket which may be installed 
to hold the tube in any position. For heater operation and cathode connection, 
refer to INSTALLATION for type 6A8. 

The screen voltage may be obtained from a potentiometer or bleeder circuit 
across the B-supply source. Due to the screen-current characteristics of the 6J7, 
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 i1 used. Thia 
method, however, is not recommended if the high-voltage B•supply exceeds 250 volte. 

APPLICATION 

As a biased detector, the 6J7 can deliver a large audio-frequency output voltage 
of good quality with a fairly small radio-frequency signal input. Typical 
recommended conditions for the 6J7 as a biased detector are u follows: 

Plate Supply* • . • . • • . • • • • • 100 100 2 50 2 50 Volts 
Screen Voltage • . . . • . • • • • . 12 30 50 100 Volts 
Grid Voltage . . . . . . . . . . . . -1.16 -1.83 -2 -4.3 Volts 
Cathode Resistor .•...••.• 18000 10000 3000 10000 Ohms 
Suppressor . . • . . • . • • • • • • • Connected to cathode at aocket 
Cathode Cur. (Zero Signal). 0.63 0.183 0.65 0.-43 Mt11iampere 
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R C A R E C E V N G 

Plate Resistor . . . . . . . . . . • . 1.0 0.25 
Blocking Condenser . . . • . • • 0.01 
Grid Resistort • .. • • • .. • • • 1.0 
R,F Signal (RMS)•• . • . • • I.Of 

0.01 
O.f 
1.6 

T U B E 

0.25 
0.03 
0.25 
1.18 

O.fO 
0.03 
0.25 
1.37 

M A N U A L 

Megohm 
pf 
Megohm 
Volts 

• Voltage at plate will be PLATE-SUPPLY voltage leu voltage drop in plate reaistor cauaed bJ 
plate current. 

t For the following amplifier tube . 
.. With these 1ignal vcltagu modulated 20%, the voltage output uoder each aet of operatina 

amditiona is 17 peak volts at the grid of the following amplifier, a value sufficient to insure full audio 
output from a type 6F6 at lfO volts on plate. 

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

As an audio-frequency amplifier pentode in resistance-coupled circuits, the 6J7 
may be operated as shown in the tables given in the Resistance-Coupled A,F 
.Amplifier Section. 

As a radio-frequency amplifier pentode, the 6J7 may be used particularly in 
applications where the r,f signal applied to the grid is relatively low, that is, of 
the order of a few volts. In such cases either screen or control-grid voltage ( or 
both) may be varied to control the receiver volume. When larger signals are 
involved, a super-control amplifier tube should be employed to prevent the 
occurrence of excessive cross-modulation and modulation,distortion. Recommended 
operating conditions for amplifier services are given under CHARACTERISTICS. 

--
I 
t 
/ 

/ 
i ,,,.-

/ 
r 

I 

r 

80 

AVERAGE PLATE CHARACTERISTICS 

I 

TYPES: 6C6, 6J7, 57 
6UPPRESSOR VOLTS=O 

SCREEN VOLTS=IOO 

CONTROL - GRID VOLTS 

160 240 320 400 
PLATE VOLTS 
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RCA-6K7 

TRIPLE-GRID SUPER
CONTROL AMPLIFIER 
The 6K7 is a triple-grid super•con, 

trol amplifier tube of the All• Metal 
type recommended for service in 
the radio-frequency and intermediate, 

p 

H H 

frequency stages of radio receivers 
designed for its characteristics. The ability of this tube to handle unusual signal 
voltages without cross-modulation and modulation-distortion makes it adaptable to 
the r•f and j,f stages of receivers employing automatic volume control. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 6.3 
HEATER CURRENT . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.3 
PLATE VOLTAGE . . . . . . . . . . . 90 180 250 250 max. 
ScREEN VOLTAGE . . . . . . . . . . 90 75 100 125 max. 
GRID VOLTAGE (Minimum).... -3 -3 -3 -3 
SUPPRESSOR . . . . . . . . . . . . . . . Connected to cathode at socket 
PLATE CURRENT . . . . . . . . . . . 5'.4 4.0 7.0 10.5 
SCREEN CURRENT . . . . . . . . . . 1.3 1.0 1.7 2.6 
PLATE RESISTANCE ......... 0.315 1.0 0.8 0.6 
AMPLIFICATION FACTOR . . . . . 400 1100 1160 990 

Volts 
Ampere 
Volts 
Volts 
Volts 

Milliamperes 
Milliamperes 
Megohm 

TRANSCONDUCTANCE . . . . . . . . 1275 1100 1450 1650 Micromhos 
GRID VOLTAGE* ............ -38.5 -32.5 -42.5 -52.5 Volts 
GRm•PLATE CAPACITANCE" . . . . . . . . . . . . . . . . . . . . . 0.005 max, µ,µ,f 
INPUT CAPACITANCE 0 

• • • • • • • • • • • • • • • • • • • • • • • • • • 7 µ,µ,f 
OUTPUT CAPACITANCE 0 

• • • • • • • • • • • • • • • • • • • • • • • • 12 µ,µ,f 
CAP . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . Miniature 
BASE ............................................ Small Wafer Octal 7•Pin 

* For transconductance = 2 micromhos. 
• With shell connected to cathode, 

INSTALLATION 

The base pins of the 6K7 fit the standard octal socket which may be installed 
to hold the tube in any position. 

For heater operation and cathode connection, refer to INSTALLATION for 
type 6A8. 

Control-grid bias variation will be found effective in changing the volume of 
the receiver. In order to obtain adequate volume control, an available grid-bias 
voltage of approximately 50 volts will be required. The exact value will depend 
upon the circuit design and operating conditions. This voltage may be obtained, 
depending on the receiver requirements, from a potentiometer acr05s a fixed supply 
voltage or by the use of a variable self-bias resistor in the cathode circuit. 

The screen voltage may be obtained from a potentiometer or bleeder circuit 
across the B•supply source. Due to the screen current characteristics of the 6K7, 
a resistor in series with the high-voltage supply may be employed for obtaining the 
screen voltage provided the cathode•resistor method of bias control is used. This 
method, however, is not recommended if the high-voltage B•supply exceeds 250 
volts. Furthermore, it 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. 
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'!he ~ppressor may be connected directly to the cathode or it may be made 
negative with respect to the cathode. For the latter condition, the suppresll01' 
voltage may be obtained from a potentiometer or bleeder circuit for manual volume
and selectivity-control, or from the drop in a resistor in the plate circuit of the 
automatic volume-control tube. 

APPLICATION 

As a radio-frequency amplifier, the 6K7 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 6K7 as an amplifier are given under 
CHARACTERISTICS. 

To realize the maximum benefit of the long "cut-off" feature of this tube, it ii 
necessary to apply a variable grid bias and to maintain the screen at a constant 
potential with respect to the cathode. Good results, however, may be obtained by 
using a variable cathode resistance. Such a resistance, of course, reduces the screen 
potential by the amount that the bias is increased and thus hastens the "cut,off." 
Therefore, the ability of the tube to handle large signals is somewhat impaired. 
This 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 volta&e 
in the case of four-electrode tubes is usually impossible because of secondary 
emission phenomena. In the 6K7, however, the suppressor practically removes these 
effects and it is therefore possible to obtain satisfactorily the screen voltage from 
the plate supply or from some high intermediate voltage providing these sources 
do not exceed 2rn volts. With this method, the screen-to-cathode voltage will fall 
off very little from minimum to maximum value of cathode-control resistor. In 
some cases, it may actually rise. This rise of screen-to-cathode voltage above the 
normal maximum value is allowable because the screen and the plate current are 
reduced simultaneously by a sufficient amount to 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 controlling volume in order to prevent too high a voltage on the 
screen. When screen and control-grid voltage are obtained in this manner, the 
remote "cut-off" advantage of the 6K7 may be· fully realized. 

As a mixer in superheterodyne circuits, the 6K7 may be used althou&h a 
pentagri<l mixer or pentagrid converter type is generally preferable. The 6K7 as a 
mixer is capable of producing, under the proper conditions of grid and local 
oscillator voltage, a gain of about one,third that which can be obtained in an 
intermediate-frequency amplifier stage. This gain can be controlled by varying the 
grid bias either from a separate supply or from a variable resistor in the cathode 
circuit. This is a desirable feature in receivers employing automatic volume-control, 
because it enables a much lower threshold input to be received without loss of 
amplification and permics the reception of high input voltages without loss of control. 
Recommended conditions for the 6K7 as a superheterodyne mixer follow: Plate 
voltage, 25'0 volts; screen voltage, 100 volts; suppressor connected to cathode at 
socket; and grid-bias voltage, -10 volts approximate (with 7-volt oscillator peak 
swing). 

A plate family of curves is given under type 78. 
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RCA-6L6 

BEAM POWER AMPLIFIER 
The 6L6 is a power-amplifier tube 

of the All-Metal type for use in the 
output stage of radio receivers, espe, 
cially those designed to have ample 
reserve of power-delivering ability. 

The 6L6 provides high power output sensitivity and high efficiency. The power 
output at all levels has low third and negligible higher-order harmonic distortio!1· 
When operated at maximum ratings, this tube will give over 11 watts output. in 

single-ended operation and as much as 60 watts in push-pull. When the push-pull 
connection is used with a 6600,ohm load, the 6L6 will give 34 watts of audio 
power without the need of grid-driving power. For discussion of beam power 
amplifier considerations, refer to page 10. 

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

6.3 
0.9 

Plate Voltage . . . . . . . . . • . . • . . • • . • . . . • . . . . . . . . 250 
Screen Voltage . . . . . . . . . . . . . . . . . • • • • • • . • . . . . . 250 
Grid Voltage . . . . . . . . . . . . . . . . . . • • . • • • • • . . . . . -14 
Plate Current . . . . . . . . . . . • • . • • • • • . . . . . • . . • . . . 72 
Screen Current . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 5 
Plate Resistance . • . . . . . . . • . • • • • • • . • . • . . . . . . . . 22 500 
Amplification Factor . . . . . . . . . • • . . . . . . . . . . . . . . 135 

Volts 
Ampere 

Volts 
Volts 
Volts 
Milliamperes 
Milliamperes 
Ohms 

Transconductance . . . . . . • . • • . • • • . . . . . . . . . . . . . 6000 Micromhos 
BASE ....................••.••••................. Small Wafer Octal 7-Pin 

As Single-Tube Class A1 Amplifier-With Self-bias 

PLATE VOLTAGE •.....••••••••••••••••.••••..•. 
ScREEN VOLTAGE .....••••••••••••••••••••••••. 
5cREEN DISSIPATION ••.••••••••• •. • •••••••••••• 
PLATE AND 5cREEN DISSIPATION ••••••••.••....... 
TYPICAL OPERATION 

Plate Voltage ••••••...••••••••• 
Screen Voltage ••••.....••.••••• 
Self, Bias Resistor •••.•••.••••••• 
Peak A,F Grid Voltage •.••••••••• 
Zero-Signal Plate Current ..•...... 
Max.,Signal Plate Current. ....... . 
Zero-Signal Screen Current ....... . 
Max.,Signal Screen Current ......• 
Load Resistance ••••••••••••••.• 
Total Harmonic Distortion •••••... 
Second Harmonic Distortion •••••• 
Third Harmonic Distortion ••..••.. 
Max.-Signal Power Output ••.•..•. 

375 
125 
365 
8.5 
24 

24.3 
0.7 
1.8 

14000 
9 
8 
4 
4 

250 
25'0 
170 

14 
75 
78 

5.4 
7.2 

2500 
10 

9.7 
2.5 
6.5 

375 max. 
250 max. 
3.5 max. 
24 max. 

300 
200 
220 

12.5 
51 

54.5 
3 

4.6 
4500 

11 
10.7 

2.5 
6.5 

As. Single-Tube Class A1 Amplifier-Fixed Bias 
PLATE VOLTAGE • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . . 375 max. 
ScRBEN VOLTAGE • • • • • • . . • • • • • • • • • • • • • • • • • • • • • . 2S'0 max. 
ScREEN DISSIPATION • • • • • • • • • • • • • • • • • • • • • • • • • • • 3.5 max. 
PLATE AND SCREEN DISSIPATION (Total).......... 24 max. 
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Volts 
Watts 
Watts 

Volts 
Volts 
Ohms 
Volts 
Mi1liamperes 
Milliamperes 
Milliamperes 
Milliamperes 
Ohms 
Per cent 
Per cent 
Per cent 
Watts 

Volts 
Volts 
Watts 
Volts 



R C A RECEIVING T U B E M A N U A L 

TYPICAL OPERATION 
Plate Voltage ••••....•••• 375 250 300 375 
Screen Voltage •••.•..•••• 125 HO 200 250 
D,C Grid Voltage •••••••• -9 -14 -12.5 -17.5 
Peak A,F Grid Voltage ••••• 8 14 12.5 17.5 
Zero-Signal Plate Current •.• 24 72 48 57 
Max.,Signal Plate Current .•. 26 79 55 67 
Zero-Signal Screen Current •• 0.7 ; 25 2.5 
Max.,Signal Screen Current .• 2 7.3 4.7 6 
Load Resistance .....•.•.• 14000 2500 -4500 -4000 
Total Harmonic Distortion •. 9 10 11 1-4.J 
Second Harmonic Distortion . 8 9.7 10.7 lU 
Third Harmonic Distortion .. 4 2.5 2.5 4.2 
Max.-Signal Power Output .• 4.2 6.5 6.5 11.5 

As Push-Pull Class A1 Amplifier 

PLATE VOLTAGE ..................•............ 
SCREEN VOLTAGE .................•............ 
SCREEN DISSIPATION .•..........•••.....•...... 
PLATE AND SCREEN DISSIPATION (Total) ......... . 
TYPICAL OPERATION Values are for two tubes. 

Plate Voltage ....................... . 
Screen Voltage .................•..... 
D-C Grid Voltage .••....••.....•..... 
Self-Bias Resistor ..•...••.•.....•.•..• 
Peak A-F Grid-to-Grid Voltage ....•..... 
Zero-Signal Plate Current ........•..... 
Max.-Signal Plate Current ........•..... 
Zero-Signal Screen Current .......•..... 
Max.-Signal Screen Current .......•..... 
Load Resistance (Plate-to-plate) ...•..... 
Total Harmonic Distortion ........ • ••••• 
Third Harmonic Distortion ........•...•• 
Max.-Signal Power Output ........•..... 

Fixed Bias 
250 
250 
-16 

32 
120 
140 
10 
16 

JOOO 
2 
2 

14.5 

375 max. 
250 max. 
3.5 max. 
24 max. 

Self-Bias 
250 
250 

125 
35.6 
120 
130 

10 
15 

5000 
2 
2 

13.8 

As Push-Pull Class AB1 Amplifier 

PLATE VOLTAGE ..............••••••........... 
SCREEN VOLTAGE .............•••.............. 
ScREEN DISSIPATION ...........•..••.....••.... 

400 max. 
300 max. 
3.5 max. 
24 max. PLATE AND SCREEN DISSIPATION (Total) ......... . 

TYPICAL OPERATION Values are for two tubes. 

Plate Voltage ........... . 
Screen Voltage .•.......•• 
D,C Grid Voltage ..••••••• 
Self-Bias Resistor ..•..••.. 
Peak A-F Grid-to-Grid Volt. 
Zero-Signal Plate Current. . 
Max.-Signal Plate Current •. 
Zero-Signal Screen Current. 
Max.-Signal Screen Current. 
Load Resist, (Plate-to-plate) . 
Total Harmonic Distortion .. 
Third Harmonic Distortion .. 
Max.-Signal Power Output .. 

Self-Bias 
400 -400 
250 300 

190 200 
43.8 57 

96 112 
110 128 
4.6 7 

10.8 16 
8500 6600 

2 2 
2 2 

24 32 

Fixed Bias 
-400 400 
250 300 
-20 -25' 

40 50 
88 102 

124 152 
4 6 

12 17 
8500 6600 

2 2 
2 2 

26.5 34 

As Push-Pull Class AB2 Amplifier-Fixed Bias 
PLATE VOLTAGE . . • . . • • . . . . . . . . . . • • . . . • . • • . • . . . 400 max. 
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Volts 
Volts 
Volts 
Volts 
Milliampere, 
Milliampere, 
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Per cent 
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Volts 
Volts 
Watts 
Watts 

Volts 
Volts 
Volts 
Ohms 
Volts 
Milliamperes 
Milliampere,. 
Milliamperes 
Milliamperes 
Ohms 
Per cent 
Per cent 
Watts 

Volts 
Volts 
Watts 
Watts 

Volts 
Volts 
Volts 
Ohms 
Volts 
Milliamperes 
Milliamperes 
Milliamperes 
Milliamperes 
Ohms 
Per cent 
Per cent 
Watts 

Volts 



R C A RECEIV N G T U B E 

ScREEN VOLTAGE .................•.. , .... , .... 
ScREEN DISSIPATION .... , . . . . . . . • ••.......... 
PLATE AND SCREEN DISSIPATION (Total) ......... . 

M A N U A L 

300 max. 
3.5 max. 
24 max. 

Volts 
Watts 
Watts 

TYPICAL OPERATION Values are for two tubes. 
Plate Voltage . . . . . . . . . . . . . . . . . . . . . . . . 400 400 V alts 
Screen Voltage . . . . . . . . . . . . . . . . . . . . . . . 250 300 Volts 
D-C Grid Voltage . . . . . . . . . . . . . . . . . . . . -20 -25 Volts 
Peak A-F Grid-to-Grid Voltage.......... 57 80 Volts 
Zero-Signal Plate Current. . . . . . • • . . . . . . 88 102 Milliampere• 
Max.,Signal Plate Current.............. 168 230 Milliamperes 
Zero-Signal Screen Current............. 4 6 Milliamperei-
Max.,Signal Screen Current............. 13 20 Milliampere• 
Load Resistance (Plate-to-plate)... . . . . . . 6000 3800 Ohms 
Peak Grid-Input Powert............... 0.18 0.35 Watt 
Max.-Signal Power Output*............. 40 60 Watts 

• With ;era-impedance driver and perfect regulation, plate•circuit distortion does not exceed 2%. 
In practice, plate-voltage regulation, acreen,voltage regulation, and grid-bias regulation, should not 
be greater than 5 % , 5 % , and 3 % , respectively. 

t Driver stage should be capable of supplying the grids of the Class AB stage with th< specified 
peak values at low distortion. The effective resistance per grid circuit of the Class AB stage should be 
kept below 500 ohms and the effective impedance at the highest desired response frequency should 
not exceed 700 ohms. 

INSTALLATION 

The base pins of the 6L6 fit the standard octal socket which may be installed 
to hold the tube in any position. 

The heater is designed to operate at 6.3 volts. The transformer supplying 
this voltage should be designed to operate the heater at this recommended value 
for full-load operating conditions at average line voltage. Under the maximum 
screen and plate dissipation conditions, the heater voltage should never fluctuate 
so that it exceeds 7.0 volts. For cathode connection, refer to type 6A8. 

In all services precautions should be taken to insure that the dissipation rating 
is not exceeded with expected line-voltage variations, especially in the cases of 
fixed-bias operation. When the push-pull connection is used, fixed-bias values up 
to 10% of each typical screen voltage can be used without increasing distortion. 

APPLICATION 

As a dass A1 power amplifier, the 6L6 should be operated as shown under 
CHARACTERISTICS. The values cover self, and fixed-bias operation and have 
been determined on the harts that no grid current flows during any part of the 
input signal swing. The second harmonics can easily be eliminated by the use of 
push-pull circuits. In single-tube, resistance-coupled circuits, the second-harmonics 
can be minimized by generating out-of-phase second harmonics in the pre-amplifier. 

As a push-pull Class AB1 power amplifier, the 6L6 may be operated as shown 
under CHARACTERISTICS. The values shown cover self, and fixed-bias operation 
and have been determined on the basis that no grid current flows during any part 
of the input signal swing. 

The type of input coupling used in Class A1 and Class AB1 service should 
not introduce too much resistance in the grid-circuit. Transformer, or impedance• 
coupling devices are recommended. When the grid circuit has a resistance not 
higher than 0.1 megohm fixed-bias may be used; for higher values, self-bias is 
required. With self-bias, the grid circuit may have a resistance as high as, but 
not greater than, 0. S' megohm provided the heater voltage is not allowed to rise 
more than 10% above the rated value under any condition of operation. 

As a push-pull C1ass Al½ power amplifier, the 6L6 may be operated as shown 
under CHARACTERISTICS. The values cover operation with fixed-bias and have 
been determined on the basis that some grid current flows during the most positive 
awing of the input signal. 

Refer to Circuit Section for circuits employing the 6L6, and to page 21 for 
discussion of inverse-feedback arrangements. A family of plate characteristics 
curves is given on page 96. 
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RCA-6L7 

PENT AGRID MIXER 
AMPLIFIER 

The 6L 7 is a multi-electrode vacu, 
um tube of the All , Metal type 
designed with two separate control 
grids shielded from each other. This 

H H 

design permits each control grid to 
act independently on the electron stream. This tube, therefore, is especially useful 
as a mixer in superheterodyne circuits having a separate oscillator stage, as well aa 
m other applications where dual control is desirable in a single stage. The design 
of the tube is such that coupling effects between oscillator and signal circuits are 
made very small. This feature enables the 6L 7 to eive hii:h gain in high-frequency 
circuits. For general discussion of pentagrid types, see Frequency Conversion on 
page 31. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.) •.............. 
HEATER CURRENT····························· 
DIRECT lNTERELECTRODE CAPACITANCES:* 

6.3 
0.3 

Volts 
Ampere 

Grid No. 1 to Grid No. 3...................... 0.12 µµf 
Grid No. 1 to Plate........................... 0.0005 max. µµf 
Grid No. 3 to Plate........................... 0.025 µµf 
Grid No. 1 to All Other Electrodes.............. 8.5 µµf 
Grid No. 3 to All Other Electrodes.............. 11.5 µµf 
Plate to All Other Electrodes. • . . . . • . . . . • . . . • • • . 12. 5 µµf 

CAP . . . . . . . . . . . . . . . . • . . . . . . . . • • . . . . . . • • • • . . . . . . . . Miniature 
BASE ....................................•....... Small Wafer Octal 7,Pin 

As Mixer 

PLATE VOLTAGE ..........•..•.••••...••••..... 25'0 max. 
15'0 max. ScREEN (Grids No. 2 and No. 4) VOLTAGE ....... . 

TYPICAL OPERATION: 
Plate Voltage •..........•...•..•..... 
Screen Voltage ...•..................• 
Signal,Grid ( Grid No. 1) Voltage ...... . 
Oscillator-Grid ( Grid No. 3) Voltage** .. . 
Peak Oscillator Voltage 

Applied to Grid No. 3 (Minimum) •.•••• 
Plate Current .....•.......•..••••.•.• 
Screen Current ...........••...•••.•.• 
Plate Resistance ...•.........•.......• 
Conversion Conductance ......•.••..... 
Signal-Grid (Grid No. 1) Voltage 

for Conver. Cond. of 5 Micromhos ..... 

25'0 25'0t 
100 1rnt 
-3 min. -6 min.t 

-10 -15 

12 18 
2.4 3.3 
7.2 9.2 

Greater than 1 
35'0 35'0 

-30 -45' 

Volts 
Volts 

Volts 
Volts 
Volts 
Volts 

Volts 
Milliampere! 
Milliamperes 
Mei:ohm 
Micromhos 

Volta 
•• The d•c reai.cance in oecillator•grid,No. 3 circuit ahould be limited to 50000 ohm,. 
t Recommended value, for all•wave receiven. • With .bell connected to cathode. 

As Amplifier 

PLATE VOLTAGE ..•..•....•....••.••••••••••.•. 
SCREEN (Grids No. 2 and No. 4) VOLTAGE ....... . 
CoNTROL•GRID (Grid No. 1) VoLTAGJI •.•....•.••.. 
CONTROL-GRID (Grid No. 3) VoLTAGJI .•.....•..... 
PLATE CURRENT .•••..••....••••••••.••.•••••• 
ScREEN CURRENT •••..•••••.••••••..••.••..... 
AMFI.IFICATI0N FACTOR •.•...•.••••.••••••••... 
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2rn max. 
100 max. 
-3 min. 
-3 
5.3 
6.5 
880 

Volts 
Volts 
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R C A R E C E V N G T U B E MANUAL 

PLATE RESISTANCE ........•....•.••••..•.••••• 
TRANSCONDUCTANCE ...•.•••••••• •• .••..•••.••. 

0.8 
1100 

Megohm 
Micromhos 

TRANSCONDUCTANCB {-15 volts b~as on G~d No. 1 l 
-15 volts bias on Gnd No. 3 J 5 Micromhos 

INSTALLATION 
The base pins of the 6L 7 fit the standard octal socket which may be installed 

to hold the tube in any position. For heater operation and cathode connection, 
refer to INSTALLATION for type 6A8. 

APPLICATION 
As a mixer in superheterodyne circuits, the 6L 7 can mix the input from an 

external oscillator with the radio-input frequency to provide the desired intermediate 
frequency. For this service, design information is given under CHARACTER, 
ISTICS. 

As a radio-frequency or intermediate-frequency amplifier, the 6L 7 should be 
operated as shown under CHARACTERISTICS. In this application, the 6L7 has 
the advantage that ave bias can be applied to both the No. 1 grid and the No. 3 grid. 
With ave bias applied to the two grids, a small change in ave voltage produces 
a large change in the gain provided by the tube. For this reason the 6L 7 as an 
r,f or i-f amplifier provides a flatter ave characteristic than a conventional pentode. 

500 

., 
0 
% 
::1400 
0 a: 
u 
:i 
v 
~300 ... 
u z 

~ 
~200 

3 
ii 
~ 
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8 

OPERATION CHARACTERISTICS 
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TYPE 6L
1
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ET=6.3 VOLTS SCREEN VOLTS =150 PC:AK OSC. VOL TS= Eo 
1 I I I 

TYPICAL CURVE FOR __.1- -
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RCA-6N7 

CLASS B TWIN TRIODE 

GT2 GT1 

PTz PT1 
6 

H H 

8 
S KEY K 

The 6N7 is an All, Metal tube 
containing in one envelope two high, 
mu triodes designed for Class B 
operation. The triode units have 
separate external terminals for all 

electrodes except the cathodes and heaters. The 6N7 may also be used as a Claa 
At amplifier (with triode units connected in parallel) to drive a single 6N7 u • 
Class B amplier in the output stage. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 6.3 Volts 
HEATER CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.8 Ampere 
BASE .........................•.................. Small Wafer Octal 8-Pin 

As Class B Power Amplifier 

PLATE VOLTAGE ...........••••..•............. 
PEAK PLATE CURRENT (Per Plate) ............... . 
AVERAGE PLATE DISSIPATION ..... , .•............. 
TYPICAL OPERATION 

Plate Voltage .................•...... 
Grid Voltage ............••.••..••... 
Zero-Signal Plate Current (Per Plate) ..... 
Effective Load Resistance (Plate-to-plate) . 
Power Output (Approximate)* ....••.•.• 

2m 
0 

14 
8000 

8 

As Driver-Class At Amplifier 

300 max. 
12f max. 

lOma.x. 

300 
0 

lH 
10000 

10 

(Both grids connected together at socket: likewise both plates.) 

PLATE VOLTAGEt ... , ............ , , .... . 
GRID VOLTAGE ..... ' .. ' .........••..... 
AMPLIFICATION FACTOR ....... , ..• , .... . 
PLATE RESISTANCE ........... , .. , , , .. , . 
TRANSCONDUCTANCE , ........ , , , , , .. , .. . 
PLATE CURRENT ..............••••••... 

250 
-5 
35 

11300 
3100 

6 
• W;th average input of HO milliwatts applied between grid,. 
t Maximum plate voltage = 300 volts. 

INSTALLATION 

Refer to INST ALLA TI ON on the type 6A6. 

APPLICATION 

294 
-6 
H 

11000 
3200 

7 

Volts 
Milliamperes 
Watts 

Volts 
Volts 
Milliamperes 
Ohms 
Watts 

Volts 
Volts 

Ohms 
MicromhO! 
Milliamperes 

As a Class B power amplifier, the 6N7 is used in circuits similar in design to 
those utilizing individual tubes in the output stage. It requires no grid-bias, since 
the high-mu feature of the triode units reduces the steady plate current at zero biat 
to a relatively low value. Refer to page 20 for general Class B amplifier desifn 
considerations. 

Two 6N7's can be operated in a Class B output stage with the two triode units 
of each 6N7 connected in parallel to give a power output of 20 watts, approximate, 
under conditions of 300 volts on the plates and of a 5000,ohm plate,to,plate load. 
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R C A R E C E V N G T U B E M A N U A L 

As a Class A1 amplifier triode, the 6N7 may be employed in the driver stag~ of 
Class B amplifier circuits, and thus reduce the number of tube types necessary 1D a 
receiver. When operated in this way with a plate supply of ?,00 volts and corre• 
sp_onding grid,bias, the 6N7 is capable of supplying a power output upwards of ~00 
rrulhwatts. The load into which the driver works will depend largely on the desip 
factors of the Class B amplifier. In general, however, the load will be between 
20000 and 40000 ohms. The d,c resistance in the grid cir-:uit of the 6N7, when 
operated as a Class A amplifier, may be as high as O.'i megohm with self biaa. 
With fixed bias, however, the resistance should not exceed 0.1 megohm. Typical 
operating values as a resistance-coupled amplifier are given in the Resistance-Coupled 
Amplifier Section. 

Among other and less conventional applications of the 6N7 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. 

Additional curves are given under types 6A6 and 53. 

OPERATION CHARACTERISTICS 

TYPES:6A6,6N7,53 

TYPE 6Q7 
E~:,;6.3VOLTS 

AVERAGE PLATE CHARACTERISTICS 
TRIODE SECTION 

3.0t--+--+--+---+---+---+--+----+---!---,f---+--+--+----1 

92C.-45'2.2RI 
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RCA-6Q7 

HIGH-MU TRIODE 
DUPLEX-DIODE 

The 6Q7 is an All-Metal tube 
consisting of two diodes and a high, 
mu triode in one envelope. It is for 
Ule as a combined detector, amplifier, 
and automatic,volume•control tube in 

radio receivers designed for its characteristics. For diode-detector 
refer to page 26. 

CHARACTERISTICS 

considerations, 

HEATER VOLTAGE (A. C. or D. C.). .. . . . . . . . . . . . . 6.3 Volts 
HEATER CURRENT . . • . . . . . . • • • . • • • • • • • • • • . . • • • . 0. 3 Ampere 
GRID-PLATE CAPACITANCE* . . • . . • • . . . . . • • • • • • • • • 15 p.p.f 
GRID•CATHODE CAPACITANCE* . . . . • .. . . . . . . . . • . . . S'.5 p.p.f 
PLATE•CATHODE CAPACITANCE* . • • . •. . . . . . . . . . • . . S' p.p.f 
CAP . • . . • • . • . . . • . . . . . . . • . . . . . . . . . . . . . . • • . . . . . . . • . Miniature 
BASE •.................•......................... Small Wafer Octal 7•Pin 

Triode Unit-As Class A Amplifier 

PLATE VOLTAGE ••••••••••••••••••...... 
GRID VOLTAGE ...•••..•.•...••......... 
AMPLIFICATION FACTOR •••••••..•...•.•• 
PLATE RESISTANCE ......•••..•••....... 
TRANSCONDUCTANCE •....•••.••........• 
PLATE CURRENT •..••.•••....•.•....••. 

• With ahell connected to cathode. 

Diode Units 

100 
-U 

70 
87S'OO 

800 
0.3S' 

2S'0 max. 
-3 
70 

S'S000 
1200 

1.1 

Volts 
Volts 

Ohms 
Micromhos 
Milliampere. 

The two diode plates are placed around a cathode, the sleeve of which i& 
common to the triode unit. Each diode plate has its own base pin. Operation 
curves for the diode units are given under type 6B7. 

INSTALLATION AND APPLICATION 

The base pins of the 6Q7 fit the standard octal socket which may be installed 
to hold the tube in any posit10n. Heater and cathode considerations are the same 
as for the 6A8. 

The 6Q7 is, in many respects, similar to the 7'i except that it has a lower 
amplification factor which permits of handling somewhat larger input driving voltage 
without overloading. The triode unit is recommended for use only in resistance• 
coupled circuits. Typical recommended operating conditions are given in the 
Resistance-Coupled Amplifier Section. 

Grid bias for the triode unit of the 6Q7 may be obtained from a fixed source, 
such as a fixed-voltage tap on the d•c power supply or from a cathode-bias resistor. 
It should not be obtained by the diode-biasing method because of the probability 
of plate-current cut-off, even with relatively small signal voltages applied to the 
diode circuit. 

A family of plate characteristic curves is given on the preceding page. 
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RCA-6R7 

DUPLEX-DIODE TRIODE 

The 6R 7 is an All-Metal tube 
consisting of two diodes and a triode 
in a single envelope. It is for use 
as a combined detector, amplifier, 
and automatic-volume-control tube in 

H 

radio receivers designed for its characteristics. For diode-detector 
refer to page 26. 

CHARACTERISTICS 

considerationa 

HEATER VOLTAGE (A. C. or D. C.)............... 6.3 Volts 
HEATER CURRENT . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 0.3 Ampere 
GRID·PLATE CAPACITANCE . . . . . . . . . . . . . . . . . . . . . . 2.5 µµf 
GRID•CATHODE CAPACITANCE . . . . . . . . . . . . . . . . . . . . 5'.5 µµf 
PLATE•CATHODE CAPACITANCE . . . . . . . . . • • . . . . . . . . 4.0 µµf 
CAP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Miniature 
BASE ............................................ Small Wafer Octal 7-Pin 

Triode Unit-As Class A Amplifier 

PLATE VOLTAGE .....................•.......•• 
GRID VOLTAGE ..•.••..........•••...........•. 
AMPLIFICATION FACTOR ....•.................•. 
PLATE RESISTANCE ......•••..•••••..•...•..••• 
TRANSCONDUCTANCE ......•...•.••............• 
PLATE CURRENT •............•.••............. 
LOAD RESISTANCE ............••••..........••. 
UNDISTORTED POWER OUTPUT .................. . 

Diode Units 

25'0 max. 
-9 
16 

srno 
1900 

9.5 
10000 

280 

Volts 
Volts 

Ohms 
Micromh06 
Milliamperes 
Ohms 
Milliwatts 

The two diode plates are placed around a cathode, the sleeve of which i, 
common to the triode unit. Each diode plate has ita own base pin. Operation 
curves for the qiode units are given under type 6B7. 

INSTALLATION AND APPLICATION 

The base pins of the 6R 7 fit the standard octal socket which may be installed 
to hold the tube in any position. Heater and cathode considerations are the same 
as those for type 6A8. 

As a transformer-coupled amplifier, the triode unit of the 6R 7 may be 
employed in conventional circuit arrangements. Operating conditions are ahown 
under CHARACTERISTICS. 

As a resiltance-coupled amplifier, the triode unit may be used under condition, 
given in the Resistance-Coupled Amplifier Section. 

Grid bias for the triode unit of the 6R 7 may be obtained from a fixed source, 
such as a fixed-voltage tap on the d•c power supply or from a cathode-bias resistor. 
It should not be obtained by the diode-biasing method because of the probability 
of . plate•current cut-off, even with relatively small signal voltages applied to th.e 
diode circuit. 

A family of plate characteristic curves is given on page 98. 
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RCA-6X5 

FULL-WAVE RECTIFIER 
The 6X 'i is a full-wave, high, 

vacuum rectifier of the All-Metal 
type. It is intended for use in 
automobile-radio receivers or in a,c 
operated receivers designed for its 
characteristics. 

CHARACTERISTICS 

HEATER. VOLTAGE (A. C. or D. C.)............... 6.3 Volts 
HBATEII. CURRENT . . . . . • . . . . . . . . . . • • . . • • . • • • • • • 0.6 .Ampere 
A•C PLATE VOLTAGE Pu PLATE (RMS).......... 350 f!l4X. Volts 
PBAK INVERSE VOLTAGE........................ 1250 fll4X. Volts 
D•C OUTPUT CURRENT ••.••••..••.•••..•.•..• , • 75 max. Milliamperes 
BAaE ............................................ Small Wafer Octal 6-Pin 

INSTALLATION 

The base pins of the 6X'i fit the standard 
octal socket which may be installed to hold the 
tube in any position. 

The heater should be operated at 6.3 volts. 

0: 

"' ~500 

C 
0 
l-

i-400 
::, .. 
~ 
1-

Under no condition should the heater voltage ever 
fluctuate so that it exceeds 7. 'i volts. The d-c 
potential between heater and cathode should be 
limited to 400 volts. 

.. 3 00 f-+--=F""-+-d---+-+-+---l 

APPLICATION 
As a full-wave rectifier, the 6X5" may be 

operated with condenser-input or choke-input filter 
under conditions not to exceed the ratings given 
under CHARACTERISTICS. For discussion of 
rectifiers and filter circuits, refer to page 24 and 
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RCA-10 

POWER AMPLIFIER 
OSCILLATOR 

The 10 is a three-electrode, high
vacuum tube suitable for use as an 
audio-frequency amplifier in equip· 
ment designed for its characteristics. 

CHARACTERISTICS 

FILAMENT VOLTAGE (A. C. or D. C.)............ 7.5 
FILAMENT CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . 1.25 
PLATE VOLTAGE . . . . . . . . . . . . . . 250 350 425 max. 
GRID VOLTAGE* . . . . . . • • • . . . . . -23.5 -32 -40 
PLATE CURRENT . . . . . • . . . . .. . . 10 16 18 
PLATE RESISTANCE . . . . . . . . . . . . 6000 51 50 5000 
AMPLIFICATION FACTOR . . . . . . . . 8 8 8 
TRANSCONDUCTANCE . . . . . . . . . . 1330 1550 1600 
LOAD RESISTANCE . • . . . . . . . . . . . 13000 l 1000 10200 
SELF-BIAS RESISTOR • • . . . . . . . . . 2350 2000 221.0 
UNDISTORTED POWER OUTPUT. . . 0.4 0.9 1.6 
GRID-PLATE CAPACITANCE . . . . • . . . . . . . . . . . • . . . . 7 
GRID-FILAMENT CAPACITANCE . . . . . . . . . . . . . . . . . . 4 
PLATE-FILAMENT CAPACITANCE . . . . . . • . . . • . . . . . . 3 
BULB .............................••.••.•.......... 
BASE ......................•.•....••.••.......•.... Medium 

Volts 
AmpereE 
Volts 
Volts 
Milliamperes 
Ohms 

Micromhos 
Ohms 
Ohms 
Watts 
µ.µ.f 
µ.µ.f 
µ.µ.f 
S-17 

4-Pin Bayonet 
• Grid voltages are given with respect to the mid,point of filament operated on a. c. If d. c. ia 

used, each stated value of grid voltage should be decreased by ;_ 0 volts and should be referred to du, 
negative end of the filament. 

INSTALLATION AND APPLICATION 

The base pins of the 10 fit the standard four-contact socket which should be 
mstalled to hold the tube in a vertical position with the base down. The filament 
of this type is usually operated on a-c, see page 3 3. As an audio power amplifier, 
the 10 should be operated under conditions as given under CHARACTERISTICS. 

AVERAGE PLA"TE CHARACTERISTICS 
0 

7 f1 LI TYPE 10 
Ef:7.5 \oOLlS D-C. 
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RCA-I I, RCA-12 

DETECTOR, AMPLIFIER 

RCA,11 

The 11 and 12 are three-electrode 
tubes for use as detector and amplifier 
in dry•cell operated receivers de~igned 
for their characteristics. Their elec, 
trical characteristics are identical. 

CHARACTERISTICS 

FILAMENT VOLTAGE (D. C.) ••••••••••••••••••••• 
FILAMENT CURRENT ••••••••••••••••••••••••••• 
PLATE VOLTAGE • • • • • • • • • • • • • • • • • • • • • • • • 90 
GRID VOLTAGE • • • • • • • • • • • • • • • • • • • • • • • • . -45 
PLATE CURRENT • • • • • • • • • • • • • • • • • • • • • • • 2.S' 
PLATE RESISTANCE • • • • • • • • • • • • • • • • • • • • • l HOO 
AMPLIFICATION FACTOR • • • • • • • • • • • • • • • • • 6.6 
TRANSCONDUCTANCE •·•••••••••••••••••• 42S' 
GRID-PLATE CAPACITANCE ••••• , ••• , , • , • , , , , , • , , 
GRID-FILAMENT CAPACITANCE ••••••• , •• , , ••. , , , , 
PLATE-FILAMENT CAPACITANCE •••••. , , , . , ... , , .. 

BULB 

RCA,11 

T,8 

RCA,12 

T,10 

1.1 
0.2J 
13" max. 

-105 
3 

15'000 
6.6 

440 
3.3 
H 
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p~G 

cW F F 

RCA,12 

BASE WD-4,Pin Med. 4-Pin Bayonet 

'These two type, are u,ed pnnd· 
pally for renewal purpo,e,. 

AVERAGE PLATE CHARAClERISTICS 

p~1r 
~ r+ G 

RCA,11 

Volts 
Ampere 
Volts 
Volts 
Milliampere! 
Ohms 

Micromhoe 
µµf 
µµf 
µµf 

T7 11 I 
~ 

" ::, 
'<D 

"' 

RCA,12 

20,---...--...--,---r--.---.----,,----,,----,---,,----,,----,---,---,--, 

TYPE 6R7 / 
E-t=6.l VOLTS 

' / / 

,.1----+---+ ;J -1/ ,0 / I 

// I I ,1 I •O>---+- Ufl---l,____,,____,,_ '1,11---<0--->--->---<---__,,____,,____,,____, 

I I I I ~ ,o/ I 

I I I I I/ 1;t----1-c,7+-+,. 1-----l---i---l-----l-----+--------I 

/ / / 1 I I JI J Z {/_0---'--,______.____,________, 

ollV-..L.:r..v_,:::,/,+t,../::,:::J.v.::/::::.,_:.J~,:::/::;.dr---::~::::::.o~~,,,:::;;;1,,~~:,!::::::;~=:::::1: y::.7-~:.100_.J.__JL__l___J 
PLATE VOLTS 92C-4!>39 
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RCA-1223 

HALF-WAVE RECTIFIER 
The 1223 is a half,wave, high

vacuum rectifier of the heater-cathode 
type for use in suitable circuits de• 
sirned to supply d,c power from an 
a,c power line. It is intended for 

use in "transformerle88" receivers of the "universal" (a.c.,d.c.) 
adaptability of the 1223 to such receivers is facilitated by the heater 
permits of convenient series operation with other tube types. 

type. The 
design which 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)..... . • • • . . . . . . 12.6 
HEATER CURRENT • • • • • • • • • • • . . • • • • • • • • • • • • • • • • 0.3 
.A,C PLATE VOLTAGE (RMS).................... 2"0 max. 

Volts 
.Ampere 
Volts 

PEAK INVERSE VOLTAGE........................ 700 max. Volts 
Milliamperea D,C OUTPUT CURRENT. . . • • • • • • • • • • • • • • • • • • • • • • 60 max. 

BULB •••••••••••••••••••••••••.••.•••••••••••••••••• 
BASE ••.••.•.••..••....••.•.•...••....•••....•.••... 

ST,12 
Small 4-Pin 

INSTALLATION 

The base pins of the 1223 fit the standard four-contact socket which may be 
installed to hold the tube in any position. Sufficient ventilation should be provided 
to circulate air freely around the tube to prevent overheating. 

The 12.6-volt heater of the 1223 is designed to operate under the normal 
conditions of line-voltage variation without materially affecting the performance or 
aerviceability of this tube. For operation of the 1223 in series with the heaters 
of other types having 0.3 ampere rating, the current in the heater circuit should be 
adjusted to 0.3 ampere for the normal supply voltage. The d,c potential difference 
between heater and cathode should be limited to 3"0 volts. 

APPLICATION 

As a half-wave rectifier, the 1223 is particu, 
larly useful in "transformerless" receivers of the 
"universal" type. Conditions for this service are 
riven under CHARACTERISTICS. 

A filter of the condenser-input type is recom• 
mended for use with this tube in order to obtain 
a d,c output voltage as high as possible. .A large 
input capacitance in the order of 16 µf is desirable. 
Typical output curves for several values of input 
condensers are shown in the accompanying diagram. 
AB a supplement to the curves with an a,c input 
voltage, a dashed curve is included to show the 
output when the receiver is operated from a d,c 
power line. 
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OPERATION CHARACTERISTICS 

TYPE 1223 TYPE 1223 
E ,=12.e VOLTS 

'~ 

-

91s 9-
IN'UT ..O..TS CURV£ 

c:'30RM!i -IIS RMS ----110 D.C. ----
-.;; 

ER • ._,. ,,,., 
Bilif" -

4 ,,,..... 

~ ~ .._.,__ __ ,!~ 

- I"-.: .,;;. -

> • 0 " 40 ~o 0 
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RCA-15 

R-F AMPLIFIER PENTODE 
The 1 5 is a heater-cathode pentode 

of the 2.0•volt type for use in bat, 
tery-operated receivers that require a 
separate cathode connection. 

CHARACTERISTICS 

HEATER. VOLTAGE (D. C.).. . . . . . . • • . . . . . . . . . . . . . 2.0 
HEATER. CURllENT . . . . . . . . . . . . . . . . • • . . . • . • . . . . . 0.22 
PLATE VOLTAGE • . . . . . . . . . . . . . . . . • • • • • • . 67. 5 135 max. 
SCREEN VOLTAGE (Grid No. 2)........... 67.5 67.5 max. 
GRID VOLTAGE (Grid No. 1).............. -U -U 
PLATE CURRENT • . . . • . . . . . . . . . . . . • . • . . . 1.85 1.85 
SCREEN CURRENT • . . . . . . . . . . . . . . • • • • • • . 0.3 0.3 
PLATE RESISTANCE ...... , • . . . . . . • • . . • • . 0.63 0.8 
AMPLIPICATION FACTOR. . . . . . . . . . . . • . . • • . 450 600 
TRANSCONDUCTANCE ......•.......•.•••. 710 750 
GRID-PLATE CAPACITANCE (With sh1eld•ca11).... . . . 0.01 
INPUT CAPACITANCE • . . . . . . . . . . . . . • . • . • . . . . . . . . 2.35 
OUTPUT CAPACITANCE . . . . . . . . . . . . • . . • • . . . . . . . . 7.80 
BULB .............................................. . 
CAP ••.............................................. 
BASE .............................................. . 

INSTALLATION AND APPLICATION 

Volts 
Ampere 
Volts 
Volts 
Volts 
Milliamperes 
Milliampere 
Megohm 

Micromhoe 
p.p.£ 
p.p.£ 
p.p.£ 

ST,12 
Small Metal 
Small f,Pin 

The base pins of the 1 5' fit the standard five-pin socket which may be installed 
co hold the tube in any position. 

The potential difference between heater and cathode should be kept as low u 
possible. In no event should it exceed 22. 5 volts. 

The APPLICATION of the 15 is similar to that of type 32. The heater, 
cathode construction permits operation where a separate cathode connection ia 
required. 

7 7 ·1 
TYPE 15 

L E. -f = 2 ,0 VOL 1 S 
SCREEN VOLTS :67.5 

AVERAGE PLATE CHARACTERISTICS 

CONTROL-GRID VOLTS Ec1=0 

/v-
l--/L!,.~=1==1==~==~==~t==~==~==t==t==t===t===t==1===1=--1' ~ 

2 71,,, -L..-

.,, 

•oo 

, .. 
_.., --

200 
PLATE VOLT~ 
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300 
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-3 

-• -• 
400 
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RCA-19 
GT2 q 1 

CLASS B TWIN AMPLIFIER PT2 PT1 

6 

Ft F-

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 

approximately 2 watts of audio power. The triode uni~s h_ave s~par'.1te. e~ernal 
terminals for all electrodes except the filaments, so that crrcwt design 1s s1m1lar to 
that of Class B amplifiers utilizing individual tubes in the output stage. 

CHARACTERISTICS 

FILAMENT VOLTAGE (D. C.)..................... 2.0 
FILAMENT CURRENT . . . . . . . . . . . • • • • . . . . . . . . . . . . 0.26 
BULB ..........................•.................... 
BASE .............................................. . 

As Class B Power Amplifier 

PLATE VOLTAGE ............................... 135 max. 
MAXIMUM SIGNAL PLATE CURRENT (Per plate) ..... 50 max. 
TYPICAL OPERATION 

Plate Voltage .................. 135 135 135 
Grid Voltage .................. -6 -3 0 
Zero-Signal Plate Current (Per plate) 0.5 2 s 
Effective Load Resistance 

(Plate-to-plate) ............... 10000 10000 10000 
Average Power Input (Approx.)* .. 95 BO 170 
Power Output (Approximate) ..... 1.6 1.9 2.1 

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

INSTALLATION 

Volts 
.Ampere 

ST-12 
Small 6-Pin 

Volts 
Milliampere, 

Volts 
Volts 
Milliamperes 

Ohms 
Milliwatts 
Watts 

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

For filament operation, refer to INSTALLATION for type 1A6. 

APPLICATION 

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

The type of driver tube chosen to precede the 19 should be capable of 
handling enough power to operate the Class B amplifier stage. .Allowance should 
be made for transformer efficiency. It is most important. if low distortion is desired, 
that the driver tube be worked well below its Clase A undistorted output rating, 
since distortion produced by the driver stage and the power stage will be present in 
the output. A discussion of Class B amplifier features ill given on page 20. 
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AVERAGE PLATE CHARACTERISTICS 
EACH TRIOOE UNIT 

TYPE 19 
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OPERATION CHARACTERISTICS 
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RCA-20 

POWER AMPLIFIER 
The 20 is a power amplifier triode 

for use in dry-battery operated re, 
ceivers employing 3.3,volt filament 
tubes. 

CHARACTERISTICS 

P~G 

~ f" F 

FILAMENT VOLTAGE (D.C.)...................... 3.0- 3.3 Volts 
Ampere 
Volts 

FILAMENT CURRENT . . . . . . . . . . . . . .. • . . . . . . . • • . . 0.l2'J,0.132 
PLATE VOLTAGE • • • . . . . . . • • . . . . . • • • • . • . . 90 lH max. 
GRID VOLTAGE . .. • • • .. .. • • • • .. • • • • • . . . . -16.S' -22.S' 
PLATE CURRENT • • • • • • • . • • • • • • • • • • • • • . . 3 65 
PLATE RESISTANCE ••. , . , . • • . . . . • • • • . . . . 8000 6300 
AMPLIFICATION FACTOR •....... , • . • • • . . . 3.3 3.3 
TRANSCONDUCTANCE •..••....•. , • • • • . • . . 415 725' 
LOAD RESISTANCE . . . . . • . . . . . . . . • • . . • • • . 9600 65'00 
UNDISTORTED POWER OUTPUT............ 4S' 110 
GRID-PLATE CAPACITANCE ... , • , , , , • • • . • . • . . . . . . 4.1 
GRID-FILAMENT CAPACITANCE .. , ••••.. , • • • . . . . . . 2.0 
PLATE-FILAMENT CAPACITANCE , . , • • . • . . . . . . . . . . . 2.3 
BULB .........•..........••••••.......•............. 
BASE •.•••••.••.••..•••..••••••••......•............ 

"T'his type is used principally for renewal purposes. 

---00000--

RCA-22 

SCREEN-GRID RADIO
FREQUENCY AMPLIFIER 

The 22 is a screen grid tube de• 
signed particularly for radio-frequency 
amplification in dry,battery•operated 
receivers employing 3.3-volt filament 
tubes. 

CHARACTERISTICS 
PILAMENT VOLTAGE (D. C.)........... . . . . • . . . . . 3.3 
FILAMENT CURRENT .•......... , . • . . . . . . . . . . . . . 0.132 

Volts 
Milliampere• 
Orune 

Micromho8 
Ohms 
Milliwatt• 
l'/il 
""f 
Nd 
T-8 

Small 4•Pin 

m:
GI G

2 
2 3 

---- ' ---~ 
I 4 

F+ F-

PLATE VOLTAGE . . . . . . . . . . . . . . . . . . . . . . . . BS' 13'S' max. 

Volts 
Ampere 
Volt1 

SCREEN VOLTAGE (Grid No. 2)...... . . . . . 45'* 67. 'l't ma.x. Volt1 
Volt1 
Milliampere, 
Milliampera 
Ohms 

GRID VOLTAGE (Grid No. 1).............. -1.S' -1.S' 
PLATE CURRENT . • . • . . . . • . . . . • . . . . . . . . . 1.7 3.7 
ScREEN CURRENT (Maximum)............ 0.6 1.3 
PLATE RESISTANCE ..... , , .............. 725'000 325'000 
AMPLIFICATION FACTOR • • . . . . . . . . . . . . . . . 270 160 
TRANSCONDUCTANCE . . . . . . . . . . . . . . . . . . . . 375' 700 
GRID-PLATE CAPACITANCE (With shield-can)....... 0.02 ma.x. 

Micromh01 
µp.f 
µp.f INPUT CAPACITANCE • . • . . . . . . . . . . . • • . . • • • . . . . . . 4.0 

OUTPUT CAPACITANCE . . . . . . . . . . • . . . . . . . . . . . . . . 10 
BULB ••............................................. 
CAP •••••.......••.•.••.••...•.•...•......•...•.••.. 
BASE ...................•....•..••.••••••••••••••.•• 

""f 
ST,14 

Small Metal 
Medium 4-Pin 

• Muimum value of grid r .. istor ill 5 .0 megohm•. t Muimum value of arid reailltor i1 1.0 mepa. 
"T'his type is used principally for renewal purposes. 
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RCA-24-A 

SCREEN-GRID RADIO
FREQUENCY AMPLIFIER 

The 24-A is a screen-grid amplifier 
tube of the heater-cathode type for 
use primarily as a radio-frequency 
amplifier in a-c receivers. The 24-A 
may also be used as a screen-grid 
detector or audio amplifier. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 2.5 
HEATER CURRENT • • . • • . . • . . • . • • • • . . . . . . . . . . . . . 1.75 
PLATE VOLTAGE* • • • • . . . . . . . . • • . . . . . . . . . 180 250 

Volts 
Amperes 
Volts 

ScREEN VOLTAGE (Grid No. 2)........... 90 max. 90 max. Volts 
Volts 
Milliamperes 
Milliamperes 
Megohm 

GRID VOLTAGE (Grid No. 1).............. -3 -3 
PLATE CURRENT • • • • • . • • • . . . . • . . . . . . . . . 4 4 
ScREEN CURRENT (Maximum)............ 1.7 1.7 
PLATE RESISTANCE • . . . • . • . • . . • • . • . . . . . . 0.4 0.6 
AMPLIFICATION FACTOR . . • . . . . • . . • . . . . . . 400 630 
TRANSCONDUCTANCE .•.•••..••••••...... 1000 1050 
GRID-PLATE CAPACITANCE (With shield-can)...... . 0.007 max. 

Micromhos 
µµf 
µµf INPUT CAPACITANCE • . . . . • . . . . . . . • . . . . . . . . . . . . . 5.3 

OUTPUT CAPACITANCE • • . . . . . . • • . • . • . . . . . . . . . . . 10.5 
BULB .....•.......•.•............................... 
CAP ............................................... . 
BASE .............................................. . 

• Maximum plate voltage = 275 volts. 

INSTALLATION AND APPLICATION 

µµf 
ST-14 

Small Metal 
Medium ;,Pin 

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

AVERAGE PLATE CHARACTERISTICS 

TYPE 24-A 
E,f=2.!> VOLTS 

SCREEN I/OLTS:::90 

! 

10 
A 

~u~~~ ~EE--- oL-C.P ID VOL TS Ec1 o_ 
c.ONT 

8 .. 
/ -I.ft 

• 
)'r -) 

4 '• 
2>-< ~ ~v [b 

4 •• 

z:--.:: N 'j le 6 

'c• ] 
A 

80 160 240 120 400 480 •• PL.&.TE VOLTS 92C-!H6R3 
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R CA-25A6 

POWER-AMPLIFIER 
PENTODE 

The 25A6 is a power-amplifier 
pentode of the AU, Metal type for 
use in the output stage of radio 
receivers, especia1ly those of the "d,c 

H H 

power line" or "universal" type. In 
,uch applications, the 25'A6 is capable of handling relatively large audio power. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 25 
HEATER CURRENT . . . . . . . . . . . . . . • . • . . . • . . . . . . . . 0.3 
PLATE VOLTAGE . . . . . . . . . . . . . . . . . . 95 135 180 max. 
SCREEN VOLTAGE (Grid No. 2)..... 95 135 135' max. 
GRID VOLTAGE (Grid No. 1)........ -15 -20 -20 
PLATE CURRENT . . . . . . . . . . . . . . . . . 20 37 38 
5<::REEN CURRENT .. .. .. .. . . .. .. . . 4 8 7.5 
PLATE RESISTANCE (Approximate) ... 45000 35000 40000 

Volts 
Ampere 
Volts 
Volts 
Volts 
Milliamperes 
Milliamperes 
Ohms 

AMPLIFICATION FACTOR (Approx.)... 90 85 100 
TRANSCONDUCTANCE . . . . . . . . . . . . . . 2000 2450 2500 Micromhos 
LOAD RESISTANCE . . . . . . . . . . . . . . . . 4500 4000 5000 Ohms 
SELF-BIAS RESISTOR . . . . . . . . . . . . . . . 625' 440 440 Ohms 
PowER OUTPUT . . . . . . . . . . . . . . . . . . 0.9* 2t 2.75't Watts 
BASE ............................................ Small Wafer Octal 7-Pin 

* 11 % total harmonic distortion. 
t 9% total harmonic distortion. 

:I: 10% total harmonic distortion. 

INSTALLATION 

The base pins of the 25A6 fit the standard octal socket which may be installed 
to hold the tube in any position. 

The 25-volt heater of the 25A6 is designed to operate under the normal 
conditions of line-voltage variation without materially affecting the performance or 
~erviceability of this tube. For operation of the 2 5 A6 in series with the heaters of 
other types having 0.3,ampere rating, the current in the heater circuit should be 
adjusted to 0.3 ampere for the normal supply voltage. 

In a series-heater circuit of the "d,c power line" type employing several 
0.3-ampere (6.3-volt) types and one or two 25A6's, the heaters of the 25A6's 
should be placed on the positive side of the line. Under these conditions, heater, 
cathode voltage of the 25A6 must not exceed the value given under cathode. 
In a series-heater circuit of the "universal" type employing rectifier tube 2526, one 
or two 25A6's, and several 0.3-ampere (6.3,volt) types, it is recommended that the 
heater(s) of the 25A6('s) be placed in the circuit so that the higher values of 
heater-cathode bias will be impressed on the 25A6('s) rather than on the 6.3-volt 
types. This is accomplished by arranging the 25A6('s) on the side of the supply 
line which is connected to the cathode of the rectifier, i.e., the positive terminal of 
the rectified voltage supply. Between this side of the line and the 25'A6('s), any 
necessary auxiliary resistance and the heater of the 2 526 are connected in series. 

The cathode circuit in "d,c power line" or "universal" receivers is tied in 
either directly or through biasing resistors to the negative side of the d,c plate 
supply which is furnished either by the d-c power line or by the a-c line by means 
of a rectifier. The potential difference thus introduced between heater and cathode 
of the 25A6 should not exceed 90 volts d.c., as measured between the negative 
heater terminal and the cathode. 
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R C A R E C E V N G T U B E M A N U A L 

APPLICATION 

II.a a power amplifier (C.. A) the 25A6 is recommended for use either aing7. 
or in push,pull combination in the power output stages of "d,c power line• 
and "universal" receivers. Recommended operating conditions are given under 
CHARACTERISTICS. 

The self-bias resistor should be shunted by a suitable filter network to avoid 
degenerative effects at low audio frequencies. The use of two 25A6's in push,pull 
eliminates the necessity for shunting the resistor. The self-bias resistor for two 
2"A6's in the same stage is approximately one-half the value given for single-tube 
operation. 

The total d,c resistance in the grid circuit should not exceed 0. 5 megohm with 
•elf,bias; or 0.5' megohm for the 95•volt condition and 50000 ohms for the 135,volt 
and 180-volt conditions with fixed bias. 

An additional plate family for this type is shown under type 43. 

AVERAGE PLATE CHARACTERISTICS 
100 

I 
TYPE 2SA6 
t+=25 VOLTS 

80 

bO 

,~/ I SCREEN VOL TS :-135 

~" I -, 

L~ "1 .,..v 
I: ~~o k---

II I/~ ~" Ec.1 :-15 .1.q"" ~,., 

40 'I ,,,,,,...-....... ---ZOo~ ·~ ,,,.,, -20 

/1 -_,,...- '-rs. 
........ 

.......... -25 

If/ - I 
VOLT~ E.ci;:-30 

" 
......._ 

CONiROL r--,....,_-GR10 
20 

1;::: ' ' - ...... 
I~ :,.,-

0 so 100 150 zoo 250 300 
PL.ATE VOL TS 

AVERAGE PLATE CHARACTERISTICS 

I I 

I TYPE 25L6 
E-t=2!. VOLTS 

••o 

- SCREEN VOL TS = 110 

Ecl1•0 
I 
I 

I ~~ --I 

V -2.$ 

100 ' - I 
I,...- i---- I 

coNrROL- GR ,o VOLTS E:c1=-!i 
I 

so 
( i--- _,, .. --(_ -- Lio -- £c1= 12.~ 

- ,. 
0 •o 100 1$0 200 250 

~LAT( VOLTS 
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RCA-25L6 

BEAM POWER AMPLIFIER 
H The 25'L6 is a power-amplifier tube 

of the All-Metal type for use in the 
output stage of "transformer less" 
(a.c.-d.c.) radio receivers, especially 
those designed to have ample reserve 

of power-delivering ability. The new tube provides high power output at the 
ritlatively low plate and screen voltages available for transformerless receivers. The 
high power output is obtained with high power senaitivity and high efficiency. 

These distinctive features have been made possible by the application of 
directed-electron-beam principles in the design of the 25'L6. The design is si~ar 
to that of the RCA-6L6 with the difference that the 2SL6 is intended for operation 
in a.c.-d.c. receivers. 

TENTATIVE CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 25'.0 Volts 
HEATER CURRENT . . . . . . . . . . • • • • • • . . . . . . . . . . . . . 0.3 Ampere 
BASE ............................................ Small Wafer Octal 7,Pin 

As Single-Tube Class A1 Amplifier 

PLATE VOLTAGE ..•...•.....•...•....... 
ScREEN VOLTAGE (Grid No. 2) ...•....... 
GRID VOLTAGE (Grid No. 1) ••....•....... 
PEAK A-F GRID VOLTAGE ••............... 
ZERO-SIGNAL PLATE CURRENT ............ . 
MAx.,SIGNAL PLATE CuRRENT .....•....... 
ZERO-SIGNAL SCREEN CURRENT ........... . 

110 
110 

-7.5 
7.5 
49 
q 
4 
9 MAx.,SIGNAL SCREEN CURRENT ..•.••...... 

PLATE RESISTANCE (Approx.) .....••...... 
TRANSCONDUCTANCE ............•....... 

10000 

LoAD RESISTANCE ..................... . 
DISTORTION: 

Total Harmonic ............•.••...... 
Second Harmonic ..........•..•....... 
Third Harmonic ...•••........•....... 

POWER OUTPUT .............•.......... 

INSTALLATION 

8200 
15'00 

11 
10 
4 

2.1 

110 
110 

-7.5 
7.5 
49 
rn 

4 
11 

10000 
8200 
2000 

10 
u 
8.5 
2.2 

Volts 
Volts 
Volts 
Volts 
Milliamperes 
Milliamperes 
Milliamperes 
Milliamperes 
Ohms 
Micromhos 
Ohms 

Per cent 
Per Cent 
Percent 
Watts 

The base pins of the 25L6 lit the standard octal-base socket which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to type 25A6. 

APPLICATION 

The 25L6 should be operated as shown under CHARACTERISTICS. The 
values have been determined on the basis that grid current does not flow during 
any part of the input cycle. The type of input coupling used should not introduce 
too much resistance in the grid circuit. Transformer- or impedance-coupling devica 
are recommended. When the grid circuit has a d•c resistance not higher than 0.1 
megohm, fixed bias may be used; for higher values, self-bias is required. Witt 
self-bias, the grid circuit may have a d-c resistance as high as, but not greater than 
0. 5 megohm. A family of plate characteristic curves is given on the prec-eding page 
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RCA-2525 

RECTIFIER-DOUBLER 
The 25Z5 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 well 

H 

suited for "transformer less" receivers of either the "universal ( a.c.-d.c.)" type or 
the "a,c operated" type. In "universal" receivers, the 25Z5 may be used as a 
half-wave rectifier, while in the "a,c operated" type, it may be used as a voltagt 
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 25. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 25 
HEATER CURRENT . . . . • • • • . . . . . . . . . . . . . . . . . . . . . 0.3 
BULB ..•..............•............................. 
BASE ..•............................................ 

As Voltage Doubler 

A-C PLATE VOLTAGE PER PLATE (RMS) ......... . 
PEAK PLATE CURRENT ......................... . 
D,C OUTPUT CURRENT ........................ . 

As Half-Wave Rectifier 

125 max. 
500 max. 
100 max. 

Volts 
Ampere 

ST-12 
Small 6•Pin 

Volts 
Milliampere• 
Milliamperes 

A-C PLATE VOLTAGE PER PLATE (RMS) .. . 
PEAK PLATE CURRENT (per plate) ......... . 
D,C OuTPUT CURRENT (per plate) ...•....• 

125 max. 
500 max. 

85 

250* max. 
500 max. 
85 max. 

Volts 
Milliampere• 
Milliampere, 

• On a~c input voltage above 125 volts, it is necessary to connect a 100 ohm resistor in eeriea 
with each plate lead, or a 100 ohm resistor common to both plates (giving somewhat poorer regula
tion) may be used 

INSTALLATION AND APPLICATION 

The base pins of the 25Z5 fit the standard six-contact socket which may be 
installed to hold the tube in any position. The bulb of this tube will become 
quite hot under certain cor..ditions of operation. Sufficient ventilation should be 
provided to circulate air freely around the tube to prevent overheating. For heater 
operation, filter considerations, and APPLICATION, refer to type 2526. 

Operation curves and circuits are given on the following page. 
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R C A R E C E V 

... 
:, .. 

OPERATION CHARACTERISTICS 
HALF-WAVE RECTIFIER 

TYPE 
1
2525 

- Ef=2S VOL~S I I I I 
INPUT VOLTS CURVE-

!!ORMS -
123 D.C. --- -

I 

~~ I 

I\" ~)',t ~ ~ µF 
'\ ~o~ 

,-F 
I\. 

"<~ """~,'>,,. 

O 40 BO 120 

I 

I 

D-C LOAD MILLIAMPERES 
92C-5229R5 

OPERATION CHARACTERISTICS 
HALF-WAVE RECltFIER 

:::•=E2f 5v~~ TS -,-1 -+--+-+---t 
I I 

INPUT VOL TS I CURVE 
JIORMS --
123 o.c. ----

1 I I 

! 80>---+--+--~•-~ ... 
" ~ g 40 

u 
I 

0 
o.__o-!.---'-~5-"o~.,__~,+oo--'-~,c±5~0--' 

0-C LOAD MILLIAMPERES 
92C-4558 

HALF-WAVE RECTIFIER CIRCUIT 

C 

N G 

110 v. 
RMS 

lNPUT 

D-C 
OUTPUT 

R=HEATER VOLTAGE-DROPPING RESISTOR 
C =FIL TEA CONDENSER 

T U B E M A N U A L 

OPERATION CHARACTERISTICS 
VOLT AGE DOUBLER 

I 

TYPE 2525 
Ef=25 VOLTS 

I I I 
SEE CIRCUIT-

BELOW 

~ l-t1c 
~ ~~-

\.' ~ ~ •se 
'\ - ',?µF 

3 

... 
' '---
" ~ 

;;:- '•µ ...._ I 60 < 
<I) 

':; 
~ 

80 'y 
0 
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92C-5241 

OPERATION CHARACTERISTICS 
VOLTAGE DOUBLER 

TYPE 2526 
E f = 2 5 VOLTS f--+-----,---+--i 

I I 

lC 300f---t--t---+- SEE CIRCUIT s BELOW 

... 
:, .. 
~ 2 2of--+----1i-\---l'<'~' 

:. 
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y 
0 
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C 
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C 

+ 
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+ 
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r·1 RCA-2526 
" ::! .. .., 
::! .r RECTIFIER-DOUBLER 

'.:: 1"' The 2526 is a full,wave, high, 
lc:::;;;;H.;;?. vacuum recti1ier of the heater-cathode :ll L type for use in suitable circuits :J~· A designed to supply d,c power from 

1
• M x. an a-c power line. This tube is well 

suited for "transformerless" receivers of either the "universal (a.c.-d.c.)" type or 
the "a,c operated" type. In "universal" receivers, the 2526 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. For voltage-doubler considerations, see page 25. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 25 Volts 
HEATER CURRENT • • • • • • • • • • • • • • • • . . . • • • • • . • • • • 0.3 .Ampere 
BASE ...•.....•••.•..•.....••........•..••••••••• Small Wafer Octal 7,PiD 

As Voltage Doubler 

A,C PLATE VOLTAGE PER Pl.ATE (RMS) ..••••.••. 
PEAK PLATE CURRENT •••••••••••••..•.•••..•..• 
D,C OUTPUT CURRENT ••••••••••••....•.•••.•.• 

As Half-Wave Rectifier 

A,C PLATE VOLTAGE PER PLATE (RMS)... 125 max. 
PEAK PLATE CURRENT PBR PLATE. . . . . . . . • 500 max. 
D,C OUTPUT CURRENT PER PLATE........ 85 max. 

125 max. 
500 max. 

85 max. 

250* max. 
500 max. 

85 max. 

Volts 
Milliamp era 
Milliampere, 

Volts 
Milliamperea 
Milliamperu 

• An a•c input voltage greater than 12S volu requirea the Ille of a eerie• reaiator or reaiaton. 
A 100,ohm resiator in each plate lead or a 100,ohm re•i1tor common to both platea (&iving aomewbat 
~,oorer regulation) may be uaed. 

INSTALLATION 

The base pins of the 2526 fit the standard octal socket which may be installed 
to hold the tube in any position. 

The heater is designed to operate under the normal conditions of line voltage 
variation without materially affecting the performance or serviceability of this tube. 
The current in the heater circuit should be adjusted to 0.3 ampere for the normal 
supply voltage. 

A filter of the condenser-input type is recommended for use with this tube in 
order to obtain a d-c output voltage as high as possible. A large input capacitance 
in the order of 16 µ.f is desirable for half-wave rectifier service, while a higher 
value is advantageous for voltage-doubler circuits. 

APPLICATION 
As a half-wave rectifier, the 2526 is designed for service in "transformerlesa" 

receivers of the "universal" type. In such service, the two plates are connected 
together at the socket in order to act as a single plate; likewise, the cathodes art 
connected as a unit. Conditions for this method of operation are given under 
CHARACTERISTICS. Typical output curves for several values of input condensUII 
are shown on page 109. As a supplement to the curves with a-c input voltage, a 
dotted curve is included to show tht output when the receiver is operated from a 
d,c power line. 

As a voltage doubler, the 25'26 is useful in "transformerless" receivers of the 
"a•c operated" type and is capable of supplying approximately twice the d•c output 
voltage of the half-wave circuit. In voltage,doubling service, the two diode unitl 
of the tube are arranged as shown in the voltage-doubler circuit, below. Circuit, 
are given on the precedinir page. 
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RCA-26 

AMPLIFIER 

~

c; 

-
4 

F f 

its characteristics. 
output tube. 

The 26 is an amplifier tube con, 
taining a filament designed for opera• 
tion on alternating current. This 
tube is for use as an r,f or a,f 
amplifier in equipment designed for 

The 26 is not ordinarily suitable for use as a detector or power 

CHARACTERISTICS 

FILAMENT VOLTAGE (A. C. or D. C.).............. 1.5' 
FILAMENT CURRENT • . . • . . . . . . . . . . . . . . . . . . . . . • . l.05 
PLATE VOLTAGE . . . . . . . . . . . . . . . . . . 90 135 180 max. 

Volta 
Amperes 
Volts 

GRID VOLTAGE* . • • • . . . . . . . . • . . • . . -7 -10 -14.5 
PLATE CURRENT • . • . . . . . . . . . . . . . . 2.9 5.5 6.2 
PLATE RESISTANCE . . . . . . . . . . . . . . . 8900 7600 7300 
AMPLIFICATION FACTOR . . . . . . . . . . . 8.3 8.3 8.3 
TRANSCONDUCTANCE . . . . . . . . . . . . . . 9 3 5 1100 11 50 
GRID-PLATE CAPACITANCE . . . . . . . . . . . . . . . . . . . . . . 8.1 
GRID-FILAMENT CAPACITANCE . . . . . . • • • • • . • . . . . . . 2.8 
PLATE-FILAMENT CAPACITANCE . . . . . • . . • . . . . . . . . . 2.5 
BULB ..•............................................ 
BASE ...........................•....••....•........ 

• Grid voltage measured from mid~point of a,.c operated filament. 

INSTALLATION AND APPLICATION 

Volts 
Milliamperes 
Ohms 

Micromhos 
p.p.f 
p.p.f 
p.p.f 

ST•l4 
Medium 4-Pin 

The base pins of the 26 fit the standard four-contact socket, which should be 
installed to hold the tube in a vertical position. 

The coated filament of the 26 should be operated at the rated voltage of l. 5' 
volts from the a•c line through a step•down transformer. 

As an amplifier, the 26 should be operated as shown under CHARACTER, 
ISTICS. 

AVERAGE PLATE CHARACTERISTICS 
7 

TYPE 26 
Ef=I-~ VOLTS O.C. 

I 
0~ 

ij 
10 r 3/ .J ,.?/ 
• 7j I 7 j 

~ 
6 7 7 17 ~ / .i , 

/ /"'; .. 17 7 

/ / J7 V V 
/ / ~ 

Jy' 
7 1,.,.,/ 7 .. v [7 v / v' / / -.,,,- ., llO uo ,_ c~ ~~ 

PLATE VOLTS 92C-!t0$R2 
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RCA-27 

DETECTOR, AMPLIFIER 
The 27 is a three-electrode general 

purpose tube of the heater•cathode 
type for use as an amplifier and 
detector in a•c receivers. 

CHARACTERISTICS 
HEATER VOLTAGE (A. C. or D. C.)............... 2.5 
HEATER CURRENT • . . . • • . . • . . . . • • . • • . . . • • . . . • • . 1.75" 
PLATE VOLTAGE* •..•...... 90 135" 180 25"0 
GRID VOLTAGEt . . • • . . . • . • • • -6 -9 -13.5 -21 
PLATE CURRENT • . . . . . . . . . . 2.7 4.5 5".0 5".2 
PLATE RESISTANCE .... , . . . . 11000 9000 9000 925"0 
AMPLIFICATION FACTOR . . . . . 9 9 9 9 
TRANSCONDUCTANCE . • . . . . . . 820 1000 1000 975" 
GRID-PLATE CAPACITANCE . . . . . . . . . . . . . . . . . . . . . . 3.3 
GRID-CATHODE CAPACITANCE . . • . . . . • . . . . . . . . . . . . 3.1 
PLATE-CATHODE CAPACITANCE . . . . . . . . . . . . . . . . . . . 2.3 
BULB •.••............•.............................. 
BASE .............................................. . 

• Maximum plate voltage = 2H volts. 
t Maximum value of d,c resistance in grid circuit is 1.0 megohm. 

INSTALLATION AND APPLICATION 

G 

,A, 
~ 

H H 

Volts 
Amperes 
Volts 
Volts 
Milliampere& 
Ohms 

Micromhos 
µµf 
µµf 
µµf 

ST-12 
Small 5-Pin 

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

For heater operation and cathode connection, refer to type 2A5. 
As an amplifier, the 27 is applicable to the audio• or the radio-frequency 

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

As a detector, the 27 may be operated either with grid leak and condenser 
or with grid bias. The plate voltage for grid leak and condenser detection is 45" 
volts. A grid leak of from 1 to 5 megohms used with a grid condenser of 0.00025" 
µf is suitable. For grid-bias detection, a plate voltage of 275 volts or less may be 
used. The corresponding grid bias should be adjusted so that the plate current, 
when no signal is being received, is approximately 0.2 milliampere. For the 
condition of 2 50 volts on plate and transformer coupling, the grid bias will be 
approximately -30 volts. 

AVERAGE PLATE CHARACTERISTICS 

500 
92C- !>13R2 
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RCA-30 

DETECTOR, AMPLIFIER 
The 30 is a detector and amplilier 

tube of the three-electrode type for 
battery-operated radio receivers where 
economy of filament-current drain is 
important. 

CHARACTERISTICS 
FILAMENT VOLTAGE (D. C.)..................... 2,0 
FILAMENT CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.060 
GRID-PLATE CAPACITANCE . . . . . . . . . . . . . . . . . . . . . . 6.0 
GRID-FILAMENT CAPACITANCE . . . . . . . . . . . . . . . . . . . 3 .0 
PLATE-FILAMENT CAPACITANCE . . . . . . . . . . . . . . . . . . 2.1 
BULB ............•.................................. 
BASE .............................................. . 

As Class A1 Amplifier 

PLATE VOLTAGE ................. . 90 135' 
GRID VOLTAGE .................. . -4.5' -9 
PLATE CURRENT ................ . 2.5 3.0 
PLATE RESISTANCE .............. . 11000 10300 
AMPLIFICATION FACTOR .......... . 9.3 9.3 
TRANSCONDUCTANCE ............. . 85'0 900 

As Class B Amplifier 

PLATE VOLTAGE .............................. . 
MAXIMUM-SIGNAL PLATE CURRENT ....•........•.. 
ZERO-SIGNAL PLATE CURRENT (Per tube) ......... . 
TYPICAL OPERATION (2 tubes) 

Values are for two tubes. 

180 max. 
-13.5 

3.1 
10300 

9.3 
900 

180 max. 
rn max. 

1.5' max. 

~

G 
2 3 

---
1 4 

r F 

Volts 
Ampere 
p.p.f 
p.p.f 

""f ST-12 
Small 4-Pin 

Volts 
Volts 
Milliamperes 
Ohms 

Micromhoe 

Volts 
Milliamperes 
Milliampera 

Plate Voltage . . . . . . . . . . . . . . . • • • . . . . . . . . . . . . . 15'7.5 Volt• 
Grid Voltage . . . . . . • . . . • . . • • • • • . • • . . . . . . . . . . -15' Volts 
Zero-Signal Plate Current (Per tube).......... . . . 1.0 Milliampere 
Effective Load Resistan,e (Plate-to-plate) . . . . . . . . . 8000 Ohtna 
Maximum-Signal Driving Power. . . . . . . . . . . . . . . . 260 Milliwatts 
Power Output, Approximate*.................. 2.1 Watts 

• With one type lO as driver operated under the following conditions: Plate voltage, 157. f volta, 
negative grid bias voltage. 11.3 volts; plate load of approximately 18000 ohms; and input tranaforme, 
ratio (primary to one•haH secondary), 1.165: Total distortion is 6 to 7%. 

INSTALLATION AND APPLICATION 

The base pins of the 30 fit the standard four-contact socket which should be 
mstalled to hold the tube in a vertical position. Cushioning of the socket in the 
detector stage may be desirable if microphonic disturbances are encountered. For 
filament operation, refer to INSTALLATION on type 1A6. 

As a detector, the 30 may be operated either with grid leak and condenser or 
with grid-bias. The plate voltage for the former method should not be more than 
45' volts. A grid leak of from 1 to 5' megohms used with a grid condenser of 
0.00025' µf is satisfactory. The grid return should be connected to the positive 
filament socket terminal. For grid-bias detection, plate voltages up to the maximum 
value of 180 volts may be used. The corresponding grid-bias should be adjusted 
so that the plate current is about 0.2 milliampere when no signal is being received. 

In resistance-coupled service, the maximum d-c resistance in the grid circuit 
should not exceed 2 megohms. 

A family of plate characteristic curves is given on page 102. 
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RCA-31 

POWER AMPLIFIER 
The 31 is a power-amplifier tube 

of the three-electrode type for bat
tery-operated radio receivers where 
economy of filament-current drain is 
important. 

CHARACTERISTICS 
FILAMENT VOLTAG.I! (D. C.) ••••••••............. 
FILAMENT CURR.l!NT ••••••••.•.•••••..•.•••..•• 
PLATE VOLTAGE • • • • • • • • • • • • • • • • • •• .. .. . 135 
GRID VOLTAGE • • • • • • . • • • • • • • • • • • • • • • • . • -22.5' 
PLATE CURRENT • • • • • . • • • • • • • • • • • • • • • • • 8.0 
PLATE RESISTANCE • • • . • • • • • • • • • • • • • • • • • 4100 
AMPLIFICATION FACTOR • • • • • • • • • • • • • • • • • 3.8 
TRANSCONDUCTANC.1! • • • • • • • • • • • • • • • • • . . • 92 5 
LOAD RESISTANC.I! • • • • • • • • • • • • • • • • • . • • . . 7000 
SELF-BIAS R.l!SISTOB. • • • • • • • • • • • • • • • . . . . . . 2815 
UNDISTORTED POWER OUTPUT............ 0.185 

2.0 
0.130 

180 max. 
-30 
12.3 

3600 
3.8 

1050 
5700 
2440 

0.375 
GRID-PLATE CAPACITANCE •••.••••.••••••••••••• 
GRID-FILAMENT CAPACITANCE . . • . . • •••••••••••. 
PLATE-FILAMENT CAPACITANCE .....•••.......... 
BULB ....•.•....••••.••••........................... 
BASE ......•..••••••••••••.•••••.................... 

5.7 
3.5' 
2.7 

INSTALLATION 

Refer to INSTALLATION on type 30. 

APPLICATION 

p~~ 

~ F F 

Volts 
Ampere 
Volts 
Volts 
Milliamperu 
Ohms 

Micromhos 
Ohms 
Ohms 
Watt 
p.p.f 
p.p.f 
p.p.f 

ST-12 
Small 4-Pin 

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

AVERAGE PLATE CHARACTERISTICS 

' 'YPE JI 
Ef:2.0 VOLTS O.C. 

92C- 554R2 

-114-



.rr;-J1 
.:::..r"l b 
"' .. 
'~ ,:I 
~,., # 
N )----( "' 

~ l 

RCA-32 

RADIO-FREQUENCY 
AMPLIFIER 

The 3 2 is a screen-grid tube rec, 
ommended primarily for use as a 
radio-frequency amplifier in battery
operated radio receive rs where 
economy of filament-current drain is 
important. 

CHARACTERISTICS 

FILAMENT VOLTAGE (D. C.)..................... 2.0 
FILAMENT CUM.ENT . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.060 
PLATE VOLTAGE . . . . . . . . . . . . . . . . . . . . . . . . 135 180 max. 

Volts 
Ampere 
Volts 

SCREEN VOLTAGE (Grid No. 2)........... 67.5 max. 6'i'.5 max. Volts 
Volts 
Milliampere!! 
Milliampere 
Megohms 

GRID VOLTAGE (Grid No. 1).............. -3 -3 
PLATE CURRENT . . . . . . . . . . . . • . . . . . . . . . . 1.7 1.7 
SCREEN CURRENT (Maximum). . . . . . . . . . . . 0.4 0.4 
PLATE RESISTANCE • . . . . . . . . . . • • • • . . . . . . 0.95 1.2 
AMPLIFICATION FACTOR ... , ............. • 610 780 
TRANSCONDUCTANCE ............••...... 640 650 
GRm·PLATE CAPACITANCE (With shield-can)....... 0.015 max. 

Micromhos 
~f 

INPUT CAPACITANCE . . . . . . . • . • • • • • . . . . . . . . . . . . . 5 .3 
OUTPUT CAPACITANCE , ... , . . . . . . • . . . . . . . . . . . . . 10. 5 
BULB ..........................•.................... 
CAP ..........................•..................... 
BASE ....................•...•••............•....... 

INSTALLATION AND APPLICATION 

µµf 
µµf 

ST,14 
Small Metal 

Medium 4-Pin 

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

The screen voltage may be obtained from a tap on the plate battery or a 
bleeder circuit across the supply battery in whole or in part. Never attempt to 
obtain the screen voltage for the 3 2 by connecting the screen through a series 
resistor to a high-voltage source. The results will not be satisfactory because of 
voltage-drop variation produced by the different screen currents of individual tubes. 
Volume control may be effected by variation of the screen voltage between O and 
67.5 volts. The variation must, however, be made by a potentiometer shunted across 
the screen-voltage supply and not by a high-resistance rheostat. 

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

As a detector, the 32 may be operated either with grid leak and condenser or 
with grid bias. For grid bias detection, suitable operating conditions are: Plate
supply voltage, 180 volts applied through a plate-coupling resistance of 0.1 megohm 
or an equivalent impedance; screen voltage, 67.'f volts; and a negative grid biaa 
(approximately 6 volts) adjusted so that a plate current of 0.2 milliampere is 
obtained with no input signal. In designing circuits to use the 3 2 as a detector, 
it is desirable to work from the detector stage directly into the power-output stage. 

The d-c resistance in the grid circuit of the 3 2 should not exceed 2 megohma. 

A family of plate characteristic curves is given on page 118. 
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RCA-33 

POWER-AMPLIFIER 
PENTODE 

The 33 is a power-amplifier pen
tode for use in the output stage of 
battery, operated receivers where 
economy of battery consumption is 
important. 

CHARACTERISTICS 
FILAMENT VOLTAGE (D. C.). . . . . . . . . . . . . . . . . . . . . 2.0 
FILAMENT CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.260 

Gi 

P~::: 4 G2 ---
1 5 

F+ G3 
F-

PLATE VOLTAGE • . . . . . . . . • . . . . . . . . . . . . . . 135 180 max. 

Volts 
Ampere 
Volts 

ScREEN VOLTAGE (Grid No. 2)........... 135 180 max. Volts 
GRID VOLTAGE (Grid No. 1).............. -13.5 -18 
PLATE CURRENT . . . . . . . . . . . . . . . . . . . . . . . 14.5 22 
ScREEN CURRENT . . . . . . . . . . . . . . . . . . . . . . 3 5 
PLATE RESISTANCE . . . . . . . . . . . . . . . . . . . . . 50000 5 moo 
AMPLIFICATION FACTOR (Approx.). . . . . . . . . 70 90 
TRANSCONDUCTANCE . . . . . . . . . . . . . . . . . . . . 1450 1700 
l.oAD RESISTANCE . . . . . . . . . . . . . . . . . . . . . . 7000 6000 
SELF-BIAS RESISTOR . . . . . . . . . . . . . . . . . . . . . 770 670 
PowER OuTPUT (7% total harmonic distort.) 0.7 1.4 
BULB .........•..•.................................. 
BASE .............................................. . 

INSTALLATION AND APPLICATION 

Volts 
Milliamperes 
Milliamperes 
Ohms 

Micromhos 
Ohms 
Ohms 
Watts 

ST-14 
Medium 5-Pin 

The base pins of the 33 fit the standard five-contact socket. The socket 
should he installed to hold the tube in a vertical position. In some cases, cushioning 
of the socket may be found desirable. For filament operation, refer to INSTAL
LATION for type 1A6. 

For the power amplifier stage of radio receivers, the 3 3 is recommended either 
m2ly or in push-pull combination. More than one audio stage preceding the 33 ia 
undesirable because of the possibility of microphonic disturbances resulting from the 
high level of amplification. Transformer or impedance coupling devices are 
preferable. If resistance coupling is employed, the d-c resistance in the grid circuit 
should not exceed 1.0 megohm under self-bias conditions; without self-bias, the 
maximum value is 0.5 megohm. 

AVERAGE PLATE CHARACTERISTICS 

l - 7 
TYPE 33 

L- E,f=2.0 YOLTS D.C. 
SCREEN YOLT5=180 

·-· _, 0 
l:;10 ' bLTS c1= 0 

• ~ 

,__. 
L 

-----
i-- -10 

0 ,,v_ -" ---~ ,s., 
_,. 

y'/~ - """! h_ - -~- E 1•-2C --0 
•;;,-- -- -as 
~ 

·c.--- ........ 30 - -36 3' 

0 !O 100 ISO 200 2'0 300 3>0 .. ,u 
PLATE VOLTS 92:C-5440 
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RCA-34 

SUPER-CONTROL R-F 
AMPLIFIER PENTODE 

The 34 is a super-control pentode 
recommended for use primarily as a 
radio-frequency amplifier and interme-
diate-frequency amplifier in battery, 

P~Gt G2 2 ' 

I 4 

F+ ~:' 

operated receivers where economy of 
filament-current drain is important. The 34 is very effective in reducing cross
modulation and modulation-distortion over the usual range of signal voltages 
without the use of antenna potentiometers or auxiliary volume-control switches. 
(See Super-Control amplifier, page 16.) . This super-control characteri~tic makes the 
tube uniquely adaptable to the r,f and 1-f stages of receivers employmg automatic 
volume control. 

CHARACTERISTICS 

FILAMENT VOLTAGE (D. C.)..................... 2.0 
FILAMENT CURRENT . . . • . . . . . . . . . . . . . . . . . . . . . . . 0.060 
PLATE VOLTAGE •.........•....... 67.5t 135 180 max. 
ScREEN VOLTAGE (Grid No. 2)* .... 67.5 max. 67.5 max. 67.5 max. 
GRID VOLTAGE, Variable (Grid No. 1) -3 min. -3 min. -3 min. 
PLATE CURRENT .•.•............. 2.7 2.8 2.8 
SCREEN CURRENT . . • . . . . . . . . . . . . . l. l 1.0 1.0 
PLATE RESISTANCE •.............. 0.4 0.6 1.0 
AMPLIFICATION FACTOR .....•..... 224 360 620 
TRANSCONDUCTANCE •••••..•...... i60 600 620 
TRANSCONDUCTANCE (At -22.5 volts 

bias) ...........•..••....••... 15 li 15 
Gruo,PLATE CAPACITANCE (With shield-can)....... 0.015 max. 
INPUT CAPACITANCE . . . . . . . . . • . . . . . . . . . . . . . . . . . 6.0 

Volts 
Ampere 
Volts 
Volts 
Volts 
Milliamperes 
Milliamperes 
Megohm 

Micromhos 

Micromhos 
µµ£ 
µµ£ 

OUTPUT CAPACITANCE . . . . . . . . . . • • . . . . . . . . . . • . . 11. 5 
BULB .............................................. . 
CAP .........................•...................... 
BASE ..........................•.................... 

µµf 
S1-14 

Small Metal 
Medium 4-Pin 

• Under conditions of maximum plate current. 
t Recommended values for use in portable i-eceivers. 

INSTALLATION 
The base pins of the 34 fit the standard four-contact socket which should be 

installed to hold the tube in a vertical position. Although this tube is quite free 
from microphonic disturbances, cushioning of its socket may sometimes be desirable. 

For filament operation, refer to INSTALLATION for type 1A6. 
The screen voltage may be obtained from a tap on the B-supply battery or 

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

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

APPLICATION 
As an r-f or i-f amplifier, the 34 is applicable in receivers designed for it. 

Plate, screen, and minimum grid voltages are given under CHARACTERISTICS 
for a number of operating conditions. 
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R C A R E C E V N G T U B E M A N U A L 

Volume control of the receiver is accomplished effectively by variation of the 
negative voltage applied to the grid. In order to obtain adequate volume control. 
an available grid-bias voltage of approximately -22.5 volts will be required. The 
exact value will depend upon the circuit design and operating conditions. Thu 
voltage may be obtained from a potentiometer, a bleeder circuit, or a separate source, 
depending on receiver requirements. 

Owing to the fact that the super-control feature of the 34 requires a 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.'i volts under conditions of minimum grid bias and maximum plate 
current. With a design arrangement of this kind, the screen voltage at decreased 
values of plate current may reach a value higher than 67.'5 volts but should not 
exceed 100 volts. It should be recognized that under the condition of screen 
voltage above 67.'i volts at low plate current, an increase in the grid•bias voltage 
supply must be provided for adequate volume control. 

As the mixer in superheterodyne circuits, the 34 may be utilized to advantage. 
It should be noted that by varying the grid bias on the mixer in conjunction with 
that on the radio-frequency and/or the intermediate-frequency stages, additional 
control of volume may be accomplished. Recommended conditions are: Plate 
·1oltage, 67.'i to 180 volts; screen voltage, 67.'i volts; grid-bias voltage, -5 volte 
approximately (with 4•volt oscillator peak swing). 

"" . 
< 
J .. 

' 
4 

2 

' 

' 

AVERAGE PLATE CHARACTERISTICS 

TYPE 34 
r,,,=z.-O VOLTS O.C. 
SCREEN '\IOLT.S=-67.5 

~ID yOL'TS 
Ec1=0 -

coN rROl..: G _, ,,,.--

v ...--- -2 

.- Ee --3 

?- I 
-4 

'/ I -• 
,.,- ~c1~· io 

'/_ " ,.. 
40 80 120 IEO 200 240 280 320 360 400 

PLATE VOLTS 

AVERAGE PLATE CHARACTERISTICS 

TYPE. 32 
Er :2.0\IOLTS 0.C. 

SCREEN VOL T5=67.~ 

I 
I 

GRID VOLTS Ec1j 0 I 
lb 

C0NTR01 

v I I _, 
I lb , I 

~r 
-2 

lb 

3 

8 
C2 

% 
lb 

~ i h-, i Eco F-4 

c:::. ~ ~ Ib -• 
r---:: r--.. lb -6 

50 100 l~O 200 
PLATE VOLTS 
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RCA-35 

SUPER-CONTROL R-F 
AMPLIFIER 

The 3 5 is a super-control screen 
grid amplifier tube of the heater
cathode type recommended as an r-f 
amplifier and an i,f amplifier in a,c 
receivers. The 3 5 is very effective 

1Il reducmg cross-modulation and modulation-distortion over the entire range of 
received signals. Its design is such as to permit easy control of a large range of 
signal voltages without the use of local-distance switches or antenna potentiometers. 
This • super-control feature makes the tube adaptable to circuits incorporating 
automatic volume control. See page 16 for Super-Control feature. The 35 is 
interchangeable with type 51. 

CHARACTERISTICS 

HEATER VOLTAGE (.A. C. or D. C.). ... . .. ..... .. . 2.'i 
HEATER CURRENT . . . . • . . . . . . . . • • . . . . . . . . . . . . . . 1.75 
PLATE VOLTAGE* . . . . . . . . . . . . . • . . . . . . . . 180 250 
SCREEN VOLTAGE (Maximum). . . . . . . . . . . . 90 90 
GRID VOLTAGE, Variable (Minimum)....... -3 -3 
PLATE CURRENT • • • • • • . • . . . . . • . . . • • . . . . 6.3 6.5 
SCREEN CURRENT (Maximum) . . . . . . . . . . . . 2. 5 2. 5 
PLATE RESISTANCE . . . . . . . . . . . . . . . . . . . . . 0.3 0.4 
AMPLIFICATION FACTOR . . . . . . . . . • . . . . . . . 305 420 
TRANSCONDUCTANCE . . . . . . . . . . . . • • . . . . . . 1020 1050 
TRANSCONDUCTANCE (At -40 volts bias).. . . 15 1 '> 

Volts 
Amperes 
Volts 
Volts 
Volts 
Milliamperes 
Milliamperes 
Megohm 

GRID-PLATE CAPACITANCE (With shield-can)....... 0.007 max. 

Micromhos 
Micromhos 
µ.µ.f 

INPUT CAPACITANCE . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 .3 
OUTPUT CAPACITANCE . . . • • . • . • • • . . . . . . . . . . . . . . 10. 5 
BULB .............................................. . 
CAP .............................................. . 
BASE ............................................ . 

• Maximum plate voltage = 2 7 5 volts. 

INSTALLATION 

µ.µ.f 
µ.µ.f 

ST-14 
Small Metal 

Medium 5-Pin 

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

For heater operation and cathode connection, refer to type 2A 5. 
The screen voltage for the 3 5 may be obtained from a fixed or variable tap on 

a voltage divider across the supply voltage or from a portion of the supply. 
Complete shielding for all stages of the circuit is necessary if maximum gain 

and the volume-control-range capabilities of this tube are to be realized. 

APPLICATION 

As a radio-&equency and intermediate-frequency amplmer, the 3 5 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 H may be accomplished by 
variation of the negative grid bias of this tube. In order to utilize the full 
volume-control range of the 35, an available grid-bias voltage of approximately S'O 
volts will be required, depending on the circuit design and operating conditions. 
This voltage may be obtained from a potentiometer, a bleeder circuit, or from an 
adjustable cathode resistor. 
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R C A R E C E V N G T U B E M A N U A L 

As a mixer in superheterodyne receivers, the 3S' may be used under the 
following conditions: Plate voltage, 2 S'O volts; screen voltage, 90 volts; and grid bias, 
-7 volts with a 6•volt peak swing from the oscillator. By varying the grid biaa 
on the mixer in conjunction with that on the radio-frequency and/or the inter• 
mediate-frequency stages, additional control of volume may be accomplished. 

TYPE 35 
Ef =2.S YOUS 

r-- SCREEN YOL.TS:90 

2 

o,,__w. UES l INSTABL 
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RCA-36 

RADIO-FREQUENCY 
AMPLIFIER 

The 36 is a heater-cathode type of 
screen grid tube intended for use as 
a radio-frequency amplifier, interme
diate , frequency a m p I i f i e r , a n d 
detector. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 6.3 
HEATER CURRENT . • • • • • . • • . . . • • • • . . . . . . . . . . . . . 0.3 
Pl.ATE VOLTAGE • • . . . . . . . . . . 100 135' 180 250 max. 

Volts 
Ampere 
Volts 

ScREEN VOLTAGE • . . . . . . . . . . H 67.5 90 max. 90 max. Volts 
GRID VOLTAGE . . . . . . . . . . . . . -1.5' -1.5' -3 -3 
PLATE CURRENT . . . . . . . . . . . 1.8 2.8 3.1 3.2 
5cREEN CURRENT ......... . 
PLATE RESISTANCE • . . . . . . . . 0.55 0.475' 
AMPLIFICATION FACTOR . . . . . . 470 475' 

0.5 
5'25 

1. 7 max. 
0.55' 
5'95 

TRANSCONDUCTANCE . . . . . . . . 850 1000 1050 1080 
GRID-PLATE CAPACITANCE (With shield-can)....... 0.007 max. 
INPUT CAPACITANCE • . . . . . . . . • . . . . . . . . . . . • . . . . . 3.7 
OUTPUT CAPACITANCE . . . . . . . . . . . . . . . . . . . . . . . . . 9.2 
BULB .........••.••............................... '. 
CAP .............................................. '. 
BASE ............................................. '. 

INSTALLATION AND APPLICATION 

Volts 
Milliamperes 
Milliamperes 
Megohm 

Micromhos 
µ.µ.f 
µ.µ.f 

µ.µ.f 
ST-12 

Small Metal 
Small 5'-Pin 

The base pins of the 36 fit the standard five-contact socket which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to INSTALLATION for type 6A8. For screen voltage and 
ahielding, refer to INSTALLATION for type 35. 

As a radio-frequency amplifier, the 36 should be operated as shown under 
CHARACTERISTICS. 

As a detec;tor, the 36 may be operated either with grid leak and condenser or 
with grid bias. For grid-bias detection, suitable operating conditions are: Plate, 
supply voltage, 180 volts applied through a plate-coupling resistor of 0.25' megohm 
or an equivalent impedance; screen voltage, 67.'; volts; and negative grid bias, 6 
volts (approx.) so adjusted that a plate current of 0.1 milliampere is obtained with 
no input signal. 

A plate family of characteristics is given on the preceding page. 
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RCA-37 

DETECTOR, AMPLIFIER 
The 3 7 is a three-electrode general• 

purpose tube of the heater-cathode 
type for use as amplifier and detector. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 6.3 
HEATER CURRENT . . . . • . . . . . . . . . . . . . • • . • . . . • . . . 0.3 

G 

.A. 
~ 

H H 

PLATE VOLTAGE . . . . . . . . . . . . 90 135" 180 25'0 max. 

Volts 
Ampere 
Volts 

GRID VOLTAGE* . • • . . . . . . . . . -6 -9 -135 -18 
PLATE CURRENT . • . . . . . . . . . 25 4.1 4.3 75 
PLATE RESISTANCE . . . . . . . . . 1 HOO 10000 10200 8400 
AMPLIFlCATION FACTOR . . . . . 9.2 9.2 9.2 9.2 
TRANSCONDUCTANCE . . . . . . . . 800 925" 900 1100 
GRID-PLATE CAPACITANCE . . . . . . . . . . . . . . . . . . . . . . 2.0 
GRID-CATHODE CAPACITANCE . . . . . . . . . . . . . . . . . . . . 35 
PLATE-CATHODE CAPACITANCE . . . • . . . . . . . . . . . . . . . 2.9 
BULB •...............•............................•. 
BASE ...................•••.•.••.............•.••... 

• The d~c resistance in the grid circuit should not exceed 1.0 megohm. 

INSTALLATION AND APPLICATION 

Volts 
Milliamperee 
Ohms 

Micromhos 
µµf 
µµf 
µµf 

ST-12 
Small 5-Pin 

The base pins of the 37 fit the standard five-contact socket which may be 
imtalled to hold the tube in any position. For heater operation and cathode 
connection, refer to INST ALLA TI ON for type 6A8. 

As an amplifier, the 3 7 is applicable to the audio, or the radio-frequency 
stages of a receiver. Recommended plate and grid voltages are shown under 
CHARACTERISTICS. 

As a detector, the 37 may be operated with either grid leak and condenser 
or with grid bias. The plate voltage for the grid leak and condenser method is 4,
volts. A grid leak of from 1 to 5 megohms used with a grid condenser of 0.0002" 
µf is suitable. For grid-bias detection a plate voltage of 250 volts, together with 
a negative grid bias of approximately 28 volts, may be used. The plate current 
should be adjusted to 0.2 milliampere with no input signal. 

AVERAGE PLATE CHARACTERISTICS 
20 

TYPE 37 of .,, I 
0 

Ef= 6.3 VOLTS ;'. ,, ti 

16 l"! I I ,o/ 
2/ V I I ,£'11' 

9 I I 'I 
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V I I 

/ I 11/ I I 

I I I I/ !!'I I V V J'J I j j 

/ I I / I '/ / / 
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RCA-38 

POWER-AMPLIFIER 
PENTODE 

The 38 is a power-amplifier pen
tode of the heater-cathode type. The 
relatively low heater current of this 
type makes it suitable for automobile 
receivers and for power-line-operated 
sets, particularly those with a series• 
heater arrangement. 

CHARACTERISTICS 

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

HEATER CURRENT ••••••••••••••••.••.•.......• 

PLATE VOLTAGE............ 100 135 180 
SCREEN VOLTAGE .......... 100 13; 180 
GRID VOLTAGE ............. -9 -13. 5 -18 
PLATE CURRENT ........... 7 9 14 
SCREEN CURRENT .......... 1.2 u 2.4 
PLATE RESISTANCE ......... 0.14 0.13 0.115 
AMPLIFICATION FACTOR •••••. 120 120 120 
TRANSCONDUCTANCE ........ 875 92; 1050 
loAD RESISTANCE ••..•.•••• 15000 13500 11600 
SELF-BIAS RESISTOR • . • . . • . • • 1100 1100 1100 
POWER OUTPUT • • • • • • • • • • • • 0.27* 0.Ht 1.0* 
GRID-PLATE CAPACITANCE ••••.•••••••.••••••.•. 

6.3 
0.3 
HO max. 
250 max. 
-25 
22 
3.8 

0.10 
120 

1200 
10000 

970 
25* 

0.30 
INPUT CAPACITANCE • • • • • • • • • • • • • • • . • • • • • • • . • • . 3. f 
OUTPUT CAPACITANCE • • • • • • • • • • • • • • • • • • • • • • . • . 7.f 
BULB •.••••••••••••••••••••••••••••••••••••••••••••• 

CAP •••••.•..••••..••••...••.•••....•..........•..•. 
BASE •...••••.••••••...••.••••••••••••••••••••••••.. 

• 8 % total harmonic distortion. 
t IO% total harmonic distortion. 

INSTALLATION AND APPLICATION 

Volts 
Ampere 
Volts 
Volts 
Volts 
Milliamperes 
Milliamperes 
Megohm 

Micromhos 
Ohms 
Ohms 
Watts 
µ.p.f 
µ.p.f 
p.p.f 

ST,12 
Small Metal 
Small 5-Pin 

The base pins of the 38 fit the standard five-contact socket which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to INSTALLATION for type 6A8. 

For the power amplifier stage of radio receivers, the 38 is recommended either 
singly or in push-pull combination. Transformer or impedance-coupling devices are 
preferable. If, however, resistance coupling is used, the d,c resistance in the grid 
circuit should be limited to 1.0 megohm with plate voltages up to 2 50 volts, provided 
the heater voltage does not rise more than 10% above the rated value under any 
condition of operation. 

A plate family of characteristics is given on page 127. 
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RCA-39/44 

SUPER-CONTROL R-F 
AMPLIFIER PENTODE 

The 3 9 / 44 is a heater-cathode tube 
of the remote cut-off type suitable for 
use primarily as a radio-frequency 
a m p 1 i f i e r , intermediate , frequency 
amplifier, and mixer in receivers 

designed for its characteristics. 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 16. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.) .............. . 
HEATER CURRENT ................•.•••••.....• 
PLATE VOLTAGE . . . . . . . . . • . . . . . . . . 90 180 
ScREEN VOLTAGE . . . . . . . . . . . . . . . . . 90 90 
GRID VOLTAGE (Minimum)......... -3 -3 
PLATE CURRENT . . . . . . . . . . . . . . . . . 5.6 5.8 
SCREEN CURRENT . . . . . . . . . . . . . . . . 1.6 1.4 
PLATE RESISTANCE .•............. 0.375 0.7'i 
AMPLIFICATION FACTOR . . . . . . . . . . . 360 7'i0 
TRANSCONDUCTANCE • . . . . . . . . . . . . . 960 1000 
TRANSCONDUCTANCE ( At -4 2. ~ volts 

6.3 
0.3 
250 max. 
90 max. 
-3 ,._8 

1.4 
1.0 

1050 
1050 

Volts 
Ampere 
Volts 
Volts 
Volts 
Milliampere• 
Milliamperi>• 
Megohm 

Micromho, 

bias) . . . . . . . . . . . . . . . . . . . . . . . . . 2 2 2 
GRID-PLATE CAPACITANCE (With shield-can)....... 0.007 max. 

Micromhm 
µµf 

[NPUT CAPACITANCE • . . . . . . . . . . . . . . . . . . . . . . . . . . 3.,. 
OUTPUT CAPACITANCE . . . . . . . . . . . . . . . . . . . . . . . . . 10 
BULB •.. , .......................................... . 
CAP ...................•............................ 
BASE •.............................................. 

INSTALLATION 

µ,µf 
µp.f 

ST-12 
Small Metal 
Small ;,Pin 

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 6A8. 

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

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

Complete shielding of all stages is necessary if maximum gain per stage is to 
be obtained. 
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R C A R E C E V N G T U B E M A N U A L 

APPLICATION 

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

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

As a detector mixer in superheterodyne receivers, the 3 9 / 44 may be utilized. 
Suitable operating voltages for such service are: Plate voltage, 90 to 2 50 volta; 
screen voltage, 90 volts; grid voltage, -7 volts (approx.), with a 6,volt peak swine 
from the oscillator. By varying the grid bias on the mixer in conjunction with that 
on the r-f and/or the i,f stages, additional control of volume may be accomplished. 

-
TYPES 39/44 
Ef= 6.3 VOL TS 

SCREEN VOL TS=90 

12 

/i---
v_ I . / 
V 

4 

~ ,,,-
2 

80 

TYPE 38 
E.p=6.,3 VOLTS 

SCREEN VOL T5=250 
70 

60 

50 

,;2. a-Y 
40 

30 

20 

10 

,9 ~ --
-:~ -.......:: "I/ / 
~ / ,,,-~ 
I½, ,,,.--
~ ..--
(~ 

0 80 

AVERAGE PLATE CHARACTERISTICS 

CON ROL-C RID VO 

160 240 320 400 
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AVERAGE PLATE CHARACTERISTICS 
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RCA-40 

VOLTAGE AMPLIFIER 

The 40 is a high-mu triode of the 
storage-battery type for use in re• 
sistance•coupled or impedance-coupled 
amplifier or detector circuits. 

CHARACTERISTICS 

FILAMENT VOLTAGE (D. C.) •..•................. 5.0 
FILAMENT CURRENT • • • . • • • • . . . . . . . . . . . . . . . . . . . 0.25 
PLATE VOLTAGE* . • • • • • • • . . . . . • . . . . . . . . . 135 180 
GRID VOLTAGE . . . • • • • • . • . . . . . . . . . . . . . . . -1.5 -3 
PLATE CURRENT • • . • • • . • . . . . . . . • . . . . . . . 0.2 0.2 
PLATE RESISTANCE . . . . . . . . . . . . . . . . . . . . . 150000 150000 
AMPLIFICATION FACTOR • • . • . . . . . . . . . . . . . 30 30 
TRANSCONDUCTANCE . . . . . . . • . . . . . . . . . . . . 200 200 
BULB •..•.•...••••.................................. 

p~j{ 
~ F F 

Volts 
Ampere 
Volts 
Volts 
Milliampere 
Ohms 

Micromhos 
ST,14 

BASE ......•..•.....•••..•........................ Medium 4-Pin Bayonet 
• Effective voltage at plate will be plate supply voltage minus voltage drop in load of 0.2f 

mqohm cauaed by plate current; the effective value should not exceed 180 volts. 

'l"his type is used principally for renewal purposes. 
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AVERAGE PLATE CHARACTERISTICS 

TYPE 41 
E r=6.3 VOL TS 

SCREEN 'VOL TS= 250 

~ 

~~ 

~ o~ -·· -·s 
L--- .,_.:-S, K-· -- i,:l~-

C.ONTROL-C.RID......._ 
VOLTS EC!:: - 20 

i"-- ' 
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.. ~.::... ~~ 

- ' 
200 300 400 

PLATE VOLTS 
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RCA-41 

POWER-AMPLIFIER 
PENTODE 

The 41 is a power-amplifier pen• 
code of the heater-cathode type for 
use in the audio-output stage of 
radio receivers with 6.3•volt heater 
supply. The tube is capable of giving 

a large power output with a relatively small input•signal voltage. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 6.3 
HEATl!R CURRENT . . . . . . . . . . . . . . . . • . . . • . . . . . . . . 0.4 
PLATE VOLTAGE . . . . . . . . . . . . 100 135 180 250 max. 

Volts 
Ampere 
Volts 

SCREEN VOLTAGE . . . . . . . . . . . 100 135 180 250 max. Volts 
GRID VOLTAGE . . . . . . . • . • . . . -7 -10 -13.5 -18 
PLATE CURRENT . . . . . . . . . . . 9.0 12.5 18.5 32 
SCREEN CURRENT . . . . . . . . . . 1.6 2.2 3.0 5.5 
PLATE RESISTANCE (Approx.) .103500 94000 81000 68000 
AMPLIF. FACTOR (Approx.).. 150 150 150 150 
TRANSCONDUCTANCE ........ 1450 1600 18~0 2200 
LOAD RESISTANCE . . . . . . . . . . . 12000 10400 9000 7600 
SELF•BIAS RESISTOR . . . . . . . . . 660 680 630 480 
POWER OUTPUT* . . . . . . . . . . . 0.33 0.75 1.5 3.4 
BULB ...........................................•... 
BASE .............................................. . 

• l 0% totaJ harmonic distortion. 

INSTALLATION AND APPLICATION 

Volts 
Milliamperes 
Milliamperes 
Ohms 

Micromhos 
Ohms 
Ohms 
Watts 

ST-12 
Medium 6-Pin 

The base pins of the 41 fit the standard six-contact socket which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to INSTALLATION on type 6A8. 

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

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

Any conventional type of input coupling may be used provided the resistance 
added to the grid circuit by this device is not too high. Transformer or impedance 
coupling devices are recommended. If, however, resistance coupling is employed, 
the grid resistor should not exceed one megohm with self-bias, provided the heater 
voltage does not rise more than 10% above the rated value under any condition of 
operation. When self-bias is not used, the value should be limited to 100000 ohIIIB. 

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

A family of plate characteristic curves is given on the preceding page. 
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RCA-42 

POWER-AMPLIFIER 
PENTODE 

The 42 is a heater•cathode type of 
power-amplifier pentode for use in the 
audio•output stage of receivers. It is 
capable of giving large power output 
with a relatively small input•signal 

voltage. Because of the heater-cathode construction, a uniformly 
attainable in power amplifier design. 

low hum-level is 

CHARACTERISTICS 

HEATER. VOLTAGE (A. C. or D. C.)... . . . . . . . . . . . . 6.3 
HEATER CUR.RENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.7 
BULB ............. ' .......•......................... 
BASE .............................................. . 

Volts 
Ampere 

ST-14 
Medium 6-Pin 

As Single-Tube Class A1 Amplifier 

PLATE VOLTAGE .... ' ............ . 
ScREEN VOLTAGE (Grid No. 2) .... . 
GRID VOLTAGE (Grid No. 1) ..•..... 
PLATE CUR.RENT ... ' ............• 
ScREEN CURRENT .. , ...••. , •.. , .. 
PLATE RESISTANCE (Approx.) ...... . 
AMPLIFICATION FACTOR (Approx.) ..• 
TRANSCONDUCTANCE .. , , ......... . 
LoAD RESISTANCE .. , , ......•.. , .. 
TOTAL HARMONIC DISTORTION ......• 
POWER OUTPUT ••.•..........•..• 

Pentode Connection Triode Connection 
Scntn tu:d 

250 
250 

-16.5 
34 

6.5 
80000 

190 
2350 
7000 

7 
3 

to plate 
315 max. 250° 
315 max. -
-22 -20 

42 31 
8 

100000 
260 

2600 
7000 

7 
5 

2700 
6.2 

2300 
3000 

5 
0.65 

Volts 
Volts 
Volts 
Milliamperes 
Milliamperes 
Ohms 

Micromhos 
Ohms 
Per cent 
Watts 

Under the above maximum voltage conditions, transformer or impedance input~coupling devices are 
recommended. If re.tistance coupling is used, refer to last paragraph of APPLICATION under type 6F6. 

0 Maximum plate volts = 31 5. 

As Push-Pull Class AB2 Amplifier-Pentode Connection 

Values are for two tubes. 

PLATE VOLTAGE ......•..•..•...••...... 
SCREEN VOLTAGE (Grid No. 2) ....•...... 
GRID VOLTAGE (Grid No. 1) .......•...... 
SELF•BJAs RESISTOR .........•........•.. 
ZERo•S1GNAL PLATE CmtRENT •...••...... 
2ER0•5IGNAL SCREEN CURRENT .......... . 
LoAD RESISTANCE (Plate•to•plate) ......... . 
TOTAL HARMONIC DISTORTION ............ . 
POWER OUTPUT .................•...... 

Fixed Bias Self-Bias 
375 max. 375 max. 
2 50 max. 2 50 max. 
-26 min. 

34 
5 

10000 
5 

19* 

340 min. 
54 
8 

10000 
5 

19:j: 

Volts 
Volts 
Volts 
Ohms 
Milliamperes 
Milliamperes 
Ohms 
Per Cent 
Watts 

• With one triode-connected ~2 as driver operated at plate volts of 250, grid volts of -20, and 
with I minimum plate load of approximately 10000 ohms: input transformer ratio, primary to one•half 
aecondary, is 3.32. The plate, screen and grid supply have negligible resistance. 

I With one uiode,conoected n as driver operated at plate volts of 250, grid volts of -20, and 
with a minimum plate load of approximately 10000 ohms: input transformer ratio, primary to one,half 
IIOCOlldary, is 2.$. The plate and screen supply have nelliigible resistance. The value given for the 
aelf•bias resistor is determined for a minimum grid bias of -21 volts. 

Under the above maximum voltage conditions, transformer or impedance input,coupling device, 
mlllt be used. 

-128-



R C A R E C E V N G T U B E M A N U A L 

As Push-Pull Class AB2 Amplifier-Triode Connection 
Screen Tied to Plate 

Values are for two tubes. 

PLATE VOLTAGE . . . . . . . . . . . . . . . • . . ..... 
GRID VOLTAGE •............••......... 
SELF-BIAS RESISTOR ....••••..•.••....•.. 
ZERO-SIGNAL PLATE CURRENT ...••....... 
LOAD RESISTANCE (Plate-to-plate) ......... . 
TOTAL HARMONIC DISTORTION .......••••.• 
POWER OUTPUT .........•..••.•••...... 

Fixed Bias Self, Bias 
350 max. 35'0 max. 
-38 min. 

45' 
6000 

7 
1st 

730 min. 
rn 

10000 
'7 

14** 

Volts 
Volts 
Ohms 
Milliamperes 
Ohms 
Per cent 
Watts 

t With one triode-connected 42 as driver operated at plate volts of 2 rn, grid volts of -20, and 
with a minimum plate load of approximately 10000 ohms: input transformer ratio. primary to one~half 
oecondary, is 1.67. The plate and grid supply have negligible resistance. 

•• With one triode•connected 42 as driver operated at plate volts of 210, grid volts of -20, and 
with a minimum plate load of approximately 10000 ohms: input transformer ratio, primary to one,half 
.econdary, is 1.29. The plate supply has negligible resistance. The value given for the self•biae 
reaistor is determined for a minimum grid bias of -36. 5 volts. 

Under the above maximum voltage conditions. transformer or impedance input,.;:oupling device, 
must be used 

INSTALLATION AND APPLICATION 

The base pins of the 42 fit the standard six-contact socket which may be 
installed to hold the tube in any position. Sufficient ventilation should be provided 
to prevent overheating. 

The heater is designed to operate at 6.3 volts. In a series•heater circuit 
employing several 6.3-volt types and one or more 42's, the heaters of the 42's should 
be placed on the positive side. Furthermore, since most 6.3-volt type5 have 
0.3-ampere heaters, a bleeder circuit across these heaters is required to take care 
of the additional 0.4-ampere heater current of the 42. Each 6.3,volt tube of the 
0.3-ampere type in the series circuit should, therefore, be shunted by a bleeder 
resistance of 16 ohms. 

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 th.ii; 
practice is not followed, the potential difference between heater and cathode should 
be kept as low as possible. 

For application, refer to type 6F6. 

Additional curve data is given under type 2A5. 

AVERAGE PLATE CHARACTERISTICS • 0 

V .,,; TYPE 2A5 TYPE 42 

Ef:2~RYEOE~TtOL~i:.:;, VOLTS 

J/ 
.P"-.<o. ~ L--

2 

0 
!I ~ / ~c~ ~ i.--0 
fl I TJ 

L-- t..-->< 

~ / r.... £.-,-= -•• 0

IT/1 17 .., ;\6.~ --- --K- -·· 
07/ 17 ........ -- ....... 
07 I;' 

1/ 1....- "-. 
I 

~ .... 1---

- ,o 240 320 4 ><> 
PLATE "VOLTS 
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RCA-43 

POWER-AMPLIFIER 
PENTODE 

The 43 is a power-amplifier pen• 
tode of the heater-cathode type for 
use in the output stage of radio 
receivers, especially those of the "d,c 
power line" type and the "universal 

(a.c.•d.c.)" type. In such applications, the 43 is capable of handling relatively 
large audio power at the low plate and screen voltage available. A single 43 in the 
output stage operating with 100 volts on plate and screen can deliver nearly one 
watt of audio power, while two 43's in push-pull arrangement with the same voltages 
can supply approximately two watts. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 25 
HEATER CURRENT • • • • • • • • • • • • • • • • • . • • • • • • • • • • • 0.3 
BULB ••••••••. •••••·•·• •..••••..•...•....•..•..••.•. 
BASE •••...••••••••••••••••••••••.•••..•....•••••... 

Other characterutiao of thia type ue the aame as for the type 25A6. 

INSTALLATION AND APPLICATION 

Volts 
Ampere 

ST,14 
Medium 6-Pin 

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

For heater operation and cathode connection, refer to type 25'A6. 

For APPLICATION, refer to type 25'A6. 

An additional family of plate characteristic curves which applies to type -4~ 
is given under type 25'A6. 

AVERAGE PLATE CHARACTERISTICS 

TYPES: 25A6, 43 
Ef=25VOLl.S 

SCREEN VOL TS=~ 
I I [ I I 

LOAD LINE CORRECTED TO COMPENSATE: 
FOR EFFECTS Of" RECIIFICATION VVITH LARG,E StGNA.LS 

0 .;.r::- I 
/ I 

4 
I ~ ,JOLTS 'E.rf;-'5 

~"' 
{' ~ ~.s~ .. -10 / 

: l I/ ,,,,..- '~ ~ Ec1=-15 

'/ -- "~ R -20 

' '--0 

' 
-25 - - -30 -

0 40 I 120 160 ?00 240 2&0 
F'LATE VOL TS cnC.-'523\ 
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RCA-45 

POWER AMPLIFIER 

The 45 is a power-amplifier triode 
of the filament type capable of 
supplying large undistorted output in 
a,c operated receivers. 

CHARACTERISTICS 

fILAMENT VOLTAGE (A. C. or D. C.).............. 2.5 
fILAMENT CURRENT • . . • . . . • • • . • • • • . . . . • . . . . . . • 15 
GRID-PLATE CAPACITANCE • . . • • • • . . • • • . • • • • • . . . . 7 
GRID-FILAMENT CAPACITANCE . . . . . • • . . . • • • . • . . . . 4 
PLATE-FILAMENT CAPACITANCE •.. , . • • . • • . • • • • • . . 3 
BULB ••..•..••••................•....••......•....•• 
BASE ......•••••...............••..•••••••••.•.••.•. 

As Single-Tube Class A1 Amplifier 

p~:rr 
~ f' F 

Volts 
Ampe:~ 
p.p.f 
µµI 
uuf 

ST-14 
Mediurr.. 4-Pin 

Volts fILAMENT VOLTAGE (A. C.)...... . . . . . . • • . . . . . . . 25 
PLATE VOLTAGE . . • • . • • . • . . . . . . . . • 180 25'0 27'i max. Volts 
GRID VOLTAGE* ...•.•......•..... -31.'i -5'0 -';6 
PLATE CURRENT • • • • • . . . . . . . . . . . . 31 34 36 
PLATE RESISTANCE • • • . . . . . . . . . . . . 1650 1610 1700 
l\MPLIFICATION FACTOR • • . . . . . . . . . 3.5 3.5 3.5 
TRANSCONDUCTANCE •..••......... 2125 2175 20'i0 
LOAD RESISTANCE . • • . • • • . . • . . . . . . 2700 3900 4600 
SELF•BIAS RESISTOR • • • . • • • • . • . . . . 1020 1470 1 HO 
UNDISTORTED POWER OUTPUT ...... 0.82'i 1.6 2.0 

Volts 
Milliam pereE 
Ohms 

Micromho• 
Ohms 
Ohms 
Watts 

• Grid volte meuun,d from mid pain· ol a•c operated filament. Self,b1aa is advisable in ar 
aues, required if arid d•c resistance ( mu. nlue of 1.0 megohm) ia used in &rid clrcuit. 

As Push-Pull Class AB2 Amplifier (Two Tubes) 
Values are for two tubes. 

Fixed Bias 
fILAMENT VOLTAGE (A. C.) . . . . . . . . . . . . . 2.5 
PLATE VOLTAGE (Maximum).............. 275 
GRID VOLTAGE . . . • • . . . • • . . • . . . . . . . . . . . . -68 
SELF-BIAS RESISTOR •...•....•.•...••••.. 
ZERO-SIGNAL PLATE CURRENT ........... . 
MAXIMUM-SIGNAL PLATE CURRENT ........ . 
LOAD RESISTANCE (Plate,to,plate) ••........ 
TOTAL HARMONIC DISTORTION ............ . 
POWER OUTPUT ...••....•.............. 

28 
138 

3200 
5 

18 

Self,Bias 
2.5 

275 

775 
72 
90 

f060 
f 

12 

INSTALLATION AND APPLICATION 

for installation refer to INSTA1 LATION on type 2A3. 

Volts 
Volts 
Volts 
Ohms 
Milliampera 
\filliampera 
Ohms 
Per cent 
Watts 

As a power amplifier (O:i..a A1 ), the 45 may be used either singly or in 
push-pull. Typical operating conditions are given under CHARACTERISTICS. 

In a push-pull C:as, AB:, stage, the 45 is operated under conditions such that 
a small amount of grid current flows during the most politive swing of the input 
signal and the second harmonic distortion is cancelled by virtue of the push-pull 
circuit. A driver stage, consisting of one 56 operated at 250 volts on the plate, 
will drive two 45's in push,pull (fixed,bias or self,bias) to the stated output values. 
A step,down interstage transformer of suitable design is required. 

A family of plate characteristic curves is given on page 143. 
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RCA-46 
Gt 

x .. 
::; . 

11 j 
DUAL-GRID POWER 

AMPLIFIER 
The 46 is a double,grid power, 

amplifier tube recommended especial, 
ly for service in Class B amplifier 
circuits of suitable design. 

p~•:• 4Gz ---
' 5 

F F 

CHARACTERISTICS 
FILAMENT VOLTAGE (A. C. or D. C.)......... . . . . . 25 
FILAMENT CURRENT • . . • . . . • . . . • • • . . • . . . . . . . . . . 1. 75 

Volts 
Amperes 

S,17 BULB .........•.. ·••·•· ......••........•............ 
BASE ..•.•.•..•.•••...............•.......•......... Medium 5, Pin 

As Class B Amplifier 
(Grid No. I and No. 2 connected together at socket) 

PLATE VOLTAGE . . . • . . . • . • . . . . . • . . . . . . . . . . . . . • . 400 max. 
PEAK PLATE CUllRENT........................ . . 200 max. 
AVERAGE PLATE DISSIPATION..................... 10 max. 
TYPICAL OPERATION (2 tubes) 

Values a-re for two tubes. 
Plate Voltage . . . . . . . • • . . . . . . • . . . . • . . . 300 400 
Grid Voltage . . • • . . . . . • • • • • • • . • • • • • . . o O 
Zero•Signal Plate Current............... 8 12 
Effective Load Resistance (Plate,to•plate). . 5200 5800 
Power Output (Approximate)........... 16* 20f 

• With average power input of 950 milliwatts applied between grida. 
t With average power input of 650 milliwatts applied between grida. 

As Class A1 Amplifier 
(Grid No. 2 connected to plate at socket) 

PLATE VOLTAGE • . . • • • • • • . • • • • • • • • • • • • . . . . . . . . . 250 max. 
GRID VOLTAGE • . • . • • • • • • • • • • • • • • • • • • • • • • • • . • . . -33 
PLATE CURRENT . • • • • • • • . • • • • • • • • • • • • • • • • • . • • . 22 
PLATE RESISTANCE • • . • . • • • • • . • • • . • • • • • • • • • . • • • 2380 
AMPLIFICATION FACTOR • • • • • • • • • • • • • • • • • • • • • • • • f.6 
TRANSCONDUCTANCE •• , •••••••••••• , , •••..• , • , • 2350 
LOAD RESISTANCE (For max. undistorted power )tt. . . 6400 
UNDISTORTED POWER OUTPUT ...••• , ••••• ,.,,.,. 1.25 

Volts 
Milliamperes 
Watts 

Volts 
Volts 
Milliamperes 
Ohms 
Watts 

Volts 
Volts 
Milliamperes 
Ohms 

Micromhos 
Ohms 
Watts 

tt Approximately twice this value is recommended for load of this tube as driver for Class B stall". 

INSTALLATION 

The base pins of the 46 fit the standard five-contact socket which may be 
installed to hold the tube either in a vertical or in a horizontal position. For 
horizontal operation, the socket should be positioned with the filament•pin openinge 
one vertically above the other. Sufficient ventilation should be provided around the 
tube to prevent overheating. 

The filament is designed to operate at 2. 5 volts. The transformer winding 
supplying the filament circuit should operate the filament at this recommended value 
for full,load operating conditions at average line voltage. The filament wiring 
should, insofar as possible, be isolated from the input circuit of the driver stage in 
order to avoid the possibility of hum caused by electrostatic induction from thia 
wiring. 

The grid, and the plate-return lead for the Class B stage should be connected 
to the mid•tap of the :filament winding or to the center,tap of a 20,ohm resistor 
across the winding. The grid, and plate-return for the driver stage should be made 
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R C A R E C E V N G T U B E M A N U A L 

to _ a variable center-tapped resistor across the filament supply for minimum hum 
ad1ustment. 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 ia 
required only in special applications. 

APPLICATION 

In Oass B audio power-amplifier service, the 46 is recommended because the: 
two grids_ in the tube are connected together and, thus, the signal voltage is applied 
~o ~oth simultaneously. Consideration of general Class B amplifier design features 
1s given on page 20. 

For Oass A1 operation of the 46, the grid adjacent to the plate is connected 
to the plate. The intended application of the 46 as a Class A amplifier is for driving 
two 46's in a Class B amplifier circuit. The tube has been constructed for this dual 
service in order to reduce the number of tube types necessary in a receiver. The 
tabulated values for Class A operation of this type, as given under CHARACTER, 
ISTICS, are for its operation as a power output tube. 

0 

AVERAGE PLATE CHARACTERISTICS 
CLASS B OPERATION 

--- ---

40 80 120 160 200 240 280 320 360 

TYPE 46 
Er=2.5 VOLTS A.C. 

PLATE VOLTS 

OPERATION CHARACTERISTICS 
CLASS B OPERATION 

/

Ec1=0 
,..-+•• 

I Jl✓ r 10 
!//.£- Eco •H 

400 440 4180 
92C-4170 

14t---t---t------i------if--t--+--+--+--f--+--

INPUT-CLASS A ·ONE TYPE 46 
IZ PLAT£ V0LTS=250 GRID VOLTS=-33 

OUTPUT-CLASS B-TWO TYPE 46 
PLATE VOLTS=300 GRID VOLTS=O .. 

::10 

1 

INPUT TRANSf'ORMER VOLTAGE RAT101i;:•~c~2.2 
INPUT TRANSFORMER PEAK POWER EFT.=79'• t+---+--+. 
OUTPUT LOAD,PLATE TO PLATE=3500 OHMS 

TYPE: 46 

iii 
:, 
I-

"' ... .. 
--+----+----+------,>----------<100 :1 

"' ~ 
~ i a t+---+-"4--1---+---+---+-------lao ~ 
ti ... 3 
~• ~-9--f--~ao! ';;' I 5 I· 4.-t-----i---;-------j--t--+-:;;;.-f--:::aa!--==---jf------+--+--+---+--lco ~ 

: .. 

2f~~~J~~~~f;;~Ii~~~~::!I~~;J~~~~r~;;1;;;~e~~;J~~~jt::~t~~~1~~~jzo ; ~ ,t_ 
~o o V 

a 10 12 14 ,, 22 o 
DRIVER SIGNAL VOLTS (RMS) e 92C-4118R2 
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RCA-47 

POWER-AMPLIFIER 
PENTODE 

The 47 is a power-amplifier pen• 
tode for use in the audio output stage 
of a•c receivers. In comparison with 
three-electrode Class A power ampli-

. fiera of the same plate dissipation, the 
47 18 capable of ereater output with the additional feature of 

CHARACTERISTICS 

FILAMENT VOLTAGE (A. C. or D. C.).............. 2.5' 
FILAMENT CURRENT . . . • • • • . . • • • • • . . . • . . . • • . • . • 1.75' 

higher amplification. 

PLATE VOLTAGE • • • • • • • • . • • . • • • • • • . • . . . • • . . . . . . 25'0 max. 

Volts 
Amperes 
Volts 

ScllBEN VOLTAGE • • . . . • . • . . . . • • • . . • . . . • • • . . . . . . 25'0 max. Volts 
GRID VOLTAGE* • • . • • . • . . . • . • • • • • • . . . . • . • . . • . . • -16.5' 
PLATE CURRENT • • . . . • • • • • . • • • . • • • • • • . • • • . • • . • 31 
ScllBEN CURRENT . . . • • . • . . . • • • • • • . • . • • . . . • . • • . 6 
PLATE RESISTANCE . • . • • . • • . • • • • • • • • • • • • . • • . • • • 60000 
AM'.PLCPICATION FACTOR . . • • . • • • • • • • . . . • • • • • . • • . 1 50 
TRANSCONDUCTANCE •.••••••••••• , , ••• , •• , •• , • • 25'00 
loAD RESISTANCE •.•.•• , • , • , , , , , , •••••• , . . . • • • 7000 
SELP•BIAS RESISTOR . . . • • • • • • • • • • • • • • . . • . . . . . • • • 45'0 
POWER OUTPUT (6% total harmonic distortion)..... 2.7 
GRID-PLATE CAPACITANCE • • • • • • • • • • • • • • • . • • • • • • 1.2 
INPUT CAPACITANCE • • • . . • . • • • • . • . • • • • • • • • • • • • . 8.6 
OUTPUT CAPACITANCE ••.• , • • . • • .. . . • • • .. . . . • .. 13.0 
BULB •••.••.•...•...........•...••...•••••..••.••.•• 
BASE .•.....••.•...............•..•....•....•..•.... 

• If filament is operated on d,c, grid bias should be -15 .3 volts. 

INSTALLATION AND APPLICATION 

Volts 
Milliamperes 
Milliamperes 
Ohms 

Micromhos 
Ohms 
Ohms 
Watts 
p.µf 
µµf 
µµf 

ST,16 
Medium ,-,pin 

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

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

Any conventional type of input coupling may be used, provided the resistance 
added to the grid circuit by this device is not too high. Transformer or impedance• 
coupling devices are preferable. If resistance coupling is used, the d•c resistance in 
the grid circuit should not exceed 0. 5' megohm with self-bias, or 5'0000 ohms with 
fixed bias. 

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. '!'his fluorescence is a natuTal effect and is in no 
manneT an indication of the pe,-foT"mance of the tube. 

A family of plate characteristic curves is given at the bottom of page 138. 
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RCA-48 

POWER-AMPLIFIER 
TETRODE 

The 48 is a power-amplifier tetrode 
which has pentode characteristics 
when operated at the recommended 
screen and plate voltage. It is for 
use in the audio-output stage of 

receivers designed to operate from 115-volt d,c power lines. The 48 is exceptional 
in its ability to deliver power at the low plate and screen voltage obtainable in such 
service. 

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

CHARACTERISTICS 

HEATER VOLTAGE (D. C.)....................... 30 
HEATER CURRENT • • • • • . • • . . . • • • • . . . . . . • . . . . . • . 0.4 
BULB .•...•••. •••••·•••· .....................•.••... 
BASE ........•...•.•................................ 

As Single-Tube Class A Amplifier 

Volta 
.Ampere 

ST,16 
Medium 6, Pin 

'Triode Connection 
'T etTode Connection Sc,-un tied to pl.ite 

PLATE VOLTAGE • • . . . • • • • • • • 96 125 max. 80 125 max. 
ScREEN VOLTAGE (Grid No. 2) 96 100 max. -
GRID VOLTAGE (Grid No. 1).. -19 -20 -20 -32.'!' 
PLATE CURRENT • • . . . • • • . .. 5'2 56 31 52 
ScREEN CURRENT , ...•.... , 9 9.5 
PLATE RESISTANCE • . • . . . . • Subject to consid, 760 
AMPLIFICATION FACTOR • . . . erable variation. 2.5 
TRANSCONDUCTANCE •.• , . • • . 3800 3900 3300 
LoAD RESISTANCE ••....... , 1500 1500 
SELF-BIAS RESISTOR • . • . • . . . . 310 310 
POWER OUTPUT* • • • • • • . • • • • 2 2. 5 

• 9% total harmonic diatortion. 

As Push-Pull Class A Amplifier 

Values aTe fo,- two tubes 

67, 
2., 

3700 

Volts 
Volta 
Volta 
Milliamperea 
Milliamperea 
Ohml 

Micromhoe 
Ohms 
Ohm, 
Watte 

'Tmode 'Triode Connection 
Connection Screen tied to pla.te 

PLATE VOLTAGE .. .. .. .. .. • .. • .. .. • .. . .. 125 max. 12f max. Volta 
ScaEEN VOLTAGE (Grid No. 2)........... 100 max. Volta 
GRID VOLTAGE (Grid No. 1).............. -20 -32.f Volta 
ZERO-SIGNAL PLATE CURRENT. • • • • • • . • • . . • 100 100 Milliampei-ee 
LoAD RESISTANCE (Plate,to,Plate).......... 3000 12'0 Ohm, 
TOTAL HARMONIC DISTORTION............. 9 2 Per cent 
POWER OUTPUT . • • • • • • • • • • • . • • • • • . . • . • • 5 3 Watte 
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INSTALLATION AND APPLICATION 

The base pins of the 48 fit the standard six-contact socket which may be 
installed to hold the tube either in a vertical or in a horizontal position. For 
horizontal operation, the socket should be positioned with the plate•pin opening at 
the top and the cathode-pin opening at the bottom, or vice versa. Sufficient 
ventilation should be provided around the tube to prevent overheating. 

The heater of the 48 is designed to operate at approximately 30 volts d. c. 
Due to the heater•cathode design, the heater voltage may range between 26 and 3-4 
volts during line-voltage lluctuations without greatly affecting the performance or 
serviceability of the tube. 

In a series-heater circuit employing several 6.3-volt types and one or more 48's, 
the heaters of the 48's should be placed on the positive side of the line. Further
more, 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.l•ampere heater current of the 
48. Each 6.3•volt tube in the series circuit should, therefore, be shunted by a 
bleeder resistance of 63 ohms. 

The cathode circuit in d•c receivers is tied in either directly or through biasing 
resistors to the negative side of the heater circuit. The potential difference thu1 
introduced between heater and cathode of the 48 should not exceed 90 volts, as 
measured between the negative heater terminal and the cathode. 

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

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 d•c resistance in the grid circuit 
should not exceed 10000 ohms. 
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AVERAGE PLATE CHARACTERISTICS 

TYPE 48 
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RCA-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 

G1 

p~_:_ 4Gz ---
1 5 

f" F 

tube or, by a change in socket connections, as a Class A driver tube. 

CHARACTERISTICS 

FILAMENT VOLTAGE (D. C.). . . . . . . . . . . . . . . . . . . . . 2.0 
FILAMENT CURRENT . . . . . . . . . . . . . • . • • • . . . . . . . . . 0.12 
BULB ..•.•.......................................... 
BASE .................................•............. 

As Class B Power Amplifier 
(Grids No. I and No. 2 connected together at socket) 

Volts 
Ampere 

ST-14 
Medium 5-Pin 

PLATE VOLTAGE ...•...•.......•............... 
PEAK PLATE CURRENT .•........................ 
TYPICAL OPERATION (2 tubes) 

180 max. 
50 max. 

Volts 
Milliamperes 

Values are for two 

Plate Voltage ............•.••..••••.. 
Grid Voltage ••••.••••..•••••.•.•.... 
Zero-Signal Plate Current ......•••...... 
Effective Load Resistance (Plate-to-plate) .. 
Power Output Approximate .••...•...... 

tubes. 

135 
0 

2.6 
8000 

2.3 

180 
0 
4 

12000 
3.5 

As Driver-Class A1 Amplifier 
(Grid No. 2 connected to plate at socket) 

PLATE VOLTAGE . . . . . . • . . . . • . . . • • . • • • • • • . . . . . . . 135 max. 
GRID VOLTAGE . • . . . . . . . . • • . • • • • • • • • • . . . . . . . . • . -20 
PLATE CURRENT • . . . . . . . . . . . • • • • • • • • . . . . . . . . . . 6.0 
PLATE RESISTANCE • . . . . . . . . . . • • . . • • . . • . . . . . . . . 4175 
AMPLIFICATION FACTOR . . . . . . • . • . • • • • • • .. • . . . . . 4.7 

Volts 
Volts 
Milliamperes 
Ohms 
Watts 

Volts 
Volts 
Milliamperes 
Ohms 

TRANSCONDUCTANCE . . . . . . . . . • • • . • • • . . • . • . . . . . • 1125 Micromhos 
LoAD RESISTANCE • . . • • • . • • • • • • • • • . • . . • . . . . . . . . 11000* Ohms 
POWER OUTPUT (Approximate).................. 0.170 Watt 

• Appro:rimately twice this value i• recommended for load of this tube as driver for Clau B eta90. 

INSTALLATION AND APPLICATION 

The base pins of the 49 fit the standard five-contact socket which should be 
installed to hold the tube in a vertical position. In some cases, cushioning of the 
socket may be found desirable. For filament operation, refer to INSTALLATION 
on type 1A6. Refer to APPLICATION for type 46. Plate chancteristics curve, 
are given on the following page. 
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RCA-50 

POWER AMPLIFIER 
The 50 is a power-amplifier tube 

designed for use primarily in the 
output stage of an audio-frequency 
amplifier employing transformer coup
ling. It is capable of deliverins 
large undistorted power. 

CHARACTERISTICS 

PILAMENT VOLTAGE (A. C. or D. C.).............. 7.5 
PILAMENT CURRENT • • . • • . • • . • . . • . . . . . . . • . . . . • • 1.25 
PLATE VOLTAGE • . • • • • • . . • . . . . . . . . 350 400 450 7114X. 
GRID VOLTAGE* •··•••••···•······ -63 -70 -84 
PLATE CURRENT • • . • • . . . • . . • • . . . . 45 H H 
PLATE RESISTANCE , . . . . . . . . . . . . . • 1900 1800 1800 
AMPLIFICATION FACTOR . . . . . . . . . . . 3.8 3.8 3.8 
TRANSCONDUCTANCE . • . . . . . . . . . • • . 2000 2100 2100 
LOAD RESISTANCE , .• , • • • . . . . . . . . • 4100 3670 4350 
SELF-BIAS RESISTOR • . . • . . • • • • . . • • . 1400 1275 1530 
UNDISTORTED POWER OUTPUT...... 2.4 3.4 4.6 
BULB ............ ·•·••·•· ........•....•...•.......•. 
BASE ..•.•...•..•••••••....................•...... Medium 

• Meuuttd from mid•point of a,c operated filament. 

INSTALLATION AND APPLICATION 

p~Jt 
~ F F 

Volts 
.Amperes 
Volts 
Volts 
Milliampere, 
Ohms 

Micromhos 
Ohms 
Ohms 
Watts 

ST,19 
4,Pin Bayonet 

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

AVERAGE PLATE CHARACTERISTICS 

TYPE 50 
E,t =7.~ VOL l'S D.C. 
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RCA-53 

CLASS B TWIN 
AMPLIFIER 

The 5 3 is a heater-cathode type 
of tube combining in one bulb two 
high-mu triodes designed for Class B 
operation. It is intended primarily 

K 

for use in the output stage of a•c 
operated radio receivers. The triode units have separate external terminals for all 
electrodes except the cathodes and heaters, so that circuit design is similar to that 
of Class B amplifiers utilizing individual tubes in the output stage. The 53 may 
be used as a Class A1 amplifier (with triode units connected in parallel) to drive 
a 53 as a Class B amplifier in the output stage. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 2.5 
HEATER CURRENT • • • • • • • • • • • • • • • • . • • • . • . • • • . • • 2.0 
BULB ••••.••••••••.•••..••••••••..•.........••••.••• 
BASE •••••••••••••••••••••••••••..•..••..•..••••.••. 

Other charaderistics of this type are the same as for type 6N7. 

INSTALLATION 

Volts 
Amperes 

ST-H 
Medium 7-Pin 

The base pins of the 53 fit the seven-contact (0.855 inch pin-circle diameter) 
socket which may be installed to hold the tube in any position. Sufficient ventilation 
ehould be provided to circulate air freely around the tube to prevent overheating. 

For heater operation and cathode connection, refer to type 2A 5. 

APPLICATION 

For APPLICATION refer to type 6N7. Additional curves are shown under 
types 6A6 and 6N7. 

I I 

AVERAGE PLATE CHARACTERISTICS 
EACH lRIOOE UNIT-CLASS B OPERA'TION 
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RCA-55 

DUPLEX-DIODE TRIODE 
The 55 is an a•c heater type of 

tube consisting of two diodes and a 
triode in a single bulb. It is recom
mended for service as a combined 
detector, amplifier and automatic
volume•control tube. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 2.5 
HEATER CURRENT . . . . • • • . . • • • . . • • . • . . . . • . . . • • • 1.0 
BULB ••••....•..•..•••......••...........•......•.•. 
CAP •••.••••.•••••..••....•.•............•........•• 
BASE ••••••.•••.••.•••••••••••••...•..••.•••••.•••.. 

Other characteristics of thU type are the same as for type 85. 

Diode Units 

Volts 
Ampere 

ST,12 
Small Metal 
Small 6-Pin 

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 6B7. 

INSTALLATION AND APPLICATION 

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

For APPLICATION, refer to type 85', and to the chart of the Resistance• 
Coupled Amplifier Section. Circuits using the 55 are given under type 85. 
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RCA-56 

SUPER-TRIODE AMPLIFIER 
DETECTOR 

~ The S'6 is a three-electrode tube of 
the heater-cathode type recommended 
for use as detector, amplifier, or oscil-

L lator in a,c receivers designed for it. 
This tube is characterized by its high 

mutual conductance, and its comparatively high amplification 
useful in resislance,coupled audio-frequency amplifiers. 

CHARACTERISTICS 
HEATER VOLTAGE (A. C. or D. C.). • • • • • • • • • • • • • 2.5 
HEATER CURRENT • • • • • • • • • • • • • • • • • • • • • • • • • • 1.0 

tactor. The 56 i& 

PLATE VOLTAGE • • • . • • • • . • • • • • • • • • • • • • 100 2S'O max. 

Volu 
Ampere 
Volts 

GRID VOLTAGE* • • • .. . .. .. . .. • .. • • • .. • -5 -13.5 
PLATE CURRENT • • .. . • • • .. .. . • • • .. .. • • 2.S' S' 
PLATE RESISTANCB ••..••.••••••• , • • • • • 12000 9S'00 
AMPLIFICATION FACTOII . • . • • . . • • . • • • • • • 13.8 13.8 
TRANSCONDUCTANCE • . . ••.••••••••• , • 11 S'O 14S'O 
GRID-PLATE CAPACITANCE . • • . • • • • • • • • • • • • • • • • 3.2 
GRID-CATHODE CAPACITANCE . • . . . • • • . . • • • • • • • • 3.2 
PLATE-CATHODE CAPACITANCE • • . • • • • • • • • • • • • • • 2.2 
BULB ••••••••••••••••••••••••••.•••••.••••••••••••• 
BASE .•..•••••••••••••.•••.••.••••••••....••••••••• 

Volts 
Milliampere, 
Ohms 

Micromhos 
µµf 
µµ.f 
µµ.f 
ST-12 

Small 5-Pin 
• It a grid·couphng resistor i• uaed, iu maximum val 1e should not exceed 1.0 megohm. 

INSTALLATION 

The base pins of the 56 fit the standard five-contact socket which may be 
mstalled to hold the tube in any position. 

The bulb of this tube will hecome very hot under certain conditions of 
operation. Sufficient ventilation should be provided to p,event overheating. 

The heater is designed to operate at 2. 5' volts. The transformer winding 
supplying the heater circuit should be designed to operate the heater at thie 
recommended value for full-load operatmg 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 thi~ 
practice is not followed, the potential difference should be kept as low as possible. 

APPLICATION 
As an amplifier, the 5'6 is applicable either to radio-frequency or audio• 

frequency circuits. Recommended operating conditions for service using transforme, 
coupling are given under CHARACTERISTICS. For operation as a resistance• 
coupled amplifier, refer to the Resistance-Coupled Amplifier Section. 

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 µ.f is 
satisfactory. For the grid-bias method of detection, a plate,supfly voltage of 2S'O 
volts may be used together with a negative grid-bias voltage o approximately 20 
volts. The plate current should be adjusted to 0.2 milliampere, with no input signal 
voltage. The grid-bias voltage may be supplied from the voltage drop in a resistor 
between cathode and ground. The value of this self,bias resistor is not critical, 
30000 to 15'0000 ohms being suitable. The higher value will permit the application 
of a larger input signal. 

A plate family for this type is given under type 76. 
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RCA-57 

TRIPLE-GRID DETECTOR 
AMPLIFIER 

The 57 is a triple-grid tube rec• 
ommended especially for service as a 
biased detector in a-c receivers de, 
signed for its characteristics. The 57 
is constructed with an internal shield 
connected to the cathode within the 
tube. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)........... •• •• 2.5 

G2 G3 

·<It· 
H H 

HEATER CURRENT . . . • • • . • . . . . • • • • • • • • . • . • • . . • . 1.0 
GRID-PLATE CAPACITANCE (With shield-can)....... 0.00'7 max. 
INPUT CAPACITANCE • • . • . • • . . • • • • • . . . . . . • . . . . . . 5 .0 

Volts 
Ampere 
µµf 
µµf 

OUTPUT CAPACITANCE . . . . . . . . . . . • . . . • . • • • . . . . . 6. 5 
BULB .................................•.........•... 
CAP ......................•....................••... 
BASE .................................•....•...•.... 

Other characteriatic1 of thl• type are the oame u for type 6J7. 

INSTALLATION AND APPLICATION 

µµf 
ST,12 

Small Metal 
Small 6-Pin 

The base pins of the 57 fit the standard six•contact socket which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to INSTALLATION for type 2A'i. 

For screen voltage and shielding requirements, see INSTALLATION on 
type 6C6. 

Refer to APPLICATION on type 6J7. The curve shown under 6J7 also 
applies to the 5'7. 

:l 

i 

AVERAGE PLATE CHARACTERISTICS 
eo11- 1 -,,--,--,---r-.---,--r-..:...,---,.--,---r--~ 

340j----j---i,J:-..---ll-~-+i--~4-!1.,./..-l-,.iJ/-...4..·+--.1-,--+--+--+--I----J 

ii 
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RCA-58 

TRIPLE-GRID SUPER
CONTROL AMPLIFIER 
The S 8 is a triple-grid super• 

control amplifier tube recommended 
especially for eervice in the radio• 
frequency and intermediate-frequency 
stages of a•c receivers designed for its 

characteristics. 
cathode within 

The 5 8 is constructed with an internal shield 
the tube. 

connected to the-

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 25 
HEATER CURRENT • • • • • • • • • • • • • • • . • • • • • • • • • • • . • l.0 
GRID-PLATE CAPACITANCE . . • • • • . • . • • • • • • • • • • • • • 0.007 max. 

Volts 
Ampere 
µ,µ,f 

INPUT CAPACITANCE • • • • . • • • • • • • • • • • • . • . . . . . • • • 4.7 
OUTPUT CAPACITANCE • • • • . • • • • • • . • • • • • • • . . • • • • 6.3 
BULB •••••••••••••.•••••• •••••••· ..••••.•••••.....•• 
CAP •••••••••••••..••••• ••••• •••.•••.••..••••••.•••. 
BASE ••••.•.•.•••• ' •••••••••••••••••.•.•••••••.•••.• 

µ,µ,f 
µ,µ,f 

ST-12 
Small Metal 
Small 6•Pin 

Other characteristic• of tho type are the ume as for type 606. The curve ahown and ... 
the 6D6 alao appliea to the S8. 

INSTALLATION AND APPLICATION 

The base pins of the 5'8 fit the standard six-contact socket which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to INSTALLATION for type 2A5'. 

For control-grid bias variation, screen voltage, and suppressor connection, refer 
to INSTALLATION on type 6K7. Shielding requirements are similar to those 
for type 6C6. Refer to APPLICATION on type 6K7. 

AVERAGE PLATE CHARACTERISTICS • 
I TYPE 58 TYPE 6D6 

E.f:::2.5'.JOLTS E,f:6_-3 VOL TS 
SUPPRESSOR YOLTS.=O 

SCREEN YOLTS=IOO 
CONTROL-GRID VOLTS - -E-i:r=O 

- l 
/ I ,,--

l i. 
Ir I 

Ec1=-"' 

'/ I .. 
l,o 

- I 
-20 

- Ec1 = 430 

50 IOO l~O 200 250 ,oo 
PLAT£ VOLTS 92C-4176RI 
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RCA-59 
GI 

J 
TRIPLE-GRID POWER 

AMPLIFIER 
The 59 is a triple-grid power

amplifier tube of the heater-cathode 
type for use in the output stage of 
a-c operated receivers. The triple-

~

G3 
3 5 

p 2 --- 6 K 

I 7 

H H 

grid construction of this tube, with 
external connections for each grid, makes possible its application as ( 1) a Class A 
Power-Amplifier Triode, (2) a Class A Power-Output Pentode, and {3) a Class B 
Power-Output Triode. 

CHARACTERISTICS 

HEATER VOLTAGE (A C. or D. C.)............... 2.5 
HEATER CURRENT ..................... , . . . . . . . 2.0 
BULB .............................................. . 
BASE ..........................................•.... 

Volts 
Amperes 

ST-16 
Medium 7-Pin 

As Class A1 Power Amplifier 

PLATE VOLTAGE ..........•..•..•....... 
'Triode O Pentode O 

• 

2 50 max. 2 50 max. 
SCREEN VOLTAGE (Grid No. 2) .......... . 
GRID VOLTAGE (Grid No. 1) ............. . 
PLATE CURRENT ...••.•••••.•••••..•••. 
ScREEN CURRENT ...••.....••••••.••••. 
AMPLIFICATION FACTOR ...•..•••••..•... 
PLATE RESISTANCE .......••.•••••...... 
TRANSCONDUCTANCE •..•.•••.•••••..... , 
LOAD RESISTANCE ...••.•.••••••••...... 
SELF-BIAS RESISTOR .••.•••••••••••...... 
POWER OUTPUT .....•••..••••••••...... 

-28 
26 

6 
2300 
2600 
5000* 
1080 
1.25 

250 max. 
-18 

35 
9 

100 
40000 

2500 
6000 

410 
3t 

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

PLATE VOLTAGE ......•...........•............ 
PEAK PLATE CURRENT ....•••..••............... 
AVERAGE PLATE DISSIPATION •.....••••..••••..•.. 
Avl!RAGE GRID DISSIPATION (Grids No. 1 and No. 2) 
TYPICAL OPERATION (2 tubes) 

Values are for two tubes. 

Plate Voltage . . . . . . . . . . . . . . . . . . . . . . . . 300 
Grid Voltage . . . . . . . • . . . . . . . • • • • . . . • . O 
Zero-Signal Plate Current . . . . . . . • • • . . . . 20 
Effective Load Resistance (Plate-to-plate}.. 4600 
Power Output, Approximate. . . . . . . . . . . . 1 5 

400 max. 
200 max. 

10 max. 
1.5 max. 

400 
0 

26 
6000 

20 
0 Grids No. 2 and No. 3 tied to plate; grid No. I ia control grid. 

•• Grid No. 3 tied to cathode; grid No. I is control grid; grid No. i is acreen. 

Volts 
Volts 
Volts 
Milliamperes 
Milliamperes 

Ohms 
Micromhos 
Ohms 
Ohms 
Watts 

Volts 
Milliamperes 
Watts 
Watts 

Volts 
Volts 
Milliamperes 
Ohms 
Watts 

• Optimum for maximum undistorted power output of 1.2 5 wattl. Approximately twice this value 
is recommended for load of thla type aa driver for Cius B stage. 

t 7 % total harmonic distortion. 
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R C A RECEIVING T U B E M A N U A L 

INSTALLATION 
The baae pins of the S'9 1it the seven-contact (0.855-inch pin-circle diameter) 

socket which may be installed to hold the tube in any position. 
The bulb of this tube may become very hot under certain conditions of 

operation. Sufficient ventilation, therefore, should be provided to prevent over• 
heating. 

For heater operation and cathode connection, refer to INSTALLATION for 
type 2AS'. 

APPLICATION 
For Oass A1 Triode Operation of the 59, the two grids (No. 2 and No. 3) 

immediately adjacent to the plate are connected to the plate, while the third (No. 1) 
is employed for control purposes. Operation of the tube is then similar to any 
Class A power,ampli1ier 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 reSliltance in the grid circuit of the 59, operating as a Class A amplifier 
(either with triode or pentode connection) should not exceed 0.5 megohm if self-bias 
is used. Without self-bias, the resistance should not exceed 10000 ohms. The use 
of resistances higher than these may cause the tube to lose bias due to grid current, 
with the result that the plate current will rise to a value sufficiently high to damage 
the tube. 

For Oass A1 Pentode Operation of the 59, the grid (No. 3) adjacent to the 
plate is tied to the cathode and thus serves as the suppressor, while the other two 
grids (No. 2 and No. 1) serve as the screen grid and control grid respectively. 
Operation of the tube is then similar to any Class A power-output pentode. 

For either method of Class A operation, the self,bias resistor should be shunted 
by a suitable filter network to avoid degenerative effects at low audio frequencies. 
The use of the two 59's in push-pull eliminates the necessity for shunting the 
resistor. The value of the self,bias resistor required for two tubes in the same stage 
is approximately one-half that for a single tube. 

For Oass B Triode Operation of the 59, the grid (No. 3) adjacent to the 
plate is tied to the plate, while the other grids (No. 1 and No. 2) are connected 
together to serve as a single control-grid. No grid bias is necessary with this 
connection. This feature is particularly important because it prevents the variation 
of bias with applied signal which would otherwise exist if any self-bias arrangement 
were employed. A discussion of Class B design features is given on page 20. 

240 320 
PLATE VOLTS(Ebl 
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CLASS B OPERATION 
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RCA-71-A 

POWER AMPLIFIER 
The 71,A is a power-amplifier tube 

of low-output impedance for use in 
the output stage of audfo,frequency 
amplifiers. 

CHARACTERISTICS 
PILAMENT VOLTAGE (A. C. or D. C.).............. 5.0 
FILAMENT CURRENT . • . • . •• • . • • • • • . . . . . . . . . . • . . 0.25 

p~Jr 
~ r F 

PLATE VOLTAGE . . . . . • • . . . • • • • • • • • 90 l:H 180 max. 
GRID VOLTAGE* ••...•.....••.•••• -16.5 -27 -40.5 

Volts 
Ampere 
Volts 

PLATE CURR.ENT • . . .. • . . • . . • . • • . • 10 17.3 20 
PLATE RESISTANCE . . . . . . . . . . . • • • . 2170 1820 1750 

Volts 
Milliamperes 
Ohms 

AMPLIFICATION FACTOR .... , . . . • . . 3 3 3 
TRANSCONDUCTANCE ....... , • . . . . . 1400 1650 1700 Micromhos 
LOAD RESISTANCE . . . . . . . . . . . . • . • • 3000 3000 4800 Ohms 
SELF-BIAS RESISTOR . . . • . . . . . . . • • • • 1600 1700 2150 Ohms 
UNDISTORTED POWER OUTPUT ...••• 0.125 0.4 0.79 Watt 
GRID-PLATE CAPACITANCE . . . . • • • . • • • . . . . . . • . • • . 7.; µµf 
GRID-FILAMENT CAPACITANCE . . . . . . • • • • • • • • • . • • . 3.2 µµf 
PLATE-FILAMENT CAPACITANCE . . . . . • • . • • • . • • • . . • 2.9 µµf 
BULB . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . • • • • • . • . . . . . ST-14 
BASE ..........................•.............•..•• Medium 4-Pin Bayonet 

• For operation on a,c filament supply, increase grid,bias voltage 2. 5 volts. The d,c resistance 
in the grid circuit ohould not exceed 0. 5 megohm. 

INSTALLATION AND APPLICATION 
The base pins of this tube fit the standard four-contact socket which should 

be installed to hold the tube in a vertical position. 
The coated filament of the 71,A may be operated from a storage battery or 

from the a-c line through a step-down transformer. For operation of this tube from 
a storage battery, a :fixed or variable resistor of suitable value is required to reduce 
the battery voltage to 'i .0 volts across the :filament terminals at the socket. 

Operating conditions are given under CHARACTERISTICS for the use of 
this tube in the power output stage. 

An output device should be used to transfer power to the winding of the 
reproducing unit. 

AVERAGE PLATE CHARACTERISTCS 
ao,-----,,---,----,,----,,----,----,----r--r--r-,-,-,-,-7 

TYPE 71-A 
E-r=S.0YOLTS 0.C. 

roi-----,1----ll----ll----l----l---t---t---t---t---t--t--t---r-, 
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RCA-75 

DUPLEX- DIODE 
HIGH-MU TRIODE 

The 7 5 is a 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 

a,c receivers designed for its characteristics. For diode-detector 
to page 26. 

considerations, refer 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 6.3 
HEATER CURRENT • • • • • • • • • • • . • • • • . • . • . • • • . . • • • 0.3 
GRID-TRIODE-PLATE CAPACITANCE • • • . • • • . . • • • • • • • 1.7 
GRID-CATHODE CAPACITANCE • • • • • • • • • • • . . . . . . . • • 1.7 
TRIODE PLATE-CATHODE CAPACITANCE............. 3.8 
BULB ..••.•••••••••••••••.••.•••..••.••...•••••••••• 
CAP •.••••••••.•••••••••...•••••......•..•••••..•••. 
BASE .•••••••••••••••••••..•••••.•.•..•....••••••••. 

Triode Unit-As Class A1 Amplifier 

PLATE VOLTAGE ••••••••••••••••••••••••••••••• 
GRID VOLTAGE •••••••••••••••••••••••••••••••• 
AMPLIFICATION FACTOR •••••••••••••••••••••••• 
PLATE RESISTANCE •••••••••••••••.•••••••••••• 
TRANSCONDUCTANCE ••••••••••••••.••••••••.••• 
PLATE CURRENT •••••••••••••••••••••••••.•••• 

Diode Units 

250 max. 
-2 

100 
91000 

1100 
0.8 

Volts 
Ampere 
p.p.f 
p.p.f 
p.p.£ 

ST,12 
Small Metal 
Small 6-Pin 

Volts 
Volts 

Ohms 
Micromhos 
Milliampere 

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 6B7. 

INSTALLATION 

The base pins of the 75 6.t the standard six-contact socket which may be 
installed to hold the tube in any position. 

Heater operation and cathode connection are the same as for the type 6A8. 

APPLICATION 

The 75 in many respects is similar in application to the 6Q7. 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 cut-off, 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 CJ'.ven in the Resistance-Coupled Amplifier Section. A family of 
average plate characteristic curves applicable to this type wilt be found under 
type 2A6. 
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RCA-76 

SUPER-TRIODE AMPLIFIER 
DETECTOR 

~ The 76 is a three .. eJectrode tube of 
. the heater-cathode type recommended 

L
' i=i1==.,...___._ for use as detector, amplifier, or oscil-

lator with either a-c or d,c heater 

.A. 
~ 

H H 

supply. This tube is characterized by 
1ts hlgh ruutual conductance and its comparatively hia:h amplication factor. 
is useful in resistance-coupled audio-frequency amplibers. 

The 76 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.). . . . . . . . . . . . . • 6.3 
HEATER CURRENT • • • • • • • • • • • • • • • • • • • • • • • • • • • 0.3 
PLATE VOLTAGE • • • • • • • . • • • • • • • • • • • • • • 100 2S'O max. 
GRID VOLTAGE* • • • • • • • • • • • • • • • • • . • • • • -S' -13.S' 
PLATE CURRENT • • • • • • • • • . • • • • • • • . • • • • 25 S' 
PLATE RESISTANCE ••••• , • • • • • • • • • . • • • . 12000 9S'00 
AMPLIFICATION FACTOR • • • • • • • • • • • . • • • . 13.8 13.8 
TRANSCONDUCTANCE • • • • • • • • • • • • • . • • . . 11S'O 14S'0 
GRID-PLATE CAPACITANCE • • • • • • • • • • • • . • . . • • • • • 2.8 
GRID-CATHODE CAPACITANCE • • • • • • • • • • • • • . • • • • 3.f 
PLATE-CATHODE CAPACITANCE • • • • • • • • • • • • • • • • . 2.S' 
BULB ••••••••••••••••••••••••••.••••••••••••••••••• 
BASE •••••••••••••••••••••••••••••••••••••••••••••• 

Volts 
Ampere 
Volts 
Volts 
Milliampera 
Ohms 

Micromhoa 
µµf 
µµf 
µµf 
ST-12 

Small S',Pin 
• If a grid,coupling resietor is used. its maximum value should not exceed 1.0 megohm. 

INSTALLATION AND APPLICATION 

The base pins of the 76 fit the standard five-contact socket which may be 
mstalled to hold the tube in any position. For heater operation and cathode 
:onnection, refer to INSTALLATION for type 6A8. Refer to APPLICATION 
for the type 'i' 6. 

AVERAGE PLATE CHARACTERISTICS 

q TYPE 56 TYPE -,6 
Ef = 2.5 VOLTS Et= G.3 VOLTS 

:. 1 
2 1 . 

!/ 7 ;J 

I I I 'l {? • • 
I I I I •1 j f: 7 

I I /, '/ J I ' J ~ ·; J 
I V' V I/ 17 3/ I I, 

I v_ V V l/ l/ ,/ L,~ v/ V •• .,;> 
0 100 2 00 300 400 ,oo 

PLATE VOLTS tK-417SR? 
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RCA-77 

TRIPLE-GRID DETECTOR 
AMPLIFIER 

The 77 is a triple-grid tube rec• 
ommended especially for service as a 
biased detector in radio receivers de• 
signed for its characteristics. In such 
service, this tube is capable of deliv, 

H H 

ering a large audio-frequency output voltage with relatively small input voltage. 
Other applications of the 77 include its use as a low•signal•input screen•grid amplifier 
tube and as an automatic-volume-control tube. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)........... . . . . 6.3 Volts 
HEATER CURRENT • . • • • • . • • • • . • • • • . • • . • . . • . . . . . 0.3 Ampere 
PLATE VOLTAGE . • • . • • . • . . • • . . . • • • . . . . . . 100 25'0 max. Volts 
ScREEN VOLTAGE (Grid No. 2)........... 60 100 max. Volts 
GRID VOLTAGE* (Grid No. 1)............. -U' -3 Volts 
SUPPRESSOR (Grid No. 3) ................ Connected to cathode at socket 
PLATE CURRENT . • . • • . • • . • . . . • • • •. . . . . . 1.7 2.3 Milliampere• 
ScREEN CURRENT • • . • • • • . . . . . • • . • . . . . . . 0.4 0.5 Milliampere 
PLATE RESISTANCE (Approximate)......... 0.65 1.5 Megohms 
AMPLIFICATION FACTOR. • • • • • • • • • • • . . . . . . 715 1500 
TRANSCONDUCTANCE •••••••••..•••....•. 1100 1250 
GRID VOLTAGE (Approximate)t............ -5.5 -7.5 
GRID-PLATE CAPACITANCE (With shield-can)..... . . 0.007 max. 
INPUT CAPACITANCE . . . . . . . . • . • • . . . • . . . . . . . . • . . 4.7 
OUTPUT CAPACITANCE . . . . . . . . . . . . . . . . . . . . . . . . . 11.0 
BULB .........•.....•............................... 
CAP ....•.•...............•....•.................... 
BASE .........................••.....•.......•...... 

• The d,c resistance in the grid circuit should not exceed 1.0 megohm. 
t For cathode current cut•ofl. 

INSTALLATION 

Micromhos 
Volts 
µµ.f 
µp.f 
µµf 

ST-12 
Small Metal 
Small 6•Pin 

The base pins of the 77 :fit the standard six-contact socket which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to INSTALLATION under type 6A7. Shielding and screen 
voltage requirements are similar to those for the type 6C6. 

APPLICATION 

As a radio-&equency amplifier pentode, the 77 may be used particularly in 
applications where the r-f signal applied to the grid is relatively low, that is, of the 
order of a few volts. In such cases either screen or control grid voltage (or both) 
may be varied to control the receiver volume. When larger signals are involved, a 
auper•control amplifier tube should be employed to prevent the occurrence of 
excessive cross-modulation and modulation-distortion. Reco=ended operatine 
conditions for amplifier service are given under CHARACTERISTICS. 
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R C A RECEIV N 6 T U B E M A N U A L 

AB a biased detector, the 77 is particularly recommended becauae of its a~~ 
to deliver a large audio-frequency output voltage of good quality with a fairly 
radio-frequency signal input. Recommended conditions for the 77 as a biased 
detector are as follows: 
PLATE SUPPLY• • • • • • • • • • • • • • • • • • • .. • • • • • . • • . • • .. • • • • • 100 21'0 
SCREEN VOLTAGE ................................... 36 50 
GRID VOLTAGE • • . • • . • • • • • • • . .. . .. .. • . . • • • • • • • . . • . • • • -2 -2 
CATHODE RESISTOR ................................. 12500 3000 
SUPPRESSOR • • • • .. • • • • • • . . • • • • • . • • • • • • . . • • • • • • • . . . • • • Connected to 
CATHODE CURRENT (No signal) •• • ••• • . •• •• • • •• . •• • •• 0.16 0.65 
PLATE RESISTOR • • • • • • • • • • • • .. • • • • • .. • • . • • • • • • • . . • • • • 0.25 0.25 
BLOCKING CONDENSER............................... 0.01 0.03 
GRID RBSISTORf • • .. . • • • • • • • • • • • . • • • .. • • • • • • • . • • • • • • • 0.25 0.25 
R•F SIGNAL (RMS)•• .. • .. • • • • • • • • • • • • • • • ... • • • .. • •• • • 1.88 1.18 

250 Volta 
l00ma.x.Volta 

-4.3 Volta 
10000 Ohma 

cathode at socket 
0.43 Milliampac 
0.50 Megohm 
0.03 µf 

~:g ~ft.ohm 
• Voltage at plate will be PLATE SUPPLY voltage min111 voltage drop in plate resistor cauaecl 

by plate current. 
t For the following amplifier tube. 

•• With these signal voltages modulated 20%, the voltage output for the l00•volt plate supply ia 
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 2\'0•volt conditions, 17 peak volts, a value sufficient to insure full audio 
ouput from a type 2A 5. 

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

As an audio-frequency amplifier pentode in resistance-coupled circuits, the 77 
may be operated as shown in the Resistance-Coupled Amplifier Section. 

As an audio-frequency amplifier triode, the 77 should have its screen and 
suppressor connected to the plate. Operating conditions for triode service in 
transformer• or impedance-coupled circuits are: Plate voltage, 250 yolts; grid voltage, 
-8 volts; and plate current, 8 milliamperes, approximate. If resistance coupling is 
used, a plate•supply voltage of 250 volts may be applied through a plate-coupling 
resistor of 0.1 to 0.2 5 megohm. 

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

AVERAGE PLATE CHARACTERISTICS 

TYPE 77 I ' E-f=6.3 VOLl"S 
SCREEN 110Ll5='.0C I 

__ .,,., 
-GRID VOLlS Ec1=0 

7 - 5UPPFIESSOR VOLT!>=O 

I I / 
....... 

! l/ -, 
' 

Vi ,,,,,--
I I / I 

/vf -2 

/ I _,,,,,.,, 
,,..,..... 

<-- [_,---
~ 

Ec.1 =-~ ·~--....... 
i I -4 

' 

--- -• 
00 100 24 0 20 400 480 ,. 

PLATE VOL TS 92C- 5279 
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RCA-78 

TRIPLE-GRID SUPER
CONTROL AMPLIFIER 
The 78 is a triple-grid super-con· 

trol amplifier tube recommended for 
service in the radio-frequency and 
intermediate-frequency stages of radio 
receivers designed for its character-

H H 

1St1cs. The ability of this tube to handle usual signal voltages without cross
modulation and modulation-distortion makes it adaptable to the r-f and i-f stages 
of receivers employing automatic volume-control. The internal shield around the 
plate of the 78 is connected to the cathode within the tube. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 6.3 
HEATER CURRENT . . . . . • . • • . . . . • . . . . . . . . . . . . . . . 0.3 
PLATE VOLTAGE • • . . . . . • . . . 90 180 250 max. 250 max. 
ScREEN VOLTAGE • • . . . . . . . . 90 7'i 100 12'i max. 
GRID VOLTAGE (Minimum).. • -3 -3 -3 -3 

Volts 
Ampere 
Volts 
Volts 
Volts 

SUPPRESSOR . . . . . . . . . . . . . . . Connected to cathode at socket 
PLATE CURRENT • • . . . . • . . . . 'i.4 4.0 7.0 10.i' 
ScREEN CURRENT . . . . . . . . . . 1.3 1.0 1.7 2.6 
PLATE RESISTANCE . . . . . . . . . 0.3H 1.0 0.8 0.6 
AMPLIFICATION FACTOR . . . . . 400 1100 1160 990 
TRANSCONDUCTANCE ......•• 1275 1100 1450 1650 
GRID VOLTAGE* • • . . . . • • • • • . -38.f -32.'i -42.'i -52.5 
GRID-PLATE CAPACITANCE (With shield-can)....... 0.007 max. 
INPUT CAPACITANCE . . • • • • • . . • • . . • • . . • • • . • . • . . . 4.f 
OUTPUT CAPACITANCE •..........•. , . . . . . . . . . . . 11.0 
BULB ...•...•.••...........•........................ 
CAP ••••••••••••••••••••••••.••••.•..•......•••.••.• 
BASE ....•••••••••....•.•.•••.•..................... 

• For transconductance = 2 micromhos. 

INSTALLATION AND APPLICATION 

Milliamperes 
Milliamperes 
Megohm 

Micromhos 
Volts 
µ,µf 

µ,µf 

µµf 
ST-12 

Small Metal 
Small 6-Pin 

The base pins of the 78 fit the standard six-contact socket which may be 
installed to hold the tube in any position. Heater operation and cathode connection 
are the same as for the type 6A8. Control-grid bias variation, screen voltage 
supply, and suppressor connection follow the methods given under INST ALLA
TION for the type 6D6. Shielding requirements are similar to those of the type 
6C6. Refer to APPLICATION on the type 6K7. 

A plate family of characteristic curves is given at the bottom of page 14 7. 
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RCA-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 re• 

c:eivers with 6.3,volt heater supply. The triode units have separate external terminala 
for all electrodes except the cathode and heater so that circuits employing the 79 
are similar to those of Class B amplifiers utilizing individual tubes in the output staee. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 6.3 
HEATER CURRENT . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 0.6 
BULB .............•...........................•..... 
CAP ............................................... . 
BASE ........................................•...... 

As Class B Power Amplifier 

Volts 
Ampere 

ST-12 
Small Metal 
Small 6-Pin 

PLATE VOLTAGE .............................. . 
PEAK PLATE CURRENT {Per Plate) ............... . 
AVERAGE PLATE DISSIPATION ...................•• 
TYPICAL OPERATION 

25'0 max. 
90 max. 

11.5' max. 

Volts 
Milliamperes 
Watts 

Plate Voltage . . . . . . . . . . . . . . . . . • . . . . . . 180 25'0 
Grid Voltage . . . . . . . . . . . . . . . . . . . . . . . . o O 
Zero-Signal Plate Current (Per plate)..... 3.8 5'.3 
Effective Load Resistance (Plate-to-plate). . 7000 14000 
Power Output (Approximate)• . . . . . . . . . . 5' .5' 8.0 

• With average power input of JSO milliwatts applied between grid,. 

INSTALLATION AND APPLICATION 

Volts 
Volts 
Milliampf'rf'• 
Oh.ma 
Watts 

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

For heater operation and cathode connection, refer to INSTALLATION on 
type 6A8. 

As a Oass B power amplifier, the 79 is used in circuits similar in design to 
chose utilizing individual tubes in the output stage. It requires no grid•bias, since 
the high-mu feature of the triode units reduces the steady plate current at zero bias 
to only a few milliamperes. Refer to page 20 for general Class B amplifier desien 
considerations. 

As a Oass A amplifier, the 79 may be used with grid-bias voltage for small 
input signals. Such applications include circuits employing the two triode unit, 
either in parallel or in push-pull connection. 

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

A family of plate characteristic curves is given on page 1 f6. 
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RCA-80 

FULL-WAVE RECTIFIER 
The 80 is a full-wave rectifyin& 

tube intended for use in d,c power, 
supply devices which operate from 
the a,c supply line. 

CHARACTERISTICS 
fILAMENT VOLTAGE (.A, C.) ...... , ............ ,. 5.0 
FILAMENT CURRENT • • • • • • • • . • • • • • . . . • . . . • . . . . . 2.0 

1 I A-C PLATE VOLTAGE PER PLATE (RMS)....... 3S'O 
D,C OUTPUT CURRENT. . • . . . . . . . . . . . . . . . . . . . 125 max. 

2 A,C PLATE VOLTAGE PER PLATE (RMS)....... 400 max. 
D,C OUTPUT CURRENT. • . . . . . . . . . . . . . . . . . . . . 110 max. 

3• { A,C PLATE VOLTAGE PER PLATE (RMS)...... HO max. 
D-C OUTPUT CURRENT..................... 135 max. 

P~P

1 
2 l 

I 4 
F F 

Volts 
Amperes 
Volts 
Milliampere& 
Volts 
Milliamperes 
Volts 
Milliamperes 

BULB., .. ··•·•···••· .....••....•............. ······· 
BASE •..•••..•••••••.••.....••••..••.••..••••••..••• 

ST-14 
Medium 4-Pin 

• Thlw rating io permi88ible only with filter circuit, having an input choke of at least 20 henrieo 

INSTALLATION 
The base pins of the 80 fit the standard four-contact socket which should be 

mounwd 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 
aLould be made for free circulation of air around the bulb since it becomes quite 
hot during operation. 

The coated filament of the 80 is designed to operate from the a•c line through 
a step-down transformer. The voltage applied to the filament terminals should be 
the rated value of 5 .0 volts under operating conditions and average line voltage. 

The approximate d-c output voltage of the 80 for various values of a-c input 
voltage may be obtained from the curves, page 15 6. For the d,c voltage available 
at the radio set, it is necessary to subtract the voltage drop across the filter from 
the value read from the curves. 

APPLICATION 
As a full-wave rectifier, the 80 may be operated with condenser-input or

choke•input filter under conditions not to exceed the ratings given under CHAR
ACTERISTICS. 

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 
aervice. 

The filter may be of either the condenser-input or choke-input type. If an 
in_put condenser ia used, consideration must be given to the instantaneous peak value 
of the a,c input voltage. The peak voltage is about 1.4 times the RMS value a!! 

meuured by most a-c voltmeters. Filter condensers, therefore, especially the input 
condenaer, 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 wi11 be somewhat lower than with the in-put condenser 
method for a given a-c plate voltage. However, improved regulation, together with 
lower peak current, will be obtained. 
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R C A R E C E V 

OUTPUT CHARACTERISTICS 
(CHOKE INPUT TO F'll"TER) 

TYPE BO 
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OUTPUT CHARACTERISTICS 
(CHOKE INPUT TO FILTER) 

TYPE 81 
Er""7.5 VOLTS A.C. 
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OUTPUT CHARACTERISTICS 
(CONDENSER INPUT TO FILTER) 

TYPE 81 
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AVERAGE PLATE CHARACTERISTICS 
EACH TRIODE UNIT 
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RCA-81 

HALF-WAVE RECTIFIER 
The 81 is a half-wave rectifier tube 

of the high-vacuum type for use in 
d,c power-supply devices operating 
from the alternating-current supply 
line. Full-wave rectification may be 
accomplished by two 81 's. 

CHARACTERISTICS 

fiILAMENT VOLTAGE (A. C.)..................... 7.'i 
FILAMENT CURRENT • • . • . • • • . . • • • • • • . • . . • • • • • • . 1.2'i 
A-C PLATE VOLTAGE (RMS).................... 700 max. 
D,C OUTPUT CURRENT. • • • • • • • • • • • • • . • • • • . • . • • . 8 'i max. 
BULB •••••••..•••••••••.•.•••••••••••••••••••••••••. 
BASE .••.•.••.•••••••.....••.•.•..••..••••••••.••• Medium 

INSTALLATION 

W
P NG 

3 

4 
r r 

Volts 
Amperes 
Volts 
Milliamperes 

S,19 
4-Pin Bayonet 

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 
the rated value of 7.'i volts under operating conditions and average line voltage. 

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

APPLICATION 

As a half-wave rectifier, the 81 may be operated under conditions not to exceed 
those given under CHARACTERISTICS. 

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

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

For special applications, it is possible to obtain a d,c output voltage approxi, 
mately double that to be expected from conventional rectifier circuits, without 
exceeding the recommended maximum a•c input•voltage per tube. This is accom• 
plished by means of a voltage-doubling system designed for each particular appli, 
cation. See page 2'i. 
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RCA-82 

FULL-WAVE MERCURY
VAPOR RECTIFIER 

The 82 is a full-wave mercury· 
vapor rectifier tube of the hot-cathode 
type for use in suitable rectifying 
devices designed to supply d•c power 
of uniform voltage to receivers in 

P~pl 
2 3 

I 4 , , 

which the direct-current requirements are subject to considerable variation. The
excellent voltage-regulation characteristic of the 82 is due to its low and practically 
constant tube voltage drop ( only about 1 ~ volts) for any current drain up to thr 
full emission of the filament ( see page 8). 

CHARACTERISTICS 
PILAMENT VOLTAGE (A. C.)..................... 2.5 
FILAMENT CuRRENT • • . • • • • • • • • • • • • . • • • • • • • . • • . 3.0 
A,C VOLTAGE PER PLATE (RMS)................. 500 max. 
PEA~ INVERSE VOLTAGE........................ 1400 max. 
D,C OUTPUT CURRENT (Continuous) .. • • • • . . . . . • • 12 ~ max. 
PEA~ PLATE CURRENT. . . . . . • . • • • . . • • • . • . • • • . . . • -400 max. 
TUBE VOLTAGE DROP (Approximate)............. 15 

Volts 
Amperes 
Volts 
Volts 
Milliampere'· 
Milliamper~" 
Volts 

BULB ..•..•..•......•.............•....••..••.•.••.. 
BASE .....•....•...............••••.•••...•.•.•...•• 

S-14 
Medium 4-Pin 

MERCURY-VAPOR RECTIFIER CONSIDERATIONS 

The 82 has very low internal resistance, so that the current it delivers depend;;
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 i~ 
current to the recommended maximum value. If this value is exceeded, the tube 
voltage drop will increase rapidly and may permanently damage the filaments. 

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

INSTALLATION 

The base pins of the 82 fit the standard four-contact socket, which should he 
mstalled to hold the tube in a vertical position with the base down. Only a socket 
making very good filament contact and capable of carrying 3 amperes continuously 
~hould be used. Poor contact at the filament pins will cause overheating at the 
pins and socket, lowered filament voltage, and high internal tube drop with 
consequent injury to the tube. 

The bulb becomes hot during continuous operation. Provision should he made 
for adequate natural ventilation to prevent overheating, especially if shielding is 
employed. 
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The coated filament is intended for a•c operation from one of the secondary 
windings of a power transformer. This winding, provided with a center•tap or 
center•tap resistor, should supply at the filament terminals the rated operatinll 
voltage of 2.5 volts when average rated voltage is applied to the primary. The hi&h 
current taken by the filament and the possibility of damage caused by applying plate 
voltage to the tube with its filament insufficiently heated make it imperative that all 
connections in the filament circuit be of low resistance and of adequate current• 
carrying capacity. 

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

Shielding of this tube, particularly in sensitive receivers, may be necessary to 
eliminate objectionable noise. Radio-frequency choke coils, connected in series with 
each plate lead and placed within the shielding if used, are usually nece88ary in 
receivers having high sensitivity. The inductance of the chokes should be one 
millihenry or more. 

A fuse having a rating approximately 50% in exce88 of normal load require• 
ments should be inserted in the primary of the power transformer to prevent damaee 
in case of excessive current which may How under abnormal conditions. 

It is Tecommended that the entire equipment be disconnected fTom the a•c 
poweT supply whenever the 82 is removed fTom OT installed in its socket. 

APPLICATION 

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

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

Filter circuits (page 37) of either the condenser-input or the choke-input type 

may be employed provided the maximum voltages and currents tabulated under 
CHARACTERISTICS are not exceeded. The choke•input type of circuit is to be 
preferred from the standpoint of obtaining the maximum continuom d•c output 
current from the 82 under the most favorable conditions. 

Under operating conditions, the 82 has a bluish•white glow filling the space 
within the plates and extending to some degree into the surrounding space outside 
the plates. This glow, caused by the mercury vapor, is an inherent operatint 
characteristic of the 8 2. 
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RCA-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 

p~ 

2 3 I 

I 4 ,. ,. 

designed to supply d-c power of 
uniform voltage to receivers. The excellent voltage regulation characteristic of the 
83 is due to its low and practically constant tube voltage drop ( only about 15 volts) 
for any current drain up to the full emission of its filaments. For mercury-vapor 
rectifier considerations, refer to page 8 and to type 8 2. 

CHARACTERISTICS 

FILAMENT VOLTAGE (A. C.). . . . . . . . . . . . . . . . . . . . . 5.0 
FILAMENT CURRENT . • . • . . . . • . • • • • . . . . . . . . . . . . . 3 .0 
A-C PLATE VOLTAGE PER PLATE (RMS).......... mo max. 
PEAK INVERSE VOLTAGE........................ 1400 max. 
D,C OUTPUT CURRENT (Continuous)............. 25'0 max. 
PEAK PLATE CURRENT.......................... 800 max. 
TUBE VOLTAGE DROP (Approximate)............. 15 

Volts 
Ampere, 
Volts 
Volts 
Milliamperes 
Milliamperes 
Volts 

BULB .....................•....•.................... 
BASE ...........................••••••...........•.. 

ST-16 
Medium 4-Pin 

INSTALLATION 

Installation of the 8, is similar to that of the type 82 

APPLICATION 

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

As a half-wave rectifier, the 83 may be operated with plates connected in 
parallel. For example, two 83's so arranged in a full-wave circuit can supply twice 
the output current of a single tube. When the 83's plates are operated in parallel, 
a resistor of not less than 50 ohms should be connected in series with each plate in 
order that each plate will carry its proper share of the total load. If the load is 
less than 75% of the total maximum current rating of the tube(s). the series plate 
resistors should be increased to 100 ohms each. 

Filter circuits (page 37) of either the condenser-input or the choke-input type 
may be employed, provided the maximum voltages and currents tabulated under 
CHARACTERISTICS are not exceeded. The choke-input type of circuit is to be 
preferred from the standpoint of obtaining the maximum continuous d-c output 
current from the 83 under the most favorable conditions. 

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

-160-



. ., 
s 

RCA-83-v 

FULL-WA VE RECTIFIER 
The 83-v is a high-vacuum, full, 

wave rectifier tube of the heater
cathode type. It is intended for use 
in suitable rectifying devices designed 
to supply d•c power to receivers hav

mg large d,c requirements. The excellent voltage regulation 
83-v is due to the close spacing of the cathode and plate. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C.)....................... LO 
HEATER CURRENT . . . . • • . . . . . . . . . . . . . . . . . . . . . . . 2.0 

characteristic of the 

A-C PLATE VOLTAGE PER PLATE (RMS).......... 400 max. 

Volts 
Amperes 
Volts 

PEAK INVERSE VOLTAGE........................ 1 mo max. Volts 
Milliamperes, D-C OUTPUT CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . 200 max. 

BULB .............................................. . ST-14 
Medium 4-Pin BASE .............................................. . 

INSTALLATION 

The base pins of the 83-v fit the standard four-contact socket which may be 
mounted to hold the tube in any position. 

The bulb becomes hot during continuous operation. Provision should be made 
for adequate natural ventilation to prevent overheating. 

The heater is designed to operate from the a-c line through a step-down 
transformer. The voltage applied to the heater should be the rated value of f.O 
volts under operating conditions and average line voltage. The heater leads should 
have as low resistance as practical. 

The cathode of the 83-v is connected to the heater within the tube. 

APPLICATION 

As a full-wave rectifier, the 83-v is useful for 
supplying large amounts of d-c power to receivers, 
particularly those in which the d-c requirements 
cause considerable variation in the load impressed 
on the rectifier tube. 

Filter circuits of either the choke-input or 
the condenser-input type may be employed, 
provided the maximum voltages and currents 
tabulated under CHARACTERISTICS are not 
exceeded. The choke-input type of circuit is to 
be preferred from the standpoint of obtaining the 
maximum continuous d-c output current from the 
83-v under the most favorable conditions. 

For discussion of rectifiers and filter circuits, 
re.fer to pages 24 and 37, respectively. 
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RCA-84 

FULL-WAVE RECTIFIER 
The 84 is a high-vacuum rectifier 

of the heater-cathode type, intended 
for supplying rectified power to auto
mobile-radio equipment designed for 
its characteristics. This type is 
interchangeable with the 6Z4. 

CHARACTERISTICS 

P1 

,,A. w 
H H 

HEATER VOLTAGE (A. C. or D. C.)............... 6.3 Volts 
Ampere 
Volts 

HEATER CURRENT • • • . • • • • • • • • • • • •• • • • • • • • • • • • • 0.5' 
A,C PLATE VOLTAGE PER PLATE (RMS).......... 350 max. 

Volts 
Milliamperea 

PEAK INVERSE VOLTAGE. • • • • • • • • • • • • • • • • • • . • • • • 1000 max. 
D,C OUTPUT CURRENT. • • • • • • • • • • • • • • • • • • • • • • • • 5'0 max. 
BULB ••••••••••••••••.••.•••.•••...••..••••••••••••• 
BASE ••••••••••••••...••.••••••••••••••••••••••••••• 

ST-12 
Small 5'-Pin 

INSTALLATION 

. The base pins of the 84 fit the standard five-contact socket which may be 
mounted to hold the tube in any position. 

The bulb of this tube will become very hot under certain conditions of 
operation. Adequate ventilation should be provided for cooling the tube by the use 
of chassis enclosures designed to radiate heat efficiently. 

The heater is designed so that the normal voltage variation of 6•volt automobile 
batteries during charge and discharge will not materially affect the performance or 
serviceability of this tube. Under no condition of operation should the normal 
operating heater voltage of this tube fluctuate to exceed a maximum of 7.5' volts. 
The d•c potential difference heater and cathode should be limited to 500 volts. 

APPLICATION 

As a full-wave rectifier, the 84 may be operated with condenser-input or 
choke-input filter under conditions not to exceed the ratings given under CHAR, 
ACTERISTICS. 

As a half-wave rectifier, the 84 may be used by connecting the two plate 
terminals together at the socket. With this arrangement, the maximum d•c output 
current is 75' milliamperes, wht1e other values are the same as for full-wave service. 

OPERATION CHARACTERISTICS 
FULL WAVE CONNECTION -
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OPERATION CHARACTERISTICS 
HALF WAVE CONNECTION -
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RCA-85 

DUPLEX-DIODE TRIODE 
The 85 is a 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 two diodes and the triode are 
independent of each other except for a common cathode sleeve, which has o~e 
emitting surface for the diodes and another for the triode. The separate tube uruts 
permit of unusual flexibility in circuit arrangement and design. For example, t~e 
diodes of this tube can perform the functions of detection and of . automatic 
volume•control; while, at the same time, the triode may be used as an amplifier under 
its own optimum conditions. For diode-detector considerations, refer to page 26. 

CHARACTERISTICS 
HEATER VOLTAGE (A. C. or D. C.)............... 6.3 
HEATER CURRENT • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0.3 
GRID-PLATE CAPACITANCE • • • • • • • • •• • • • • • • • • • • • . 1.5 
GRID-CATHODE CAPACITANCE ••••••••••• , , • • • • • • . 1.5 
PLATE-CATHODE CAPACITANCE ••••••• , • • • • • • • • • • . 4.3 
BULB ••••••••••••••••••••••••••..•••••••••••.•••..•. 
CAP ......•..•...•.................................. 
BASE •••••••••••.••.•....•••.••••••••••.•••••••••... 

Triode Unit-As Class 
PLATE VOLTAGE •.•••••••••••••• , • 135 
GRID VOLTAGE • • . • • . • • • • • • • • • • • • • -10.5 
AMPLIFICATION FACTOR • • • • • • • • • • • 8.3 
PLATE RESISTANCE •••..•••.••.••• 11000 
TRANSCONDUCTANCE • • • • • • • • . • • • • • 7'$0 
PLATE CURRENT • • • • . • • • • . . • • • • • • 3.7 
LoAD RESISTANCE •.••••..•••••••• 2rnoo 
POWER OUTPUT •.•••••••••••••••• 0.075 

Diode Units 

A Amplifier 
180 210 max. 

-13.5 -20 
8.3 8.3 

8500 7500 
975 1100 
6.0 8.0 

20000 20.000 
0.16 0.35 

Volts 
Ampere 
µµf 
µµf 
µµf 

ST-12 
Small Metal 
Small 6-Pin 

Volts 
Volts 

Ohms 
Micromhos 
Milliamperes 
Ohms 
Watt 

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 6B7. 

INSTALLATION 
The base pins of the 85 fit the standard six-contact socket, which may be 

installed to hold the tube in any position. For heater operation and cathode 
connection, refer to INSTALLATION under type 6A8. Complete shielding of 
detector circuits employing the 8 5 is generally necessary to prevent r•f or i•f coupling 
between the diode circuits and the circuits of other stages. 

APPLICATION 
The 85 is recommended for performing the simultaneous functions of automatk 

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 
r•f or i•f carrier, is usually employed. This volta~e is utilized to regulate the gain 
of the r•f and/or i•f amplifier stages so as to maintain essentially constant-carrier 
input to the audio detector. The regulation of amflifier gain by means of the 
rectified voltage may be accomplished by a number o methods, differing chiefly in 
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the means of applying the voltage to the various electrodes of the amplifier tubes. 
As is well known, 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 85 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 flowin11 
through a resistor in the detector circuit. In another case, the required voltage is 
obtained by utilizing one diode for the sole purpose of automatic volume-control 
(a.v.c.). This latter method is of particular interest since it confines the sensitivity 
and time-delay function to the a.v.c. circuit. Time-delay action is, of course, 
determined by the use of a resistance and condenser combination having the desired 
time constant. The a.v.c. action may be postponed by applying a negative voltage 
to the a.v.c. diode plate. Another a.v.c. arrangement capable of various adaptations 
is to use the triode as a d-c amplifier to supply the regulating voltage. Additional 
information on automatic volume-control is given on page 28. 

For amplification, the triode may be employed in conventional circuit 
arrangements. Representative conditions for resistance-coupled amplifier applications 
are given in the Resistance-Coupled Amplifier Section. Grid bias for the triode, 
depending upon circuit design, may be obtained from a fixed-voltage tap on the 
d-c power supply or may be obtained by utilizing the variable voltage drop caused 
by the rectified current flowing through a resistor in the detector circuit. In this 
connection, it should be noted that the circuits shown below designate this latter 
arrangement as "Diode-Biased Amplifier." Diode biasing of the triode unit may 
be employed only when at least 20000 ohms resistance is used in the triode plau 
circuit. 

A plate family of characteristics for the triode unit is given under type 'i 'i. 

TYPICAL DUPLEX-DIODE TRIODE CIRCUITS 

HALF-WAVE DETECTOR 
DIODE BIASED AMPLIFIER. 

FULL -WAVE DETECTOR 
DIODE BIASED AMPLIFIER 

HALF-WAVE DETECTOR 
FIXED BIAS AMPLIFIER 

HALF-WAVE DETECTOR 
DIODE BIASED D-C AMPLIFIER 

HALF-WAVE DETECTOR 
FIXED BIAS AMPLIFIER 

HALF-WAVE DETECTOR,SEPARATE 
A.V.C., FIXED BIAS AMPLIFIER 

-<---==~--~=-B+ AV.C. 

FIG.4 

_I_C3 

FIG.:, 

APPROXIMATE VALUES 
_/150 )J µf' FOR 500-LSOO KC. 

CJ -\450 µ ,Uf' FOR 17!> KC, 

C2;; OJµf' 
C3: O.lµ.f 
C4 ::::: 0.5 µf' OR LARGER 
C5 = O.Sµf" OR LARGER 
c6 = 001-o.1µr 
C7 = 0.0005-000lµf' 
ca = 01 JJf' OR LARGCR 
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Cg= 00001 )J f OR SMALLER 

Fl1 = 0.5-!.0 MEGOHM 

~2;; 1.0-1.5 MEGOHMS 

R3=0.I MEGOHM 
~ =05-l.0 MEGOI-IM 
R5= 1,0 MEGOHM 
P.5 = 25000-75000 OHMS 
Eb :VOLTAGE f"OA SENSITIVITY 

CONTAOI.. 



RCA-89 

TRIPLE-GRID POWER 
AMPLIFIER 

The 89 is a triple-grid power, 
amplifier tube of the heater-cathode 
type recommended for use in receiv, 
ers with 6.3,volt heater supply. The 

H 

triple-grid construction of this tube, 
with external connections for each grid, makes possible its application as ( 1) a Class 
A Power-Amplifier Triode, (2) a Class A Power-Output Pentode, and (3) a Class 
B Power-Output Triode. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)............... 6.3 
HEATER CURRENT . . . • . . . . . . . • . • • • • • • • • . . • . . . . • 0.4 
BULB •.....••................••.••.....••........•.. 
CAP ............................••.................. 
BASE ...........................••....•..........•.. 

Class A1 Power Amplifier-Triode Connection 
(Grids No. 2 and No. J tied to plate) 

PLATE VOLTAGE •................. 
GRID VOLTAGE (Grid No. 1) .•...... 
PLATE CURRENT •..........•••.•• 
AMPLIFICATION FACTOR .......... . 
PLATE RESISTANCE .............. . 
TRANSCONDUCTANCE ............. . 
LOAD RESISTANCE* .............. . 
SELF-BIAS RESISTOR .............. . 
UNDISTORTED POWER OUTPUT, .... . 

160 
-20 

17 
4.7 

3300 
1425 
7000 
1180 

0.3 

180 
-22.5 

20 
4.7 

3000 
1550 
6500 
1125 

0.4 

250 max. 
-31 

32 
4.7 

2600 
1800 
HOU 

970 
0.9 

Volts 
Ampere 

ST,12 
Small Metal 
Small 6,Pin 

Volts 
Volts 
Milliamperea 

Ohms 
Micromhos 
Ohms 
Ohms 
Watt 

• Optimum for maximum undistorted power output. Approximately twice the value or any Pvea 
eet of conditions is recommended for load of this tube when used as driver for Class B stage. 

Class A1 Power Amplifier-Pentode Connection 
( Grid No. 3 tied to cathode) 

PLATE VOLTAGE............ 100 135 
SCREEN VOLTAGE (Grid No. 2) 100 135 
GRID VOLTAGE (Grid No. 1).. -10 -13.5 
PLATE CURRENT • . . . . . . . . . . 9.5 14 
SCREEN CURRENT . . . . . . . . . . 1.6 2.2 
AMPLIFICATION FACTOR . . . . . 125 125 
PLATE RESISTANCE ......•.. 104000 92500 
TRANSCONDUCTANCE . . . . . . . . 1200 1350 
LOAD RESISTANCE ........•. 10700 9200 
SELF-BIAS RESISTOR . . . . . . . . . 900 830 
POWER OUTPUT* . . . . . . . . . • . 0.33 0.75 

• 9% total harmonic distortion. 

180 
180 
-18 

20 
3.0 
125 

80000 
1550 
8000 

785' 
u 

250 max. 
250max. 
-2f 

32 
U' 
125' 

70000 
1800 
675'0 

670 
3.4 

Class B Power Amplifier-Triode Connection 
(Grids No. 1 and No. 2 tied together, grid No. J tied to plate) 

PLATE VOLTAGE •..•..........••.•............. 
PEAK PLATE CURRENT .........•.•••••••••.....• 
AVERAGE GRID DISSIPATION (Grids No. 1 and No. 2) 
TYPICAL OPERATION Values are foT two tubes. 

Plate Voltage •••...••....•..•••...........•. 
Grid Voltage ............•..•.•......•....•. 
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25'0 ffldX. 
90 m4X. 

0.35' max. 

180 
0 

Volts 
Volts 
Volts 
Milliamperea 
Milliamperee 

Ohms 
Micromhos 
Ohms 
Ohms 
Watts 

Volts 
Milliamperes 
Watt 

Volts 
Volts 



R C A R E C E V N G T U B E 

Zero-Signal Plate Current ••••••••••...••••.••.. 
Effective Load Resistance (Plate-to-plate) ......•.. 
Power Output (Approximate) ..••.•••.•••.•.••• 

6 
9400 

U' 

INSTALLATION AND APPLICATION 

M A N U A L 

Milliamperea 
Ohms 
Watts 

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

For heater operation and cathode connection, refer to type 6A8. 

For Class A1 Triode Operation of the 89, the two grids (No. 2 and No. 3), 
immediately adjacent to the plate, are connected to the plate, white the third (No. 1) 
is employed for control purposes. Operation of the tube is then similar to any Claa 
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. 

For Class A1 Pentode Operation of the 
89, the grid (No. 3) adjacent to the plate is 
tied to the cathode and thus serves as the 
suppressor, while the other two grids (No. 1 
and No. 2) serve as the screen-grid and 
control,grid respectively. Operation of the 
tube is then similar to any Class A power, 
output pentode. 

When the 89 is operated as a Class A 
Amplifier (triode or pentode), input trans• 
former, or impedance-coupling devices are 
recommended. If, however, resistance coup• 
ling is used, a resistance of 1.0 megohm may 
be employed, provided the heater voltage does 
not rise more than 10 per cent above rated 
value under any condition of operation. 

For Class B Triode Operation of the 89, 
the grid (No. 3) adjacent to the plate is tied 
to the plate, while the other two grids (No. 1 

OPERATION_ CHARACTERISTICS 
CLASS B OPERATION 

... 
!,! 

and No. 2) are connected together to serve as a single control grid. A discussion 
of Class B design features is given on page 20. 
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RCA-V99 
and 

RCA-X99 

DETECTORS, AMPLIFIERS 
The 99 types are three-electrode, 

general-purpose tubes designed for 
dry•cell operation. The low power 
consumption of these tubes makes 

FmSP p 
2 3 

I 4 
C F-

V,99 
V,99 

them applicable to portable receivers 
and services where power economy is important. The two types have different bases. 

CHARACTERISTICS 

FILAMENT VOLTAGE (D. C.) •.••••••.••.••.•••.•. 
FILAMENT CURRENT .•••••••••••••.........•... 
PLATE VOLTAGE •••••••••••••••••••..•••.•.•... 
GRID VOLTAGE •••••••••••.•••••••.......•.•... 
PLATE CURRENT •••••••••••••••••••••••••••.•. 
PLATE RESISTANCE •••••••••••••••••••••••••... 
AMPLIFICATION FACTOR •••••••••• , •••••....•... 
TRANSCONDUCTANCE ••••••••••••••••.••..•••... 
GRID•PLATE CAPACITANCE •••• , •• , , •••.•..•..... 
GRID•FILAMENT CAPACITANCE ••• , , ••••••.•••••.• 
PLATE•FILAMENT CAPACITANCE •••••••••••••••••• 

3.0• U 
0.060-0.063 

90 max. 
-4.S' 

H 
lH00 

6.6 
425' 
3.3 
2.S' 
2.S' 

Type V99 
BULB 
BASE 

. . . . . . . . . . . . . . . . . . . . ........... .. . . . . . . . . . T,8 
· ·. · ...................•.................. Small 4•Nub 

ru
p G 

3 

4 
r F 

X•99 

INSTALLATION 

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

APPLICATION 

Volts 
.Ampere 
Volts 
Volts 
Milliamperes 
Ohms 

Micromhos 
""f 
,.,.f 
""f 
'I'ypeX99 

T-9 
Small 4,Pin 

TT 

X-99 

As detectors, 99's may be operated either with grid leak and condenser or with 
&rid bias. The recommended plate voltage for the former method is 45' volts. A 
grid leak of from 1 to ; megohms used with a grid . condenser of 0.0002J ,if ia 
satisfactory. The grid-circuit return should be connected to the positive filament 
terminal. For grid•bias detection the maximum plate voltage of 90 volts may be 
used with the corresponding negative grid bias of 10. S' volts. The grid bias should 
be adjusted so that the plate current is 0.2 milliampere with no input signal. 

As amplifiers, the 99's are applicable to the audio• or the radio-frequency 
stages of a receiver. Recommended plate and grid voltages are shown under 
CHARACTERISTICS. 

These two types are med principally for renewal pt.wposes. 
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RCA- I 12-A 

DETECTOR, AMPLIFIER 
The 112, A is a three-electrode 

storage-battery tube for use as a 
detector and as an amplifier. 

CHARACTERISTICS 

FILAMENT VOLTAGE (D. C.)..................... 5.0 
FILAMENT CURRENT . . • . . . . • . . . . • • • . . . • . . . . . . . . 0.25 
PLATE VOLTAGE . . . . . . . . . . . • . . . . . . 90 135 180 max. 
GRID VOLTAGE* • . . . . . . • . . . • . . • . . • -4.5 -9 -13.5 
PLATE CURRENT . . . . . . . . . . . . . . . . . 5.0 6.2 7.7 
Pl.ATE RESISTANCE . . . . . . . . . . . . . . . 5400 5100 4700 
AMPLIFICATION FACTOR . . . . . . . . . • . 8.5 8.5 8.5 
TRANSCONDUCTANCE . . • . . . . . . . . . . • 1575 1650 1800 
LoAD RESISTANCE . . . . • . . . . . . . . . . • 5000 9000 10650 
UNDISTORTED POWER OUTPUT ...••• 0.035 0.13 0.285 
GRID-PLATE CAPACITANCE • . • • • • • • • • . . • • • . . . . . . . 8.5 
GRID-FILAMENT CAPACITANCE .....••.. , • • • • . • • . . 4.0 
PLATE-FILAMENT CAPACITANCE • . . . • • • • • • • . . . . • • • 2.0 
BULB .........•..•..•....•....•••••••.•••.••••.••••. 
BASE .....•.......•.•...•••...••................•. Medium 

• The d,c resistance in the grid circuit should not e.xceed one megohm. 

INSTALLATION AND APPLICATION 

P~G 

~ F F 

Volts 
Ampere 
Volts 
Volts 
Milliampere• 
Ohms 

Micromhos 
Ohms 
Watt 
p.p.f 
p.p.f 
p.p.f 

ST,14 
4•Pin Bayonet 

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

As a detector, the 112-A may be operated either with grid leak and condenser 
or with grid bias. For grid•bias detection, plate voltages up to the maximum value 
of 180 volts may be used with the corresponding negative grid·bias voltage (21 volts 
approximately, at 180 volts). 

As an amplifier, the 112·A should be operated as shown under CHARAC, 
TERISTICS. 

AVERAGE PLATE CHARACTERISTICS 40---------------------------~ TYPE 112-A 
Ef=5,0 VOLTS D.C. 

240 320 
PLATE VbL TS 

-168-

560 
q2C-503R2 



RCA-874 

VOLT AGE REGULATOR 
The 874 is a voltage regulator tube designed to maintain 

constant d•c output from rectifier devices for varying values 
of d•c load current. 

~A 

~ 
" 

CHARACTERISTICS 

STARTING SuPPLY VOLTAGE (D. C.).............. 125' min. 
OPERATING VOLTAGE (D. C.).................... 90 
OPERATING CURRENT (D. C.). . • • • . • • • . . • . . . . . . . . 10 to 5'0 
CONTINUOUS CURRENT (D. C.).................. 5'0 max. 
MAxIMUM OVERALL LENGTH..................... 5'¾ 
MAXIMUM DIAMETER • • . • . . • . . . . • • • . . . . . . . . . . . . • 21½.s 
BULB .........................................•..... 
BAS!! ..........................•.................. Medium 

INSTALLATION AND APPLICATION 

Volts 
Volts 
Milliamperes 
Milliamperes 
Inches 
Inches 

S-17 
4-Pin Bayonet 

The base pins of the 874 fit the standard four-contact socket. Pins No. 2 and 
No. 4 are connected together within the base; the connection is used as a link in 
the primary circuit of the power transformer to prevent the application of voltage 
when the 874 is removed from its socket. 

Sufficient resistance must always be used in series with the 874 to limit the 
current to S'O milliamperes when no load current is being drawn from the rectifier. 

'This type is used principally for renewal purposes. 

RCA-876, RCA-886 

CURRENT REGULATORS 
The 876 and 886 are, within their ranges of operation, constant•current 

~egulating devices. 

CHARACTERISTICS 

'Type 876 
VOLTAGE RANGE ............. , • • • .. .. 40 to 60 
OPERATING CURRENT .•••. , • , • , •• , • . • . 1.7 
AMBIENT TEMPERATURE (Fahrenheit). . • • 150 
MAXIMUM OVERALL LENGTH. . . • • • • • • . . . 8 
MAXIMUM DIAMETER ........ , • . • • • . . . . 2½_6 
BULB . . . . . . . . . . . . . . . . . . . . . • . . • • • . . . . T•l6 
BASE .....................•.•.••.... Mogul Screw 

'Type 886 
40 to 60 

2.05 
lS'O 
8 

2½11 
T•l6 

Mogul Screw 

INSTALLATION AND APPLICATION 

Volts 
Amperes 
Degrees 
Inches 
Inches 

The bases of these types fit the standard mogul screw socket which may be 
installed to hold the tubes in any position. These tubes operate at a high bulb 
temperature and must be surrounded by a metal ventilating stack. 

Either type may be used in series with the primary of a suitably designed 
transformer ( or with a resistive load) to maintain essentially constant input voltage 
to the primary ( or load) over a range of line voltage variation of 20 volts. The 
primary of the transformer should be designed for a voltage input equal to the 
average line voltage minus S'O volts. The primary current of the transformer 
should be 1.7 amperes for the 876 and 2.05' amperes for the 886. If less than this 
<:urrent is drawn, adjustment to the rated value must be made either by a shunt 
resistor or increased load on the secondary. Two or more of these tubes are required 
if the current drawn is more than the rated values. 

'These two types are used principally for renewal purposes. 
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MISCH MET AL• NIGROSI NE• PO RC ELA IN• PETROLEUM JELLY• ZINC 

CALCIUM ALUMINUM FLUORIDE• RESIN (SYNTHETIC)• ETHYL ALCOHOL 

MATERIALS USED IN RCA RADIO TUBES 
LEAD ACETATE• MALACHITE GREEN· GLYCEl1,INE • ZINC CHLORlDE • IRON 

MARBLE DUST•WOOD FIBER• STRONTIUM NITRATE• LEAD OXIDE• ZINC OXIDE 

LAVA• MICA•TIN• SODIUM CARBONATE• SODIUM NIT RATE• SILVER OXIDE 

BAIUUM CAR-BO NATE 

ARSENIC TRIOXIDE 

STRONTIUM CARBONATE 

ISOLANTITE 

MOLYBDENUM 

ALUt.41NA 

8 0 RA X 

BARIUM 

COPPER 

CAR 80 N 

CHROMIUM 

CALCIUM 

CAESIUM 

COBALT 

IRIDIUM 

t.4 0 NE l 

MERCURY 

CALCIUM 
0 XI OE 

BARIUM 
NITRATE 

Inspected under 
polarized light 

for strains 

Gases Used in ctlrCanufacture 

CALCIU t.4 CARBONATE 

AMMONIUM CHLORIDE 

POTASSIUM CARBONATE 

BAKELITE 

PHOSPHORUS 

SILICON 

SHELLAC 

TUNGSTEN 

TITANIUM 

SI l IC A 

G L A S S 

MAGNESIA 

PLATINUM 

STRONTIUM 

MAGNESIUM 

ROS I N 

NICKEL 

COBALT 
0 X I D E 

THORIUM 
NITRATE 

NEON - KYDROGEN - CARBON DIOXIDE - ILLUMINATING GAS 
HELIUM - ARGON - NATURAL GAS - NITROGEN - OXYGEN 

Elements Entering into the ctlrCanuf acture 
ARGON - ALUMINUM - BORON - BARIUM - CAESIUM - CALCIUM - COPPER - CARBON - CHROMIUM - CHLORINE 
COBALT - HYDROGEN - HELIUM - IRIDIUM - IRON - LEAD - MAGNESIUM - MERCURY - MOLYBDENUM 
NICKEL - NEON - NITROGEN - OXYGEN - POTASSIUM - PHOSPHORUS - PLATINUM - SODIUM - SILVER 
SILICON - STRONTIUM - TUNGSTEN - THORIUM - TANTALUM - mANIUM -TIN - ZINC - RARE EARTHS 
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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 method of test is necessary. Because the operating 
capabilities and design features of a tube are indicated and described by its electrical 
characteristics, a tube is tested by measuring its characteristics and comparing them 
with representative values established as standard for that type. Tubes which read 
abnormally high with respect to the standard for the type are subject to criticism 
just the same as tubes which are too low. 

Certain practical limitations are placed on the accuracy with which a tube test 
can be correlated with actual tube performance. These limitations make it unnecessary 
for the service man and dealer to employ complex and costly testing equipment 
having laboratory accuracy. Because 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 fundamental characteristics are virtually fixed by the 
manufacturing technique of leading tube manufacturers, it is possible to employ a 
relatively simple test in order to determine the serviceability of a tube. 

In view of these factors, dealers and service men will find it economically 
expedient to obtain adequate accuracy and simplicity of operation by employing a 
device which indicates the status of a single characteristic. Whether the tube is 
satisfactory or unsatisfactory is judged from the test result of this single character
istic. Consequently, it is very desirable that the characteristic selected for the test 
be one which is truly representative of the tube's overalt condition. 

SHORT CIRCUIT TEST 

The fundamental circuit of a short-circuit tester is shown in Pig. 48. While 
this circuit is suitable for tetrodes and types having less than four electrodes, tubes 
of more electrodes may be tested by adding more indicator lamps to the circuit. 
Voltages are applied between the various electrodes with lamps in series with the 
electrode leads. Any two shorted electrodes complete a circuit and light one or 
more lamps. Since two electrodes may be just touching to give a high-resistance 
short, it is desirable that the indicating lamps operate on very low current. It is also 
desirable to maintain the filament or heater of the tube at its operating temperature 
during the short-circuit test, because short-circuits in a tube may sometimes occur 
only when the electrodes are heated. 

SELECTION OF A SUITABLE CHARACTERISTIC FOR TEST 

Some characteristics of a tube are far more important in determining its 
of erating worth than are others. The cost of building a device to measure any one 
o the more important characteristics may be considerably higher than that of a 
device which measures a less representative characteristic. Consequently, three 
methods of test will be discussed, ranging from relatively simple and inexpensive 
equipment to more elaborate, more accurate, and more costly devices. 

An emission test is perhaps the simplest method of indicating a tube's condition. 
(Refer to DIODES, page 7, for a discussion of electronic emission.) Since emission 
lalls off as the tube wears out, low emission is indicative of the end of tube 
serviceability. However, the emission test is subject to limitations because it tests 
the tube under static conditions and does not take into account the actual operation 
of the tube. On the one hand, coated filaments, or cathodes, often develop active 
spots from which the emission is so great that the relatively small grid area adjacent 
to these spots cannot control the electron stream. Under these conditions, the total 
emission may indicate the tube to be normal although the tube is unsatisfactory. 
On the other hand, coated types of filaments are capable of such large emission that 
the tube will often operate satisfactorily after the emission has fallen far below the 
original value. 
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R C A R E C E V N G T U B E M A N U A L 

Fig. 49 shows the fundamental circuit diagram for an emission test. All of the 
dectrodes of the tube, except the cathode, are connected to the plate. The filament, 
or heater, is operated at rated voltage; after the tube has reached constant tempera• 
ture, a low positive voltage is applied to the plate and the electronic emission is 
read on the meter. Readings which are well below the average for a particular 
tube type indicate that the total number of available electrons has been so reduced 
that the tube is no longer able to function properly. 

Fig. 48 Fig. 49 

DIRECT
CURRENT I 
METER 

A transconductance test takes into account a fundamental operating principle 
of the tube. (This will be seen from the definition of Transconductance on page 
12.) It follows that transconductance tests, when properly made, permit better 
correlation between test results and actual performance than does a straight 
emission test. 

There are two forms of transconductance test which can be utilized in a tube 
tester. In the first form (illustrated by Fig. 50, giving a fundamental circuit with 
a tetrode under test), appropriate operating voltages are applied to the electrodes of the 
tube. A plate current, depending upon the electrode voltages, will then be indicated by 
the meter. If the bias on the grid is then shifted by the application of a different 
&rid voltage, a new plate•current reading is obtained. The difference between the 
two plate-current readings is indicative of the transconductance of the tube. Thi~ 
method of transconductance testing is commonly called the "grid-shift" method, 
and depends on readings under static conditions. The fact that this form of test 
is made under static conditions imposes limitations not encountered in the second 
form of test made under dynamic conditions. 

The dynamic transconductance test illustrated in Fig. 5' 1 gives a fundamental 
circuit with a tetrode under test. This method is superior to the static transcon• 
ductance test in that a•c voltage is applied to the grid. Thus, the tube is tested 

Fig. ;o Fig. II 

A-C 
I MILLIAMM(TER 

IOYNAMOMElER 
TYPE} 

under conditions which approximate actual operating conditions. The alternatmg 
component of the plate current is read by means of an a•c ammeter of the dyna• 
mometer type. The transconductance of the tube is equal to the a•c plate current 
divided by the input•signal voltage. If a one•volt RMS signal is applied to the 
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R C A R E C E V N G T U 8 E M A N U A L 

grid, the plate-current-meter reading in milliamperes multiplied by one thousand 
is the value of transconductance in micromhos. 

The power output test probably gives the best correlation between test results 
and actual operating performance of a tube. In the case of voltage amplifiers, the 
power output is indicative of the amplification and output voltages obtainable from 
the tube. In the case of power output tubes, the performance of the tube is closely 
checked. Consequently, although more complicated to set up, the power output 
test will give closer correlation with actual performance than any other single test. 

Fig. 52 shows the fundamental circuit of a power output test for Class A 
operation of tubes. The diagram illustrates the method for a pentode. The a•c 
output voltage developed across the plate-load impedance ( L) is indicated by the 
current meter. The current meter is isolated as far as the d,c plate current is 
concerned by the condenser ( C). The power output can be calculated from the 
current reading and known load resistance. In this way, it is possible to determine 
the operating condition of the tube quite accurately. 

Fig. 5'3 shows the fundamental circuit of a power output test for Class B 
operation of tubes. With a-c voltage applied to the grid of the tube, the current 
in the plate circuit is read on a d,c milliammeter. The power output of the tube 
is approximately equal to: 

Power Output (watts) 

Pig. 1"2 

(D~c current in amperes) 2 X Load resistance in ohms 

0.40\" 

- I 'iil•f-:;---
Pig. n 

ESSENTIAL TUBE TESTER REQUIREMENTS 

1. It is desirable that the tester provide for a short-circuit test to be made 
prior to measurement of the tube's characteristics. 

2. It is important that some means of controlling the voltages applied to the 
electrodes of the tube be provided. If the tester is a-c operated, a line-voltage control 
will permit of supplying proper electrode voltages. 

3. It is essential that the rated voltage applied to the filament or heater be 
maintained accurately. 

4. It is suggested that the characteristics test follow one of the methods 
described. The method selected and the quality of the parts used in the tester will 
depend upon the requirements of the user. 

TUBE TESTER LIMITATIONS 
A tube testing device can only indicate the difference between a given tube's 

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

C • BLOCKING CONDENSER lpfl Cd = SCREEN BY-PASS CONDENSER lf.!U Eo= VOLTAGE OUTPUT fPHlt Volta) 
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DUPLEX-DIODE TRIODE TYPES: 2A6, 75 
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TRIODE TVPE 6F5 
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TWIN-TRIODE TYPES: 6A6,6N7,53 (ONE TRIODE UNIT) 
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TWIN -TRIODE TVPE 79 (ONE TRIODE UNIT) 
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0,14 0.01, 0,009 0.01, 0,006 0,004 0.006- o.oo, 0.002 0,04 0,02 0.009 0.02 0.11 o.oo, 0,009 0,0035 O,G02 0,02!! 0,01 o.dJ6 0.01 0.000, 0,003 o.0005 0,003 0.0000 C 
~-8 8.4 9,5 1.1 9. 1 12 8,8 12 " 21 21 31 26 ,. 40 ,0 ,. .. 40 01 80 06 66 11 61 1' 82 Eo • 
23. 29 e 29 " . " ,. ,. ,. 40 Z'/ " 34 31 41 42 42 44 40 29 ,. ,. 311 42 ., .. 46 46 V.G. 4 
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U\ 

Ebb 1 

RL 
Rg • 
Re 
Cc 
C 
Eo • 
v.G.4 

Ebb 1 

RL 
Rg • 
Re 
Cc 
C 
Eo • 
V.G.4 

Ebb 1 

Kl 

Rg I 
Re 
Cc 
C 
Eo • 
V.6. 4 

Ellib 1 

RL 
Rg • 
Re 
Cc 
C 
Eo 1 

V.G.4 

Ebb 1 

RL 
Ro 
Re 
Cc 
C 
Eo • 
V.G,4 

0.05 
2500 

2 
o.06 

16 
7 

0.05 

2800 
2 

0.05 
14 

• 

O. I 
4000 
2,07 
0.02 

5 
25 a 

o.o, 
2300 

2 
0.05 

14 
8 

o.o, 
,eoo 

1.4 
0.06 

16 ... 

0.05 
O. I 0.2!1 
,200 ,eoo 
1.6 1.25 

0,03 0.01, 
21 23 

7,7 8, I 

0,05 
O, I 0.25 

3400 ,eoo 
1,62 1.5 

a.oz 0.01 
17 20 
9 10 

0.1 
0.25 0.5 
4200 4300 
I. 7 1.5 

0.01 o.oo, 
8 9 
28 • 29 • 

o.o, 
O. I 0.25 
2600 2900 ,.t I.Z7 
0,03 0,01 

18 20 
9 10 

0.05 
O. I 0.20 
4600 5400 
1,1 0.86 

0.05 0.01, 
19 2' 

4.9 5.1 

90 
O. I 

o. I o. 25 0.5 
4500 6500 7500 
1.0, 0,82 0.68 
0.05 0.01!5 0,007 

19 2' 25 
8. I 8,9 9.5 

90 
O, I 

O. I 0,25 0.5 
4800 6400 71500 
1.12 0,84 0,66 

0,025 0,0 I 0,005 
16 22 23 
10 II 12 

90 
0,25 

0.25 o., I 
7200 7600 8000 
I. 17 1.2 o.t 
0,0 I 0.006 0.003 

8 II 13 
31 • 32 " 

90 
O. I 

O. I o ... o., 
3500 4400 5000 
1.2 0.9 o.77 

0.05 0,01 0.006 
15 19 21 
10 10 II 

90 
0.1 

0.1 o. 25 0,5 
6620 9000 IOlOO 
o. 7 o.,. 0.5 
0.04 0,01! 0,007 

17 22 25 
5. I 5.4 5.5 

TRIODE TYPES: 56, 76 

180 

0.25 0,05 0, I o. 25 0,05 

0,25 0.5 I 0,05 o, I 0.25 0, I o. 25 0,5 0,25 0.5 I 0.05 0, I 0.25 

11100 15100 18300 2400 3000 3700 4500 6500 1600 10700 14700 17700 2400 3100 3800 
0,48 0.36 0,32 2,5 1.9 1,65 1.4, 0,97 0,8 0.6 0.45 0.4 2,8 2, 2 1,8 

0.01, 0.007 0.0035 0.06 0,035 0.015 o.o,, o.o 15 o.ooa 0.015 0,007 0,0045 0,08 0,045 0.02 

21 24 28 36 48 55 45 55 57 49 59 64 65 80 95 
9,4 9. 7 9.8 7, 7 B.2 9 9,5 9,5 9.8 9. 7 10 10 8.5 8,9 9.4 

rYPES:6C5(TRIODE),AND 6C6,6J1,57 (AS TRIODES) 

180 
o. 25 0,05 0, I 0,25 o.o~ 

0.25 0,5 I 0.05 0, I Q,'2S 0, I o. 25 0,5 0,25 0.5 I 0.05 O, I 0.25 
11400 14500 17300 2200 2700 3100 3900 5300 6200 9500 12300 14700 2100 2600 3100 
0.,2 o.4 o.:n 2, 2 2. I 1.85 1.7 1.25 1,2 0,74 0.55 0,47 5. 16 2.5 2,2 
0,01 0.006 0,004 o.o,, 0.03 0.015 0.035 o.o 1, 0.008 0,015 0,008 0.004 o.0n~ 0.04 0.01, 

18 23 26 ,. 45 54 41 54 •• 44 52 59 57 70 85 
12 12 13· 10 II II 12 12 13 " " " II II 12 

DUPLEX-DIODE TRIODE TYPE 6Q7 

180 
0.5 O. I 0,25 o.5 0, I 

o., I 2 o., 0,2!l o.5 0,25 0.5 I o., I 2 0, I 0,25 o., 

11500 12300 moo 1600 IIIOO 2100 3400 4000 4500 6000 7100 7900 1200 1500 1700 
o. 72 0,6 0,4!5 3 2., 2.3 1,6 1.3 1.05 0.86 o. 76 0,65 4,4 3,6 3.M 

O.G06 0.003 0,00 t, 0.02 0.01 0.005 0.01 o.oo, 0,003 0.006 0,003 0,802 0.03 0,015 0.007 
9 13 17 19 26 29 25 31 37 ,0 36 41 35 52 55 
31 " 37 28 " 35 36 38 40 59 40 41 34 39 40 

DUPLEX -DIODE TRIODE TYPE 6R7 

180 
0.23 o.os 0, I o.25 o.o, 

0.23 0,5 I o.o, O. I 0.25 0, I 0, 25 0.5 o. 21} o., I 0.05 0, I 0,25 
7600 9800 11300 1700 2100 2500 3000 4100 4600 6700 8800 10000 1600 2000 2400 
0.54 0.42 0.38 2.3 1.0 1., 1.3 0.9 0,8 0.54 0.4 o. 33 2.6 2 1.6 
o.o 15 0,007 0.003 o.o, 0.03 0,01 0.03 0.01 0,006 0.01 0.006 0.003 o,o,, 0,03 0.015 

15 18 21 31 40 45 30 43 46 " 40 47 50 62 71 
10 II II 9 9 10 10 10 10 10 10 II 9 9 10 

DUPLEX -DIODE TRIODE TYPES: 55, 85 

180 
0.25 0.05 O. I 0.25 0.05 

0.2, 0:~ I o.o, O. I Q,25 o. I 0,25 0,5 0.25 0.5 I 0.05 0, I 0.25 
15100 20500 24400 3200 4100 5000 6200 8700 10000 14500 20000 24000 3200 4100 5100 
o.,i o. 25 o. 2 1.8 1.6 I. 2 0.9 o. 7 0,§7 0.43 o. 29 0, 24 1,9 1,5 1,2 

o.o 15 0,007 0,804 O,D6 0.045 0.02 0.04 o.o 15 o.ooe o.o 15 o.ooe 0.004 0.08 0,045 0.015 
18 2' 26 33 44 49 " 47 50 40 '8 53 50 74 85 

5.3 5 •• 5,6 4.9 5.2 5.3 .. , 5.5 5.5 5.6 5. 7 5, 7 5.2 5.5 5.6 

300 Elllb 1 

O. I o. 25 RL 
0, I o. 25 0,5 0,25 0.5 I Rg I 

4500 6400 7500 11100 15200 18300 Re 
1.6 I. 2 0.98 0,69 0.5 0.4 Cc 

0,04 0,02 0.009 0,82 0,009 0.005 C 
74 95 104 82 96 108 Eo 1 

9.5 10 10 10 10 10 V.G.4 

300 Elli 1 

0, I 0.2 ... Kl 

O. I 0.2, 0.5 0.25 0.5 I Rg • 
3800 5300 6000 9600 12300 14000 Re 
I, 7 1.3 '· 17 0.9 0,59 0,37 Cc 

0.0" 0.11, 0.ooe 0.010 o.009 0.1105 c 
65 84 88 73 85 97 Eo 1 

12 " 
., 13 14 14 ·v.G.." 

300 Ebb 1 

0.2!l o.• "' o.25 0.5 I o., I 2 Rg • 
2600 3000 5600 4600 0500 6200 Re 
2,4 1,66 1,4, I. 2 0,9 0.9 Cc 

o.o 15 0.107 0,004 0,007 0.004 0.002 C 
43 '2 62 47 60 66 Eo • 
42 45 45 45 .. 47 V.G. 4 

300 Ebb 1 

O, I 0,25 RL 
0, I 0.25 0.5 0.25 0.5 I Ra • 
2900 3800 4400 6300 8400 10600 Re 
1.4 1,1 I o, 7 o,, 0.44 Cc 

0,03 o.o 1!!i 0.007 0.015 0.007 0,004 C 
52 68 71 ,. 62 74 h I 

10 10 10 10 II II V,G.4 

300 Ebb 1 

O. I 0.2!l R 
0.1 0.25 o., 0.25 0.5 I Rg • 
5900 8300 9600 14300 19400 236<V Re 
-o.e 0.54 0,43 0.3 0.22 0.2 Cc 
0,G3 o.e1, 0.006 0.01 o.006 o.003 C .. 82 88 71 84 94 Eo 1 

5 •• 5, 7 5,& 5, 7 5. 7 5.1 V.G, 4 



--..J 
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DUPLEX-DIODE PENTODE TYPES: 287,687,688 

Ebb 1 90 180 300 Ebb 1 

RL o.' 0..2' 0.5 o.' o. 25 0.5 O, I o. 25 o., R ·~ 
Rg • 0. I 0.25 o., o. 25 0.5 I 0.5 I 2 0, I 0,25 0.5 o. 25 0,5 I 0.5 I 2 0, I 0.2~ o., 0.25 o., I o., I 2 Rg • 

Rd 0.37 o., 0.6 I, 18 1.1 1.35 2.6 2.8 2,9 0.44 o., 0,6 I. 18 1,2 1., 2,6 2.8 ' 0,5 O.H 0.6 1.2 1.2 1., 2, 7 2,9 3.4 Rd 
Re 2000 22)0 2JOO 3500 3500 3500 5000 6000 62JO 1000 12JO 12)0 1900 2100 22'0 3300 3500 3500 950 1100 900 1500 1600 1800 2400 2500 2800 Re 
Cd 0,07 0,07 0,06 0,04 0.04 0,04 o,o, 0,04 0,04 0,08 o.oa 0.01 o.o, 0.06 0.05 0.04 0,04 0,04 0.09 1),09 o.oe 0.06 Q,011; 0.08 o.o~ 0,05 o.o, C• 
Cc ' 3 2,8 1.9 2, I 1,9 1,5 1.55 1,5 4,4 4,4 4 2, 7 3.2 3 2. I 2 2.2 4.6 5 4,8 3.2 3,5 4 2., 2,3 2.8 Cc 

C 0.02 0,0 I 0,006 0.00B 0.007 0.003 0,004 0.003 0.003 0.02 o.o" o.ooe 0.01 0.007 0.003 o.oo, o.oo, 0,002 0.02!io 0,0 l!io 0.009 0.0 l!io D,008 0,004 0.006 o.oo:, 0.0025 C 

Eo 3 19 ,a 29 26 33 32 22 29 27 30 52 ., 39 55 53 47 .. 53 60 89 86 70 100 95 80 120 90 Eo • 
V,G. 4 24 33 37 43 5' 65 63 85 100 30 41 46 55 .. 83 81 -11!5 116 36 47 54 .. 79 100 •• 150 145 V,G. • 

PENTODE TYPES: 6C6, 6J7, 57 

Ebb 1 90 180 300 Ebb 1 

RL O. I 0, 25 0,5 O, I o. 25 o.5 O. I 0,25 o., R• 
Rg • 0, I 0.25 o •• 0.25 o., I 0.5 I 2 0.1 o. 25 0.5 o. 25 o., I o., I 2 0.1 0,2!5 0.5 0,25 o., I o., I 2 Rg • 
Rd o.-n o .... 0.44 1,1 I. 18 1,4 2, IB 2.6 2. 7 0,44 0.5 o., 1.1 I. 18 1,4 2,45 2.9 2, 7 0,44 0.5 0.53 I. 18 1, IB , .. , 2.4!5 2,9 2.95 Rd 
Re 1,00 1100 1300 2400 2600 3600 4700 5500 5!500 1000 750 800 12)0 1600 ,000 2600 3100 3500 500 450 600 1100 1200 1300 1700 2200 2300 Re 

Cd 0.05 0,05 0,05 0.03 0.03 0.025 0.02 0.05, 0.02 0.05 0.05 0.05 0.04 o.o• 0.04 0,03 0.025 0.02 0.07 0.07 0,06 0,04 0.04 o.o, 0,04 0,04 0.04 Cd 
c, 5. 2 5.' ... ,. 7 ,. 2 2.5 2,3 2 2 •• 5 •• 7 6. 7 •• 2 4,3 3,8 3.2 2,5 2,8 ... 8.3 8 ... 5.4 ,.8 4.2 4, I 4 Ce 
C 0.02 0,01 0.006 o.ooe o.oo~ o.oo, 0.005 0.0025 0,0015 0.02 0.01 0.006 o.oos o.oo, 0.0035 0,005 0.002, 0.0015 0.02 0,0 I 0,006 0.008 o.oo, o.oo, 0.005 0.003 o.002' C 
Eo • 17 22 33 23 32 " 28 ,. 27 42 02 •• 41 60 60 .. 
V.G, 4 .. " .. 70 85 92 93 1,0 140 51 69 83 93 118 140 135 

1 voltage at plate equals Plate-Supply Voltage minus voltage dr-op In RL and Re. For other supply voltages dlffer-

~~f !!1 ~! ~fc:o~f -~~% o~:~~t !ho~~w~!:~ed, f~~e a~; 
1 ~? t h:s;•~!~!~r=~p:~;d:~~:~:~s •n~q~::: :~: jf~;::; 1::~~~Y e c~~f•~!' 

multlplled by the new plate-supply vohage divided by Hie plate-supply voltage corresponding to the lfsfed voft
ag.e output. 

2 For followlng stage (see Circuit Diagrams), 

•• 60 55 81 •• 81 104 
165 165 61 82 •• 104 140 

3 Voltage across Rg at grid-current point, 
4 Voltage Gain at 5 volts IRMSJ output unless 

• At 2 voti, fRMSI output. 
b At ) volts IRMSJ owtput. 

110 75 97 100 Eo 3 

18' 161 550 2'0 V.G.4 

Index letter Indicates otherwise, 
c At 4 volts IRMSJ output, 
d At 2,2 volts IRMSI output. 

PENTODE DIAGRAM WITH LEGEND TRIODE DIAGRAM WITH LEGEND TWIN -TRIODE DIAGRAM WITH LEGEND 

C 

R9 
Rt 

E~~ 
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fREQUENCY CHARACTERISTIC OF 
SINGLE - STAGE RESISTANCE -COUPLED 

PENTODE AMPLlflER 

~ (7 
!L±_J .,, 420-

~RtQUtNCY-

NOTES 

[ 
i'z 

A. Condensers C, Cc, and Cd have been chosen to give out
put voltages equal to 0.7 Eo for f 1 ot 100 cycles. For 
any other value of fi. multiply values of C, Cc:, and 
Cd by I00/f1 • 

In the case of cooden&er Cc, the values shown are for 
an ampl lfler with d-c: heater~ excitation. When a-c Is 
u$ed, depending on the character of the associated 
circuits, the gain, and the \lalue of' f1, It may be 
neceasary to tncr"ea&e the value of Cc to minimize hum 
dlaturban<:,es. It may also be desirable to have a d-c 
potentlal dlffer-ence of approxlmately 10 volts between 
heater and cathode. 

8. fz = frequency at which high-frequency response begins 
to fal t off. 

c. The voltage output at f 1 for n I Ike st111ges equals 

10.7 Eol "• 

O. Oecoupllng fllter-s 111re not necessary for two stages or 

let.&. 

E. For an empl lfler of typlcal constr-uctlon, approximate 
values of f 2 for different values of RL are: 

Fh f2 

g:1sM~9· = cg• 
o., " 5000 • 

F. Always use highest pen,il•afble value of Rg. 

G. A variation of it IOI In nliH• of r-ul1ton and cqn ... 
denHrl h• a onl1 al lght effect on perfot'1'1ance. 

FREQUENCY CHARACTERISTIC OF 
SINGLE-STAGE RESISTANCE-COUPLED 

TRIODE AMPLIFIER 

0 

"' 

,., 
~ 
.J 

0,8Eo Eo 

g,_ _ _.,_ ____ .._ ________ ,__ 
., 420-

rREQUENCY-

NOTES 

•a 

A. Condensers C and Cc have been chosen to give outpu"t 
voltages equal to 0.8 Eo for- f1 of 100 cycles. For 
any other- value of f 1, multiply values of C and Cc by 

IOOlf1-

ln the case of condenser Cc, the values shown are for 
an amp I lfler- ""Ith d-c heater e•~ltatlon. When a-c ls 
used, depending on the char-acter of the associated 
clrcultS, the gain, and the value of f1, It may be 
necessary to Increase the value of Cc to mlni111lze hum 
disturbances. It may also be deslr-able tO tiave a d-c 

potential difference of approJ1lmately 10 YOlts between 
heater 11nd c.athot;;e. 

B. f2 = frequency at v.hlch high-frequency response begins 
to fall off. 

C. The Yoltage output at f 1 for n I Ike stages equ;,,11,, 

10.8 Eol ". 

D. Decoupl Ing fl lters are not nece&sar-y for two stages or 

I ess. 

E. For- an amp I lfler of typical construction, the "alue of 
f2 Is wel I abo'le the audlo-fr-equency r-ange for any 

valMf of RL, 

F. Always UH highest pera(Hlbl• value of Rg. 

G. A variation of :I: IOI In valuH of rHlator• and con

densers hae, only a •I lght effect 011 ptrfonnance. 

fREQUENCY CHARACTERISTIC OF 
RES I STANCE -COUPLED 

TWIN -TRIODE AMPLIFIER 

SEE INFORMATION UNDER TRIODE AMPLIFIE.R WHICH IN 

GENERAL APPLIES ALSO TO THIS CASE. 

NOTES 

The dlagr-am given above Is for Phase-Inverter Service. 
The signal Input Is suppl led to the grid of tlie left-hand 
triode unit. The grid of the right-hand unit obtains Its 
slgnal from a tap IP) on the grid resistor IRgl In the 
output circuit of tt,e left-hand triode unit. The tap IPI 
Is chosen so as .to make the '!Oltage output of the right
hand unit equal to that of the left-hand unit. Its loca
tion Is determined from the voltage gain values given In 
the Chart.. For example, If the value of voltage gain h 
20 lfr-om the Chartl, ff-'I Is chosen so as to s1.1ppfy 1/20 
of the YOltage across IRgl to the grid of the rlght-haM 

triode. 

Fo,.- pha:.e-tnverter ser-vlce, tha ~c1ttu:.,d• ,..slstof' IAel 

should not be by-passed by a condenser-. ~mission of the 
condense,.- In this ser-vlce assists In balanclng the output 
voltages. The value of IRcl Is specified on the basis 
that both units are operating slmultaneously at the same 
¥Alu.ea of plate lead and plate volt-o•. 



Circuit Section 
The circuit diagrams eiven on the following pages have been carefully chosen, 

not necessarily to illustrate commercial practice, but rather to show many different 
uaes of radio tubes. All of the circuits are conservatively designed to give reliable 
and satisfactory performance. Although relatively few circuits are given, it is often 
practical to use a portion of one circuit in combination with portions of other 
circuits to obtain a design meeting the desired requirements. Tuned-circuit constants 
are omitted from the receiver diagrams because inductance and condenser values are 
uaually rnbject to the individual requirements of the set builder. In addition, 
suitable, well-made tuned-circuit parts can generally be purchased at very reasonable 
cost. Information on the characteristics and the application features of each tube, 
given under each tube type, will prove of assistance in understanding and utilizir,g 
the circuits. 

~A) 

SUPERHETERODYNE RECEIVER FOR A-C OPERATION 
w:n-1 s NGLE-TUBE INVERSE FEEDBACK PO~R AMPLIFIER 

i w 
C1 = 50-200 J..!JJf 
C2,!=6,C12 = GANGED TUNING CONDENSERS 
C3,C7,C1e,C23.C24,C25 = 0.05 .Llf 
C4,C9,C19 = 0-25Uf' 
C5,Cs,C10,c17.c20 = o.r J..lf 
C11,C22=100..UJJ.f 
C13=0SCILLA~OR TRACKING COND:'.NSER 
C14,Cz5 = 0.01 J..lf 
C1s,C21 = 50 JJJJ.f 
C16,C31,C3z,C33 = BJ,lf, 500V. 
C27 = 10 ,U.f, LOW VOLT AGE 
C2e=lJJf 
czg=o.sJJ.f 
C30=25.Uf,LOW VOLTAGE 
R1,R3,R10 = IOOOOO OHMS, 0.1 WATT 

R4,:;: 260 OHMS.0-t WATT 
R5::: 3300 OHMS, 0.5 WATT 
R5,R7,R14 = 50000 OHMS, O.IWATT 
Ra,R9 = 20000 OHMS, 0.1 WATT R25 

ff2,R11 = 2000 OHMS,0.5WATT ~S 

R12:: 2 MEGOHMS, 0.1 WATT + 100 v. 
R13,R1s,R17=I MEGOHM 1 0.I WATT 
R15=2000000HMS,O.JWATT +i53V. 
R1e=27000 OHMS,0.1\fYATT +250V. 

R19 = I Wf'-?~A'j?L,._\.{-~5ii~R~~~IOMETER '---"'=-"--'--"""~r,M!l.r--'-'-+2s,6,::4c,V~. __ ..J 

TONE COMPENSATION. 
Rzo=IOOO OHMS, Q.I WATT 
R21=2000 0HMS,0.5WATT 

Rzz=90000 OHMS, 0.5WATT 
R23=IOOOO OH.MS, O.t WATT 
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Rz4: 170 OHMS, 2 WATTS 
R25=20000 OHMS, SWATTS 

Rz6= 25 OHM~,0-5WATT 
L1 = 20 HENR!ES, 100 OHMS 
L2= 500-0HM SPEAKER FIELD, 

8WATTS 
T1.T2 = [-F TRANSFORMERS 
T3 = INPUT TRANSFORMER 
T 4 = OUTPUT TRANSFORMER 

PLATE LOAD IMPEDANCE 
2500 OHMS 

T£,= PQINER TRANSFORMER 



R C A R E C E V N G T U B E M A N U A L 

(B) 

TUNED R-F RECEIVER WITH AVC AND INVERSE FEEDBACK POWER AMPLIFIER 
CLASS A81 6L6'S, OUTPUT 32 WATTS 

R- F AMPLIFIER 
TYPE 6L7 

C = 50-200 µ.µ.f 

R-F" AMPLIFIER 
TYPE 6L7 

C1,C7,C13,C20 = GANGED TUNING CONDENSERS 
C2,C3,C5,C9,C14,C15,C19,C23,C27 = 0.05µf 
C4,C5,C5,C10,C11,C12,C15,C11,c,s,C30,C31 = 0.1 JJ.f 
C21,C25 = 100 JJJ.lf 
C22 = ro JJf, LOW VOLTAGE 
Cz4 = TONE-COMPENSATION CONDENSER 0.01 J..lf 
C25 = 1.0 JJ.f 
c2e = SEE NOTE 
C29 = 25 JJ.f, LOW VOLTAGE 
C32,C33,C34,C35 = 8JJ.f, 500 V. 
R1,R3,R5,R5,R11,R13= 100000 OHMS, 0.1 WATT 
R2,R7,R12 = 275 OHMS, Q.IWATT 
R4,R9,R14 =='10000 OHMS, I WATT 
R5,R10,Rt6:: 12000 OHMS, 0.1 WATT 

R-f AMPLIFIER 
TYPE 6L7 

I15V. 
A.C. 

R1s,R25 = l MEGOHM,'0-1 WATT R22= 4 700 OHMS, IWATT 
R17 = 50000 OHMS,0-IWATT Rz3,R24=2 MEGOHMS, O.IWATT 
R1s = 200000 OHMS, Q.t WATT R26,R.27 = 5000 OHMS,O.IWATT 

TYPE 6L6 

R19 = 640 OHMS,0.1 WATT R2e= 197 OHMS, 5 WATTS 
R20= I MEGOt-M VOLUME-CONTROL POTENTIOMETER R29,R30 = 45000 OHMS, I WAl"T T1 = INPUT TRANSfORMER FOR CLASS AB1 6L6's 

WITH TAP AT 250000 OHMS FOR R31::: 12500 OHMS, 10 WATTS WIT'i SPLIT SEC.ONDAAY FOR INVERSE 
TONE COMPENSATION. Li=20 HENRIES, 100 OHMS FEEDBACK.RATIO PRI. TO½ SEC.= 1:t 

R21= TONE-COMPENSATlO.bl RESISTOR L2=-I500-0HM SPEAKER FIELD, Tz= PL.ATE-TO-PLATE LOAD OF 66()() OHMS 
27CXX> OHMS, 0.1 WATT 7 WATTS T3,= POWER TRAf\.SFORMER 

NOTE- c~~~~~~Dc~~ ~~1T~ REQUIRED TO SUPPRESS PARASITICS. OPTIMUM VALUE RANGES f"RQM 0.00001 to O C,05J.Jf AN[) SHOULD BE 

(C) 

SUPERHETERODYNE AUTOMOBILE RECEIVER 

C1,C11,C1s,C20= 0.05 J.lf 
C2,C7:r,ANGEO TUNING CONDENSERS 
C3.Cs.Gg.Ct0,C12,C13,C14 = 0.1 JJf 
C4:50J.1JJ.f' 
C5,C17=0.0I µ.f 
C&i=OSCILLATOR TRACKING CONDENSER 

I-F AMPLIF JER 
TYPE 6K.7 

C16 = 100 µ.µf 
C18 = 10 }J.f, LOW VOLTAGE 
C19:0,25 JJf° 
C21=25J.lf, l.DN VOLTAGE 

+250V 

F: IGNITION- INTERfERENCE FILTER 
R1,Ra=IOOOOO 01-MS,O.IWATT 
R2 = 400 OHMS, 0.1 WATT 
R3,R13= 50000 OHMS, 0-1 WATT 
R4: 20000 OHMS,0.5WATT 
R5 = 30000 OHMS, I WATT 
Ro= 50000 OHUS,O.SWATT 
R7: 5000 OHMS,O.t WATT 
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POWER 
AMPLIFER 
TYPE 6F6 

Rg:500 OHMS, O.IWATT 
R10 = 90000 OHMS, 0-5 WATT 
R11= l000 OHMS, 0.1 WATT 
R12=1 MEGOHM 
R14,R17,R1g,::: 250000 OHMS, 0.1 WATT 
R15=2600 OHM~0-1 WATT 
R1&= I-MEGOHM VOLUME CONTROL 
Ria::. 30000 OHMS, 0.1 WATT 
R20= 410 OHMS, I WATT 
T1 1 T2 ::. 1-F TR..-NSFORME llS 
T3= OUTPUT TRANSFORMER, 

LOA.D RESISTANCE 7000 OHMS 
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(D) 
A-C AND D-C SUPERHETERODYNE RECEIVER 

POWER OUTPUT 2 WATTS 

PENTAGRtD CONVERTER 
TYPE 6A8 

CHASSIS 

6K 7 25L6 2526 X 

20 

y 
SERIES- HEAT=::R CIRCUIT 

C = 50 - 200 µµf 
C1,C5=GAI\GED TUNING CONDENSERS 
C2,C3,C9,C14 = Cl.OS J.lf 
C4 = SOJ,J.µf 
C5,C11 =O.OljJf 

f-F AMPLIFIER 
TYPE 6K7 

o.c. 

FUSE 

C13,C15 = 0.5JJf 
C16,C17 = 40 J.J.f, 200 V. 
C15 =0.01 J.J.f 

CJ=OSCILLATOR PADDING CONDENSER 
cs= sµ.r, 200 v. 

R 1,R13,R15,R15 = 100000 OHMS,0.1 WATT 
R2,Re,R14:: 50000 OHMS, Q.1 WATT 
R3,R4=15000 OHMS, 0 I WATT 
R5=!0000 OHMS,O.SWATT 
R5,R7,R11,R12= I MEGOHM CIQ=IOOJ.JJ..lf' 

c12= 0.01 JJ..f R9=200000 OHMS VOLUME CONTROL 

(E) 

BEAM POWER AMPLIFIER 
TYPE 25L6 

C16 

R10=500000 OHMS, 0.1 WATT 
R11,R1e=250000 OHMS,O.J WATT 
R19=12sooo OHMS, 0.IWATT 
R20 = 150 OHMS, 15 WATTS 
L1=SPEAKER FIELD,3000 OHMS, IQOV. 
Lz:;FILTER CHOKE,RESIST. 200 OHMS, 

INDUCT. AS LARGE AS PRACTICAL. 
T1,T2= I-F TRANSFORMERS 
T3 = OUTPUT TRANSFORMER 

BATTERY-OPERATED SUPERHETERODYNE RECEIVER 
WITH DELAYED AVC-FOR ORY-BATTERY A- AND 8-SUPPLY 

C1 = 50- 200 JJ-J.LF 

PENTAGRIO 
~ONVERTER 

TYPE IC6 

C2,C6,CIO = GANGECo TUHING CONDENSEP.5 
C3,C7,C14,C15,C15,C21 =.05 J,Jf 
C4,C5,Ce,C12::: 0.1 JJ.f 
Cg::: 0.00005 JJ.f 
Cu=OSCllLATOR PADDING CONDE~JSER 
c13=1.o.w.r 
C17,C18 = 100 JJ-JJf 
C19 = 250 JJJJf 

I-F AMPLIFIER 
TYPE 34 

Czo = 0-25 J.J.f 
R1,R4,R7 = 100000 OHMS, 0 I WATT 
R2 = 5000 OHMS, 0-1 WATT 
R3 = 10000 OHMS, 0.1 WATT 
R5,R9,R12,R13 = 50000 OHMS, 0.1 WATT 
R5 = 20000 OHMS, O.l WATT 
Re, = 2 MEGOHMS, 0. l WA TT 
R10 = 200000 OHMS, 0-1 WATT 

-· 180-

R11 = I-MEGOHM VOLUME CONTROL 
R14::: I MEGOHM, 0-1 WATT 
51,S2= D.P.S.T. SWITCH ON VOLUME 

CONTROL 
T1, T2 = I-F TRANSFORMERS 
T3= DRIVER TRANSFORMER 

RATIO PRl. TO t,z SEC.=1.53;1 
T 4 = OUTPUT TRANSfURMER 
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(F) 
BATTERY- OPERATED Sr'ORT-W1WE RECEIVER 

2.0 - 1,0L T TYPES 

(G) 

s-s-[·.~; ~-~-...-

:] '1-i~H 

t=~~-l 
-22.SV. +67.SV. 

C;-.C2::: 1ooµµf MIDGET TYPE 
C3.C4::: 35 j..JJJ.f MIDGET TYPE 
C:,,C1:;.C7,Cu::: 0.05 µr 
C3,C,C::: 0.00025 JJ.f 
C9= 1µf, 100 V. 
;::i. ::: 3JOO OHMS, Q.1 WATT 

D[T[CTO;:;! 

_____ s, _________ ",j 
-B,+C,~A 

R2::: SOOOC-OHM PO'C ,T·OM[T[R, 
R-F /OLUf,<!: CO' ;--;-Q':)'.._ 

R5::: soo:JQ-i)f-'I} PO!"ENT1Q•.,i[T[R, 
REGE'~E~AT ON CONTROL 

~ 4SV. 

;:i,:.;1[R A'v1P;..IF IER 

TYPE 33 

-13.SV. +I35V, 

R~= 5000JG-0HM POT[NTIOM[f[R., 
A-F VOLUM:: CONTRO'.... 

L1,L2,L3= 8-MILLlrl[NRY 'l.-F CHOKE 
L4= 300- 5}0 !-<[NQY CHQ,<[ 

T, :::QIJTP~IT TR,\I\ISFDRMER FOR 
A Sir-GL[ 33 

51::: D.P,S.T. s.-..rT[~S s·,\ITCh 

BATTERY-OPERATED SUPERHETERODYNE RECEIVER 
FOR VIBRATOR 8-SUPPLY 

c=so-200 µ-ur 
C1,C!,.C9::: GANGED TUNING CONDENSERS 
c2,c,.c,3,c1s= o.osJJ.f 
C3,C4,C10,C11,C12,C14,C15= 0.1 JJ.f 
C7 = Q.00005 JJ.f 
Cs=OSCILLATOR PADDING CONDENSER 
C17,C21 = 100 JJJJ.f 
C1s.C19=0.25JJ.f 
c20 =0.0025 JJ.f 

I-F AMPLIFIER 
TYPE IA4 

C 
s,r 

A+ -21/. C+ 
C 

-9V. •- • +13sv. 

C22 :::o.OOSJ.lf 
R1,R2,R4,R91R10,R1a= 100000 OHMS, 0.1 WATT 
R3,R11::: 5000 OHM$, I WATT 
R5,R13 = 50000 OHMS, 0-1 WATT 
R5=20000 OHMS,O.I WATT 
R7 = 30000 OHMS~ I WATT 
R&= 1000 OHMS, 0.1 WATT 
R12= 2 MEGOHMS 
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R14,R17= 2501)()0 CHMS,0.1 WATT 
R15~R 19 = I MEGOHM 
R15= 800000 OHMS,0,I WATT 
Si.S2= O.P.S.T. SWITCH ON VOLUME 

CONTROL 
T1,T2 = f-F TRANSFORMERS 
T3:CLASS 8 INPUT TRAN5f0RMER 
T4=CLASS 6 OOTPUT TRANSf"::>RME.R 
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H) 
HIGH-POWER AUDIO-FREQUENCY AMPLIFIER 

CLASS A82 6Us'S. OUTPUT 55 WATTS 

0) 

C1,C6 = 2!)µ.f, 25V. 
Lz = 0.03-5 µf, 1000 V. 
C3: 14µ.f", 450V 
4,Cs= 8µf, 450 V 
R1:: O. 5 U[GOt-tM 

~2 = 6=io OHMS, 0.1 w•Tl 
R3 :: 5000 OHMS, 20 WATTS 
R4:: 50000 OHMS, 5 WATTS 
R5= 3500 OHMS, 30WATTS 
R6:: 200 OHMS, 5 WATTS 

LI:: 5HENRl[S AT 22CJ M.A., 50 OHM$ OR LESS 
L2=20HENRIES AT. 150MA, 1000HMS OR LESS 
T1 :: INPUT TRANSFOR"'IER FOR CLASS AB2 6L6'S 
lz=OUTPUT TRANSFORMER, , 

PLATE-TO-PLAT£ LOAD :,aoo OHMS 
f3,T4 =POWER TRANSFOfH ... ERS 

NON - RAO I AT ING REGENERATIVE SHORT-WAVE RECEIVER 

ANT~ 

SY~ 

P-F A~IP~:Fi[R 
"'.""PE 6K:' 

C1,C2=35JJJJf MIC-GET TYPE 
C3,C4 = 100 _µµf Iv DGET TYPE 
C5,C5,C7 = 0.01 JJf MICA TYPE 
Ce=O.l)Jf 
C9,C10=0.0002sµr MICA TY;;,[ 
C11=1J.J.f,200V. 

+250V. 

C12,C13= 8-25,Llf ELECTROLYTIC, 25 V. 
R1= 230 OHMS, 0.1 WATT 
R2:: 10000-0H'.11 WIRE-WOUND 

PCTENTIQt,.iETER 

DETECTOR 
TYPE 6K7 

"" 
R3:: 100000 OHMS, I WATT 
R4::: 50000 OHMS, I WATT 
R5=2-5 MEGOHMS,0.1 WATT 
R5=250000 OHMS, I WATT 
R7:: I MEGOHM, O.J WATT 
RS:: 1000 OHMS, I WATT 

A-F AMPLIFIER 
TYPE 6CS 

POWER AMPLIFIE.R 
TYPE 6F6 

Ru:: 5000 OHMS, I WATT 

R12=100000-0HM VOLUME CONTROL 
R13:::670 OHMS, 1 WATT 
51:: S.P.S.T. SWITCH 

R9:: 15000 OHMS, 5 WATTS 
R10=50000-0HM POTENTIOME.TE.R, 

REGENERATION CONTROL 

LI= 8-MILLIHENRY R-F CHOKE 
L2= 300-500 HEMRY A-F CHOKE. 
T1::: INTERSTAGE TRANSFORMER, 

3: I STEP-UP TURNS RATIO 
Tz = OUTPUT TRANSFORMER 

-182-



R C A 

(K) 

(L) 

A-F 
INPUT 

R E C E V N G T U B E MANUAL 

VOLUME EXPANDER USING TYPE 6L7 
FOR USE IN A PHONOGRAPH AMPLIFIER 

F0A DISCUSSION OF THIS CIRCUIT SEE PAGE 23 

C1,C.3,.,C5::: Q.I .Uf 
Cz,C4,C5 = 0,5 )..Lf 
R1::: 1-t,.,IEGOHM POTENTIOMETER 

'IOLUME-LEVEL CO"JTROL 
Rz: I MEGOHM 
R3,R5= 100000 OHMS> I WATT 
R4::: I-MEG0HM POTE-\JTIOMETE.R 

EXPANSION C()NTROL 
R5::: 10·)00 OHMS, Q.I WATT 
R,::: 100000 OHMS, 0.1 WATT 
RB::: 250000 OHi,.!$, 0-1 WATT 
Rg := 500000 OHMS, 0.1 WATT 

NOTE·- ALL T[RV,INA_ POINTS 
ON POWER UN T SHOULD BE 
ADEQUATELY BY-PASSE). 

NON-MOTORBOATING RESISTANCE-COUPLED AMPLIFIER 
VOLTAGE GAIN = 9000 

C1,C4 : 6 J.Jf, LOW VOLTAGE 
C2,C5:::0.06JJ,f> VOLTAGE RATING AS HIGH 

AS VOLTAGE SUPPLY 
C3,C5:: Q.006JJ.f, VOLTAGE RATING AS HIGH 

AS VOLTAGE SUPPLY 
R1 = VOLUME-CONTROL POTENTIOMETER 
'R2,R,s:: 6CO OHMS,O.I WATT 
'R3,R7,R9: 500000 OHMS, 0,5 WATT 
R4,Ra= 10:>000 OHMS,0.1 WATT 
R5 = 500 000-0HM VOLUME-CONTROL 

POTENTIOMETER GANGED WITH R1 
f'=OECOUPLING FILTER 

NOIB---Valuea of resistance and capacitance shown m this circuit a.re taken from the Chart in the 
&eamance,Coupled Amplifier Section. The values in this chart are choeen to give a sharp low• 
fnquency cut•alf and, thua, to minimi" tendency of multiple stage, to motorboat. Three or mott 
ltqe•, includinc power stage, operated from a common B ,upply may require a decoupling filter m 
die plate•111pp)y leada of one or more of the volptge amplifier stages. The conatantl of decouplilla 
ilter• depend on the de,ign requiremenu of the amplifier. 

(M) 

CsTCJ-iASSIS 

AUDIO AMPLIFIER FOR USE ON 115-VOLT D-C LINE 
CLASS A1 - POWER OUTPUT, 4 WATTS* 
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C1,C2 = 0.006 J.J.f 
C3: 25µf,LOW VOLTAGE 
C4::: 0.035µf 
C5,C.5=2_µ.f, 150V. 
C7= 4µ.f, 150V. 
R1::: 500000-0HM VOLUME CQ-'JTROL 
Rz= )000 OHMS, 0-1 WATT 
R3,F.4 = ZSOOOO OHMS,O.I WATT 
R5::: 475000 OrlMS, 0.1 WATT 
R6 = 23000 OHMS, O. I WATT 
R7 = 500000 CHMS,.O I WATT 
Re::: 70 OHMS, I W,C,TT 
Rg: 4000 OHMS, 2 WATTS 
R10:: 75 OHMS, 50 WATTS 

R11::: 100 OHMS, 25 WATTS 
L1 = F"ILTER CHOKE, IOHENRl[S 

AT 125 MA., 60 OHMS 
Lz=SPE:AKER FIELD, 110 VOL TS 0.C. 
T::: OUTPUT TRANSFORMER, 

PLATE-TO-PLATE LOAD 3000 OHMS 

•s1GNAL VOLTAGE INPUT FOR FULL 
POWER OUTPIJT = 0.34 VOLTS PEAK. 
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(N) 

(P) 

(Q) 

TWO-CHANNEL AUDIO MIXER 
VOLTAGE GAIN FROM EACH GRID OF' 6N7 TO OUTPUT IS APPROXIMATELY 9 

TYPE 6N7 

INPUT l 

INPlJT D T
OUTPUTTO 

GRID OF 
Cz NEXT ST AGE 

6 

Cf =8µf, LOW VOLTAGE 
C2=0.1 JJ.f' 

R1 = 2500 OHMS, 0.1 WATT 
R2,R3=250000 OHMS, O.I WATT R4,R51R5 = I MEGOHM 

HIGH-GAIN SINGLE-TUBE PHASE INVERTER 
TOTAL VOLTAGE AMPLIFICATION OF 6F5 = 60 

R1,R3= a.as i..,EGQ..,M,0 I WATT 
Rz,Rs,H6 = 0.1 MEGOHM,0.1WATT 
R4 = 1-t-..£GOHM VOLUME CONTROL 
R7::: 2600 0--IMS, 0 I WATT 
R5,R9 = 0 5 Y[GOHM,0.1 WATT 
Rio= BIAS RESISTOR 
C1 = 100 JJ.Uf 
Cz,C4,C.5 = 0 I J.lf 
C3::: 4-6.Uf 
C5=soµ..ur 

c, 

C7:: LOC· TO 500 µµf (A-F" 3Y-PASS CONDENSE~) 

B 
+250V. 

I~, 
fi~UT 

J\OTE - FOP. PPQPER PH/.lS[ INVEPSION, TH[ CAPACIT.t.~KE TO GRO\J~D ACROSS R6 SHOULD BE NOT LARG[Q 
THM~ 'HAT ACROSS A5 H[~JC[,ALL LEADS 8[-'.'.'[[N TH[ 6H6 Ai'J[) TH( 6F5 SHOULD 8[ SHQPT 

DOUBLE - BUTTON MICROPHONE PRE -AMPLIFIER 
VOLTAGE AMPL 1FICATION = 200 * 

C1,C2:(I.QI JJ-f, LOW V0!...1AG[ 
C3:8).Jf. LOW VOLTA::,[ 
C4,C7:2 ).J-f, 350V 
C!,:0.1 ).Jf, 3:JO V 
C6::8J,H. LO½ VC)LTAG[ 
Ca=I ).Jf. 300 V 

+275V. 

R1=200:::)HM Wl><[-WOUND PCT[N"!"IOMETER 
R2=2.50000 OHM VOLUM[-CCNTRO!.. POT[!\J1i0M[T[A 

R3,R7:.2200 OHMS, 0.1 WATT 
R4,Rg=-50000 OHMS,0.5 WATT 

Rs,Ae:10000 OHM$, 0.1 WATT 
R6:::0.5 MEGOHM, Q_I WATT 
l1,L2=8MILLIHENRY R-F" CHOKE 
T1: MICROPHONE. INPUT TRANSF"ORME.R 
Tz=OUTPUT COUPLING TRANSfORMER 
J1, Jz= SINGLE-CLOSED-CIRCUIT JACK 
51 = S.P.S.1. SWITCH 
A=6-12V. MICROPHONE BATTERY 
M =DOUBLE-BUTTON MICROPHONE 

*TUBES ONLY: C•CES NOT 1NCLU0[ TAAN5f"QRM(R GAIN 
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(R) 

CLASS B AMPLIFIER FOR PORTABLE USE 
POWER OUTPUT 10 WATTS 

(S) 

C1 = l.3J.Jf, LOW VOL TACE 
C2=0.SJ.lf 
C3:Q.016).lf 
C4: 25 J.lf", LOW VOLTAGE 
R1 = 500-0HM WIRE-WOUND POTENT,OMETE.R 
R2 = 500000-0HM VOLUME-CONTRQ!.._ PQT(NT•Q~,,-::-:::;; 
R3: 5000 OHMS, Q.I WATT 
R4; 100000 OHMS, 0 5 WATT 
R5 = 50000 OHMS, 0.5 WATT 

DR 'Ji:P 
TYPE 6\J7 

C.LASS B 
Ar,,.IPL1r1[R 
T'-'P[ 6N7 

R5 = 250000 QH,".15, :::.1 V\t-TT 
R7 = 9CO OHMS, 0.1 ',"..ATT 

'"':DOUBLE-Bl TTON M1c::.o:=i,...o"e:: 
S = '0ICROPHON[ A'-..D HEATER 

SWITCH 

T: = 'v1,:::RQPHQ"l,: INPUT TRANSFQR1,,1.:-;; 
-2 ::CLASS 8 lr'"JPUT TRANSFORMER -
-.::=CLASS e o,..,-pLT TRANS'OQVf:::i 

CLASS A AUDIO - ~ REQUENCY AMPLIFIER 
OUTPUT 12 WATTS 

A-F 
INPUT 

C1 = 0.IJJf R1 = o.s-1 MEGOHM 
C2= 5 J.lf, 25 V. Rz = 2200 Qt-IMS, 1 WATT 
C3 = 2 J.l f, 35QV. R 3 = I00-0HM POTENTIOMETER 
C4 = 0.5 )J:F R4 = 5000 OHMS,• WATT 
C5 = 25).lf, 75 V. R5 = 50000 OHMS, 1 WATT 
C6 = to JJ.f, 400V. R6 = 345 OHMS,15 WATTS 
C7 = 8 JJ.f,350V. R7 = 2560 OHMS,10 WATTS 

+253V. 

TO OTHER 
ST.-GESOF 
RECEIVER 

L1 = FILTER 0-UE; 12 HEI\RIES AT 175 MA.,60 OHMS 
L2-= FILTER o-K>KE; 30 HEt-F!IES AT 15 MA., 515 OHMS 
L3 = SPEAKER FtELO: 2500 OHMS, 125 V. 
T1 = PLATE-TO-PUSH-PUU-GRIO INPUT TRANSFORMER 
T 2= OUTPUT TRANSFORMER 

T3= w~A{i~NS[~~TE~~~~SGOOO \OLTAG£-

NOTE: A SPEMER SPECIALLY OCSGNEO FOR HIGH POWER IS RECOMMENDED. 
CIRCUIT CONSTANTS SHOULD CLOSELY APPROXIMATE THOSE GtVE\I A:30VE. 
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Amplifier: 
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audio mixer ...................... 184 
Class A ........................ 14, 16 
Class AB ....................... 14, 20 
Class B ........................ 14, 20 
Class C ....................•...... 14 
inverse-feedback ...... 14, 21, 178, 179 
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phase-inverter ................ 24, 184 
push-pull ......................... 17 
radio-frequency ................ 14, 16 
resistance-coupled a-f conditions .. 174 
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volume-expander ....•......... 23, 183 

Anode ............................... 7 
Anode-Grid . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
Arc-Back Limit ..................... 13 
Automatic Volume Control (AVC) ... 2,~ 

Beam Power Tube Considerations .... 10 
Bias: 
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Calculation of: 

amplification factor ............... 12 
filamPnt resistor power dissipation 33 
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harmonic distortion, 2nd ....... 18, 19 
load resistance ................. 17, 18 
operating conditions from 

conversion curves . . . . . . . . . .. . . . 19 
plate resistance .................• 12 
power output (push-pull triodes 

Class A) ...................... '.. 19 
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beam power tube) ............ 19 
powe,: output {single triode) ....• 17 
self-bias resistor ................. 35 
transconductance . . . . . . . . . . . . . . . . 12 
voltage amplification (gain) ...•..• 15 

Carrier Wave ........................ 26 
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i~;!~li~~::: : : : : : : : : : : : : : : : : : : : : : : d 
. 1r1;c y heated . . . . . . . . . . . . . . . . . . . . 5 
md!rectly heated . . . . . . . . . . . . . . . . . 6 
resistor ........................... 35 

Center-Tap Resistor ................. 35 
Characteristics: 

amplification factor . . . . . . . . . . . . . . 12 
control-grid-

plate transconductance ........ 12 
~onver~ion transconductance ..... 13 

ynanuc .......................... 12 
mutual conductance ............... 12 
plate resistance . . . . . . . . . . . . . . . . . . . 12 
static ............................. 12 

Choke-Input Filter .................. 37 
Circuit Diagram of: 

audio mixer ...................... 184 

~;~c. ::::::::::::: :: : ::::::: ::::::: ~ 
duplex-diode pentode .......... 27, 67 
~;:.yle:1[-diode triode .......•... 27, 164 

ss1on test .................... 171 
{ul~wave rectifier ................ 25 

al -wave rectifier ................ 25 
high-gain a-f amplifier ............ 183 
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inverse feedback ...... 21, 22, 178, 179 
microphone pre-amplifier ..•.•.... 184 
oscillator •.•.•............••••.•.. 31 
pentagrid converter ......•..... 47, 511 
phase inverter ................ 24, 1!K 
power amplifier .......... 182, 183, 1811 
power output test ................ 173 
resistance-coupled amplifier ...... 183 
short-circuit test ..........•...... 171 
short-wave receiver .......... 181, 182 
super heterodyne 

receiver ..•....... 178, 179, 180, 181 
transconductance test ............. 172 
tuned r-f receiver ................ 179 
voltage-doubler rectifier .......... 26 
volume expander ................. 183 

Condenser-Input Filter ............. 37 
Conversion Curve, Use of ............ 19 
Conversion Transconductance ....... 13 
Corrective Filter ..................... 23 
Cross-Modulation .................... 16 
Current: 

cathode ........................... 35 
grid ............................ 20, 21 
peak plate ........................ 13 
plate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

Cut-off ............................... 14 

Delayed Automatic Vol. Control 
{DAVC) ....................... 29 

Demodulation ....................... 26 
Detection: 

diode ..........•.................. 26 
grid-bias ......................... 28 
grid leak and condenser ........... 28 

Diode: 
biasing .••........................ 27 
considerations . . . . . . . . . . . . . . . . . . . . 7 
detection . . . . . . . . . . . . . . . . . . . . . . . . . 26 
load resistor ..................... 26 

Driver Tube ................•..... 20, 21 
Duplex Diode: 

pentode ........................... 11 
triode ............................. 11 

Dynamic Characteristics ............ 12 

Electron: 
considerations . . . . . . . . . . . . . . . . . . . 5 
secondary ....................... 9, 10 

Electron-Ray Tubes ........ 11, 30, 73, 81 
Emission: 

current . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
secondary ....................... 9, 10 
test ............................ 7, 171 

Feedback: 
inverse .................... 21, 179, 180 
undesired ...................... 36, 37 

Filament {see Heater and Cathode) : 
operation ............•.•.......... 33 
resistor, power dissipation of. . . . . 33 
res!stor, vain!! of ............... 33, 34 
series operation ......•..•........ 34 
supply voltage ................... 33 

Filter: 
choke-input ....................... 37 
condenser-input .................. 37 
corrective . .. . . . . .. .. . .. . . . .. .. . . • . 23 
radio-frequency .................. 37 
resistor . . . . .. . .. . .. .. . .. .. . . .. .. .. 37 
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Formulas (see Calculation) 
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Frequency Conversion ............... 31 

Gain ..•••....••...........•.•.••..... 15 
Grid: 

anode .........•................... 32 
bias .......................••..... 35 
bias detection . . . . . . . . . . . . . . • . . . • . 28 
considerations . . . . . . . . . • . • . • . . . . . . 8 
current ......................... 20, 21 
input impedance ....•..•.......•.. 15 
leak and condenser detection ...... 28 
resistor ...•................ 15, 28, 174 
voltage supply .........•.......•.• 35 

Grid-Plate Capacity . . . . . . . . . . . . . . . . . 9 
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RCA G-TYPE RADIO TUBES 

(OCTAL-BASE, GLASS-BULB TYPES) 

In addition to the types of tubes shown on the preceding pages, the following 
octal-base, glass-bulb types are also available. These types are identified by the 
letter "G" following the type number. For each of these types, the corresponding 
glass or metal types are indicated below, together with socket connections and overall 
dimer.sions. Characteristics data for the G,types, except for some differ-ences in 
capacity values, are the ,ame as those for the corresponding types. Socket connection 
diagrams are shown on page 191. 

NOTE: Certain G-types have an internal .shield which ie brought out to Pin No. 1. Socket connections 
for such types designate Pin No. I as SHIELD, For G,typeo without SHIELD connections, Pin No. 1 
is marked NC. Other symbols on socket diagrams are explained in the KEY TO TERMINAL 
DESIGNATIONS OF SOCKET CONNECTIONS on page 39. 

G-Series Corre.spending Socket 
Type Glass Type Metal Type Connections 

1C7-G 1C6 G-7Z 
1D5-G 1A4 G-SY 
1D7,G 1A6 G-7Z 
1E5-G lB4 G-SY 
1E7-G § G-8C 
1F5-G lF4 G-6X 

1F7-G 1F6 G-7AD 
1H4-G 30 G-5S 
1H6-G 1B5/25S G,7AA 
1J6-G 19* G-7AB 

5U4-G 5Z3 G-5T 
5V4-G 83-v G-5L 

5X4-G 5Z3 G-SQ 
5Y3-G 80 G-5T 
5Y4-G 80 G-SQ 
6A8-G 6A8 G-8A 
6B8-G 6B8 See bottom page 192 
6C5-G 6C5 G-6Q 

6D8-G See data en page 189 G-8A 
6F5-G 6F5 G-SM 
6F6-G 6F6 G-7S 

6H6-G 6H6 G,7Q 

6J5-G See 6J5, page 192 G-6Q (6J5-G):j: 

6J7-G 6J7 G-7R (6J7-G) 

6K5-G See data on page 189 G-SU 

6K6-G 41 G-7S 

6K7-G 6K7 G-7R (6K7-G) 
6L5,G See data on page 189 G,6Q 

6L6-G 6L6 G-7AC 

6L7-G 6L7 G-7T 

•. §, t, #: see next page. 
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Max, Overall 
Dimensione 

Length x Diam, 

41%2" X 11½_6" 
41%2" X 11½_6" 
41%2" X 11½_6" 
41%2" X ll½_e" 
4¼" X 11½_6" 
4%" X l13/i6# 

41%2" X 11½_6" 
4¼" X 11½_6" 
4¼" X 1%6" 
4¼" X 1%6'' 
5-'ifo" X 2½e" 
4%" X l13/ie" 

S¾e" x 2½e" 
4%" X l l3/i6" 
4%" X !13/ie" 
41%2" X 1 l½_e" 
41%2" X 11½_6" 
4¼" X 11½_6" 

41%2" X 11½_6" 
41%2" X 1 l½_s" 
4%" X !13/is" 
4¼" X 11½_6" 
4¼" X ll½_s" 
41%2" X l!Jie" 

J 

41%2" X 11½_6" 
41A" X ll½_e" 
41%2" X 1 %a" 
4¼" X 11½_5" 
51½6" X 2½e" 
41%2" X ll½_e" 



R C A R E C E V N G T u B E M A N u A L 

Max. Overall 
G,Series Corresponding Socket Dimenl!lions 

Type G!as.s Type Metal Type Connections Length • Diam. 

6N7,G 6N7 G-8B 4%" X l1¾6" 
6Q7,G 6Q7 G,7V 41%2" X 1%.e" 
6R7-G 6R7 G,7V 41%2" -x 1%.e" 
6S7-G See data on page 189 G-'7R (6K7•G) 47L" ,8 X 1%.e" 
6T7-G See data on page 190 G,7V 41%2" X 1%.e" 
6\'6-G See data on page 190 G,7AC 4%" X l1¾6" 

6XS,G 6X5 G-6S -4¼" X 1%.e" 
2SA6·G 25A6 G-7S 45{," X 11¾s" 
2SB6·G See data on page 190 G-7S 4%" X l1¾s" 
2516-G 2516 G,7AC 4%" X 11¾6" 
25Z6-G 2SZ6 G-7Q# 4¼" X 1%.s" 

* Except that filament current is 0.24 ampere. § Two 1F4's in the same bulb. with a common screen 
:onnection. 

+ Same as G-6Q except that Pin No. 1 has no connection. 

R{'A-6D8-G: 
Heater Voltage ........ , ........... . 
Heater Current .................... . 
Plate Voltage. . . . . . . . . . . . . . . . 135 
Screen Voltage (Grids No. 3 

and 5) .................. . 
Anode-Grid Supply Voltage 

(Grid No. 2) ............ . 
Control-Grid Voltage (Grid 

No. 4) .................. . 
Oscillator-Grid Resistor (Grid 

No. 1) ........•..••...... 
Cathode Current ............ . 
Plate Resistance ............ . 
Conversion Conductance .... . 
Control-Grid Voltage, Ap-

67.5 

135 

-3 

50000 
8 

0.4 
325 

# Pin No. 1 has no connection. 

6.3 a-c or d-c 
0.15 
250 rr:ax. 

100 rr..ax. 

250t max. 

-3 min. 

50000 
13 

0.32 
500 

Volts 
Ampexe 
Volts 

Volts 

Volts 

Volts 

Ohms 
Milliamperes 
Megohm 
Micromhos 

proximate (Conversion 
Conductance= 10 µmhos) -25 -38.5 Volts 

t Anode,grid supply voltages in excess of 200 volts require the use of 20000-oh:n voltage.-dropping 
Tesistor by-passed by 0.1•µ,f condenser. 

RCA-6K5-G: Similar to triode section of 6Q7. 
Heater Voltage . . . . . . . . . . . . . 6.3 
Heater Current . . . . . . . . . . . . . 0.3 
Plate Voltage . . . . . . . . . . . . . . . 100 
Grid Voltage . . . . . . . . . . . . . . . . -1.5 
Amplification Factor.. . . . . . . . 70 
Plate Resistance............. 78000 
Transconductance . . . . . . . . . . . 900 
Plate Current . . . . . . . . . . . . . . . 0.35 

RCA-6L5-G: 
Heater Voltage ............ . 
Heater Current ............ . 
Plate Voltage .............. . 
Grid Voltage ............... . 
Amplification Factor ........ . 
Plate Resistance ............ . 
Transconductance .......... . 
Plate Current .............. . 
Grid Bias (for cut-ofl') ...... . 

RCA-6S7-G: 

6.3 
0.15 
135 
-5 
17 

11300 
1500 

3.5 
-11 

6.3 a-c or d-c 
0.3 

250 
-3 
70 approx. 

50000 approx. 
1400 

1.1 

6.3 a-c or d-c 
0.15 
260 
-9 
17 

9000 
1900 

8 
-20 

Volts 
Ampere 
Volts 
Volts 

Ohms 
Micromhos 
Milliamperes 

Volts 
Ampere 
Volts 
Volts 

Ohms 
Micromhos 
Milliamperes 
Volts 

Heater Voltage . . . . . . . . . . . . . 6.3 6.3 a-c or d-c Volts 
Heater Current . . . . . . . . . . . . . 0.16 0.15 Ampere 
Plate Voltage . . . . . . . . . . . . . . . 136 260 max. Volts 
Screen Voltage . • . . . . . . . . . . . . 67.6 100 max. Volts 
Grid Voltage . . . . . . . . . . . . . . . . -3 -3 Volts 
Suppressor .................. Connected to cathode at socket 
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Amplification Factor 
860 1100 (Approx.) ....•......•... 

Transconductance .......•..• 1260 1760 Micromhos 
Plate Current ...........•... 3.7 8.5 Milliamperes 
Screen Current .............. 0.9 2.0 Milliamperes 
Grid Voltage (For transcon-

-38.5 Volts ductance = 10 mlcromhos) -25 

RCA-6T7-G: 
Heater Voltage . . . . . . . . . . . . . . . . . . . . . 6.3 a-c or d-c Volts 

Ampere 
Volts 
Volts 

Heater Current . . . . . . . . . . . . . . . . . . . . . 0.15 
Plate Voltage . . . . . . . . . . . . . . . 135 250 
Grid Voltage . . . . . . . . . . . . . . . . -1.5 -3 
Amplificatiol1 Factor . . . . . . . . 65 65 
Plate Resistance............. 65000 62000 Ohms 
Transconductance . . . . . . . . . . . 1000 1050 Mlcromhos 

L 

Plate Current . . . . . . . . . . . . . . . 0.9 1.2 Milliamperes , 
The two diodes of this type are similar to those of other duplex-diode triode 

types. Diode biasing of this type is not recommended. 

RCA-6V6-G: 
Heater Voltage .................... . 6.3 a-c or d-c Volts 
Heater Current .................... . 0.45 Ampere 

As Single-Tube Class A, Amplifier (With Fixed Bias): 
Maximum Ratings: 

Plate Voltage ..............•........ 
Screen Yoltage ........•...•......... 
Plate and Screen Dissipation (Total)# 

Typical Operation: 
Plate Voltage ...................... . 
Screen Voltage ..................•.•• 
Grid Voltage§ ...................... . 
Peak A-F Grid Voltage .....•........ 
Zero-Signal D-C Plate Current ...... . 
Max.-Signal D-C Plate Current. ..... . 
Zero-Signal D-C Screen Current ..... . 
Max.-Signal D-C Screen Current ..... . 
Load Resistance .................... . 
Total Harmonic Distortion .......... . 
Second Harmonic Distortion •........ 
Third Harmonic Distortion .......... . 
Max.-Signal Power Output. •......... 

250 max. 
250 max. 

12.5 max. 

250 
250 

-12.5 
12.5 

45 
47 

4.5 
6.5 

5000 
6 

4.5 
3.5 

4.25 

As Push-Pull Class AB, Amplifier (With Fixed Bias): 
Maximum Ratings: 

Plate Voltage . . . . . . . . . . . . . . . . . . . . . . . 300 max. 
Screen Voltage . . . . . . . . . . . . . . . . . . . . . . 300 max. 
Plate and Screen Dissipation (Total)# 12.5 max. 

Typical Operation (Two Tubes) Values a,e for two tubes: 
Plate Voltage . • . . . . . . . . . . . . . 250 300 
Screen Voltage . . . . . . . . . . . . . . 250 300 
Grid Voltage§ . . . . . . . . . . . . . . . -15 -20 
Peak A-F Grid-to-Grid 

Volts 
Volts 
Watts 

Volts 
Volts 
Volts 
Volts 
Milliamperes 
Milliamperes 
Milliamperes 
Milliamperes 
Ohms 
Per cent 
Per cent 
Per cent 
Watts 

Volts 
Volts 
Watts 

Volts 
Yolts 
Volts 

Voltage ................ . 30 40 Volts 
Zero-Signal Plate Current. .. 
Max.-Signal Plate Current ... 
Zero-Signal Screen Current .. 
Max.-Signal Screen Current.. 
Load Resist. (Plate-to-Plate) 
Tota I Harmonic Distortion .. . 
Third Harmonic Distortion .. . 
Max.-Signal P.ower Output .. . 

# Dissipation rating should not be exceeded with 
of fixed, bias opera::ion. 

70 78 Milliamperes 
79 90 Milliamperes 

5 ii Milliamperes 
12 13.5 Milliamperes 

10000 8000 Ohms 
4 4 Per cent 

3.5 3.5 Per cent 
8.5 13 Watts 

expected line-voltage fluctuation. especially in cas~ 

§ Transformer, or impedance,coupling devices are recommended. Fixed bias may be used when the 
grid,circuit resistance does not exceed 0.05 megohm; with self,bias, the resistance may be as high as 0.5 
mt:gohm provided the heater voltage does not fluctuate to exceed 7 .0 volts. 

RCA-25B6-G: 
Heater Voltage . . . . . . . . . . . . . . . . . . . . . 25.0 a-c or d-c Volt11 

Amp~re 
Volts 

H•' 0 tPr Current . . . . . . . . . . . . . . • . . . . . • 0.3 
I 'late Voltage . . . . . . . . . . . . . . . . . . . . . . . 95 
Screen Voltage . . • . . . . . . . . . . . . . . . . . . . 95 
Grid Voltage . . . . . . . . . . . . . . . . . . . . . . . . -15 
Plate Current . . . • . . . . . . . . . . . . . . . . • . . 45 
Hcreen Current . . . . . . . . . . . . . . . . . . . . . . 4 
Plate Resistance ..................... Subject to 
Transconductance . . . . . . . . . . . . . . . . . . . 4000 
Load Resistance . . . . . . . . . . . . . . . . . . . . . 2000 
Power Output (10% Distortion)...... 1.75 

-190-

Volts 
Volts 
Milliamperes 
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RCA G-TYPE SOCKET CONNECTIONS 

,.~', 

~ NC KEY F 

G-ST 

02~P1 

~ H 

8 
NC KEY K 

p 

H 

G-65 

NC 

G-7R(6K7-G) 

G-7Z 

G-7AD 

BOTTOM VIEWS 

NC NC 
5 

G 
p 

3 

H H 

8 
NC KEY K 

G-SU 

p~G2 G1 

r+ F-
G3 

8 
NC KEY NC 

G-6X 

p~G2 G1 

H H 

K 
NC KEY G3 

G-75 

Po2 Po, 

PT GT 
6 . 

F+ F-

8 
NC KEY NC 

G-7AA 

p
2
0NC Pi NC 

NC F 

8 
NC KEY f 

G-SQ 

G-sv 

K2 PI 

P2 

F
G3 

H H 

8 
SHIELD KEY K1 

G-7Q 

H H 

G-7T 

G-7AB 

GT2 GT1 

PT2 PT1 
6 

H H 

8 
NC KEY II 

G-88 
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Type 
5T4 

6J5 

6N5 

6U5 

ADDITIONAL RCA GLASS and ALL-MET AL TUBES 

Description 
All-Metal Full-Wave Rectifier 

All-Metal Detector Amplifier 
Triode .................. . 

Electron-Ray Tube .......... . 

Electron-Ray Tube ...•....... 

Socket Connections 
Same a-s·5W.4. p. 57 

Same as 6C5, p. 70 

Same as 6G5, p. 81 

Same as 6G5, p. 81 

Max. Overall 
Dimensions 

Length x Diameter 
4-1/4" X 1-23/32" 

2-5/8" X 1- 5/16" 

4-3/16" X 1- 9/16" 

4-3/16" X 1- 3/16" 

RCA-5T4: 
Filament Voltage . . . . . . . . . . . . . . . . . . . 5.0 a-c Volts 
Filament Current . . . . . . . . . . . . . . . . . . . 2.0 Amperes 

j
A-C Plate Voltage Per Plate (RMS) 450 max. Volts 

1 Peak Inverse Voltage............. 1250 max. Volts 
D-C Output Current. . . . . . . . . . . . . . . 250 max. Mi!liamperes 
A-C Plate Voltage Per Plate (RMS) 550 max. Volts 

2• Peak Inverse Voltage............. 1550 max. Volts 
D-C Output Curr"1!t............... 250 max. Milliamperes 

Base . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Large \Vafer Octal 5-Pin 
• Permissib!e only with filter circuits having an input chuke of at least 10 henrys. 

RCA-6J5: 
Heater Voltage .................... . 
Heater Current .................... . 
Plate Voltage ...................... . 
Grid Yoltage 0 

•••••• , •••••••••••••••• 

Amplification Factor ................ . 
Plate Resistance .................... . 
Transconductance .................. . 
Plate Current ....................... . 
Grid-Plate Capacitance (shell tied to 

cathode) ....................... . 
Grid-Cathode Capacitance ........... . 
Pia te-Ca th ode Capacitance .......... . 
Base .............•.............•.... 

6.3 a-c or d-c 
0.3 
250 max. 
-8 
20 

7700 
2600 

9 

Volts 
Ampere 
Volts 
Volts 

Ohms 
Micromhos 
Mi!liampereco 

3.4 µ.µ.f 
3.4 µ.µ.f 
3.6 µ.µ.f 

Small \\'afer Octal 6-Pin 
0 ThE- d,c resistance in the grid circuit should not exceed 1.0 megohm. 

RCA-6N5: 
Heater Voltage .................... . 
Heater Current .................... . 
Plate- and Target-Supply Voltage ... . 
Series Triode-Plate Resistor ......... . 
Triode-Plate Current (For zero triode-

grid veltage) ................... . 
Triode-Grid Yoltage (For shadow 

angle of 0°) .... , .......•........ 
Triode-Grid Voltage (For shadow 

angle of 90°) ........ , ........ , .. 
Bulb 
Base ............. , .... , ..... , ..... , 

6 " 
0.lfi 
135 max. 

0.25 

0.5 

-12 

Yo Its 
~-\n1pere 
Volts 
~Tegohm 

1[i lliampere 

Volts 

o v·o1ts 
ST-12 

Small 6-Pin 

RCA-6U5: The electrical characteristics of this type are identical with those of 
type 6G5. The 6U5 has a tubular (T-9) bulb and sma!l 6-pin base. 

G-BE 
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READING LIST 

---•--
The following list of radio references gives texts 0£ both elementary and 

advanced character. Obviously, the list is not inclusive, hut it will guide the 
reader to other references. 

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

DUNCAN AND DREW. Radio Telegraphy and Telephony. John Wiley and 
Sons, Inc. 

GHIRARDJ. ALFRED A. Modern Radio Servicing. Radio and Technical Pub-
lishing Co., Inc. 

GULLIKSEN AND VEDDER. Industrial Electronics. John Wiley and Sons, Inc. 

HENNEY, KEITH. Electron Tubes in Industry. McGraw-Hill Book Co., Inc. 

HENNEY, KEITH. Principles of Radio. John Wiley and Sons, Inc. 

HENNEY, KEITH. Radio Engineering Handbook. McGraw-Hill Book Co., Inc. 

JONES, FRANK C. Jones Radio Handbook. Pacific Radio Publishing Co., Inc. 

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

MclLWAIN AND BRAINERD. High-Frequency Alternating Currents. John 
Wiley and Sons, Inc. 

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

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

MOYER AND WosTREL, Radio Handbook. McGraw-Hill Book Co., Inc. 

MOYER AND WosTREL. Radio Receiving Tubes. McGraw-Hill Book Co., Inc, 

PENDER, HAROLD. Handbook for Electrical Engineers-Communications and 
Electronics. John Wiley and Sons, Inc. 

PETERS, LEO J. Thermionic Vacuum Tube Circuits. McGraw-Hill Book Co., 
Inc. 

Proceedings of the lnstUute of Radio Engineers (a monthly publication). 

RAMSEY, R. R. Fundamentals of Radio. Ramsey Publishing Co. 

TERMAN, FREDERICK E. Radio Engineering. McGraw-Hill Book Co., Inc, 

The Radio Amateur's Handbook. American Radio Relay League. 

UNDERUILL, C. R. Electrons at Work. McGraw-Hill Book Co., Inc. 

VAN DER BIJL, H. J. Thermionic Vacuum Tubes. McGraw-Hill Book Co., Inc. 

ZWORYKIN AND WILSON. Photocells and Their Application. John Wiley and 
Sons, Inc. 






