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THIS MANUAL like its preceding editions has been prepared
to assist those who work or experiment with electron tubes and cir-
cuits. It will be found valuable by engineers, radio servicemen,
technicians, experimenters, students, radio amateurs, and all others
technically interested in electron tubes.

The material in this edition has been augmented and: extensively
revised to keep abreast of the technological advances in electronie
fields. Many tube types widely used in the design of new electronic
equipment prior to the war are now chiefly of renewal interest; in
their place, new advanced types including the miniatures are being
used. Consequently, in the Tube Types Section, the presentation on
the older types has been limited to essential basic data while detailed
information has been given on the newer more important types.

In addition to the tube types covered in this Manual, the
TUBE DEPARTMENT of RADIO CORPORATION OF AMERICA offers a
complete line of electron tubes including:
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Electrons, Electrodes, and Electron Tubes

The electron tube is a marvelous device. It makes possible the performing of
operations, amazing in conception, with a precision and a certainty that are as-
tounding. 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 de-
velopment opens new fields of design and application.

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

ELECTRONS

All matter exists in the solid, liquid, or gaseous state. These three forms con-
sist 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 1/30-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. Heat is one
form of energy which can be conveniently used to speed up the electron. For exam-
ple, 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,
which is accelerated when the metal is heated in a vacuum, is utilized in most
electron tubes to produce the necessary electron supply.

An electron 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 a metal shell.

CATHODES

A cathode is an essentia! part of an electron tube because it supplies the
electrons necessary for tube operation. When energy in some form is applied to the
cathode, electrons are released. Heat is the form of energy generally used. 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.

3



RCA RECEIVING TUBE MANUAL

A filament, or directly heated cathode, may be further classified by identifying
the filament or electron-emitting material. The materials in regular use are tung-
sten, 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 fila-
ments are made from tungsten impregnated with thoria. Due to the presence of
thorium, these filaments liberate electrons at a more moderate temperature of
about 1700°C (a bright yellow) and are, therefore, much more economical of fila-
ment 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
relatively thick layer on the filament, requires only a very low temperature of about
700-760°C (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 de-
termine the choice for a particular application.

Directly heated filament-cathodes require comparatively
e little heating power. They are used in almost all of 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 battery-operated filament types are the 1A7-GT, 1R5, 1U4,
3V4, and 31. AC-operated types having directly heated filament-
Fig.1  cathodes include the 2A3 and 5Y3-GT.

An indirectly heated cathode, or heater-cathode, consists of
a thin metal sleeve coated with electron-emitting material. With-
in the sleéve is a heater which is insulated from the sleeve. The ™553Is2
heater is made of tungsten or tungsten-alloy wire and is used only
for the purpose of heating the cathode sleeve and sleeve coating
to an electron-emitting temperature. Useful emission does not

take place from the heater wire. Fig. 2

The heater-cathode construction is well adapted for use in electron tubes in-
tended for operation from ac power lines and from storage batteries. 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 minimize the introduction of hum from the ac heater
supply and to minimize electrical interference which might enter the tube circuit
through the heater-supply line. 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 makes practical the design of a rectifier tube with
close spacing between its cathode and plate, and of an amplifier tube with close
spacing between its cathode and grid. In a close-spaced rectifier tube the voltage
drop in the tube is low and the regulation is, therefore, improved. In an amplifier
tube, the close spacing increases the gain obtainable from the tube. Because of
the advantages of the heater-cathode construction, almost all present-day receiving
tubes designed for ac operation have heater-cathodes.

‘CATHODE:!

GENERIC TUBE TYPES

Electrons are of no value in an electron tube unless they can be put to work. A
tube is, therefore, designed with the parts necessary to utilize electrons as well as
to produce them. These parts consist of a cathode and one or more supple-
mentary electrodes. 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
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the cathode surface and form an invisible cloud in the space around it. Any posi-
tive electric potential within the evacuated envelope will offer a strong attraction
to the electrons (unlike electric charges attract; like charges repel).

DIODES

The simplest form of electron tube contains two electrodes, a cathode and an
anode (plate) and is often called a diode, the family name for a two-electrode
tube. In a diode, the positive potential is sup-
plied by a suitable electrical source connected ELECTRON

between the plate terminal and a cathode (»)

terminal. Under the influence of the positive ppire ORAE

plate potential, electrons flow from the cathode

to the plate and return through the external .,;.. ouTPUT
plate-battery circuit to the cathode, thus com- ©0¢

pleting the circuit. This flow of electrons is Al 8

known as the plate current, and may be meas- it aue

ured by a sensitive current meter. - Fi; 3 *

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, electrons can flow from the
cathode to the plate but not from the plate to the
5 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
f recTiFiep outpur  When the plate is positive. Hen_ce ghe current
AN~ N~ T~ through the tube flows in one direction and is
1 said to be rectified. See Fig. 4. Diode rectifiers
{ are used in ac receivers to convert ac to dc
| voltage for the electrodes of the other tubes in the
receiver. Rectifier tubes may have one plate and
i one cathode. The 1-v and 35W4 are of this form
and are called half-wave rectifiers, since current

ALTERNATING can flow only during one-half of the alternating-
I VOLTAGE INPUT current cycle. When two plates and one or more
! . cathodes are used in the same tube, current may
Fig. 4 be obtained on both halves of the ac cycle. The
6X4, 5Y3-GT, and 5U4-G are examplesof 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 produce 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 electrors 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 thege
conditions, the maximum number of available electrons is fixed, but increasingly
higher plate voltages will succeed in attracting a greater propertion. 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 (see Fig. 5) and because it is an indication of the total
number of electrons emitted, it is also known as the emission current, or, simply,

5
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emission. Tubes are sometimes tested by the meas- I
urement of their emission current but it is generally L]
not advisable to measure the full value of emission
because this value would be sufficiently large to cause
change in the tube’s characteristics or even to damage
the tube. Consequently, while the test value of emis-
sion current is somewhat larger than the maximum
current which will be required from the cathode in
the use of the tube, it is ordinarily less than the full
emission current. The emission test, therefore, is
used to indicate whether the cathode can supply a
sufficient number of electrons for satisfactory opera- Fig. 5

tion of the tube.

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 method is used in rectifier types, such as the 5V4-G
and the 25Z6-GT, having heater-cathodes. In these types the radial distance be-
tween cathode and plate is only about two hundredths of aninch. Another method
of reducing space-charge effect is utilized in the mercury-vapor rectifier tubes,
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
cathode occurs, the space-charge is neutralized by the positive mercury ions so that
increased numbers of electrons are made available. A mercury-vapor rectifier has a
small voltage drop between cathode and plate (about 15 volts). This drop is prac-
tically independent of current requirements up to the limit of emission of electrons
from the cathode, but is dependent to some degree on bulb temperature.

An ionic-heated-cathode rectifier tube is another type which depends for
its operation on gas ionization. The 0Z4 and 0Z4-G are tubes in this classification.
They are of the full-wave design and contain two anodes and a coated cathode
sealed in a bulb under a reduced pressure of inert gas. The cathode in each of these
types becomes hot during tube operation but the heating effect is caused by bom-
bardment of the cathode by the ions from within the tube rather than by heater
or filament current from an external source. The internal structure of the tube is
designed so that when sufficient voltage is applied to the tube, ionization of the gas
occurs between the anode which is instantaneously positive and the cathode. Under
normal operating voltages, ionization does not take place between the anode that
isnegative and the cathode. This, of course, satisfies the requirements for rectifica-
tion. The initial small flow of current through the tube is sufficient to raise the
cathode temperature quickly to incandescence whereupon the cathode emits elec-
trons. The voltage drop in such tubes is slightly higher than that of the usual hot-
cathode gas rectifiers because energy is taken from the ionization discharge to keep
the cathode at operating temperature. Proper operation of these rectifiers requires
a minimum flow of load current at all times in order to maintain the cathode at the
temperature required to supply sufficient emission.

TRIODES

When a third electrode, called the grid, is placed between the ecathode and
plate, the tube is known as a triode, the family name for a three-electrode tube.
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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 praetically unobstructed by the turns of the grid. The purpose
of the grid is to control the flow of plate current. When a tube is used as an ampli-
fier, a negative de voltage is usually applied to the grid. Under this condition the
grid does not draw appreciable current.

The number of electrons attracted to ELECTRON
the plate depends on the combined effect /fﬁow (™)
of the grid and plate polarities. When the ' o
plate is positive, as is normal, and the GRID PLATE
de grid voltage is made more and more
negative, the plate is less able to attract
electrons to it and plate current decreases. INPUTS neaten
When the grid is made less and less nega- c
tive (more and more positive), the plate -
more readily attracts electrons to it and -
plate current increases. Hence, when the Fig. 6
voltage on the grid is varied in accordance
with a signal, the piate 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 6C4,
6J5, and 2A3.

The grid, plate, and cathode of a triode form an electrostatic system, each
electrode acting as one plate of a small capacitor. The capacitances are those
existing between grid and plate, plate and cathode, and grid and cathode. These
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
cireuit between plate and cathode. This coupling is undesirable in an amplifier
because it may cause instability and unsatisfactory performance.

PLATE
CURRENT

CATHODE goufpuf

B
— ik

TETRODES

The capacitance between grid and plate can be made small by mounting an
additional electrode, called the screen (grid No. 2), in the tube. With the addition
of the screen, the tube has four electrodes
and is, accordingly, called a tetrode. The ELECTRON
screen is mounted between the grid and frow
the plate and acts as an electrostatic
shield between them, thus reducing the
grid-to-plate capacitance. The effective-
ness of this shielding action is increased
by connecting a bypass capacitor between |ypyr< HEATER
screen and cathode. By means of the
screen and this bypass capacitor, the <
grid-plate capacitance of a tetrode is =llll
made very small. In practice, the grid- Fig. 7
plate capacitance is reduced from several
micromicrofarads (uuf) for a triode to 0.01 uuf 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

7
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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 eathode.
So long as the plate voltage is higher than the screen voltage, plate current in a
screen-grid tube depends to a great degree on the screen voltage and very little
on the plate 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 electron tubes, electrons striking the plate may, if moving at sufficient
speed, dislodge other electrons. In two- and three-electrode types, these dislodged
electrons usually do not cause trouble because no positive electrode other than the
plate itself is present to attract them. These electrons, therefore, are drawn back
to the plate. Emission caused by bombardment of an electrode 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, 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-voltage swing for
tetrodes.

The plate-current limitation is removed when a fifth electrode is placed within

the tube between the screen and plate. This fifth electrode is known as the sup-
pressor (grid No. 3) and is usually connected to the cathode. Because of its nega-

ELECTRON
FLOW
)
A)
PLATE
SUPPRESS SCREEN CURRENT

gOUTPUT

INPUT

= i

Fig. 8

tive potential with respect to the plate, the suppressor retards the flight of second-
ary electrons and diverts them back to the plate where they cannot cause trouble.
The family name for a five-electrode tube is “pentode”. In power-output pentodes,
the suppressor makes possible higher power output with lower grid-driving voltage;
in radio-frequency amplifier pentodes the suppressor makes possible high voltage
amplification at moderate values of plate voltage. These desirable features are
due to the fact that the plate-voltage swing can be made very large. In fact, the
plate voltage may be as low as, or lower than, the screen voltage without serious
loss in signal-gain capability. Representative pentodes used for power amplifica-
tion are the 3V4 and 6K6-GT; representative pentodes used for voltage amplifica-
tion are the 1U4, 6SJ7, 12SK7, and 6BASG.

BEAM POWER TUBES

A beam power tube is a tetrode or pentode in which directed electron beams
are used to increase substantially the power-handling capability of the tube. Such
a tube contains a cathode, a control-grid, a screen, a plate, and, optionally, a sup-

8
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pressor grid. When a beam power tube is designed without an actual suppressor,
the electrodes are so spaced that secondary emission from the plate is suppressed
by space-charge effects between screen and plate. The space charge is produced
by the slowing up of electrons traveling from a high-potential screen to a lower
potential plate. In this low-velocity region, the space charge produced is sufficient
to repel secondary electrons emitted from the plate and to cause them to return to
the plate. Beam power tubes of this design employ beam-confining electrodes at
cathode potential to assist in producing the desired beam effects and to prevent
stray electrons from the plate from returning to the screen outside of the beam. A
feature of a beam power tube is its low screen current. 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 strike 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.

BEAM-CONFINING

ELECTRODE INTERNAL
CATHODE STRUCTURE
GRID OF

TYPE 6L6
BEAM POWER
TUBE

ST Fig. 9

Fig. 9 shows the structure of a beam power tube employing space-charge sup-
pression and illustrates how the electrons are confined to beams. The beam condi-
tion illustrated is that for a plate potential less than the screen potential. The
high-density space-charge region is indicated by the heavily dashed lines in the
beam. Note that the edges of the beam-confining electrodes coincide with the
dashed portion of the beam. In this way the space-charge potential region is
extended beyond the beam boundaries and stray secondary electrons are prevented
from returning to the screen outside of the beam. The space-charge effect may also
be obtained by use of an actual suppressor grid. Examples of beam power tubes are
6L6, 6V6-GT, and 50B5.

MULTI-ELECTRODE and MULTI-UNIT TUBES

Early in the history of tube development and application, tubes were designed
for general service; 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 a2 detector. Obviously, with this diversity of applica-
tion, one tube did not meet all requirements to the best advantage.

9
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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 6F6, 12SK7, 6L7, and 6K8. Types of this class generally require more than
three electrodes to obtain the desired special characteristics and may be broadly
classed as multi-electrode types. The 6L7 is an especially interesting type in this
class. This tube has an unusually large number of electrodes, namely seven,
exclusive of the heater. Plate current in the tube is varied at two different frequen-
cies at the same time. The tube is designed primarily for use as a mixer in super-
heterodyne receivers. In this use, the tube mixes the signal frequency with the
oscillator frequency to give an intermediate-frequency output.

Tubes of the multi-electrode class often present interesting possibilities of
application besides the one for which they are primarily designed. The 6L7, for
instance, can also be used as a variable-gain audio amplifier in volume-expander
and compressor application. 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 multi-unit tubes such as the twin-diode triodes
6BF6 and 63Q7, as well as the twin-diode pentodes 1F7-G and 12C8 and the
twin class A and class B types 12AU7 and 6N7, respectively. In this class also is
included the multi-unit type 117N7-GT. This tube combines in one bulb a diode
for use as a power rectifier and a power-output pentode. Related to multi-unit
tubes are the electron-ray types 6U5/6G5 and 6AB5/6N5. These combine a triode
amplifier with a fluorescent target. Full-wave rectifiers are also multi-unit types.

A third class of tubes combines features of each of the other two classes.
Typical of this third class are the pentagrid-converter types 1R5, 6BE6, and 6SA7.
These tubes are similar to the multi-electrode types in that they have seven elec-
trodes, all of which affect the electron stream; and they are similar to the multi-
unit tubes in that they perform simultaneously the double function of oscillator
and mixer in superheterodyne receivers.

Complete classification of tubes by services and cathode voltages is given on
the chart at the beginning of the TUBE TYPES SECTION.

Electron Tube Characteristics

The term “characteristics” is used to identify the distinguishing electrical
features and values of an electron 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 de potentials applied
to the tube electrodes, while Dynamic Characteristics are the values obtained with
an ac voltage on the control grid under various conditions of de potentials on the
electrodes. The dynamic characteristies, therefore, are indicative of the perform-
ance capabilities of a tube under actual working conditions.

Static characteristics may be shown by plate characteristics curves and transfer
(mutual) characteristics curves. 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

10
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varying control-grid bias voltage and measuring plate current for different plate
vpltages. A plate-characteristic family of curves is illustrated by Fig. 10. Fig. 11
gives the transfer characteristic family of curves for the same tube.
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Dynamic characteristies include amplification factor, plate resistance, control-
grid—plate transconductance and certain detector characteristics, and may be
shown in curve form for variations in tube operating conditions.

The amplification factor, or g, 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, and that all other electrode voltages
are maintained constant. For example, if, when the plate voltage is made 1 volt
more positive, the grid voltage must be made 0.1 volt more negative to hold plate
current unchanged, the amplification factor is 1 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 u of a tube is useful for
calculating stage gain. This use is discussed in the ELECTRON TUBE APPLI-
CATIONS SECTION.

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 divided 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 1 divided by 0.0001, or 10000 ohms.

Control-grid—plate transconductance, or simply transconductance (gm),is 2
factor which combines in one term the amplification factor and the plate resistance,
and is the quotient of the first divided by the second. This term is also known as
mutual conductance. Transconductance may be more strictly defined as the quo-
tient of a small change in plate current (amperes) divided by 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 milliampere (0.001 ampere), with all other voltages constant, the transcon-
ductance is 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 (umho), is used to express transconductance. Thus, in the
example, 0.002 mho is 2000 micromhos.

Conversion transconductance (gc) is a characteristic associated with the
mixer (first detector) function of tubes and may be defined as the quotient of the
intermediate-frequency (if) current in the primary of the if transformer divided by
the applied radio-frequency (rf) voltage producing it; or more precisely, it is the
limiting value of this quotient as the rf voltage and if current approach zero. When
the performance of a frequency converter is determined, conversion transconduct-
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ance is used in the same way as control-grid—plate transconductance is used in
single-frequency amplifier computations.

The plate efficiency of a power amplifier tube is the ratio of the ac power
output to the product of the average dc plate voltage and dc plate current at
full signal, or

Plate efficiency (%) = power output watts

average dc plate volts X average dc plate amperes

X 100
The power sensitivity of a tube is the ratio of the power output to the square
of the input signal voltage (RMS) and is expressed in mhos as follows:

power output watts
(input signal volts, RMS)2

Power gensitivity (mhos) =

Electron Tube Applications

The diversified applications of an electron receiving tube have, within the
scope of this section, been treated under eight headings. These are: Amplification,
Rectification, Detection, Automatic Volume Control, Tuning Indication with
Electron-Ray Tubes, Oscillation, Frequency Conversion, and Automatic Fre-
quency Control. Although these operations may take place at either radio or
audio frequencies and may involve the use of different circuits and different sup-
plemental parts, the general considerations of each kind of operation are basic.

AMPLIFICATION

The amplifying action of an electron tube was mentioned under Triodes in the
section on ELECTRONS, ELECTRODES, and ELECTRON TUBES.

This action can be utilized in electronic circuits in 2 number of ways, depending
upon the results desired. 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, cutoff 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 cutoff 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 cutoff 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.

12
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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 59, for triodes and the conventional 7 to 109 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. With class A amplifiers,
reduced distortion with improved power performance can be obtained 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 voliage amplifier, an electron tube is used to reproduce grid volt-
age variations across an impedance or a resistance in the plate circuit. These varia-
tions are essentially of the same form as the input signal voltage impressed on the
grid, but of increased amplitude. This is accomplished by operating the tube at a
suitable grid bias so that the applied grid-input voltage produces plate-current
variations proportional to the signal swings. Since the voltage variation obtained in
the plate circuit is much larger than that required to swing the grid, amplification of
the signal is obtained. Fig. 12 gives a graphical illustration of this method of ampli-
fication and shows, by means of the grid-voltage vs. plate-current characteristics
curve, the effect of an input signal (S) applied to the grid of a tube. O is the resulting
amplified plate-current variation.

The plate current flowing through the load resistance (R) of Fig. 13 causes 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

QUTPUT
VOLTAGE
INPUT
SIGNAL

L.

Fig. 13
amplification, or gain, provided by the tube. The voltage amplification due to the
tube is expressed by the following convenient formulas:

amplification factor X load resistance
load resistance 4 plate resistance

Voltage amplification =

’

transconductance in micromhos 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. 14 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 used.

In a resistance-coupled amplifier, the load resistance of the tube is approxi-
mately equal to the resistance of the plate resistor in parallel with the grid resistor
of the following stage. Hence, to obtain a large value of load resistance, it is neces-
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sary to use a plate resistor and a grid resistor of large resistance. However, the plate
resistor should not be too large because 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, the actual maximum
value being dependent on the particular tube type. This precaution is necessary
because 2all tubes contain minute amounts of residual gas which cause a minute flow
of current through the grid resistor. If the grid resistor is too large, the positive bias
developed by the flow of this current through the resistor decreases the normal
negative bias and produces an increase in the plate current. This increased current
may over-heat the tube and cause liberation of more gas which, in turn, will cause
further decrease in bias. The action is cumulative and results in a runaway condi-
tion which can destroy the tube. A higher value of grid resistance is permissible
when cathode bias is used than when fixed bias is used. When cathode bias is used,
a loss in bias due to grid-emission effects is nearly completely offset by an increase
in bias due to the voltage drop across the cathode resistor. 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 AMPLIFIER SECTION.

L
z
]
-
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3 VOLTAGE AMPLIFICATION vs.LOAD RESISTANCE
& FOR THEORETICAL TRIODE HAVING:
> 5 PLATE RESISTANCE 210000 OHMS h—
< AMPLIFICATION FACTORZI10
w TRANSCONDUCTANCE <1000 MICROMHOS
g
’
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Fig. 14

The input impedance of an electron tube, that is, the impedance between grid
and cathode is made up of (1) a reactive component due to the capacitance between
grid and cathode, (2) a resistive component resulting from the time of transit of
electrons between cathode and grid, and (8) a resistive component developed by the
part of the cathode lead inductance which is common to both the input and output
circuits. Components (2) and (3) are dependent on the frequency of the incoming
signal. The input impedance is very high at audio frequencies when a tube is
operated with its grid biased negative. Hence, in a class A, or class AB, transformer-
coupled audio amplifier, the loading imposed by the grid on the input transformer
is negligible. The secondary impedance of a class A, or class AB, input transformer
can, therefore, be made very high since the choice is not limited by the input
impedance of the tube; however, transformer design considerations may limit the
choice. At the higher radio frequencies, the input impedance may become very low
even when the grid is negative, due to the finite time of passage of electrons be-
tween cathode and grid and to the appreciable lead reactance. This impedance
drops very rapidly as the frequency is raised and increases input-circuit loading. In
fact, the input impedance may become low enough at very high radio frequencies
to affect appreciably the gain and selectivity of a preceding stage. Tubes such as
the ‘“acorn’’ types and the high-frequency miniatures have been developed to have
low input capacitances, low electron transit time, and low lead inductance so that
their input impedance is high even at the ultra-high radio frequencies. Input
admittance is the reciprocal of input impedance.

A remote-cutoff amplifier tube is a modified construction of a pentode or a

14
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tetrode 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 offend-
ing stage for cross-modulation is usually the first radio-frequency amplifier, while

PLATE MILLIAMPERE $

SUPPRESSOR GRID SCREEN * NEGATIVE GRID VOLTS

Fig. 15 Fig. 16

for modulation-distortion, the cause is usually the last intermediate-frequency
stage. The characteristics of remote-cutoff types are such as to enable them to han-
dle both large and small input signals with minimum distortion over a wide range.

Fig. 15 illustrates the construction of the control grid in such a tube. The
remote-cutoff 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 open
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 uni-
form 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 open 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. 16 shows a typical plate-current
vs. grid-voltage curve for a remote-cutoff type compared with the curve for a type
having a uniformly spaced grid. It will be noted that while the curves are similar
at small grid-bias voltages, the plate current of the remote-cutoff 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 remote-cutoff types can ac-
commodate large and small signals, they are particularly suitable for use in sets
having automatic volume control. Remote-cutoff tubes also are known as variable-
mu types. The 6SK7 is a representative remote-cutoff type.

As a class A power amplifier, an electron tube is used in the output stage of a
radio receiver to supply a relatively large amount of power to the loudspeaker. For
this application, large power output is of more importance than high voltage ampli-
fication; therefore, gain possibilities are sacrificed in the design of power tubes to
obtain power-handling capability. Triodes, pentodes, and beam power tubes de-
signed for power amplifier service have certain inherent features for each structure.
Power tubes of the triode type for class A service are characterized by low power
sensitivity, low plate-power efficiency, and low distortion. Power tubes of the pen-
tode type are characterized by high power sensitivity, high plate-power efficiency
and, usually, somewhat higher distortion than class A triodes. Beam power tubes
such as the 6L6 have still higher power sensitivity and efficiency and have higher
power-output capability than triode or conventional pentode types.
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A class A power amplifier is used also as a driver to supply power to a class
AB, or a class B stage. It is usually advisable to use a triode, rather than a pentode,
in a driver stage because of the lower plate impedance of the triode.

ABH

B84 B- AC FILAMENT SUPPLY B+ B- AC HEATER SUPPLY
Fig. 17 Fig. 18

Power tubes connected in either parallel or push-pull may be employed as
class A amplifiers to obtain increased output. The parallel connection (Fig. 17)
provides twice the oufput of a single tube with the same value of grid-signal voltage.
With this connection, the effective transconductance of the stage is doubled, and
the effective plate resistance and the load resistance required are halved as com-
pared with single-tube values. The push-pull connection (Fig. 18), although it
requires twice the grid-signal voltage, has, in addition to providing increased power,
other important advantages over single-tube operation. Distortion caused by even-
order harmonics and hum caused by plate-voltage-supply fluctuations are either
eliminated or decidedly reduced through cancellation. Since distortion for push-
pull operation is less than for single-tube operation, appreciably more than twice
single-tube output can be obtained by decreasing the load resistance for the stage
to a value approaching the load resistance for a single tube. For either parallel or
push-pull class A operation of two tubes, all electrode currents are doubled while all
dc electrode voltages remain the same as for single-tube operation. If a cathode
resistor is used, its value should be about one-half that for a single tube. Should
oscillations occur with either type of connection, they can often be eliminated by
connecting a non-inductive resistor of approximately 100 ohms in series with each
grid at the socket terminal.

Operation of power tubes so that the grids run positive is inadvisable except
under conditions such as those discussed in this section for class AB and class B
amplifiers.

Calculation of the power output of a triode used as a class A amplifier with
either an output transformer or a choke having low dc resistance can be made
without serious error from the plate family of curves by assuming a resistance load.
The proper plate current, grid bias, optimum load resistance, and the per cent
second-harmonic distortion can also be determined. The calculations are made
graphically and are illustrated in Fig. 19 for given conditions. The procedure is as
follows: (1) Locate the zero-signal bias point P by determmmg the zero-signal bias

Ec, from the formula:
Zero-signal bias (Eco) = —(0.68 X Eb)/u

where Ey is the chosen value in volts of de plate voltage at which the tube is to be
operated, and u is the amplification factor of the tube. This quantity is shown as
negative to indicate that a negative bias is used. (2) Locate on the plate family the
value of zero-signal plate current, I,, corresponding to point P. (3) Locate 2I,,
which is twice the value of I, and corresponds to the value of the maximum-signal
plate current Imax. (4) Locate the point X on the dc bias curve at zero volts,
E. = 0, corresponding to the value of Imax. (5) Draw a straight line XY through
X and P.
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Line XY is known as the load resistance line. Its slope corresponds to the value
of the load resistance. The load resistance in ohms is equal to (Empax —~ Emm) divided
by (Imax — Imin), where E is in volts and I is in amperes.

It should be noted that in the case of filament types of tubes, the calculations
are given on the basis of a dc-operated filament. When, however, the filament is
ac-operated, the calculated value of de bias should be increased by approximately
one-half the filament voltage rating of the tube,

The value of zero-signal plate current I, should be used to determine the plate
dissipation, an important factor influencing tube life. In a class A amplifier under
no-signal conditions, the plate dissipation is equal to the power input, i.e., the
product of the de plate voltage E, and the zero-signal dc plate current I,. If it is
found that the plate-dissipation rating of the tube is exceeded with the zero-signal
bias Ec¢, calculated above, it will be necessary to increase the bias by a sufficient
amount so that the actual plate dissipation does not exceed the rating before pro-
ceeding further with the remaining caleulations.

RCA-2A3
€¢22.5 VOLTS D C

PLATE AMPERES

PLATE VOLTS
Fig. 19

For power output calculations, it is assumed that the peak alternating grid
voltageis sufficient (1) to swing the grid from the zero-signal bias value Ec, to zero
bias (Ec = 0) on the positive swing and (2) to swing the grid to a value twice the
zero-signal bias value on the negative swing. During the negative swing, the plate
voltage and plate current reach values of Emax and Imin; during the positive swing,
they reach values of Epin and Imax. Since power is the product of voltage and eur-
rent, the power output as shown by a wattmeter is given by

(Imax — Imin) (Emax — Emin)
8

where E is in volts, I is in amperes, and power output is in watts.

" Power output =

In the output of power amplifier triodes, some distortion is present. This dis-
tortion is due predominantly to second harmonies in single-tube amplifiers. The
percentage of second-harmonic distortion may be calculated by the following

formula:
Imax+ Imin ~To

. . 2
% 2nd-harmoniec distortion = Tmar = Toin X 100

where I, is the zero-signal plate current in amperes. In case the distortion is ex-
cessive, the load resistance should be increased or decreased slightly and the cal-
culations repeated.

Example: Determine the load resistance, power output, and distortion of a triode
having an amplification factor of 4.2, a plate-dissipation rating of 15 watts, and
plate characteristics curves as shown in Fig. 19. The tube is to be operated at 250
volts on the plate.

Procedure: For a first approximation, determine the operating point P from the
17
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zero-signal bias formula, Ec, = —(0.68 X 250) /4.2 = —40.5 volts. From the curve
for this voltage, it is found that the zero-signal plate current I, at a plate voltage
of 250 volts is 0.08 ampere and, therefore, the plate-dissipation rating is exceeded
(0.08 X 250 = 20 watts). Consequently, it is necessary to reduce the zero-signal
plate current to 0.06 ampere at 250 volts. The grid bias is now seen to be —43.5
volts. Note that the curve was taken with a de filament supply; if the filament is to
be operated on an ac supply, the bias must be increased by about one-half the
filament voltage, or to —45 volts, and the circuit returns made to the mid-point of
‘the filament circuit.

Point X can now be determined. Point X is at the intersection of the dc bias
curve at zero volts with Imay, Where Imax = 2I, = 2 X 0.06 = 0.12 ampere. Line
XY is drawn through points P and X. Epax, Emin, and Iny are then found from the
curves. Substituting these values in the power output formula, we obtain

Power output = ©.12 - 0.012)8 (365 = 105) _ 3 59 watts

The resistance represented by load line XY is

(365 — 105)
.12 —0.012) — 2410 ohms

If now the values from the curves are substituted in the distortion formula,
‘we obtain 0.12 4+ 0.012
2

- 0.06
% 2nd-harmonie distortion = ——g 5 g1z X 100=55%

It is customary to select the load resistance so that the distortion does not
exceed five per cent. When the method shown is used to determine the slope of the
load resistance line, the second-harmonic distortion generally does not exceed five
per cent. In the example, however, the distortion is excessive and it is desirable,
therefore, to use a slightly higher load resistance. A load resistance of 2500 ohms
will give a distortion of about 4.9 per cent. The power output is reduced only
slightly to 3.5 watts.

Operating conditions for triodes in push-pull depend on the type of operation
desired. Under class A conditions, distortion, power output, and efficiency are all
relatively low. The operating bias 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 cutoff at a plate voltage of 1.4E, where E, is the operating
plate voltage. Higher bias than this value requires higher grid-signal voltage and
results in class AB, operation which is discuseed later.
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The method for calculating power output for triodes in push-pull class A
operation is as follows: Erect a vertical line at 0.6E, (see Fig. 20), intersecting the
E¢; = 0 curve at the point Inax. Then, Imay is determined from the curve for use in
the formula

Power output = (Imax X Eo)/5.
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If Iax is expressed in amperes and E, in volts, power output is in watts.

The method for determining the proper load resistance for triodes in push-pull
is as follows: Draw a load line through Imax on the zero-bias curve and through the
Eo point on the zero-current axis. Four times the resistance represented by this
load line is the plate-to-plate load for two triodes in a class A push-pull amplifier.
Expressed as a formula,

Plate-to-plate load (Rpp) = 4 x (Eo — 0.6Eo)/Imax
E, is expressed in volts, Inax in amperes, and Ryp in ohms.

Example: Assume that the plate voltage (E,) is to be 300 volts, and the plate
dissipation rating of the tube is 15 watts. Then, for class A operation, the operating
bias can be equal to, but not more than, one-half the grid bias for cutoff with a plate
voltage of 1.4 X 300 = 420 volts. (Since cutoff bias is approximately -115 volts at a
plate voltage of 420 volts, one-half of this value is —57.5 volts bias.) At this bias,
the plate current is found from the plate family to be 0.054 ampere and, therefore,
the plate dissipation is 0.054 X 300 or 16.2 watts. Since —57.5 volts is the limit of
bias for class A operation of these tubes at a plate voltage of 300 volts, the dissipa-
tion cannot be reduced by increasing the bias and it, therefore, becomes necessary
to reduce the plate voltage.

If the plate voltage is reduced to 250 volts, the bias will be found to be —43.5
volts. For this value, the plate current is 0.06 ampere, and the plate dissipation is
15 watts. Then, following the method for calculating power output, erect a vertical
line at 0.6E, = 150 volts. The intersection of the line with the curve E; = 0is Iinax
or 0.2 ampere. When this value is substituted in the power formula, the power
output is (0.2 X 250)/5 = 10 watts. The load resistance is determined from the
load formula: Plate-to-plate load (Ry,) = 4(250 — 150)/0.2 = 2000 ohms.

Power output for a pentode or a beam power tube as a class A amplifier
can be calculated in much the same way as for triodes. The calculations can be
made graphically from a special plate family of curves, as illustrated in Fig. 21.

PLATE  MILLIAMPERES

PLATE VOLTS
*V is the Negative Control-Grid Bias Voltage at the Operating Point
Fig. 21

From a point A just above the knee of the zero-bias curve, draw arbitrarily
selected load lines to interseect the zero-plate-current axis. These lines should be on
both sides of the operating point P whose position is determined by the desired
operating plate voltage E;, and one-half the maximum-signal plate current. Along
any load line, say AA,, measure the distance AO,. On the same line, lay off an
equal distance O,A,. For optimum operation, the change in bias from A to O,
should be nearly equal to the change in bias from O, to A,. If this condition can not

19



RCA RECEIVING TUBE MANUAL

be met with one line, as is the case for the line first chosen, then, another should be
chosen. When the most satisfactory line has been selected, its resistance may be
determined by the following formula:

Emax — Emin

Load resistance (Rp) = J—"— =

The value of R, may then be substituted in the following formula for calcu-
{ating power output.

Power output = [Imax — Imin+ 1.41 (Ix — Iy)12Rp

32

In both of these formulas, I is in amperes, E is in volts, R, is in ohms, and
power output is in watts. Ix and Iy are the current values on the load line at bias
voltages of Ec;=V -0.707V=0.293V and E¢;=V + 0.707V=1.707V, respectively.

Calculations for distortion may be made by means of the following formulas.
The terms used have already been defined.

Imax + Imin - 2 Io
Imax — Imin + 1.41 (Ix - Iy)

Imax - Imin ~ 1.41 (Ix - Iy)
Imax ~ Imin 4 1.41 (Ix ~ Iy)

% total (2nd and 8rd) harmonic distortion = +/{%2nd)z + (%3rd)?

% 2nd-harmonic distortion =" X 100

% 8rd-harmonic distortion = X 100

The conversion curves given in Fig. 22 apply to electron tubes in general
but are particularly useful for power tubes. These curves can be used for
caleulating approximate operating conditions for a plate voltage which is
Q406 08 1.0 vs_ 20 25 not included in the published data on oper-

ating conditions. For instance, suppose it is
desired to operate two 6L.6’s in class A, push-
pull, fixed bias, with a plate voltage of 200
volts. The nearest published operating condi-
tions for this class of service are for a plate
voltage of 250 voits. The operating conditions
for the new plate voltage can be determined
y as follows: First compute the ratio of the new
plate voltage to the plate voltage of the pub-
lished data. In the example, this ratio is
200/250 = 0.8. This figure is the Voltage Con-
version Factor, Fe. Multiply by this factor
the published values for 250-volt operation in
order to obtain the new values of grid bias
and screen voltage. This gives a grid bias of
N —~16 X 0.8 = ~12.8 volts, and a screen voltage of
250 X 0.8 = 200 volts for the new conditions.

To obtain the rest of the new conditions,
/’ multiply the published values by factors shown
04—/ on the chart as corresponding to the voltage
/ conversion factor of 0.8. In this chart,

.3
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Fig. 22 conditions, determine the value of F, for a
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voltage conversion factor of 0.8. The chart shows that this value of F} is 0.6.
Multiplying the published value of power output by 0.6, the power output for the
new conditions is 14.5 X 0.6 = 8.7 watts.

A class AB power amplifier employs two tubes connected in push-pull with a
higher negative grid bias than is used in a class A stage. With this higher negative
bias, the plate and screen voltages can usually be made higher than for class A
because the increased negative bias holds plate current within the limit of the
tube’s plate-dissipation rating. As a result of these higher voltages, more power
output can be obtained from class AB operation.

Class AB amplifiers are subdivided into class AB,; and class AB,. In class AB,
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 AB,, the peak
signal voltage is greater than the bias so that the grids are driven positive and
draw grid current.

Because of the flow of grid current in a class AB; 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 dis-
tortion introduced in the grid circuit be kept low. The input transformer used in a
class AB; amplifier usually has a step-down turns ratio.

Because of the large fluctuations of plate current in a class AB. stage, it is
important that the plate 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 low-drop rectifier,
such as the 5V4-G, with a choke-input filter. In all cases, the resistance of the filter
choke and power transformers should be as low as possible.

In class AB, push-pull amplifier service using triodes, the operating con-
ditions may be determined graphically by means of the plate family if BE,, the de-
sired operating plate voltage,is given. In this service, the dynamic load line does not
pass through the operating point P as in the case of the single-tube amplifier, but
through the point D in Fig. 23. Its position is not affected by the operating grid
bias provided the plate-to-plate load resistance remains constant. Under these
conditions, grid bias has only a small effect on the power output. Grid bias cannot
be neglected, however, since it is used to find the zero-signal plate current and, from
it, the zero-signal plate dissipation. Since the grid bias is higher in class AB, than
in class A service for the same plate voltage, this ‘‘overbiased’’ condition permits
the use of 2 higher signal voltage without grid current being drawn and, therefore,
higher power output is obtained than in class A service.

In general, for any load line through point D, Fig. 23, the plate-to-plate load
resistance in ohms of a push-pull amplifier is Rpp = 4E,/I/, where I’ is the plate
current value in amperes at which the load line as projected intersects the plate
current axis and E, is in volts. This is another form of the formula, given under
push-pull class A amplifiers, Ry, = 4(E;— 0.6E,) /Imax, but is more general. Power
output = (Imax/v2 )? X Rpp/4, where Imax is the peak plate current at zero grid-
volts for the load chosen. This formula simplified is (Imax)? X Rpp/8. The maximum-
signal average plate current is 2Imax/m or 0.636 Imax; the maximum-signal average
power input is 0.636 Imax Eo.

It is desirable to simplify these formulas for a first approximation. This simpli-
fication can be made if it is assumed that the peak plate current, Imax, occurs at the
point of the zero-bias curve corresponding approximately to 0.6E,. The simplified
formulas are:
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Power output (for two tubes) = (Imax X Eo)/5
Plate-to-plate load resistance (Rpp) = 1.6Eo/Imax

where E, is in volts, Imax is in amperes, Ry is in chms, and power output is in watts.

It may be found during subsequent calculations that the distortion or the plate
dissipation is excessive for this approximation; in that case, a different load resist-
ance must be selected using the first approximation as a guide and the process re-
peated to obtain satisfactory operating conditions.
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Example: Fig. 23 illustrates the application of the method to a pair of 2A3’s oper-
ated at E; = 300 volts. The tubes have a plate-dissipation rating each of 15 watts.
The method is to erect a vertical line at 0.6E,, or at 180 volts, which intersects the
E: = 0 curve at the point Imax = 0.26 ampere. Using the simplified formulas, we

obtain
Plate-to-plate load resistance (Rpp) = (1.6 X 300)/0.26 = 1845 ohms

Power output = (0.26 X 300)/5 = 15.6 watts

At this point, it is well to determine the plate dissipation and to compare it
with the maximum rated value. From the average plate current formula (0.636 Imax)
mentioned previously, the maximum-signal average plate current is 0.166 ampere.
The product of this current and the operating plate voltage is 49.8 watts, the aver-
age input to the two tubes. From this value, subtract the power output of 15.6
watts to obtain the total dissipation for both tubes which is 84.2 watts. Half of this
value, 17 watts, is in excess of the 15-watt rating of the tube and it is necessary,
therefore, to assume another and higher load resistance so that the plate-dissipation
rating will not be exceeded.

It will be found that at an operating plate voltage of 300 volts, the 2A3’s
require a plate-to-plate load resistance of 3000 ohms. From the formula for Rpp,
the value of I’ is found to be 0.4 ampere. The load line for the 3000-ohm load
resistance is then represented by a straight line from the point I’ = 0.4 ampere on
‘the plate-current ordinate to the point E, = 300 volts on the plate-voltage abscissa.
At the intersection of the load line with the zero-bias curve, the peak plate current,
Imax, can be read at 0.2 ampere. Then

Power output = (Imax/ v2 )2 Rpp/4 = (0.2/1.41)2 3000/4 = 15 watts

Proceeding as in the first approximation, we find that the maximum-signal average
plate current, 0.636Imax, is 0.127 ampere, and the maximum-signal average power
input is 88.1 watts. This input minus the power output is 38.1 — 15 = 23.1 watts.
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This is the dissipation for two tubes; the value per tube is 11.6 watts, a value well
within the rating of this tube type. .

The operating bias and the zero-signal plate current may now be found by use
of a curve which is derived from the plate family and the load line. Fig. 24 is a
curve of instantaneous values of plate current and dec grid-bias voltages taken from
Fig. 23. Values of grid bias are read from each of the grid-bias curves of Fig. 23
along the load line and are transferred to Fig. 24 to produce the curved line from
A to C. A tangent to this curve, starting at A, is drawn to intersect the grid-voltage
abscissa. The point of intersection, B, is the operating grid bias for fixed-bias
operation. In the example, the bias is —60 volts. Refer back to the plate family at
the operating conditions of plate volts = 300 and grid bias = ~60 volts; the zero-
signal plate current per tube is seen to be 0.04 ampere. This procedure locates the
operating point for each tube at P. The plate current must be doubled, of course, to
obtain the zero-signal plate current for both tubes. Under maximum-signal condi-
tions, the signal voltage swings from zero-signal bias voltage to zero bias for each
tube on alternate half cycles. Hence, in the example, the peak af signal voltage
per tube is 60 volts, or the grid-to-grid value is 120 volts.

As in the case of the push-pull class A amplifier, the second-harmonic distor-
tion in a class AB, amplifier using triodes is very small and is largely cancelled by
virtue of the push-pull connection. Third-harmonic distortion, however, which may
be larger than permissible, can be found by means of composite characteristic
curves. A complete family of curves can be plotted, but for the present purpose
only the one corresponding to a grid bias of one-half the peak grid-voltage swing is
needed. In the example, the peak grid voltage per tube is 60 volts, and the half
value is 30 volts. The composite curve, since it is nearly a straight line, can be con-
structed with only two points (see Fig. 28). These two points are obtained from
deviations above and below the operating grid and plate voltages. In order to find
the curve for a bias of ~30 volts, we have assumed a deviation of 30 volts from the
operating grid voltage of —60 volts. Next assume a deviation from the operating
plate voltage of, say, 40 volts. Then at 300 — 40 = 260 volts, erect a vertical line to
intersect the (-60) - (-30) = —30-volt bias curve and read the plate current at this
intersection which is 0.167 ampere; likewise, at the intersection of a vertieal line
at 300 + 40 = 340 volts and the (-60) 4+ (-30) = —90-volt bias curve, read the
plate current. In this example, the plate current is estimated to be 0.002 ampere.
The difference of 0.165 ampere between these two currents determines the point
E on the 300 — 40 = 260-volt vertical. Similarly, another point F on the same com-
posite curve is found by assuming the same grid-bias deviation but a larger plate-
voltage deviation, say, 100 volts. We now have points at 260 volts and 0.165
ampere (E), and at 200 volts and 0.45 ampere (F). A straight line through these
points is the composite curve for a bias of —30 volts, shown as a long-short dash
line in Fig. 23. At the intersection of the composite curve and the load line, G, the
instantaneous composite plate current at the point of one-half the peak signal
swing is determined. This current value, designated I,.; and the peak plate cur-
rent, Inay, are used in the following formula to find peak value of the third-har-
monic component of the plate current.

Th: = (2Io.s - Imax)/8

In the example, where I,.; is 0.097 ampere and Imax is 0.2 ampere, In; = (2 X 0.097 —
0.2)/3 = (0.194-0.2)/3 = -0.006/3 = —0.002 ampere. (The fact that In; is negative
indicates that the phase relation of the fundamental (first-harmonic) and third-
harmonic components of the plate current is such as to result in a slightly peaked
wave form. Ip; is positive in some cases, indicating a flattening of the wave form.)

The peak value of the fundamental or first-harmonic component of the plate
current
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Ih; = 2/8 (Imax + Io.:)

¥n the example: In; = 2/3 (0.2 + 0.097) = 0.198 ampere. Then, the percentage of
third-harmonic distortion is (Ins/In) 100 = (0.002/0.198)100 = 19, approx.

A class AB; amplifier employs two tubes connected in push-pull as in the case
of class AB, amplifiers. It differs in that it is biased so that plate current flows
somewhat more than half the electrical cycle but less than the full cycle, the peak
signal voltage is greater than the dc bias voltage, grid current is drawn, and con-
sequently, power is consumed in the grid circuit. These conditions permit obtaining
high power output without excessive plate dissipation.

The sum of the power used in the grid circuit and the losses in the input trans-
former 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. In addition, the internal
impedance of the driver stage as reflected into or as effective in the grid circuit of the
power stage should always be as low as possible in order that distortion may be
kept low. The input transformer used in a class AB, stage usually has a step-down
ratio adjusted for this condition.

Load resistance, plate dissipation, power output, and distortion determina-
tions are similar to those for class AB;. These quantities are interdependent with
peak grid-voltage swing and driving power; a satisfactory set of operating condi-
tions involves a series of approximations. The load resistance and signal swing are
limited by the permissible grid current and power, and the distortion. With either
a high load resistance or excessive signal swing, the plate-dissipation rating will be
exceeded, distortion will be high, and the driving power will be unnecessarily high.

A class B 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,, i.e., 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, and the signal
swing is even larger than in class AB; operation.

Because a class B amplifier is usually operated at zero or low bias, each grid
is at a positive potential during all or most of 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 condition imposes the same requirement in the
driver stage as in a class AB, stage, that is, the driver should be capable of deliver-
ing considerably more power output than the power required for the class B grid
circuit in order that distortion be low. Likewise, the interstage transformer between
the driver and class B stage usually has a step-down turns ratio.

Determination of 1oad resistance, plate dissipation, power output, and distor-
tion is similar to that for a class AB, stage.

Power amplifier tubes designed for class A operation can be used in class AB; and
class B service under suitable operating conditions. There are several tube types
designed especially for class B service. The characteristic common to all of these
types is a high amplification factor. With a high amplification factor, plate current
is small even when the grid bias is zero. These tubes, therefore, can be operated
in class B service at a bias of zero volts so that no bias supply is required. A number
of class B amplifier tubes consist of two triode units mounted in one tube. The two
units can be connected in push-pull so that only one tube is required for a class B
stage. Examples of twin triodes used in class B service are the 6N7, 6A6, and
1G6-GT.

An inverse-feedback circuit, sometimes called a degenerative circuit, is one
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in which a portion of the output voltage of a tube is applied to the input of the
same or a preceding tube in opposite phase to the signal applied to the tube. Two
important advantages of feedback are: (1) reduced distortion from each stage
included in the feedback circuit and (2) reduction in the variations in gain due to
changes in line voltage, possible differences between tubes of the same type, or
variations in the values of circuit constants included in the feedback circuit.

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 imped-
ance 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 imped-
ance can, if not corrected, produce considerable frequency distortion. Such fre-
quency distortion can be reduced by means of inverse feedback. Inverse feedback
circuits are of the constant-voltage type and the constant-current type.

The application of the constant-
INPUT g
SIGNAL

voltage type of inverse feedback to a
power output stage using a single
beam power tube is illustrated by
Fig. 25. In this circuit, R;, Ry, and C
are connected across the output of
the 6L.6 as a voltage divider. The
secondary of the grid-input trans-
former is returned to a point on this
voltage divider. Capacitor C blocks
the dc plate voltage from the grid.
However, a portion of the tube’s af
output voltage, approximately equal
to the output voltage multiplied by the fraction R./(R; + R.), is applied to the
grid. A decrease in distortion results which is explained in the curves of Fig. 26.

Consider first the amplifier without the use of inverse feedback. Suppose that
when a signal voltage e; is applied to the grid the af plate current i’p has an irreg-
ularity 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 af plate voltage has a waveform shown by e’p. The 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 volt-
age; thus, when plate current goes up, plate voltage goes down when plate current
goes down, plate voltage goes up. .

Fig. 25
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Now suppose that inverse feedback is applied to the amplifier. 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 €'y, the
feedback voltage appearing on the grid is as shown by e’y. This voltage applied
to the grid produces a component of plate current i’yr. It is evident that the irregu-
larity 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
relations are as shown in the curve for i,. The dotted curve shown by i’yris the
component of plate current due to the feedback voltage on the grid. The dotted
curve shown by i’, is the component of plate current due to the signal voltage on
the grid. The algebraic sum of these two components gives the resultant plate
current shown by the solid curve of i,. Since i’y is the plate current that would
flow without inverse feedback, it can be seen that the application of inverse feed-
back 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. Consequently, when
inverse feedback is applied to an amplifier there is a decrease in power output as
well as a decrease in distortion. However, by increasing the signal voltage, it is
practical to bring the power output back to its full value. Hence, the application of
inverse feedback to an amplifier requires that more driving voltage be applied to
obtain full power output but this output is obtained with less distortion.

Inverse feedback may also be applied to resistance-coupled stages as shown
in Fig. 27. The circuit is conventional except that a feedback resistor, Rs, is con-
nected between the plate of tubes T, and T.. The output signal voltage of T,
and a portion of the output signal voltage of T, appears across R,. Because the
distortion generated in the plate circuit of T, is applied to its grid out of phase
with the input signal, the distortion in the output of T, is comparatively low.
With sufficient inverse feedback of the constant-voltage type in a power-output
stage, it is not necessary to employ a network of resistance and capacitance in the
output circuit to reduce response at high audio frequencies. Inverse-feedback cir-
cuits can also be applied to push-pull class A and class AB, amplifiers. When the
cireuit in Fig. 25 is used in push-pull, the input transformer must have a separate
secondary for each grid. Inverse feedback is not recommended for use in ampli-
fiers drawing grid power because of the resistance introduced in the grid circuit.

Constant-current inverse feedback is
usually obtained by omitting the bypass
capacitor across a cathode resistor. This
method decreases the gain and the dis-
tortion but increases the plate resistance
of the tube. When the plate resistance
of an output tube is increased, the output
voltage rises at the resonant frequency of
the loudspeaker and accentuates hang-
over effects. Fig. 27

C- B5C+ B+

Inverse feedback is not generally ap-
plied to a triode power amplifier, such as the 2A8, because the variation in speaker
impedance with frequency does not produce much distortion in a triode stage
having low plate resistance. It is sometimes applied in a pentode stage but is not
always convenient. As has been shown, when inverse feedback is used in an ampli-
fier, the driving voltage must be increased in order to give full power output.
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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 beam power tubes 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 capacitor 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 out-
put transformer. The magnitude of this reflected impedance increases with increas-
ing 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 imped-
ance 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

TYPE
6L7

AF ouTPUT C1, C3, Cs = 0.1 uf
= Cs, C4, Cs = 0.5 uf

+a Ri= 1-Megohm Potentiometer
o (Volume Control)

250V. | Re= 1 Megohm
TYPE 6H6 Rs, R¢ = 100,000 ohms, 1 watt
Rg 100V, | R«= 1-Megohm Potentiometer
: (Expansion Control)
ov. : Rs = 10,000 ohms, 0.1 watt
= S R7= 100,000 ohms, 0.1 watt
Tiov Rs = 250,000 ohms, 0.1 watt
Rs -3V Rs = 500,000 ohms, 0.1 watt
» O SEE
T NOTE
DELAY VOLTAGE < -8

Fig. 28

output voltage across the primary of the output transformer: first, when a 400-
cycle signal is applied to the input, and second, when a 100-cycle signal of the same
voltage as the 400-cycle signal is applied to the input. The correct value of capaci-
tance is the one which gives equal output voltages for the two signal inputs. In
practice, this value is usually found to be in the order of 0.05 uf.

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 in-
stance, 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
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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 Fig. 28. In this circuit, the gain of the
617 as an audio amplifier can be varied by changing the bias on grid No. 3. When
the bias on grid No. 3 is made less negative, the gain of the 6L7 increases. The
signal to be amplified is applied to grid No. 1 of the 6L7 and is amplified by the
6L7. The signal is also applied to the grid of the 615, is amplified by the 6J5, and
is rectified by the 6H6. The rectified voltage developed across Rs, the load resistor
of the 6HS6, is applied as a positive bias voltage to grid No. 8 of the 6L7. Then,
when the amplitude of the signal input increases, the voltage across Rsincreases,
and the bias on grid No. 3 of the 61.7 is made less negative. Because this reduction
in bias increases the gain of the 617, the gain of the amplifier increases with increase
in signal amplitude and thus produces volume expansion of the signal. The voltage
gain of the expander varies from 5 to 20.

Grid No. 1 of the 6L7 is a variable-mu grid and, therefore, will produce dis-
tortion if the input signal voltage is too large. For that reason, the signal input to the
6L7 should not exceed a peak value of 1 volt. This value is of the same order as the
voltage obtainable from a magnetic phonograph pick-up. The no-signal bias voltage
on grid No. 8 is controlled by adjustment of contact P. This contact should be
adjusted initially to give a no-signal plate current of 0.15 milliampere in the 6L7.
No further adjustment of contaet P is required if the same 6L7 is always used. If it
is desired to delay volume expansion until the signal input reaches a certain am-
plitude, the delay voltage can be inserted as a negative bias on the 6H6 plates at
the point marked X in the diagram. All terminal points on the power-supply volt-
age divider should be adequately bypassed.

A phase inverter is a circuit 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 approximately equal in amplitude
with respect to each other. Thus, when the signal voltage input to a push-pull
stage swings the control grid of one tube in a positive direction, it should swing
the other grid in a negative direction by a similar amount. With transformer
coupling between stages, the out-of-phase input voltage to the push-pull stage is
supplied by means of the center-tapped secondary. With resistance coupling, the
out-of-phase input voltage is obtained by means of the inverter action of a tube.

Fig. 29 shows a push-pull power amplifier, resistance-coupled by means of a
phase-inverter circuit to a single-stage triode T,. Phase inversion in this circuit
is provided by triode T,. The output voltage of T is applied to the grid of Ts. A
portion of the output voltage of T, is also applied through the resistors R; and Rs
to the grid of T.. The output voltage of T, is applied to the grid of T,. When the
output voltage of T, swings in the
positive direction, the plate current
of T, increases. This action in-
creases the voltage drop across the
plate resistor R; and swings the A
plate of T.in the negative direction. VOLTAGE
Thus, when the output voltage of T,
swings positive, the output voltage
of T swings negative and is, there-
fore, 180° out of phase with the out-
put voltage of T,. In order to ob-
tain equal voltages at E, and Ey,
(R4 R;)/ R; should equal the volt-
age gain of T». Under the conditions
where a twin-type tube or two Fig. 29
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tubes having the same characteristics are used at T, and T, Rqshould be equal to
the sum of R; and R;. The ratio of R:+R; to Rs should be the same as the voltage gain
ratio of T; in order to apply the correct value of signal voltage to T,. The value of
R; is, therefore, equal to R, divided by the voltage gain of T;; R, is equal to R,
minus Rs. Values of Ry, Rs, R; plus Rs, and Ry may be taken from the chart in the
RESISTANCE-COUPLED AMPLIFIER SECTION. In the practical application
of this circuit, it is convenient to use a twin-triode tube combining T, and T,. A
phase-inverter circuit using a 128C7 is shown in the CIRCUIT SECTION.

An amplifier may also be used as a limiter. One use of a limiter is in receivers
designed for the reception of frequency-modulated signals. The limiter in FM
receivers has the function of eliminating amplitude variations from the input to the
detector. Because in an FM system, amplitude variations are primarily the result
of noise disturbances, the use of a limiter prevents such disturbances from being
reproduced in the audio output. The limiter usually follows the last if stage where
it can minimize the effects of disturbances coming in on the rf carrier and those
produced locally.

The limiter is essentially an if voltage amplifier designed for saturated opera-
tion. Saturated operation means that an increase in signal voltage above a certain
value produces very little increase in plate current. A signal voltage which is never
less than sufficient to cause saturation of the limiter, even on weak signals, is
supplied to the limiter input by the preceding stages. Any change in amplitude,
therefore, such as might be produced by noise voltage fluctuation, is not reproduced
in the limiter output. The limiting action, of course, does not interfere with the
reproduction of frequency variations. Plate-current saturation of the limiter may
be obtained by the use of grid-resistor-and-capacitor bias with plate and screen
voltages which are low compared with customary if-amplifier operating conditions.
As a result of these design features, the limiter is able to maintain its output volt-
age at a constant amplitude over a wide range of input-signal voltage variations.
The output of the limiter is frequency-modulated if voltage, the mean frequency
of which is that of the if amplifier. This voltage is impressed on the input of the
detector.

The reception of FM signals without serious distortion requires that the re-
sponse of the receiver be such that satisfactory amplification of the signal is pro-
vided over the entire range of frequency deviation from the mean frequency. Since
the frequency at any instant depends on the modulation at that instant, it follows
that excessive attenuation toward the edges of the band, in the rf or if stages, will
cause distortion. This means that, in a high-fidelity receiver, the amplifiers must
be capable of amplifying, for the maximum permissible frequency deviation of 75
kiloeycles, a band 150 kilocycles wide. Suitable tubes for this purpose are the
6BA6 and 6BJ6.

RECTIFICATION

The rectifying action of a diode finds an important application in supplying a
receiver with de power from an ac line. A typical arrangement for this applica-
tion includes a rectifier tube, a filter, and a voltage divider. The rectifying action
of the tube is explained briefly under Diodes, in the ELECTRONS, ELEC-
TRODES, AND ELECTRON TUBE SECTION. The function of a filter is to
smooth out the ripple of the tube output, as indicated in Fig. 30. The action of the
filter is explained in ELECTRON TUBE INSTALLATION SECTION under
Filters. 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 icircuit are shown in Fig. 31. In
the half-wave circuit, current flows through the rectifier tube to the filter on every
other half-cycle of the ac input voltage when the plate is positive with respect to
the cathode. In the full-wave circuit, current flows to the filter on every half-cycle,
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through plate No. 1 on one half-cycle when plate

TRansroneR No. 1 is positive with respect to the cathode, and
0 voae  through plate No. 2 on the next half-cycle when
plate No. 2 is positive with respect to the cathode.

*‘V\ /\ /L receen vance Because the current flow to the filter is more uni-
o form in the full-wave circuit than in the half-wave

j \/ \/ \]ummo.mg circuit, the output of the full-wave circuit requires
TMEN2 less filtering. Rectifier operating information and

w REES  circuits are given under each rectifier tube type
o ratesisz gnd in the CIRCUIT SECTION, respectively.

t—’\’w"‘zﬁ?ﬁgﬁ" Parallel operation of rectifier tubes furnishes
o OF FILTER an output current greater than that obtainable

+'I oc voraee  With the use of one tube. For example, when two

ABLE - .
mooreeven  full-wave rectifier tubes are connected in parallel,

FULL-WAVE RECTIFICATION  the plates of each tube are connected together and

Fig. 30 each tube acts as a half-wave rectifier. The allow-

able voltage and load conditions per tube are the

same as for full-wave service but the total load-handling capability of the complete
rectifier is approximately doubled. When mercury-vapor rectifier tubes are con-
nected in parallel, a stabilizing resistor of 50 to 100 ohms should be connected in
series with each plate lead in order that each tube will carry an equal share of the
load. The value of the resistor to be used will depend on the amount of plate current
that passes through the rectifier. Low plate current requires a high value; high plate
current, a low value. When the plates of merceury-vapor rectifier tubes are connected

HALF-WAVE RECTIFIER FULL- WAVE RECTIFIER

I
6 l |

.
J
WPUT ouTPuT NPT ouTPUT
vours FILTER voL7s FILTER
5 T

ke | Fig. 31 ———j

in parallel, the corresponding filament leads should be similarly connected. Other-
wise, the tube drops will be considerably unbalanced and larger stabilizing resistors
will be required. Two or more vacuum rectifier tubes can also be connected in
parallel to give correspondingly higher output current and, as a result of paralleling
their internal resistances, give somewhat increased voltage output. With vacuum
types, stabilizing resistors may or may not be necessary depending on the tube
type and the circuit.

A voltage-doubler circuit of simple form is shown in Fig. 32. The circuit derives
its name from the fact that its dc voltage output can be as high as twice the peak
value of ac input. Basically, a voltage doubler
is a rectifier circuit arranged so that the output
voltages of two half-wave rectifiers are in series.
The action of a voltage doubler is briefly as
——r +E follows. On the positive half-cycle of the ac

T input, that is, when the upper side of the ac

O DC
1 ovtpur input line is positive with respect to the lower
ol side, the upper diode passes current and feeds
—_—T a positive charge into the upper capacitor. As

e Ty

T3,T2 = SEPARATE FILAMENT positive charge accumulates on the upper plate
TRANSFORMER WINDINGS of the capacitor, a positive voltage builds up
Fig. 32 across the capacitor. On the next half-cycle of
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the ac 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 capacitor. As long as no current is drawn at the output terminals from the
capacitor, each capacitor can charge up to a voltage of magnitude E, the peak value
of the ac input. It can be seen from the diagram that with a voltage of +E on one
capacitor and —E on the other, the total voltage across the capacitors is 2E. Thus
the voltage doubler supplies a no-load dc output voltage twice as large as the
peak ac 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 eapacitors. The arrangement shown
in Fig. 32 is called a full-wave voltage doubler because each rectifier passes current
to the load on each half of the ac input cycle.

Two rectifier types especially designed for use as voltage doublers are the
25Z6-GT and 117Z6-GT. 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 a voltage-
dropping resistor across the line. The connections for the heater supply and the
voltage-doubling circuit are shown in Figs. 33 and 34.

VOLTAGE-DOUBLER CIRCUIT VOLTAGE ~DOUBLER CIRCUIT
FULL ~WavE HALF ~WAVE

L.

Ri ] oc

L
Te ouTPUY

il N1

R=HEATERS OF OTHER TUBES IN SERIES
WITH VOLTAGE-DROPPING RESISTOR
R;=PROTECTIVE RESISTOR

" Fig. 33 Fig. 34

With the full-wave voltage-doubler circuit in Fig. 33, it will be noted that the
de load cireuit ean not be connected to ground or to one side of the ac supply line.
This presents certain disadvantages when the heaters of all the tubes in the set
are connected in series with a resistance across the ac line. Such a circuit arrange-
ment may cause hum because of the high ac potential between the heaters and
cathodes of the tubes. The circuit in Fig. 34 overcomes this difficulty by making
one side of the ac line common with the negative side of the dc load circuit. In
this circuit, one half of the tube is used to charge a capacitor which, on the following
half cycle, discharges in series with the line voltage through the other half of the
tube. This circuit is called a half-wave voltage doubler because rectified current
flows to the load only on alternate halves of the ac input cycle. The voltage regu-
lation of this arrangement is somewhat poorer than that of the full-wave voltage
doubler.

DETECTION

When speech or music is transmitted from a radio station, the station radiates
a radio-frequency (rf) wave which is of either of two general types. In one type, the
wave is said to be amplitude modulated when its frequency remains constant and
the amplitude is varied. In the other type, the wave is said to be frequency modu-
lated when its amplitude remains essentially constant but its frequency is varied.
In either case, the varying ecomponent is modulated in accordance with the audio
frequencies (af) of the speech or music being transmitted.

The function of the receiver is to reproduce the original af modulating wave
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from the modulated rf wave. The receiver stage in which this function is performed
is called the demodulator or detector stage.

N

UNMODULATED AF MODULATING
WAVE

RF CARRIER AMPLIT UDE -MODULATED
RF WAVE

Fig. 35

The effect of amplitude modulation on the waveform of the rf wave is shown
in Fig. 85. There are three different basic ecircuits used for the detection of ampli-
tude-modulated waves: the diode detector, the grid-bias detector, and the grid-
resistor detector. These circuits are alike in that they eliminate, either partially or
completely, alternate half-cycles of the rf wave. With alternate half-cycles re-
moved, the audio variations of the other half-cycles can be amplified to drive
headphones or a loudspeaker.

A diode-detector circuit is shown in Fig. 36. The action of this circuit when a
modulated rf wave is applied is illustrated by Fig. 37. The rf voltage applied to
the circuit is shown in light line; the output voltage across capacitor C is shown
in heavy line. Between points (a) and (b) on the first positive hali-cycle of the
applied rf voltage, capacitor C charges up to the peak value of the rf voltage.
Then as the applied rf voltage falls away from its peak value, the capacitor holds
the cathode at a potential more positive than the voltage applied to the anode.
The capacitor thus temporarily cuts off current through the diode. While the
diode current is cut off, the capacitor discharges from (b) to (c) through the diode
load resistor R. When the rf voltage on the anode rises high enough to exceed
the potential at which the capacitor holds the cathode, current flows again and

Fig. 36 Fig. 87

the capacitor charges up to the peak value of the second positive half-cycle at (d).
In this way, the voltage across the capacitor follows the peak value of the applied
rf voltage and reproduces the af modulation. The curve for voltage across the
capacitor, as drawn in Fig. 87, is somewhat jagged. However, this jaggedness,
which represents an rf component in the voltage across the capacitor, is exaggerated
in the drawing. In an actual circuit the rf component of the voltage across the
capacitor is negligible. Hence, when the voltage across the capacitor is amplified,
the output of the amplifier reproduces the speech or music originating at the trans-
mitting station.

Another way to describe the action of a diode detector is to consider the
circuit as a half-wave rectifier. When the rf signal on the plate swings positive,
the tube conducts and the rectified current flows through the load resistance R.
Because the dc output voltage of a rectifier depends on the voltage of the ac input,
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the dc voltage across C varies in accordance with the amplitude of the rf carrier
and thus reproduces the af signal. Capacitor C should be large enough to smooth
out rf or if variations but should not be so large as to affect the audio variations.
Two diodes can be connected in a cireuit 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 the dynamic characteristics of a diode
can be made more linear than that of other detectors. A diode has the disadvan-
tages 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 twin-diode triode tube is shown in
Fig. 38. Both diodes are connected together. R, is the diode load resistor. A por-
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Fig. 38 Fig. 39

tion of the af voltage developed across this resistor is applied to the triode grid
through the volume control Rs;. In a typical circuit, resistor R; may be tapped so
that five-sixths of the total af voltage across R, is applied to the volume control.
This tapped connection reduces the af voltage output of the detector circuit
slightly but it reduces audio distortion-and improves the rf filtering. DC bias
for the triode section is provided by the cathode-bias resistor R, and the audio
bypass capacitor C;. The function of capacitor C, is to block the dec bias of the
cathode from the grid. The function of capacitor C, is to bypass any rf voltage
on the grid to cathode. A twin-diode pentode may also be used in this circuit.
With a pentode, the af output should be resistance-coupled rather than trans-
former-coupled.

Another diode-detector circuit, called a diode-biased circuit, is shown in
Fig. 39. In this circuit, the triode grid is connected directly to a tap on the diode
load resistor. When an rf signal voltage is applied to the diode, the dc voltage
at the tap supplies bias to the triode grid. When the rf signal is modulated, the
af 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 shown in Fig. 38 is that
the diode-biased cireuit does not employ a capacitor between the grid and the
diode load resistor, 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 rf 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
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and the triode will produce distortion. Since there is no bias applied to the diode-
biased triode when no rf 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. These restrictions mean, 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 6BF$ or
63T7 having a medium-mu triode. Tube types having a high-mu triode or a
pentode should not be used in a diode-biased circuit.

RF GRID RESISTOR

CHOKE RF CHOKE
GRID
CATHODE CAPACITOR
BIAS
RESISTOR BvPasS o e»vcp:ss__
INPUT CAPACITOR 4 IR
outPuT INPUT ACITOR | o 00T
BYPASS
CAPACITOR
il
- 8 +
HEATER A~ A+ B¢
TRANSFORMER B-
Fig. 40 Fig. 41

A grid-bias detector circuit is shown in Fig. 40. In this circuit, the grid is
biased almost to cutoff, 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 of the high negative bias, only the positive
half-cycles of the rf signal are amplified by the tube. The signal is, 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.

The grid-resistor-and-eapacitor method, illustrated by Fig. 41, is somewhat
more sensitive than the grid-bias method and gives its best results on weak signals.
In this circuit, there is no negative de¢ bias voltage applied to the grid. Hence, on
the positive half-cycles of the rf signal, current flows from grid to cathode. The
grid and cathode thus act as a diode detector, with the grid resistor as the
diode load resistor and the grid capacitor as the rf bypass capacitor. The voltage
across the capacitor then reproduces the af 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 af signal.

In this detector circuit, the use of a high-resistance grid resistor increases
selectivity and sensitivity. However, improved af response and stability are obtained
with lower values of grid-resistor 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.

The effect of frequency modulation on the waveform of the rf wave is shown
in Fig. 42. In this type of transmission, the frequency of the rf wave deviates from
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a mean value, at an af rate depending on the
modulation, by an amount that is determined in
the transmitter and is proportional to the am-
plitude of the af modulation signal. For this
type of modulation, a detector is required to
discriminate between deviations above and be-
low the mean frequency and to transiate those
deviations into a voltage whose amplitude va-

/-\ /\ ries at audio frequencies. Since the deviations

\f \_/ occur at an audio frequency, the process is one

of demodulation, and the degree of frequency

AF MODULATING WAVE deviation determines the amplitude of the de-
modulated (af) voltage.

A simple circuit for converting frequency
variations to amplitude variations is a circuit
which is tuned so that the mean radio fre-
quency is on one slope of its resonance charac-
teristic, as at A of Fig. 43. With modulation,

FREQUENCY-MODULATED RF WAVE:  the frequency swings between B and C, and

Fig. 42 the voltage developed across the circuit varies
at the modulating rate. In order that no dis-
tortion will be introduced in this circuit, the frequency swing must be restricted
to the portion of the slope which is effectively straight. Since this portion 1s very
short, the voltage developed is low. Because of these limitations, this circuit is not
commonly used but it serves to illustrate the principle.

OPERATING
FREQUENCY

VOLTAGE

FREQUENCY
Fig. 43

The faults of the simple circuit are overcome in a push-pull arrangement,
sometimes called a discriminator eircuit, such as that shown in Fig. 44. Because
of the phase relationships between the primary and each half of the secondary of
the input transformer (each half of the secondary is connected in series with the
primary through capacitor C.), the rf voltages applied to the diodes become unequal
as the rf signal swings from the resonant frequency in each direction. Since the

> AF
OUTPUT

Fig. 44
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swing occurs at audio frequencies (determined by the af modulation), the voltage
developed across the diode load resistors, R, and R, connected in series, varies at
audio frequencies. The output voltage depends on the difference in amplitude of the
voltages developed across R; and R.. These voltages are equal and of opposite
sign when the rf carrier is not modulated and the output is, therefore, zero. When
modulation is applied, the output voltage varies as indicated in Fig. 45.

+

oJTPUT
VOLTAGE

CARRIER
FREQUENCY

Fig. 45

Because this type of FM detector is sensitive to amplitude variations in the
rf carrier, a limiter stage is frequently used to remove most of the amplitude modu-
lation from the carrier. (See Limiters under Amplification.)

Another form of detector for frequency-modulated waves is called a ratio
detector. This FM detector, unlike the previous one which responds to a difference
in voltage, responds only to changes in the ratio of the voltage across the two
diodes (Fig. 46) and is, therefore, insensitive to changes in the differences in the
voltages due to amplitude modulation of the rf carrier.

DIODE 1

_].Ca

! E I”‘%.w_fw R

DIODE2 ==

Fig. 46

The basic ratio detector is given in Fig. 46. The plate load for the final inter-
mediate-frequency-amplifier stage is the parallel resonant circuit consisting of C,
and the primary transformer T. The tuning and coupling of the transformer is
practically the same as in the previous circuit and, therefore, the rf voltages applied
to the diodes depend upon how much the rf signal swings from the resonant fre-
quency in each direction. At this point the similarity ends.

Diode 1, R,, and diode 2 complete a series circuit fed by the secondary of the
transformer T. The two diodes are connected in series so that they conduct on the
same rf half-cycle. The rectified current through R, causes a negative voltage to
appear at the plate of diode 1. Because Cs is large, this negative voltage at the plate
of diode 1 remains constant even at the lowest audio frequencies to be reproduced.
The rectified voltage across C; is proportional to the voltage across diode 1, and the
rectified voltage across C, is proportional to the voltage across diode 2. Since the
voltages across the two diodes differ according to the instantaneous frequency of
the carrier, the voltages across C; and C, differ proportionately, the voltage across
C; being the larger of the two voltages at carrier frequencies below the intermediate
frequency and the smaller at frequencies above the intermediate frequency. These
voltages across C; and C, are additive and their sum is fixed by the constant voltage
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across C,. Therefore, while the ratio of these voltages varies at an audio rate, their
sum is always constant. The voltage across C, varies at an audio rate when a fre-
quency-modulated rf carrier is applied to the ratio detector; this audio voltage is
extracted and fed to the audio amplifier. For a complete circuit utilizing this type
of detector, refer to the CIRCUIT SECTION.

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
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 accom-
plish these purposes, an automatic volume control
circuit regulates the receiver’s rf and if gain so
that this gain is less for a strong signal than for a
weak signal. In this way, when the signal strength
9A2f at the antenna changes, the ave circuit reduces the
£ resultant change in the voltage output of the last

if stage and consequently reduces the change in
the speaker’s output volume.
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Fig. 47

The ave circuit reduces the rf and if gain for a strong signal usually by in-
creasing the negative bias of the rf, if, and frequency-mixer stages when the signal
increases. A simple ave circuit is shown in Fig. 47. 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 flow of diode current through R,, there is a
voltage drop across R; which makes the left end of R, negative with respect to
ground. This voltage drop across R, is applied, through the filter R, 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 R, increases, the negative bias voltage applied to the rf and if stages
increases, and the gain of the rf and if stages is decreased. Thus the increase in
signal strength at the antenna does not produce as much increase in the output
of the last if 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 rf and if gain to
increase, and thus reducing the decrease in the signal output of the last if stage. In
this way, when the signal strength at the antenna changes, the ave circuit acts to
prevent change in the output of the last if stage, and thus acts to prevent change
in loudspeaker volume.

The filter, C and R,, prevents the ave
voltage from varying at audio frequency.
The filter is necessary because the voltage ouTPUT
drop across R, varies with the modulation (OF LasT
of the carrier being received. If ave volt-
age were taken directly from R, without
filtering, the audio variations in avc volt-
age would vary the receiver’s gain so as to

DAVC

ik

smooth out the modulation of the carrier. =3V (MIN) T

To avoid this effect, the ave voltage is c2T Qi ien
taken from the capacitor C. Because of =

the resistance R in series with C, the ca- Fig. 48

pacitor C can charge and discharge at only

a comparatively slow rate. The ave voltage therefore cannot vary at frequencies
as high as the audio range but can vary at frequencies high enough to compensate
for most fading. Thus the filter permits the ave circuit to smooth out variations
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in signal due to fading, but prevents the circuit from smoothing out audio modulation.

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
shown in CIRCUIT SECTION.

In the circuit shown in Fig. 47, a certain amount of ave negative bias is applied
to the preceding stages on a weak signal. Since it may be desirable to maintain
the receiver’s rf and if 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, dave
circuits. A dave circuit is shown in Fig. 48. In this circuit, the diode section D,
of the 6H6 acts as detector and ave diode. R, is the diode load resistor and R,
and C, are the ave filter. Because the cathode of diode D, is returned through a
fixed supply of -3 volts to the cathode of D,, a de current flows through R, and
R, in series with D,. The voltage drop caused by this current places the ave lead
at approximately —38 volts (less the negligible drop through D;). When the average
amplitude of the rectified signal developed across R, does not exceed 3 volts, the
ave lead remains at -3 volts. Hence, for signals not strong enough to develop
3 volts across R,, 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 R; exceeds 8 volts, the plate of diode D, becomes more negative
than the cathode of D, and current flow in diode D: ceases. The potential of the
ave lead is then controlled by the voltage developed across R,;. 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 fer strong signals, but permits the gain to stay constant at a maximum value
for weak signals.

It can be seen in Fig. 48 that a portion of the —3 volts delay voltage is applied
to the plate of the detector diode D, this portion being approximately equal to
R:/(R: + R;) times —3 volts. Hence, with the circuit constants as shown, the
detector plate is made negative with respect to its cathode by approximately 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

Electron-ray tubes are designed to indicate visually by means of a fluorescent
target the effects of a change in controlling voltage. One application of them is as
tuning indicators in radio receivers. Types such as the 6U5/6G5 and the 6AB5/6N5

FLUORESCENT
—~=~ COATING

RAY-CONTROL,
—~~ ELECTRODE

CATHODE
LIGHT —

SHIELD

contain two main parts: (1) a triode
which operates as a de amplifier and
(2) an electron-ray indicator which is
located in the bulb as shown in Fig. 49.
The target is operated at a positive

TARGET— ——LRL',STDE? voltage and therefore attracts elec-
trons from the cathode. When the elec-

trons strike the target they produce a

~ —CATHODE glow on the fluorescent coating of the

T%QBE’ target. Under these conditions, the
target appears as a ring of light.

Fig. 49

A ray-control electrode is mount-
ed 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 electro-
static 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
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control electrode casts a shadow on the glowing target. The extent of this shadow
varies from approximately 100° of the target when the control electrode is much
more negative than the target to 0° 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 elec-
trode is determined by the voltage on the grid of the triode section, as can be seen in
Fig. 50. The flow of the triode plate current through resistor R produces a voltage
drop which determines the potential of the control electrode. When the voltage of
the triode grid changes in the positive direction, plate current increases, the poten-
tial 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 nega-
tive direction, the shadow angle narrows.

T TYPE 6K? VS
TRIODE
CONNECTED
ELECTRON-
RAY TUBE
AVC A
VOLTAGE
1 MEG.
—~—AAAAAS ° =
TO CONTROLLING -
-~ VOLTAGE Bt R:TYPICAL VALUE IS 0.5 MEGOHM
Fig. 50 Fig. 51

Another type of indicator tube is the 6AF6-G. This tube contains only an
indicator unit but employs two ray-control electrodes mounted on opposite sides
of the cathode and connected to individual base pins. It employs an external dec
amplifier. See Fig. 51. Thus, two symmetrically opposite shadow angles may be
obtained by connecting the two ray-control electrodes together; or, two unlike
patterns may be obtained by individual connection of each ray-control electrode
to its respective amplifier.

In radio receivers, ave voltage is applied to the grid of the dc amplifier. Since

ave voltage is at maximum when the set is tuned to give maximum response to a

station, the shadow angle is at minimum when the receiver is tuned to resonance
with the desired station.

o imee, HESTRON The choice between electron-ray
tubes depends on the ave characteristic

of the receiver. The 6E5 containsasharp-
cutoff triode which closes the shadow
angle on a comparatively low value of
ave voltage. The 6AB5/6N5 and
6U5/6G5 each have a remote-cutoff tri-
ode which closes the shadow on a larger
sv.  value of ave voltage than the 6E5. The
l 6AF6-G may be used in conjunction
with dc amplifier tubes having either

_]. remote- or sharp-cutoff characteristics.
* Examples shcwing how electron-ray
tubes are incorporated in receiver cir-

CONTROLLING
VOLTAGE

R+ R = 16700 OHMS
Fig. 52

cuits are given in CIRCUIT SECTION.

The sensitivity indication of electron-ray tubes can be increased by using a
separate dc amplifier to control the action of the ray-control electrode in the tuning
indicator tube. This arrangement increases the maximum shadow angle from the
usual 100° to approximately 180°. A circuit for obtaining wide-angle tuning is
shown in Fig. 52.
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OSCILLATION

As an oscillator, an electron 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. 53 and 54) 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. Feedback may be

B- A- B+ 8~ HEATER B8+
At TRANSFORMER
Fig. 53 Fig. 54

produced by electrostatic or electromagnetic coupling between the grid and plate
circuits. When sufficient:energy is fed back to more than compensate for the loss in
the grid 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 capacitance. By proper choice of these values,
the frequency may be adjusted over a very wide range.

The relaxation oscillator is an oscillator with a non-sinusoidal output. It
differs from the preceding type in that the oscillations are obtained by abruptly
releasing energy previously stored in the electric field of a capacitor. A multi-
vibrator is a special type of relaxation oscillator used in television receivers and
other electronic applications. A multivibrator may be considered as a two-stage
resistance-coupled amplifier in which the output of each tube is coupled into the
input of the other tube in order to sustain oscillations.

® Ry

% % i

Rg Rg

1+
i

Fig. 55

Fig. 55 is a basic multivibrator circuit of the free-running type. In this circuit,
oscillations are maintained by the alternate shifting of conduection from one tube to
the other. The cycle starts with one tube usually at zero bias and the other at cutoff
or beyond. Each tube introduces a 180° phase shift so that the energy fed back has
the phase relation necessary to sustain oscillation. The frequency of oscillation is
determined primarily by the constants of the resistance-capacitance coupling circuits.

FREQUENCY CONVERSION

Frequency conversion is used in superheterodyne receivers to change the
frequency of the rf 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 Fig. 56,
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WPUT T rf signal voltage and the voltage gen-

erated by the oscillator, are applied to
the input of the frequency mixer.
These voltages beat, or heterodyne,
FREQUENCY CONVERTER within the mixer tube to produce a
plate current having, in addition to
the frequencies of the input voltages,
numerous sum and difference frequencies. The output circuit of the mixer stage is
provided with a tuned circuit which is adjusted to select only one beat frequency,
i.e., the frequency equal to the difference betweeen the signal frequency and the
oscillator frequency. The selected output frequency is known as the intermediate
frequency, or if. The output frequency of the mixer tube is kept constant for all
values of signal frequency by tuning the oscillator to the proper frequency.

FREQUENCY INTERMEDIATE two voltages of different frequency, the
MIXER

OSCILLATOR

Fig. 56

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

Several 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 frequency 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 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 and currently used in many FM, television, and
standard broadcast receivers, employs as mixer tube either a triode, a tetrode, or
a pentode, in which oscillator voltage and signal voltage are applied to the same
grid. In this method, coupling between the oscillator and mixer circuits is obtained
by means of inductance or capacitance.

A second method employs a tube having an oscillator and frequency mixer
combined in the same envelope. In one form of such a tube, coupling between
the two units is obtained by means of the electron stream within the tube. One
arrangement of the electrodes for this type is shown in Fig. 57. Since five grids
are used, the tube is called a pentagrid converter. Grids No. 1, No. 2, and the
cathode are connected to an external circuit to act as a triode oscillator. Grid No. 1
is the grid of the oscillator and grid No. 2 is the anode. These and the cathode
can be considered as a composite cathode which
supplies to the rest of the tube an electron
stream that varies at the oscillator frequency.
This varying electron stream is further con-
trolled by the rf signal voltage on grid No. 4.
Thus, the variations in plate current are due
to the combination of the oscillator and the sig-
nal 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 is an example of a
pentagrid-converter type.

Pentagrid-converter tubes of this design
are good frequency-converting devices at medi-
um frequencies but their performance is better at the lower frequencies than at the
high ones. This is because the output of the oscillator drops off as the frequency is
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raised and because certain undesirable effects produced by interaction between
oscillator and signal sections of the tube increase with frequency. To minimize
these effects, several of the pentagrid-converter tubes are designed so that no
electrode functions alone as the oscillator anode. In these tubes, grid No. 1 fune-
tions as the oscillator grid, and grid No. 2 is connected within the tube to the
screen (grid No. 4). The combined two grids Nos. 2 and 4 shield the signal grid
(grid No. 3) and act as the composite anode of the oscillator triode. Grid No. 5
acts as the suppressor. Converter tubes of this type are designed so that the space
charge around the cathode is unaffected by electrons from the signal grid. Further-
more, the electrostatic field of the signal grid also has little effect on the space
charge. The result is that rf voltage on the signal grid produces little effect on the
cathode current. There is, therefore, little detuning of the oscillator by ave bias
because changes in avc bias produce little change in oscillator transconductance
or in the input capacitance of grid No. 1. Examples of the pentagrid converters
discussed in this paragraph are the single-ended types 1R5 and 6BE6. A sche-
matic diagram illustrating the use of the 6BE6 with self-excitation is given in Fig.
58; the 6BE6 may also be used with separate excitation. A complete circuit is
shown in the CIRCUIT SECTION.

TYPE 6BE®
RF RF
INPUT OUTPUT
) M~pLATE
i 1]

GRIDNe 3 | ~——GRIDN2S
(RF SIGNAL) (SUPPRESSOR)

‘i VTHEATER
0SCILLATOR CATHODE
CIRCUIT M
s

=

Fig. 58

GRIDS N2 2& 4
(SCREEN)

Another method of frequency conversion utilizes a separate oscillator having
its grid connected to the No. 1 grid of a mixer hexode. A tube utilizing this con-
struction is the 6K8 and a top view of its electrode arrangement is shown in Fig. 59.
The cathode, triode grid No. 1, and triode plate form the oscillator unit of the tube.

The cathode, hexode mixer grid
HEXODE GRID Nea (grid No. 1), hexode double-
(MIXER SCREEN SECTION)  gapaan (grids Nos. 2 and 4),
INTERNAL SHIELD hexode mixer grid (grid No. 3),
SHELL and hexode plate constitute the
TRIODE (0SC.) PLATE mixer unit. The internal shields
TRIODE (OSC.)GRID are connected to the shell of the
tube and act as a suppressor for
the hexode unit. The action
of the 6K8 in converting a radio-
frequency signal to an intermediate frequency depends on (1) the generation of a
local frequency by the triede untt, (2) the transferring of this frequency to the hex-
ode grid No. 1, and (3) the mixing in the hexode unit of this frequency with that of
the rf signal applied to the hexode grid No. 3. The 6K8 is not critical to changes in
oscillator-plate voltage or signal-grid bias and, therefore, finds important use in
all-wave receivers to minimize frequency-shift effects at the higher frequencies.

HEXODE ( MIXER ) PLATE

HEXODE (SIGNAL)
GRID N23

INTERNAL SHIELD:

3 HEXODE GRID N22
(MIXER SCREEN SECTION)

HEXODE (MIXER),
CRID N2t CATHODE

Fig. 59

A further method of frequency conversion employs a tube called a pentagrid
mixer. This type has two independent control grids and is used with a separate
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oscillator tube. RF signal voltage is ap-
plied to one of the control grids and os-

TYPE 6L7 : : ;

OSCILLATOR GRID NS cillator voltage is applied to the.other.

oG (SUPPRESSOR) G 1t follows, therefore, that the variations
OUTPUT . 3

TUBE CIRCUIT in plate current are due to the combina-

GRID N2 3

S ATOR) tion of the oscillator and signal frequencies.

GRIDS N22 84

(SCREEN) The arrangement of electrodes in a penta-

o HEATER grid-mixer tube is shown in Fig. 60. The
crcuit | N L caTHODE tube contains a heater cathode, five grids,
fer T and a plate. Grids Nos. 1 and 3 are

SIGNAL) control grids. The rf signal voltage is ap-

—_ plied to grid No. 1. This grid has a remote-

cutoff characteristic and is suited for con-
trol by ave bias voltage. The oscillator voltage is applied to grid No. 3. This grid
has a sharp-cutoff characteristic and produces a comparatively large effect on plate
current for a small amount of oscillator voltage. Grids Nos. 2 and 4 are connected
together within the tube. They accelerate the electron stream and shield grid No. 3
electrostatically from the other electrodes. Grid No. 5, connected within the tube
to the cathode, functions similarly to the suppressor in a pentode. The 6L7 and
6L7-G are pentagrid-mixer tubes.

AUTOMATIC FREQUENCY CONTROL

An automatic frequency control (afe) circuit provides a means of correcting
automatically the intermediate frequency of a superheterodyne receiver if, for any
reason, it drifts from the frequency to which the if stages are tuned. This correction
is made by adjusting the frequency of the oscillator. Such a circuit will automati-
cally compensate for slight changes in rf carrier or oscillator frequency as well as
for inaccurate manual or push-button tuning.

An afe system requires two sections: a frequency detector and a variable
reactance. The detector section may be essentially the same as the FM detector
illustrated in Fig. 44 and discussed under Detection. In the afc system, however,
the output is a dc control voltage, the magnitude of which is proportional to the
amount of frequency shift. This de control voltage is used to control the grid bias
of an electron tube which comprises the variable reactance section (Fig. 61). The

plate current of the reactance tube is shunted across the oscillator tank circuit.
Because the plate current and plate voltage of the reactance tube are almost 90°
out of phase, the control tube affects the tank circuit in the same manner as a re-
actance. The grid bias of the tube determines the magnitude of the effective re-
actance and, consequently, a control of this grid bias can be used to control the oscil-
lator frequency.
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~ Electron Tube Installation

The installation of electron tubes requires care if high-quality performance is
to be obtained from the associated 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 to help the experimenter
and electronic technician obtain the full performance capabilities of radio tubes
and circuits. Additional pertinent information is given under each tube type and
in the CIRCUIT SECTION.

FILAMENT AND HEATER POWER SUPPLY

The design of electron tubes allows for some variation in the voltage and cur-
rent supplied to the filament or heater, but most satisfactory results are obtained
from operation at the rated values. When the voltage is low, the temperature of the
cathode is below normal, with the result that electron emission is limited. This
may cause unsatisfactory operation and reduced tube life: On the other hand,
high cathode voltage causes rapid evaporation of cathode material and shortens
tube 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 or filaments,
correct adjustment can be checked by means of an ammeter in the heater or fila-
ment circuit.

The filament or heater voltage supply may be a direct-current source (a battery
or a dc 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 de 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 ac supply to provide the proper filament or
heater voltage. Receivers intended for operation on both dec and ac power lines
have the heaters connected in series with a suitable resistor and supplied directly
from the power line.

DC filament or heater operation should be considered on the basis of the
source of power. In the case of the battery supply for the 1.4-volt filament tubes,
it is unnecessary to use a voltage-dropping resistor in series with the filament
and a single dry-cell; the filaments of these tubes are designed to operate satis-
factorily over the range of voltage variations that normally occur during the life
of a dry-cell. Likewise, no series resistor is required when the 2-volt filament type
tubes are operated from a single storage cell or when the 6.3-volt series are operated
from a 6-volt storage battery. In the case of dry-battery supply for 2-volt filament
tubes, a variable resistor in series with the filament and the battery is required to
compensate for battery variations. Turning the set on and off by means of the
rheostat is advised to prevent over-voltage conditions after an off-period, for the
voltage of dry-cells rises during off-periods. In the case of storage-battery supply,
air-cell-battery supply, or de power supply, a non-adjustable resistor of suitable
value may be used. It is well to check initial operating conditions, and thus the
resistor value, by means of a voltmeter or ammeter.

The filament or heater resistor required when filaments and/or heaters are
operated in parallel can be determined easily by a simple formula derived from
Ohm’s law.
supply volts — rated volts of tube type
total rated filament current (amperes)

Required resistance (ohms) =

Thus, if a receiver using three 32’s, two 30’s, and two 31’s is to be operated from
dry batteries, the series resistor is equal to 3 volts (the voltage from two dry-cells
in series) minus 2 volts (voltage rating for these tubes) divided by 0.56 ampere

44



RCA RECEIVING TUBE MANUAL

(the sum of 5 X 0.060 ampere + 2 X 0.130 ampere), i.e., approximately 1.8 ohms.
Since this resistor should be variable to allow adjustment for battery depreciation,
it is advisable to 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 0.56 =
0.56 watt. In this case, the value is so small that any commercial rheostat with
suitable resistance will be adequate.

For the case where the heaters and/or filaments of several fubes are operated
in series, the resistor value is calculated by the following formula, also derived
from Ohm’s law.

Required resistance (ohms) = supply volts — total rated volts of tubes

rated amperes of tubes

Thus, if a receiver having one 6SA7, one 6SK7, one 6SF7, one 25L6-GT, and one
25Z6-GT is to be operated from a 117-volt power line, the series resistor is equal to
117 volts (the supply voltage) minus 68.9 volts (the sum of 3 X 6.3 volts + 2 X 25
volts) divided by 0.3 ampere (current rating of these tubes), i.e., approximately
160 ohms. The wattage dissipation in the resistor will be 117 volts minus 68.9 volts
times 0.3 ampere, or approximately 14.4 watts. A resistor having a wattage rating
in excess of this value should be chosen.

It will be noted in the example for series operation that all tubes have the same
current rating. If it is desired to connect in series tubes having different heater-
or filament-current ratings, each tube of the lower rating should have a shunt
resistor placed across its heater or filament terminals to pass the excess current.
The value of this shunt resistor can be calculated from the following formula, where
tube A is the tube in the series connection having the highest heater-current rating
and tube B is any tube having a heater-current rating lower than tube A.

Heater shunt resist-
ance (ohms), tube B =

heater volts, tube B
rated heater amperes, tube A — rated heater amperes, tube B

For example, if a 6N7 having a 6.3-volt, 0.8-ampere heater is to be operated in a
series-heater circuit employing several 6.3-volt tubes having heater ratings of 0.3
ampere, the required shunt resistance for each of the latter types would be

. 6.3
Heater shunt resistance = 08-03 12.6 ohms.

The value of a series voltage-dropping resistor for a sequence of tubes having
one or more shunt resistors should be calculated on the basis of the tube having
the highest heater-current rating.

When the series-heater connection is used in ac/dc receivers, it is usually
advisable to arrange the heaters in the circuit so that the tubes most sensitive to
hum disturbances are at or near the ground potential of the circuit. This arrange-
ment reduces the amount of ac voltage between the heaters and cathodes of these
tubes and minimizes the hum output of the receiver. The order of heater connec-
tion, by tube function, from chassis to the rectifier-cathode side of the ac line is
shown in Fig. 62.

FIRST RF VOLTAGE
aupro | | con- | | | | power || recm-
OETECTOR [ auertieier |1 VERTER [T ‘R2:2¢ [T ampuirier FIER DROPPING
- d ww ¢
> ACORDC
Fig. 62
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AC 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 ac 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 input voltage will cause proportionally excessive voltage to be applied to
the tubes. Any electron tube may be damaged or made inoperative by excessive
operating voltages.

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

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

When the filaments of battery-type tubes are connected in series, the total
filament current is the sum of the current due to the filament supply and the plate
and screen (cathode) currents returning to B (-) through the tube filaments. Con-
sequently, in a series filament string it is necessary to add shunt resistors across
each filament section to bypass this cathode current in order to maintain the
filament voltage at its rated value.

HEATER-TO-CATHODE CONNECTION

The cathodes of heater-type tubes, when operated from ac, should be con-
nected to the mid-tap on the heater supply winding, to the mid-tap of a 50-ohm
(approximate) resistor shunted across the winding, or to one end of the heater
supply winding depending on circuit requirements. If none of these methods is
used, it is important to keep the heater-cathode voltage within the ratings given
in the TUBE TYPES SECTION.

Hum from ac-operated heater tubes used in high-gain audio amplifiers may
frequently be reduced to a negligible value by employing a 15- to 40-volt bias be-
tween the heater and cathode elements of the tubes. The bias should be connected
so that the tube cathode is negative with respect to its heater. Such bias can be
obtained from either B batteries or a well-filtered rectifier. If the regular plate-
supply rectifier of the amplifier is employed as the bias voltage source, it is good
practice to add an additional filter stage in the bias voltage circuit to insure a
hum-free bias source.

If a large resistor is used between heater and cathode, it should be bypassed
by a suitable filter network or objectionable hum may develop. The hum is due to
the fact that even a minute pulsating leakage current flowing between the heater
and cathode will develop a small voltage across any resistance in the circuit. This
hum voltage is amplified by succeeding stages. When a series-heater arrangement
is used, the cathode circuits should be connected either directly or through biasing
resistors to the negative side of the de plate supply, which is furnished either by the
dc power line or by the ac power line through a rectifier.
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PLATE VOLTAGE SUPPLY

The plate voltage for electron tubes is obtained from batteries, rectifiers,
direct-current power lines, and small local generators. Auto radios have brought
about the commercial development of a number of devices for obtaining a high-
voltage dc 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 recommended voltage is also supplied
to the grid.

It is recommended that the primary circuit of the power transformer be fused
to protect the rectifier tube(s), the power transformer, filter capacitor, and chokes
in case a rectifier tube fails.

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 high-
voltage de supply, or from the voltage drop across a resistor in the cathode ¢ircuit.
This last is called the ‘‘cathode-bias’’ or ‘‘self-bias’’ method. In any case, the
object is to make the grid negative with respect to the cathode by the specified
voltage. When a C-battery is used, the negative terminal is connected to the grid
return and the positive terminal is connected to the negative filament socket ter-
minal, or to the cathode terminal if the tube is of the heater-cathode type. If the
filament is supplied with alternating current, this connection is usually made to
the center-tap of a low resistance (20-50 ohms) shunted across the filament ter-
minals. This method reduces hum disturbances caused by the ac supply. If bias
voltages are obtained from the voltage divider of a high-voltage de supply, the grid
return is connected to a more negative tap than the cathode.

The cathode-biasing method utilizes the voltage drop produced by the cathode
current flowing through a resistor connected between the cathode and the negative
terminal of the B-supply. See Fig. 63. The cathode current is, of course, equal to

QUTPUT
OUTPUT

INPUT
OUTPUT

mmL

R= GRID-BIASING RESISTOR T =FILAMENT TRANSFORMER C =BYPASS CAPACITOR
Fig. 63

the plate current in the case of a triode, or to the sum of the plate and screen
currents 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.

The value of the resistance for cathode-biasing a single tube can be determined
from the following formula:

desired grid-bias voltage X 1000
rated cathode current in milliamperes
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Thus, the resistance required to produce 9 volts bias for a triode which operates
at 3 milliamperes plate current is 9 X 1000/8 = 3000 ohms. If the cathode current
of more than one tube passes through the resistor, or if the tube or tubes employ
more than three electrodes, the total current determines the size of the resistor.

Bypassing of the cathode-bias resistor depends on circuit-design requirements.
In rf circuits the cathode resistor should be bypassed. In af circuits the use of an
unbypassed resistor will reduce distortion by introducing degeneration into the
circuit. However, the use of an unbypassed resistor decreases power sensitivity.
When bypassing is used, it is important that the bypass capacitor be sufficiently
large to have negligible reactance at the lowest frequency to be amplified. In the
case of power-output tubes of high transconductance such as the beam power tubes,
it may be necessary to shunt the bias resistor with a small mica capacitor (approxi-
mately 0.001 uf) in order to prevent oscillations. The usual af bypass may or may
not be used, depending on whether or not degeneration is desired. In tubes having
high values of transconductance, such as the 6BA6, 12AW6, and 6ACY7, input
capacitance and input conductance change appreciably with plate current. When
such a tube having a separate suppressor connection is used as an rf amplifier,
these changes may be minimized by leaving a portion of the cathode-bias resistor
unbypassed. In order to minimize feedback when this method is used, the external
grid-plate (wiring) capacitances should be kept to a minimum, the screen should
be bypassed to ac ground, and the suppressor should be connected to ac ground.
The use of a cathode resistor to obtain bias voltage is not recommended for audio
amplifiers in which there is appreciable shift of electrode currents with the applica-
tion of a signal. In such amplifiers, a separate fixed supply is recommended.

Grid-bias variation for the rf and if amplifier stages is a convenient and
frequently used method for controlling receiver volume. The variable voltage
supplied to the grid may be obtained: (1) from a variable cathode resistor as shown
in Figs. 64 and 65; (2) from a bleeder circuit by means of a potentiometer as shown
in Fig. 66; or (3) from a bleeder circuit in which the bleeder current is varied by a
tube used for automatic volume control. The latter circuit is shown in Fig. 47.
In all cases it is important that the control be arranged so that at no time will the
bias be less than the recommended minimum grid-bias voltage for the particular tubes
used. This requirement can be met by providing a fixed stop on the potentiometer, by
connecting a fixed resistance in series with the variable resistance, or by connecting
a fixed cathode resistance in series with the variable resistance used for regulation.

1VARAILE

At A- 8-
Fig. 64 Fig. 65 Fig. 66
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Where receiver gain is controlled by grid-bias variation, it is advisable to have the
control valtages extend over a wide range in order to minimize cross-modulation
and modulation-distortion. A remote-cutoff type of tube should, therefore, be
used in the controlled stages.

SCREEN VOI.TAGE SUPPLY

The positive voltage for the screen (grid No. 2) of screen-grid tubes may be
obtained from a tap on a voltage divider, from a potentiometer, or from a series
resistor connected to a high-voltage source, depending on the structure of the
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particular tube type and its application. The screen voltage for tetrodes should be
obtained from a voltage divider or a potentiometer rather than through a series
resistor from a high-voltage source because of the characteristic screen-current
variations of tetrodes. Fig. 67 shows a tetrode with its screen voltage obtained from
a potentiometer. When pentodes or beam power tubes are operated under condi-
tions where a large shift of plate and screen currents does not take place with the
application of the signal, the screen voltage may be obtained through a series
resistor from a high-voltage source. This method of supply is possible because of
the high uniformity of the screen-current characteristic in pentodes and beam
power tubes. Because the screen voltage rises with increase in bias and resulting
decrease in screen current, the cutoff characteristic of a pentode is extended by this
method of supply. The method is sometimes used to increase the range of signals
which can be handled by a pentode. When used in resistance-coupled amplifier
circuits employing pentodes in combination with the cathode-biasing method, it
minimizes the need for circuit adjustments. Fig. 68 shows a pentode with its screen
voltage supplied through a series resistor.

When power pentodes and beam power tubes are operated under conditions
such that there is a large change in plate and screen currents with the application
of signal, the series-resistor method of obtaining screen voltage should not be used.
A change in sereen current appears as a change in the voltage drop across the series
resistor in the screen circuit; the result is a change in the power output and an
increase in distortion. The screen voltage should be obtained from a point in the
plate-voltage-supply filter system having the correct voltage, or from a separate
source.

It is important to note that the plate voltage of tetrodes, pentodes, and beam
power tubes should be applied before or simultaneously with the screen voltage.
Otherwise, with voltage on the screen only, the screen current may rise high enough
to cause excessive screen dissipation.

O
A+ A- B- B+
Fig. 67 Fig. 68

Screen-voltage variation for the rf amplifier stages has sometimes been used
for volume control in older-type receivers. Reduced screen voltage lowers the
transconductance of the tube and results in reduced gain per stage. The voltage
variation is obtained by means of a potentiometer shunted across the screen voltage
supply. See Fig. 67. When the screen voltage is varied, it is essential that the
screen voltage never exceed the rating of the tube. This requirement can be met
by providing a fixed stop on the potentiometer.

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 is
employed, undesired feedback may occur and may produce many harmful effects
on receiver performance. To prevent this feedback, it is a desirable practice to
shield separately each unit of the high-frequency stages. For instance, in a super-
heterodyne receiver, each if and rf coil may be mounted in a separate shield can.
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Baffie plates may be mounted on the ganged tuning capacitor to shield each section
of the capacitor from the other sections. The oscillator coil may be especially well
shielded by being mounted under the chassis. The shielding precautions required
in a receiver depend on the design of the receiver and the layout of the parts. In ali
receivers having high-gain high-frequency stages, it is necessary to shield sepa-
rately each tube in high-frequency stages. When metal tubes, and in particular
the single-ended types, are used, complete shielding of each tube is provided by
the metal shell which is grounded through its grounding pin at the socket ter-
minal. The grounding connection should be short and heavy. Many modern tubes
of glass construction have internal shields connected usually to the cathode and
where present are indicated in the socket diagram.

DRESS OF CIRCUIT LEADS

At high frequencies such as are encountered in FM and television receivers,
lead dress, that is, the location and arrangement of the leads used for connections
in the receiver, is very important. Because even a short lead provides a large im-
pedance at high frequencies, it is necessary to keep all high-frequency leads as
short as possible. This precaution is especially important for ground connections
and for all connections to bypass capacitors and hf filter capacitors. The ground
connections of plate and screen bypass capacitors of each tube should be kept
short and made directly to cathode ground.

Particular care should be taken with the lead dress of the input and output
circuits of an hf stage so that the possibility of stray coupling is minimized. Un-
shielded leads connected to shielded components should be dressed close to the
chassis. As the frequency increases, the need for paying careful attentmn to lead
dress becomes increasingly important.

In high-gain audio amplifiers, these same precautlons should be taken to
minimize the possibility of self-oscillation.

FILTERS

Feedback effects also are caused in radio receivers by coupling between stages
through common voltage-supply circuits. Filters find an important use in minimiz-
ing 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. 69 illustrates
several forms of filter circuits. Capacitor C forms the low-impedance path, while
the choke or resistor assists in diverting the signal through the capacitor by offering
a high-impedance to the power-supply circuit.

The choice between a resistor and a choke depends chiefly upon the permissible
dc 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 im-
portant, chokes are more suitable.

bC ocC bC DC
VOLTAGE VOLTAGE VOLTAGE VOLTAGE
LEAD LEAD LEAD LEAD

I i —IIV\/\Q/\,I_ I - [ - I
To Toomemd o Trocmooc ]
TO CATHODE TO CATHODE TO CATHODE TO CATHODE

R=RESISTOR C=BYPASS CAPACITOR LTAF OR RF CHOKE
Fig. 69
The minimum practical size of the capacitors may be estimated in most cases

by the following rule: The impedance of the capacitor at the lowest frequency
amplified should not be more than one-fifth of the impedance of the filter choke or
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resistor at that frequency. Better results will be obtained in special cases if the
ratio is not more than one-tenth. Radio-frequency circuits, particularly at high
frequencies, require high-quality capacitors. Mica capacitors 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 capacitors and iron-
core chokes. In any filter-design problem, the load impedance must be considered
as an integral part of the filter because the load is an important factor in filter
performance. Smoothing effect is obtained from the chokes because they are in
series with the load and offer a high impedance to the ripple voltage. Smoothing
effect is obtained from the capacitors because they are in parallel with the load
and store energy on the voltage peaks; this energy is released on the voltage dips
and serves to maintain the voltage at the load substantially constant. Smoothing
filters are classified as choke-input or capacitor-input according to whether a choke
or capacitor is placed next to the rectifier tube. See Fig. 70.

The CIRCUIT SECTION gives a number of examples of rectifier circuits with
recommended filter constants.

CHOKE-INPUT TYPE FILTER CAPACITOR~ INPUT TYPE FILTER CAPACITOR FILTER
———0 o AR o o o
L L L
oM FRom Fom
RECTIFIER < T~ ouTRUT RECTIFIER T¢ e OutPUT RECTIFIER ~T¢ OUTPUY

TuBE ’l- TuBE TUBE

o o [ o o ©
LEFILTER CHOKE C=FILTER CAPACITOR
Fig. 70

If an input capacitor is used, consideration must be given to the instantaneous
peak value of the ac input voltage. This peak value is about 1.4 times the RMS
value as measured by an ac voltmeter. Filter capacitors, therefore, especially the
input capacitor, 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 de output voltage will be somewhat lower than with the input-
capacitor method for a given ac plate voltage. However, improved regulation
together with lower peak current will be obtained.

Mercury-vapor and gas-filled rectifier tubes occasionally produce a form of
local interference in radio receivers through direct radiation or through the power
line. This interference is generally identified in the receiver as a broadly tunable
120-cycle buzz (100 cycles for 50-cycle supply line, etc.). It is usually caused by
the formation of a steep wave front when plate current within the tube begins to
flow on the positive half of each cycle of the ac supply voltage. There are several
ways of eliminating this type of interference. One is to shield the tube. Another

FUsSE

TO AC
POWER LINE

}
1
i
]
|
]
1
h e 7 1

ELECTROSTATIC 0 =
SHIELD —-l__—
C=RF BYPASS CAPACITORMICA  L=RF CHOKE
Fig. 71

is to insert an rf choke having an inductance of one millihenry or more between
each plate and transformer winding and to connect high-voltage, rf bypass capaci-
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tors between the outside ends of the transformer winding and the center tap.
See Fig. 7T1. The rf chokes should be placed within the shielding of the tube. The
rf bypass capacitors should have a voltage rating high enough to withstand the
peak voltage of each half of the secondary, which is approximately 1.4 times the
RMS value. Transformers having electrostatic shielding between primary and
secondary are not likely to transmit rf disturbances to the line. Often the inter-
ference may be eliminated simply by making the plate leads of the rectifier ex-
tremely short. In general, the particular method of interference elimination must
be selected by experiment for each installation.

OUTPUT-COUPLING DEVICES

An output-coupling device is used in the plate circuit of a power output tube
to keep the comparatively high dec 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 electromagnetic or dynamic type.

PLATE 1 (C= 2-8pf
it
PLATE A
O 3 INPUT 10-30H
INPUT 3 8+ CHOKE | ousPEAKER
LOUDSPEAKER
B+ % Q éATHODE ?
TRANSFORMER METHOD CHOKE-COIL METHOD

Fig. 72

Output-coupling devices are of two types, (1) choke-capacitor and (2) transformer.
The choke-capacitor type includes an iron-core choke with an inductance of not less
than 10 henrys which is placed in series with the plate and B-supply. The choke
offers a very low resistance to the de plate current component of the signal voltage
but opposes the flow of the fluctuating component. A bypass capacitor of 2 to
6 uf supplies a path to the speaker winding for the signal voltage. The transformer
type is constructed with two separate windings, a primary and a secondary wound
on an iron core. This construction permits 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. 72. Examples of transformers for push-pull
stages are shown in several of the circuits given in the CIRCUIT SECTION.

Interpretation of Tube Data

The tube data given in the following TUBE TYPES SECTION include
ratings, typical operation values, characteristics, and characteristic curves.

The values for grid-bias voltages, electrode voltages, and electrode supply
voltages are given with reference to a specified datum point as follows: For types
having filaments heated with de, the negative filament terminal is taken as the
datum point to which other electrode voltages are referred. For types having
filaments heated with ac, the mid-point (i.e., the center tap on the filament-trans-
former secondary, or the mid-point on a resistor shunting the filament) is taken as
the datum point. For types having unipotential cathodes indirectly heated, the
cathode is taken as the datum point.

Electrode voltage and current ratings are in general self-explanatory, but a
brief explanation of other ratings will aid in the understanding and interpretation
of tube data.

Plate dissipation is the power dissipated in the form of heat by the plate as
a result of electron bombardment. It is the difference between the power supplied
to the plate of the tube and the power delivered by the tube to the load.

Screen dissipation is the power dissipated in the form of heat by the screen as
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a result of electron bombardment. With tetrodes and pentodes, the power dissipated
in the screen circuit is added to the power in the plate circuit to obtain the total
B-supply input power.

Peak heater-cathode voltage is the highest instantaneous value of voltage
that a tube can safely stand between its heater and cathode. This rating is applied
to tubes having a separate cathode terminal and used in applications where exces-
sive voltage may be introduced between heater and cathode.

Maximum peak inverse plate voliage is the highest instantaneous plate vol-
tage which the tube can withstand recurrently in the direction opposite to that in
which it is designed to pass current. For mercury-vapor tubes and gas-filled tubes,
it is the safe top value to prevent arc-back in the tube operating within the speci-
fied temperature range. Referring to Fig. 73, when plate A of a full-wave rectifier
tube is positive, current flows from A to C, but
not from B to C, because B is 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 flow. The peak value of this volt-
age is'limited by the resistance and nature of the
path between plate B and filament. The maxi-
mum value of this voltage at which there is no
danger of breakdown of the tube is known as
maximum peak inverse voltage. The relations be-
tween peak inverse voltage, RMS value of ac Fig. 78
input voltage, and d¢ output voltage depend
largely on the individual characteristics of the
rectifier circuit and the power supply. The presence of line surges or any other
transient, or wave-form distortion may raise the actual peak voltage to a value
higher than that calculated for sine-wave voltages. Therefore, the actual inverse
voltage, and not the calculated value, should be such as not to exceed the rated
maximum peak inverse voltage for the rectifier tube. A calibrated cathode-ray
oscillograph or a peak-indicating electronic voltmeter is useful in determining the
actual peak inverse voltage. In single-phase, full-wave circuits with sine-wave in-
put and with no capacitor 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 capacitor
input to the filter, the peak inverse voltage may be as high as 2.8 times the RMS
value of the applied plate voltage. In polyphase circuits, mathematical determina-
tion of peak inverse voltage requires the use of vectors.

Maximum peak plate current is the highest instantaneous plate current that
a tube can safely carry recurrently in the direction of normal current flow. The safe
value of this peak current in hot-cathode types of rectifier tubes is a function of the
electron emission available and the duration of the pulsating current flow from the
rectifier tube in each half-cycle.

The value of peak plate current in a given rectifier circuit is largely deter-
mined by filter constants. If a large choke is used at the filter input, the peak
plate current is not much greater than the load current; but if a large capacitor is
used at the filter input, the peak current may be many times the load current. In
order to determine accurately the peak plate current in any rectifier circuit, meas-
ure it with a peak-indicating meter or use an oscillograph.

Maximum dc output current is the highest average plate current which can
be handled continuously by a rectifier tube. Its value for any rectifier tube type is
based on the permissible plate dissipation of that type. Under operating conditions
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involving a rapidly repeating duty cycle (steady load), the average plate current
may be measured with a dec meter.

T plcal Operation Values. Values for typical operation are given for many
types iti'the TUBE TYPES SECTION. These values should not be confused with
ratings, because a tube can be used under any suitable conditions within its maxi-
mum ratings, according to the application.

The power output value for any operating condition is an approximate tube
output—that is, plate input minus plate loss. Circuit losses must be subtracted
from tube output ih order to determine the useful output.

Characteristics are covered in the ELECTRON TUBE CHARACTERIS-
TICS SECTION and such data should be interpreted in accordance with the
definitions given in that section. Characteristic curves represent the character-
istics of an average tube. Individual tubes, like any manufactured product, may
have characteristics that range above or below the values given in the character-
istic curves.

Although some curves are extended well beyond the maximum ratings of the
tube, this extension has been made only for convenience in calculations. Do NOT
operate a tube outside of its maximum ratings.

All tubes in this Manual are rated according to the “design-center system”

as given in RMA Standard M8-210. This standard takes into account the normal

voltage variations of the various power-supply sources used for modern radio re-

ceivers. The Standard M8-210, used with permission of the Engineering Depart-
ment of the Radio Manufacturers Association, follows:

It shall be standard to interpret the ratings on receiving types of tubes
according to the following conditions:

1. CATHODE —The heater or filament voltage is given as a normal value unless
otherwise stated. This means that transformers or resistances in the heater or
filament circuit should be designed to operate the heater or filament at rated value
for full-load operating conditions under average supply-voltage conditions. A
reasonable amount of leeway is incorporated in the cathode design so that moder-
ate fluctuations of heater or filament voltage downward will not cause marked
falling off in response; also moderate voltage fluctuations upward will not reduce
the life of the cathode to an unsatisfactory degree.

A. 1.4-Volt Battery Tube Types—The filament power supply may be obtained
from dry-cell batteries, from storage batteries, or from a power line. With dry-cell
battery supply, the filament may be connected either directly across a battery
rated at a terminal potential of 1.5 volts, or in series with the filaments of similar
tubes across a power supply consisting of dry cells in series. In either case, the
voltage across each 1.4-volt section of filament should not exceed 1.6 volts. With
power-line or storage-battery supply, the filament may be operated in series with
the filaments of similar tubes. For such operation, design adjustments should be
made so that, with tubes of rated characteristics, operating with all electrode volt-
ages applied and on a normal line voltage of 117 volts or on a normal storage-
battery voltage of 2.0 volts per cell (without a charger) or 2.2 volts per cell (with a
charger), the voltage drop across each 1.4-volt section of filament will be main-
tained within a range of 1.25 to 1.4 volts with a nominal center of 1.3 volts. In
order to meet the recommended conditions for operating filaments in series from
dry-battery, storage-battery, or power-line sources it may be necessary to use
shunting resistors across the individual 1.4-volt sections of filament.

B. 2.0-Volt Battery Tube Types— The 2.0-volt line of tubes is designed to be
operated with 2.0 volts across the filament. In all cases the operating voltage range
should be maintained within the limits of 1.8 volts to 2.2 volts.
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2. POSITIVE POTENTIAL ELECTRODES-—The power sources for the
operation of radio equipment are subject to variations in their terminal potential.
Consequently, the maximum ratings shown on the tube-type data sheets have
been established for certain Design Center Voltages which experience has shown
to be representative. The Design Center Voltages to be used for the various power
supplies together with other rating considerations are as given below:

A. AC or DC Power Line Service in U.S.A. The design center voltage for this
type of power supply is 117 volts. The maximum ratings of plate voltages, screen-
supply voltages, dissipations, and rectifier output currenss are design maximums
and should not be exceeded in equipment operated at a line voltage of 117 volts.

B. Storage-Battery Service— When storage-battery equipment is operated
without a charger, it should be designed so that the published maximum values of
plate voltages, screen-sunply voltages, dissipations, and rectifier output currents
are never exceeded for a terminal potential at the battery source of 2.0 volts per
cell. When storage-battery equipment is operated with a charger, it should be de-
signed so that 909 of the same maximum values is never exceeded for a terminal
potential at the battery source of 2.2 volts.

C. “B”-Battery Service—The design center voltage for ‘‘B’’ batteries is the
normal voltage rating of the battery block, such as 45 volts, 90 volts, ete. Equip-
ment should be designed so that under no condition of battery voltage will the plate
voltages, the screen-supply voltages, or dissipations ever exceed the recommended
respective maximum values shown in the data for each tube type by more than 10%.

D. Other Considerations —

a. Class A1 Amplifiers—The maximum plate dissipation occurs at the ‘‘Zero-
Signal’’ condition. The maximum screen dissipation usually occurs at the condition
where the peak-input signal voltage is equal to the bias voltage.

b. Class B Amplifiers—The maximum plate dissipation theoretically occurs
at approximately 639, of the ‘‘ Maximum-Signal’’ condition, but practically may
occur at any signal voltage value.

c. Converters—The maximum plate dissipation occurs at the ‘‘Zero-Signal*’
condition and the frequency at which the oscillator-developed bias is a minimum.
The screen dissipation for any reasonable variation in signal voltage must never
exceed the rated value by more than 107.

d. Sereen Ratings—When the screen voltage is supplied through a series
voltage-dropping resistor, the maximum screen voltage rating may be exceeded,
provided the maximum screen dissipation rating is not exceeded at any signal con-
dition, and the maximum screen voltage rating is not exceeded at the maximum-
signal condition. Provided these conditions are fulfilled, the screen-supply voltage
may be as high as, but not above, the maximum plate voltage rating.

3. TYPICAL OPERATION —For many receiving tubes, the data show typi-
cal operating conditions in particular services. These typical operating values are
given to show concisely some guiding information for the use of each type. They
are not to be considered as ratings, because the tube can be used under any suitable
conditions within its rating limitations.



RCA Receiving Tube Classification Chart

RCA receiving tubes are classified in the following chart according to func-
tion and cathode voltage. Types having similar electrical characteristics are grouped

Cathode Valts | 1.4 ] 20 | 25-50 ] 6.3 | 126117
KINESCOPES
Proie'ci:;n magnetic deflection 5TP4
iewed
electrostatic deflection 7]P4
RECTIFIERS (For rectifiers with amplifier units, see POWER AMPLIFIERS).
1223{ 35W4
Half- vacuum : 1B3.GT/ Iv :;2;; 335%;-’8'}:
Wave toiee sie 63 625.GT
1iz3
5T4. 5W4
5U4.G, SX4.G] [ 6X4, 6X5
523 6X5-GT, 84/624
vacuum [SYJ_C.T. SYLG] 6ZY5.G
Foll- 80 7Y4
Wave 524 724
(5v4-G. 83.v]
mercury-vapor 82 83
gos Cold-Cathode Types: 024, 0Z4-G
2525
2526
Doubler | vacuum 2526-GT,
50Y6.CT
H726-CT

DIODE DETECTORS (For diode de‘leclorx with amplifier units, see VOLTAGE AMPLIFIERS and ofso POWER AMPLIFIERS).
One Diode 1A3

Two Diodes 6AL5 [6H6, 6H6-GT ] 746 12H6 12AL5
POWER AMPLIFIERS with and without Rectifiers, Diode Detectors, and Voltage Amplifiers.
tow-mu single unit 3 WL emeG s 6A3 s
single unit 6AC5.CT
Triodes high
fgh-me winwnit | 1ceGT | [18C 53 [?ﬁi N swe
ditect-coupled arrangement 6B5
14A5[ 2516
[ 6BG6G 35A5[ZSL6—GT
. ) 1Q5-CT 6AQS
single unit 305.GT* 6L6 ] ove || [35B5 35L6GT)
. ITS.GT ["“"G V6CT 5085
Beom ILF4* 6Y6G 745 7C5 | (5085, 50L6.GT]
Tubes RL7.CT
70L7CT
with rectifier [Il7L7/MLGT
U7PI.CT
HINZ.GT
1AS.GT [ IF4 6A4/LA [6AK6, 6G6-G) 6AGT
1IC5.GT IF5-G 245
single wnit 1LA4, ILB4 | 1G5.G 4 [6“'(6:2&%" (fIG]T' ) [22’3“']
154,35#) | 1)5.0 59 .
(3Q4%,3v4*) | 33 785 38 8
Pentodes] with medium-mu triode 6AD7.G
with diode and tricde I1D8-GT
with rectifier 12A7
twin unit 1E7.G
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in brackets. For more complete data on these types, refer to the TUBE TYPES
SECTION. Information on Preferred Types and on Types Not Recommended for
New Equipment Design will be found on the inside back cover.

Cathode Volts | 14 | 20 [ es—so] 63 [ 126—117
CONVERTERS & MIXERS (For other types used as Mixers, see YOLTAGE AMPLIFIERS).
1A7.CT 1C6 6A7, 6A8 6BE6, 65A7
id iLAG 1C7.G 247 6A8-G, 6A8.GT 6SA7.GT [IZBE6 |25A7
pentagri 1LC6 [ 1A0 ] 6D8.G 125A74 GT
Converte RS 107G 6SB7.Y B8 707 | 14B8
er3 ) iode-hexode [6K8, 6K8.G) 12K8
triode-heptode 6j8.C  7J7 757 14)7
octode 7A8
Mixers | pentagrid [6L7. 6L7-C]
ELECTRON-RAY TUBES
Single with remote-cutoff triode 6AB5/6N5 6U5/6G5
with sharp-cutoff triode 2E5 6ES
Twin without triode 6AF6.G

VOLTAGE AMPLIFIERS with and without Diode Detectors;
TRIODE, TETRODE, AND PENTODE DETECTORS; OSCILLATORS.

1G4-GT [IH4—C 27 6C4 [6C5, 6C5-GTH6PS.GT, 76]  12J5.GT
30 T4A4

single unit | | F3 J¢a 56 f6J5. 6]5-GT] 6L5-G. 74, 37
with 1 f
pentode 6F7
with power 6ADZ.G
pentode
medium-muy with
1D8-GT
pentode
ond diode 3A8.CT
. 125R7
with two 1B5/255 6R7. 6R7-GT ( ]
diodes [)H()-C. ] 55 [bBFb 6SR7. 6ST7] E6 8 | LIZRICT
Triodes 12AH7-GT
twin unit 6C8.G [eF8.C. 6SN1.CT] 6)6 12007 125N7.GT
single unit [ S50 eks.cTme [”F SCT
with diode | 'H5ET
high-my with two 6 [65Q7 65Q7 4 GT] 6ATS, ﬁAQﬁ DZATGI.‘ é(Z)QLGT]
diodes 6T7.G. 7B6 7C6 osz7 6Q7.GT (1257, 125Q7-GT)
with three
dindes 638.CT
twin unit 65C7 6SLI.CT 7F7 12aX7 | 12507 - 1A%
Tetrodes remote cutoff 35
sharp cutoHf 32 24.A
[6K7. 6K7.G][ 6D6 JeBAG. 65G7) (12BAs, 125G7]
VT4 34 6K7.GT, 78 euu: 6BJ6 125K7
single unit | ps.c [I D5-GP 58 6AB7/1853 A7, 787 125K7-GT
1A4P 6SK7 osm 7H7 12K7.GT _14H7
remote 6SK7.GT] 6557 39/44 14A7/12B7
culoff with triode 6F7
with diode 65F7 125F7
with two 6B7
Pentodes diodes 187 [688 6BB-G]7E7 R7 12C8, 14R7
517 6J7.G. 6]7-GT][ 65)7 ] {12406, 125H7)
HLCS, ILNS [1 6Co, 6W7.C, 77 J16S]7.GT 12AW6
single unit | 1L4, 1U4 IB4P 57 6AU6 Y 6AC7/1852 6AG§ [ 125)7
" INS.GT 6SH7) 7G7/1282  IC7 125J7-GT
o |share L7 V7 W7 12J7-GT 14C7
cuto ILD5
with diode [ISS. IUS]
with two [ tF6
diodes 1F7
# Cathode volts, 1.25. 2 Cathode volts, 1.5. ¢ Cathode volts, 7.5. *Filament arranged for either 1.4 or 2.8-volt operation.
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RCA Miniature Tubes

For the convenience of the reader, a complete list of RCA Miniature Tubes,
classified according to function, follows. This list includes not only tube types
designed for home receiving instruments, but also tube types designed for special-
ized applications. The latter types, marked with an asterisk, are not included in
this Manual. Information on them, however, will gladly be furnished on request

RECTIFIERS, Vacuum Types

35W4, 4523
Halfl-Wave. . . .t eie i iiiiiiiitninannnnns 3 ”723: ]654*
FullWave........cevuvane. ettt sesaane 6X4
DIODE DETECTORS
Single Unit............ cresseesanas eeees 1A3, 9006*
TwinUnit.......... eeeesesssasenns +eoe  BALS5, 12AL5

TRIODE AMPLIFIERS
Single Unit......oiiinvnnnnne ceeseesesas 6C4, 6J4* 9002*

33A5*, 636

Twin Unit. . coeeenns ceesesesssccnnes
12AU7, 12AX7

DIODE-TRIODE AMPLIFIERS
High-Mu. . oo ittt i iiiiietetneennnnsans 6AQ6, 6ATS, 12ATS6
Medium-Mu. . ....coviiiiivnnans sescesess OBF6, 26C6*

PENTODE VOLTAGE AMPLIFIERS
114, 185, 1U4
1U5, 6AGS5, 6AK5*
Sharp-Cutoff........... esessesenesasans 6AUG, 12AU6
12AW6, 9001*

. 1T4, 6BAG, 6BJ6
Remote-Cutoff. ..... ;I2BA6, 26A6*, 9003*

PENTODE POWER AMPLIFIERS. . . ... 3‘54' 3A4%, 3Q4

354, 3V4, 6AK6
BEAM POWER AMPLIFIERS........c.cccvv.e..  6AQS, 35B5, 50B5

1R5, 6BEG
PENTAGRID CONVERTERS. .....vvenrennn... e S eDs*
THYRATRONS. ... ..uue.... Ceereraeseeee..  2D21¥

VOLTAGE REGULATORS...c000s0cesssecees OA2*
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RCA Tube Types

This section contains technical descriptions of RCA tubes used in standard
broadcast, FM, and television receivers. It includes data on current types, as
well as information on those RCA discontinued types in which there may still be
some interest as to characteristics.

In choosing tube types for the design of new electronic equipment, the designer
is referred to the inside back cover for information regarding the availability of the
latest RCA Preferred Types List and for a listing of RCA Tube Types Not Ree-
ommended for New Equipment Design.

Tube types are listed in this section according to the numerical-alphabetical
sequence of their type designations. For Key to Socket Connection Diagrams, see
inside front cover.

Maximum Ratings:

DETECTOR AMPLIFIER TRIODE

Storage-battery triode used as detector or
amplifier. Outline 29, OUTLINES SECTION.
Operating conditions as grid-resistor detector
are: plate volts, 45 max; grid resistor, 2 to 3 meg-
ohms; grid capacitor, 250 puf; grid return to
(+) filament. As biased detector, type 01-A has
plate volts of 135 max; bias of approximately
—18.5 volts. As amplifier, it has plate volts of
185 maz; bias of -9 volts. Filament volts, 5;
amperes, 0.25. This is a DISCONTINUED
type listed for reference only.

FULL-WAVE GAS RECTIFIER

Metal type OZ4 and glass octal
type OZ4-G are used in vibrator-type,
B-supply units. Both are cold-cathode
types, require octal sockets, and may
be mounted in any position. OZ4 Out-
line 2, OUTLINES SECTION. 0Z4-G
dimensions: maximum overall length,
2-5/8 inches; maximum diameter, 1-
1/16 inches; T-7 bulb; dwarf-shell octal
5-pin base. Shell of OZ4 and external
shield of 0OZ4-G should be grounded.
Filters may be necessary to eliminate
objectionablenoise. These types areused
principally for renewal purposes.

FULL-WAVE RECTIFIER

PEAK STARTING SUPPLY VOLTAGEPER PLATE. . ..................... .
PEAK PLATE-TO-PLATE VOLTAGE. . ... ..00veteunannninicinannses veee

PrEAK PLATE CURRENT

DC OuTtput CURRENT...

01-A

0Z4

0Z4-G

300 min
1000 maz
200 mazx
{ 75 max
30 min
300 mazx
24

volts
volts
ma
ma
ma
volts
volts
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HF DIODE
Miniature type used as detector tube in porta-
ble FM receivers and in portable high-frequency
]A3 measuring equipment. Outline 10, OUTLINES
SECTION. Tube requires miniature seven-con-
tact socket. Heater volts (ac/dc), 1.4; amperes,
0.15.
Maximum Ratings: HALF-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE. . . ... oiivinii e rian .
PEAK PLATE CURRENT. . . ..ottt ivaeinannrnnonennosnenssonann .
DC OUTPUT CURRENT. . . .ottt ittt it iaeriainennanenroasnsss
PEAK HEATER-CATHODE VOLTAGE. . . ...\t viiviireanorunncennsnas ..

Typical Operation (With Capacitor-input Filter):

AC Plate-Supply Voltage (RMS) ... ... ... ... ittt iiinnanns
Filter-Input Capacitor. . . ... .. ... it itnnnans ..
Minimum Total Effective Plate-Supply Impedance. ................

REMOTE-CUTOFF PENTODE

Glass type used in battery-operated re-
ceivers as rf or if amplifier. For ratings and op-

]A4_P erating data, refer to type 1D5-GP. Outline 27,
OUTLINES SECTION. Tube requires four-
contactsocket. Filament volts (de), 2.0; amperes,
0.06. This type is used principally for renewal
purposes.

POWER PENTODE
Glass octal type used in output

T stage of battery-operated receivers.
]AS'G Outline 17, OUTLINES SECTION.

Tube requires octal socket and may r+

be mounted in any position. For fila-
ment considerations, refer to 1U4.

FILAMENT VOLTAGE (DC) .« .ottt tet it ittt e eieenaniiianaarnorasens
FILAMENT CURRENT. .......... et et ettt it e i i i e e,

Maximum Ratings:

PLATE VOLTAGE. . .. ..ttt it ie ettt ieeeneeainstansansannn
GRID-NO.2 (SCREEN) VOLTAGE . . ... ...ttt itnnannnananns
TOTAL ZERO-SIGNAL CATHODE CURRENT. . . . ..0vvnnnrerrinenrenonennnnns

Typical Operation:

Plate Voltage. . . ..ottt ittt it iiin i eeteasneneraan 85
Grid-No.2 Voltage 85
Grid-No.1 (Control-Grid) Voltage. . ...........c.ciiiinnnn... -4,

5
Peak AF Grid-No.1 Voltage. . ......... ... i, 4.5
Zero-Signal Plate Current. . ... ... ... ...t 3.5
Maximum-Signal Plate Current................................ 3.5
Zero-Signal Grid-No.2 Current.............. ... .cciiiiininan.. 0.7
Maximum-Signal Grid-No.2 Current............................ 1.0

0.3

Plate Resistance (Approx.}............ PPN
Transconductance

Load Resistance. . ...

Total Harmonic Distortion. .. ... P 10
Maximum-Signal Power Qutput.......................... N 100

60

330 max  volts
5 mazx ma
0.5 max ma
140 max volts
117 volta
2 uf
[ ohms
G G2
P 1
@7~
OL0,

® °
NC NC

1.4 volts
0.05 ampere
110 max volts
110 mazx volts
6 max ma
90 volts
90 volts
4.5 volts
4.5 voits
4.0 ma
4.0 ma
0.8 ma
1.1 ma
0.3 megohm
850 pmhos
25000 ohms
7 per cent
115 mw
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C‘ ' PENTAGRID CONVERTER
G‘ Glass type used in battery-operated re-
)“ 3 ceivers. Type 1A6 is identical electrically with
o (2 ()2 type 1DT-G, except for interelectrode capaci-
tances. Outline 27, OUTLINES SECTION.
‘ Tube requires six-contact socket. Filament volts
0 (de), 2.0; amperes, 0.06. This type is used prin-

¢ 7 cipally for renewa purposes.

PENTAGRID CONVERTER

Glass octal type used in superhet-
erodyne circuits having battery power
supplies. Outline 18, OUTLINES SEC-
TION. Tube requires octal socket and
may be mounted in any position. For
filament considerations, refer to 1U4,

FILAMENT VOLTAGE (DC) . s o e v vuetvinaronnnsannnns eeiaaans
FILAMENT CURRENT . . o1t vvvnersannoronnsses

Maximum Ratings: CONVERTER SERVICE

PLATE VOLTAGE. . ...t teittt e eiiaratneeneiaseantonnones casanes
GRIDS-N0.3-AND-N0.5 (SCREEN) VOLTAGE. . . .t vivirvnnnnrnnrnss chees
GRIDS-N0.3-AND-NO0.5 SUPPLY VOLTAGE. . .. .- c0vvvreennanan Ceetnasenn
GRID-NO.2 (ANODE-GRID) VOLTAGE. .. ......... RN [

TOTAL ZERO-SIGNAL CATHODE CURRENT. . ¢ v evrevrorevsnrsessrsrases

Typical Operation:

Plate Voltage. . . ... .cii ittt iiiiinnetnanas rereerresnaan
Grids-No.3-and-No.5 Voltage*............ccivnennn hneeereine eeee
Grid-No.2 Voltage ...........cooivennenss erereeesi et PN
Grid-No.4 (Control-Grid) Voltage®*. . . ................ P Ceiees
Grid-No.1 (Oscillator-Grid) Resistor. . ............. i ieaan
Plate Resistance. .. .. cv i iiirrniiriiirarerertsaneenseeseosianes

Conversion Transconductance .
Conversion Transconductance with grid-No.4 bias of ~3 voits (Approx.)

Plate Current. . .. ... iini it iiiitseseroansesorssatsrssoasnss .
Grids-No.3-and-No.b Current . . ... ... .ottt enanans
Grid-No0.2 CUITENt. o v vt v v it ieie it iiiie s et ranens
Grid-No.l Current. ... .o oot ii ittt ie it i o
Total Cathode Current. . .. .....vviviierieiiirrinreirnennnnisonns

1A6

1A7-GT

1.4 volts
0,05 ampere
110 maz volts
60 max volts
110 maz volts
110 max volts
6 max ma

80 volts
45 volts
90 volts

0 volts
0.2 megohm
0.6 megohm
250 umhos
20 wmhos
0.6 mwa
0.7 ma
1.2 ma
0.035 ma
2.5 ma

* Obtained preferably by using a bypassed 45000- to 75000-ohm voltage-dropping resistor in series with

the 90-volt supply.

** A resistance of at least 1.0 megohm should be in the grid return to negative filament pin,

tc HALF-WAVE VACUUM
RECTIFIER

Ic
Q) Glassoctaltypeused in high-voltage,
low-current applications such as the
£
(Fts rectifier in the high-voltage, rf-oper-
OMO ated power supply for the kinescope,
1c ic or as a rectifier of high-voltage pulses
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produced in the scanning system for the kinescope. When used as an rf rectifier,
one 1B3-GT in a half-wave circuit is eapable of delivering a maximum dec output
voltage of about 20000 volts. In a voltage-doubler circuit, two tubes will give about
40000 volts; and in a voltage-tripler circuit, three 1B3-GT’s will deliver 60000
volts approximately.

FILAMENT VOLTAGE (AC). ...\ttt it itttiineee et nenrenanainansnenes 1.26 volts
FILAMENT CURRENT . . ...\t ittt it itiineeetee it rannnrarenaanns 0.2 ampere
DIRECT INTERELECTRODE CAPACITANCE (No external shield):

Plate to Filament (APProX.). . ...ccvvuvriniit et iinereriaeneenncsss 1.2 puf
Maximum Ratings: HALF-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE. . ..t vtnieennreenanrnnneneroassnssasnns 40000 mazx volts
PEAK PLATE CURRENT. .. .0ttt ttnnnetinene st iaeriaaasnroreanacnnaass 17 max ma
AVERAGE PLATE CURRENT. .. .. 0ttt etint ittt iineetianecanaanennnanns 2 max ma
FREQUENCY OF SUPPLY VOLTAGE. ... ..ottt iiteeeiunenneniaearonesnns 300 max ke

INSTALLATION AND APPLICATION

Tube requires octal socket and may be mounted in any position. Plate connec-
tion is cap at top of bulb. Internal connections are made to pins 1, 8, 5, and 7
which should not be used. Outline 22, OUTLINES SECTION.

‘When the filament is to be operated on rf, it is recommended that the filament
be connected first to a de or low-frequency ac supply of 1.25 volts. The color tem-
perature of the filament corresponding to this voltage may then be checked visu-
ally by observing in a darkened room the reflection of the incandescent filament
upon the upper surface of the internal shield. A visual comparison of this color
temperature with that obtained with the filament operated from an rf voltage
provides a convenient means for adjusting the amount of rf excitation to produce
1.25 volts (RMS) at the filament terminals. The filament must never, under any
conditions of operation, be allowed to reach a temperature higher than that caused
by operating the filament on de or low-frequency ac at a voltage of 1.5 volts.
Operation at higher temperatures, even momentarily during circuit adjustments,
is certain to cause impaired performance of the tube even though the filament
still lights.

The filament transformer, whether it is of the iron-core or the air-core type, must
have sufficient insulation to withstand the maximum peak inverse plate voltage
encountered in the installation.

The high voltages at which the 1B3-GT is operated are very dangerous. Great
care should be taken to prevent coming in contact with these high voltages. In
those circuits where the filament circuit is not grounded, the filament circuit oper-
ates at dc potentials which can cause fatal shock. Extreme precautions must be
taken when the filament voltage is measured. These precautions must include safe-
guards which definitely eliminate all hazards to personnel.

SHARP-CUTOFF PENTODE Gy 2
P [
Glass type used as rf amplifier or detector Gy
in battery-operated receivers. Outline 27, OUT-
LINES SECTION. Tube requires four-contact
l B4-P socket. For typical operating conditions and

maximum ratings as a elass A: amplifier, refer
to type 1E5-GP. Filament volts (dc), 2.0; am- 0*
peres, 0.06. This type is used principally for re- [ e
newal purposes.
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ONAFDE
OMO

NC NC

FILAMENT VOLTAGE (DC). .
FILAMENT CURRENT......

Maximum Ratings:

PLATE VOLTAGE. .. .......
GRID-N0.2(SCREEN) VOLTA:

TWIN DIODE —MEDIUM-MU TRIODE

Glass type used as combined detector, am-
plifier, and ave tube in battery-operated re-
ceivers. Qutline 25, OUTLINES SECTION.
Tube requires six-contact socket. Filament volts
(de), 2.0; amperes, 0.06. Typical operation as
class A1 amplifier: plate volts, 135 max; grid
volts, —-3; plate ma., 0.8; plate resistance 35000,
ohms; amplification factor, 20; transconduct-
ance, 575 umhos. This type is used principally
for renewal purposes.

PENTAGRID CONVERTER

Glass octal type used in superheterodyne
circuits having battery power supply. Outline
18, OUTLINES SECTION. Filament volts (dc),
1.4; amperes. 0.1. This is a DISCONTINUED
type listed for reference only. The 1B7-GT may
be replaced by the 1A7-GT if circuit adjust-
ment is made for lower filament current of
type 1A7-GT.

POWER PENTODE

Glass octal type used in output
stage of battery-operated receivers.
QOutline 17, OUTLINES SECTION.
Tube requires octal socket and may
be mounted in any position. For fila-
ment considerations, refer to 1U4.

L T R R R

TOTAL ZERO-SIGNAL CATHODE CURRENT.. ... .. viivnirninarannnos

Typical Operation:
Plate Voltage. . ..........
Grid-No.2 Voltage

Grid-No.1 (Control-Grid) Voltage. . ... ............ooviin..

Peak AF Grid-No.l Voltag
Zero-Signal Plate Current.

(= R

Maximum-Signal Plate Current. . ... ....... .. ...coiinnnen
Zero-Signal Grid-No.2 Current. .................... e

Maximum-Signal Grid-No.2 Current . ....................

Plate Resistance {Approx.)
Transconductance. . ......

Load Resistance. ............ ... ... ... cviiein..

Total Harmonic Distortion

Maximum-Signal Power Output

PENTAGRID CONVERTER

Glass type used in battery-operated re-
ceivers. Similar electrically to type 1C7-G ex-
cept for interelectrode capacitances. Outline 27,
OUTLINES SECTION. Tube requires six-con-
tact socket. Filament volts (de), 2.0; amperes,
0.12. For general discussion of pentagrid types,
refer to Frequency Conversion in ELECTRON
TUBE APPLICATIONS SECTION. This type
is used principally for renewal purposes.
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1B5/25$

1B7-GT

1C5-GT

.4 volts
1 ampere

S -

110 max  volts
110 maz  volts

12 maz ma
90 volts
90 volts
-7.5 volts
7.5 volts
7.5 ma
7.8 ma
1.6 ma
3.5 ma
115000 ohms
1550 pmhos
8000 ohms
10 per cent
240 mw
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PENTAGRID CONVERTER

Glass octal type used in battery-operated

receivers, Qutline 26, OUTLINES SECTION.

Tube requires octal socket. Filament volts (dc),

l C7—G 2.0; amperes, 0.12. Typical operation as conver-
ter: plate volts, 180 max; grids-No.3-and-No.5

(screen) volts, 180 (applied through 20000-ohm

dropping resistor bypassed by 0.01-uf capacitor);

grid-No.4 (control-grid) volts, -3; grid-No.1

¢oscillator-grid) resistor, 50000 ohms; plate ma.,

NC

NC

1.5; grids-No.3-and-No.5 ma., 2; grid-No.2 ma., 4; grid-No.1 ma., 0.2. This type is used principally

for renewal purposes.

REMOTE-CUTOFF PENTODE

Glass octal type used in battery-operated
receivers as rf or if amplifier. Outline 26, OUT-

Filament volts (de¢), 2.0; amperes, 0.06. Typical

lID5 GP LINES SECTION. Tube requires octal socket. o‘
-

operation as class A; amplifier: plate volts, 180
mazx; grid-No.2 (screen) volts, 67.6 maz; grid- r+
No.l1 volts, ~8 min; plate ma., 2.8; grid-No.2
ma., 0.8; plate resistance (approx.), 1.0 megohm;
transconductance, 750 umhos; transconductance

at bias of —15 volts, 15 umhos. This type is used
principally for renewal purposes.

REMOTE-CUTOFF TETRODE

Glass octal type used in battery-operated
receivers as rf or if amplifier. Outline 26, QUT-
IDS'GT LINES SECTION. Filament volts (dc), 2.0;
amperes, 0.06. This isa DISCONTINUED type
listed for reference only. It can be replaced by
type 1D5-GP.

PENTAGRID CONVERTER

Glass octal type used in battery-operated
receivers. Outline 26, OUTLINES SECTION.
Tube requires octal socket. Filament volts (de¢),
2.0; amperes, 0.06, Typical operation as conver-
l D7 -G ter: plate volts, grids-No.3-and-No.5 volts, grid-
No.2supply volts, grid-No.4 volts, and grid-No.1
resistor are same as for type 1C7-G; plate ma.,
1.3; grids-No.3-and-No.5 ma., 2.4; grid-No.2
ma., 2.3; grid-No.1 ma., 0.2. This type is used
principally for renewal purposes.

DIODE—TRIODE—POWER PENTODE

Glass octal type used in compact battery-
operated receivers. Diode unit is used as detector
or ave tube, triode as first audio amplifier, and

] D 8 -GT pentode as power output tube. Outline 16, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (dc), 1.4; amperes, 0.1. Maxi-

mum plate volts of triode as well as maximum
plate and grid-No.2 volts of pentode, 110,

Typical Operation (Pentode Unit}: CLASS A, AMPLIFIER

Plate Voltage. . . . .. .ottt iiiiiininenss eese 45 67.5
Grid-No.2 (Screen) Voltage...........cooiviiiienns 45 67.5
Grid-No.1 (Control-Grid) Voitage.............. PR -4.5 -6
Plate Current. .. ........coiivrnnnrvnisennnaseas aee 1.6 3.8
Grid-No.2 Current.......ooviiiiniinnnirnacennnennn 0.3 0.8
Transeonductance. . .. .ovviriecerneerrnonnsinnans 650 875
Load Resistance eereeieeaan vese 20000 16000
Total Harmonic Distortion. . ... eereeereeiaaeesanns 10 10
Power Output...... caeens Ceesrsressevaarearrene . 35 100

90
90
-9

1.0
925
12000

200

volts
volts
volts
ma

ma
umhos
ohms
per cent
mw
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Typical Operation (Triode Unit):

Plate Voltage. . ......ovviivriiininnnnrnennas [T 45 67.5 90 volts
Grid Voltage. . .......ovvirii ittt iiiii e 0 0 0 volts
Amplification Factor. ...............iiiiii., 25 25 25
Plate Resistance (APProxX.). . ......coviiuieerruecsnans 7000 55500 43500 ohms
Transconductance. . .......coovvvrnnniinnnnroaaenns 325 450 575 upmhos
PlateCurrent. .. ...ooviiiiniiien e eirinaenanan 0.8 0.6 1.1 ma
°2 c SHARP-CUTOFF PENTODE
P ‘ o] Glass octal type used as rf amplifier or de-
e tector in battery-operated receivers. Outline 26,
OQUTLINES SECTION. Tube requires oetal
socket. Filament volts (de¢), 2.0; amperes, 0.06. .I ES—GP
Ft v F— Typical operation as class A1 amplifier: plate
. 63  volts, 180 max; grid-No.2 (screen) volts, 67.5
0 o mazx; grid-No.1 volts, —3; plate ma., 1.7; grid-
NC NC No.2 ma., 0.6; plate resistance, 1.3 megohms;

transconductance, 650 pmhos; grid volts for
plate-current cutoff (approx.), —8. This type is
used principally for renewal purposes.

TWIN POWER PENTODE

Glass octal type used in push-pull output
stage of battery-operated receivers. Outline 24,
OUTLINES SECTION. Tube requires octal
socket. Filament volts (de), 2.0; amperes, 0.24. o
Typical operation as push-pull class Ai ampli- ] E7 -G
fier: plate and grid-No.2 volts, 135 maxr; grid-
No.1 volts, ~7.5; plate ma., 10.5; grid-No.2 ma.,
3.5; output watts, 0.575. The two units are used
in the same manner as two separate tubes in
conventional push-pull audio-frequency ampli-
fier circuits. This type is used principally for
renewal purposes.

(3) POWER PENTODE

Glass type used in output stage of battery-
operated receivers. Outline 29, OUTLINES
P G SECTION. Tube requires five-contact socket. .IF4
’ Filament volts (de), 2.0; amperes, 0.12, Type
1F4 is similar electrically to type 1F5-G. This
° e type is used principally for renewal purposes.

- POWER PENTODE

° ! Glass octal type used in ocutput stage of
battery-operated receivers. Outline 28, OUT-
o/ LINES SECTION. Tube requires octal socket.
Filament volts (de), 2.0; amperes, 0.12. Typi-

cal operation as class A1 amplifier: plate and IF 5_G
grid-No.2 (screen) volts, 135 (180 wmazx); grid-

20, /N7 ES Noud volts, —4.5; plate ma., 8; grid-No.2 ma.,

2.4; cathode resistor, 432 ohms; output watts,

NC NC 0.31. This type is used principally for renewal
purposes.
G2p PD2 TWIN DIODE—
Gip SHARP-CUTOFF PENTODE
% Glass type used as combined detector, am-
pp, plifier, and ave tube in battery-operated re-
rp(2) (5) Foy
ceivers. Outline 27, OUTLINES SECTION. ]F6

Tube requires six-contact socket. Filament volts
o e (de), 2.0; amperes, 0.06. This type is similar
Gap electrically to type 1F7-G, except for inter-
Fr F- electrode capacitances. Typical operation of
pentode unit as class A: amplifier: plate volts,
180 max; grid-No.2 (screen) volts, 67.5 max; grid-No.l1 volts, —1.5; plate ma., 2.2; grid-No.2 ma.
0.7. This type is used principally for renewal purposes.
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1F7-G

1G4-GT

1G5-G

1G6-GT

1H4-G

1H5-GT

TWIN DIODE—
SHARP-CUTOFF PENTODE

Glass octal type used as combined detector,
amplifier, and ave tube in battery-operated re-
ceivers. Outline 26, OUTLINES. SECTION.
Tube requires octal socket. Filament volts (de),
2.0; amperes, 0.06. Similar electrically to type
1F6 except for interelectrode capacitances. This
type is used principally for renewal purposes.

MEDIUM-MU TRIODE

Glass octal type used in battery-operated
receivers as detector or voltage amplifier. Out-
line 17, OUTLINES SECTION. Tube requires
octal socket. Filament volts (dc), 1.4; amperes,
0.05. Typical operation and characteristics as
class A: amplifier: plate volts, 90 (110 mazx);
grid volts, —6; plate ma., 2.3; plate resistance,
10700 ohms; amplification factor, 8.8; trans.
conductance, 825 umhos. This type has been
used as a driver for type 1G6-GT.

POWER PENTODE

Glass octal type used in output stage of
battery-operated receivers. Outline 28, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (dc), 2.0; amperes, 0.12. Typical
operation as class A1 amplifier: plate and grid-
No.2 (screen) volts, 135 maz; grid-No.1 volts,
-13.5; plate ma., 9.7; output watts, 0.55. This
type is used principally for renewal purposes.

HIGH-MU TWIN POWER TRIODE

Glass octal type used in output stage of
battery-operated receivers. Outline 17, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (dc¢), 1.4; amperes, 0.1. Typical
operation as class B amplifier: plate volts, 90
(110 maz); de grid volts, 0; peak af grid-to-grid
volts, 48; effective grid-circuit impedance per
unit, 25630 ohms; plate ma. (zero signal), 2;
plate ma. (maximum signal), 11; peak grid ma.
per unit, 6; output watts (approx.), 0.35.

MEDIUM-MU TRIODE

Glass octal type used as detector or voltage
amplifier in battery-operated receivers. Qutline
24, OUTLINES SECTION. Tube requires octal
socket. Filament volts (de), 2.0; amperes, 0.06.
Typical operation as class A amplifier: plate
volts, 180 max; grid volts, —13.5; amplification
factor, 9.3; plate resistance, 10300 ohms; trans-
conductance, 900 umhos; plate ma., 8.1. For
grid-bias detection, plate volts up to 180 max
may be used and grid bias adjusted so that zero-
signal. plate ma. is about 0.2. This type is used
principally for renewal purposes.

DIODE—HIGH-MU TRIODE

Glass octal type used as combined detector
and amplifier in battery-operated receivers. Qut-
line 18, OUTLINES SECTION. Tube requires
octal socket. Filament volts (de), 1.4; amperes,
0.05. Characteristics of triode unit as class A,
amplifier: plate volts, 110 max; grid volts, 0;
plate ma., 0.15; plate resistance, 240000 ohms;
amplifiecation factor, 65; transconductance, 275
pmhos. Diode unit is located at negative end of
filament and is independent of the triode unit
except for common filament.
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O, TWIN DIODE—MEDIUM-MU TRIODE

Pr /0 1 :
e e Glass octal type used as combined detector,
amplifier, and ave tube in battery-operated re-

ceivers. Outline 24, OUTLINES SECTION.
° Fw Tube requires octal socket. Filament volts (dc),

Fe
W 2.0; amperes,*0.06. Type 1H6-G is similar elec-
OMIO trically to type 1B5/25S. This type is used
NC NC principally for renewal purposes.

POWER PENTODE

G

o ° Glass octal type used in output stage of
’ battery-operated receivers. Outline 28, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (dc), 2.0; amperes, 0.12. Typical
operation as class A1 amplifier: plate and grid-
r+ v F= No.2 (screen) volts, 135 maz; grid-No.1 volts,
3 _16.5; plate ma., 7.0; grid-No.2 ma., 2.0; plate
o ° resistance, 105000 ohms; load resistance, 13500
NC NC ohms; output watts, 0.45. This type is used

principally for renewal purposes.

HIGH-MU TWIN POWER TRIODE

Glass octal type used in output stage of
Py battery-operated receivers. Qutline 24, OUT-
G) /T £N\Y "' LINES SECTION. Tube requires octal socket.
Filament volts (dc), 2.0; amperes, 0.24, Typical
e operation as class B power amplifier: plate volts,

*0 135 max; peak plate ma. per plate, 50 mazx;

grid volts, 0; zero-signal plate ma. per plate,
OMO, 5; effective plate-to-plate load resistance, 10000
NC NC ohms; average input watts (approx.), 0.17; out-

put watts (approx.), 2.1.

NC -

Ok SHARP-CUTOFF PENTODE

Miniature type used as rf or if am-

¢+ Dlifier in portable, battery-operated re-
ceivers particularly those not utilizing
ave.Outline10,0UTLINESSECTION.
Tube requires miniature seven-contact

1H6-G

1J5-G

1J6-G

L4

socket and may be mounted in any position. Internal shield eliminates need for
external bulb shield, but shielding the socket is essential if minimum grid-to-plate
capacitance is required. For typical operation as a resistance-coupled amplifier,
refer to Chart 1, RESISTANCE-COUPLED AMPLIFIER SECTION. For fila-

ment considerations, refer to type 1U4.

FILAMENT VOLTAGE (DC) «..ivvviiiinnnerriennnoconanarsoass ves
FILAMENT CURRENT. . . . 0. .0vtetieninirasieinssnanannonans vees
DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Grid Nol toPlate. ... ... oottt iainaa, v
IOpUL. . oo i i e it ceen
Output

Maximum Ratings:
PLATE VOLTAGE. ...\ itiititiuanrerusseneneonsnasnssssnsoranns
GRID-NO.2 (SCREEN) VOLTAGE. . . .. .vvivrniininnnnnnsnnanns

GRID-NO.2 SUPPLY VOLTAGE. . . ... cotvriinccninnoeerrnnnnanans
GRID-NO.1 (CONTROL-GRID) VOLTAGE
TOTAL CATHODE CURRENT. . .......00.00..

14
0.05

0.01 mazx
8.6
7.5

110 mazx
90 max
110 mazx
0 min
6.5 max

volts
ampere

paf
upf
puf

volts
volts
volts
voits
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Typical Operation:

Plate Voltage. . . ... ... i ittt iiiiinerennnnnns 90 90
Grid-No.2 Voltage. .. ... .. ..ttt enraannnnnenns 67.5 90
Grid-No.l Voltage. .. ...ttt ittt eiieiinannn 0 0
Plate Resistance............. ittt 0.6 0.26
Transconductance 925 1025
Grid Bias for plate currentof 18 ga...................... PR -6 -10
Plate Current. .. ... ... . it i i 2.9 4.5
Grid-No. 2 Current. . .. ... i ittt iiiinnann, 1.2 2.0
AVERAGE PLLATE CHARACTERISTICS
s
oaiD-Net YOLTS ECIZ0 | | |
/" TYPE IL4
E¢=1.4VOLTS DC
4 4 GRID-N22 VOLTS =90 ~ 7]
-1
: /|
& ,/
33
< / -2
3
= '~
L
= / =3
«<
=)
o
=
'
Ecyz-8
L _6
25 0
° 25 80 78 pLATE voLTS 180 l-592<'.u-2uaz'|'

1LA4

1LA6

1LB4

POWER PENTODE

Glass lock-in type used in output stage of
battery-operated receivers. Outline 12, OUT-
LINESSECTION. Tube requireslock-insocket.
Filament volts (de), 1.4; amperes, 0.05. For
electrical characteristics and typical operation,
refer to glass-octal type 1A5-GT.

PENTAGRID CONVERTER

Glass lock-in type used in battery-operated
receivers. Outline 12, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts
(de), 1.4; amperes, 0.05. Typical operation as
converter is the same as for type 1A7-GT ex-
cept that the maximum grid-No.2 volts is 65,
the maximum total cathode ma. is 4.0, the plate
resistance is 0.75 megohm, and the conversion
transconductance for a grid-No.4 (control-grid)
bias of —3 volts is 10 umhos.

POWER PENTODE

Glass lock-in type used in output stage of
battery-operated receivers. Outline 12, OUT-
LINESSECTION. Tuberequires lock-in socket.
Filament volts (de), 1.4; amperes, 0.05. For elec-
trical characteristics, refer to pentode unit of
glass-octal type 1D8-GT.
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SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in battery-operated receivers. Outline 12, OUT-
LINESSECTION. Tuberequireslock-insocket.
Filament volts (dc), 1.4; amperes, 0.05. Typical .I LC5
operation as class A, amplifier: plate volts, 90
(110 mazx); grid-No.2 (sereen) volts, 45 maz;
grid-No.1 volts, 0; plate resistance (approx.),
1.5 megohms; transconductance, 775 umhos;
plate ma., 1.15; grid-No.2 ma., 0.3.

PENTAGRID CONVERTER

Giass lock-in type used in battery-operated
receivers. Outline 12, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts ]LC6
(dc), 1.4; amperes, 0.05. Typical operation as
converter: plate volts, 96 (110 max); grids-No.3-
and-No.5 volts, 35 (45 max) ; grid-No.2 volts, 45;
grid-No.1 volts, 0; plate resistance, 0.65 meg-
ohm; plate ma., 0.75; grids-No.3-and-No.5 ma.,
0.70; grid-No.2 ma., 1.4; total cathode ma.,
2.9; conversion transconductance (zero bias),
275 pmhos.

DIODE—SHARP-CUTOFF PENTODE

Glass lock-in type used as combined detec-
tor and af voltage amplifier in battery-operated
receivers. Qutline 12, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts ]I_Ds
(de), 1.4; amperes, 0.05. Characteristics of pen-
tode unit: plate volts, 90 (110 maz); grid-No.2
volts, 45; grid-No.1 volts, 0; plate ma., 0.6;
grid-No.2 ma., 0.1; plate resistance, 0.75 meg-
ohm; transconductance, 575 umhos.

MEDIUM-MU TRIODE

Glass lock-in type used as detector or volt-
age amplifier in battery-operated receivers. Out-
line 12, OUTLINES SECTION. Tube requires
lock-in socket. Filament volts {dc), 1.4; amperes, .I L E 3
0.05. Typical operation as class A: amplifier:
plate volts, 90 (110 maz); grid volts, ~-3; plate
ma., 1.4; plate resistance, 19000 ohms; trans-
conductance, 760 umhos; amplification factor,
14.5.

DIODE—MEDIUM-MU TRIODE

Glass lock-in type used as combined detee-
tor and amplifier in battery-operated receivers.
Outline 12, OUTLINES SECTION. Tube re- ]I.H4
quires lock-in socket. Filament volts (de), 1.4;
amperes, 0.05. For electrical characteristics, re-
fer to glass-octal type 1H5-GT.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in battery-operated receivers. Outline 12, OUT-
LINESSECTION. Tuberequireslock-insocket.
Filament voits (de), 1.4; amperes, 0.05. Typical ]I_ N 5
operation as class A; amplifier: plate and grid-
No.2 (screen) volts, 90 (110 maz); grid-No.1
volts, 0; plate ma., 1.6; grid-No.2 ma., 0.35;
plate resistance (approx.), 1.1 megohms; trans-
conductance, 800 umhos.
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INS5-GT

SHARP-CUTOFF PENTODE

Glass octal type used as rf or if am-
plifier in battery-operated receivers.
Outline 18, OUTLINES SECTION.
Tube requires octal socket and may be
mounted in any position. When used

(3 NC

ofloM
e‘ %

oA
OMIO.

BC NC

in ave circuits, the 1IN5-GT should be only partially controlled to avoid exces-
sive reduction in receiver sensitivity with large signal input.

FILAMENT VOLTAGE (DC)

FILAMENT CURRENT. . . . ...0viirnernnninannnsonoes
DIRECT INTERELECTRODE CAPACITANCES:*
Grid No.ltoPlate..............cciiiienineenans eereas seses

Input.............

Output

............................... Ceassnsae

*With shield connected to negative filament terminal.

Typical Operation:

CLASS A, AMPLIFIER

Plate Voltage (110 volts max) . ...... ...t iiiiriiennnannns cee
Grid-No.2 (Screen) Voltage (110 volts max).............c...... e

Grid-No.1 Voltage. . ...
Plate Resistance (Approx.).....
Transconductance. . . ..

Transconductance at —4 volts bias (Approx.)............. ... cessee

Plate Current.........
Grid-No.2 Current.....

IN6-G

1P5-GT

1Q5-GT

DIODE—POWER PENTODE

Glass octal type used as combined detec-
tor and power output tubei n battery-operated
receivers. Filament volts (dc), 1.4; amperes,
0.05. Typical operation of pentode unit as class
A; amplifier: plate and grid-No.2 (screen) volts,
90 (110 max); grid-No.1 volts, —4.5; plate ma.,
8.1; grid-No.2 ma. (zero-signal), 0.6; plate re-
sistance (approx.), 0.3 megohm; transconduct-
ance, 800 umhos; load resistance, 25000 ohms;
output watts, 0.1. This is a DISCONTINUED
type listed for reference only.

REMOTE-CUTOFF PENTODE

Glass octal type used as rf or if amplifier in
battery-operated receivers. Outline 18, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (dc), 1.4; amperes, 0.05. Typical
operation as class Ar amplifier: plate volts, 90
(110 max); grid-No.2 (screen) volts, 90 (110
maz); grid-No.1 volts, 0; plate resistance
(approx.), 0.8 megohm; transconductance, 750
pmhos; transconductance (approx.) with -12
volts on grid-No.1, 10 umhos; plate ma., 2.3;
grid-No.2 ma., 0.7.

BEAM POWER AMPLIFIER

Glass octal type used in the output stage
of battery-operated receivers. Outline 17, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (dc), 1.4; amperes, 0.1. For elec-
trical characteristice and ratings, refer to type
3Q5-GT with parallel filament arrangement.
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PENTAGRID CONVERTER

Miniature type used in lightweight,
portable, compact, battery-operated re-
ceivers. Qutline 10, QOUTLINES SEC-
TION. Tube requires miniature seven-
contact socket and may be mounted in

1RS

any position. For general discussion of pentagrid types, see Frequency Conversion
in ELECTRON TUBE APPLICATIONS SECTION. For filament considerations,

refer to type 1U4.

FILAMENT VOLTAGE (DC). . . oottt et et it e e e eeieenans 1.4
FILAMENT CURRENT . . . 0t iv it tineet s et it ene e nnans 0.05
DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Grid No.3 to All Other Electrodes (RF Input)................. 7.0
Plate to All Other Electrodes (Mixer Qutput).................. 7.5
Grid No.1 to All Other Electrodes (Osc. Input). ... ............ 3.8
Grid No3toPlate. ............ ... ittt 0.4 max
Grid No3to Grid No.1. . ... ... i e, 0.2 max
Grid No.ltoPlate. ..... ... 0.1 max
Maximum Ratings: CONVERTER SERVICE
PLATE VOLTAGE. . ...ttt ittt ittt cvnannns 90 max
GRIDS-N0.2-AND-N 0.4 (SCREEN) VOLTAGE 67.5 max
GRIDS-N0.2-AND-N0.4 SUPPLY VOLTAGB .. ... .....o0nurernrnnnnnns 90 max
GRID-N 0.3 (CONTROL-GRID) B1AS VOLTAGE 0 min
TOTAL ZERO-SIGNAL CATHODE CURRENT................... 5.5 max
Typical Operation:
Plate Voltage. . . ........... ... iuririnnnnnrns 45 67.5 90 90
Grids-No.2-and-No.4 Voltage . ................ 45 67.5 45 67.5
Grid-No.3 Voltage. . ......................... 0 0 0 0
Grid-No.1 Resistor. .. ..................c.uns 0.1 0.1 0.1 0.1
Plate Resistance (Approx.). .............eu... 0.6 0.5 0.8 0.6
Conversion Transconductance. ................ 235 280 250 300
Grid-No.3 Bias for conversion trans-
conductance of approx. 5 umhos. ........... -9 -14 -9 -14
Plate Current.............. 0.7 1.4 0.8 1.6
Grids-No.2-and-No.4 Current 1.9 3.2 1.9 3.2
Grid-No.1 Current.. .. ... 0.15 0.25 0.15 0.25
Total Cathode Current 2.75 5 2.75 5

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 tied to plate (not o

volts
ampere

upf
wpd
puf
[
puf
uuf

volts
volts
volts
voits

ma

valts
volts
volts
megohm
megohm
umhos

volts
ma
ma
ma
ma

scillating)

is approximately 1400 umhos under the following conditions: grids No.1 and No.3 at 0 volts; grids No.2

and No.4 and plate at 67.5 volts.

OPERATION CHARACTERISTICS

GRID-N2) CUR.VARIED BY ADJUSTMENT
OF OSCILLATOR VOLTAGE

OSCILLATOR VOLTS ONGRIDS
N22AN24AONFILAMENT =0

T T
TYPE IR
£ £=1.4 VOLTS DC
m GRID- [GRIDJGRID-
OPERATION CHARACTERISTICS L; CoaTe e st 0o
TYPE IR5 3 VOLTSIMEC. RENTY
Ef214VOLTS %Cis___ ] "‘S ;g :g 811 :28
PLATE WLTS{&? ORAG e clezs |e25 | o1 | 250 ’
GRID-NY3 VOLTSZ0 —] 5l 90 {6735 [ o | 230 11250
GRIDS-N®28 N24 VOLTS=67.5 *OBTAINED BY ADJUSTMENT LAY
GRID-N21 RES.=0.1 MEG. OF GRIDNS) YOLTS TO GIVE 7
1 =002 MA, (RECOMMENDED MIN.} INDICATED VALUES. 4

CONVERSION TRANSCONDUCTANCE=-MICROMHOS

"
o
I
3
-4
v
X
A OSC.VOLTS ON GRIDS Ne2 5 Ne 4 8 ON —] 200
] FILAMENT=0 1 ll,
A [
z
Z 0 T
8300 [ GE‘ 7 ] 150
23 bo = T = e Q
Z 250 9‘:4 F¢ Lt s 3
< Lest, gﬁa <
« N A I o 3
200 Catno 4d jo0
z i, 3
4 p
& 150 3w
2 a
¥ 100 2% 4
>
g .(_ /, /; 50
O 50 U <3 /4
L] /'
Y 0.2 (CEN2 -5 = =8 —2 —0
GRID-N®1 (OSC.-GRID) MILLIAMPERES (1¢)) SRID-NS3 (CONTROL-GRID) VOLTS
92CM-6098T1 92CM-6097T!
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Go F-
POWER PENTODE (@) (&
G P
Miniature type used in output © (©
154 stage of lightweight, compact, porta-
kle, battery-operated equipment. @ ON
Types 184 and 3S4 are identical ex- o
cept for filament arrangement. Out- G3

line 10, OUTLINES SECTION. Type 184 requires miniature seven-contact socket
and may be mounted in any position. For ratings, typical operation, and curves,
refer to type 384 with parallel filament arrangement. For filament considerations,
refer to type 1U4 and ELECTRON TUBE INSTALLATION SECTION. Fila-
ment volts (de), 1.4; amperes, 0.1.

Gap, Pe
DIODE— @3
SHARP-CUTOFF PENTODE Po *
]SS Miniature type used in light- ©
weight, compact, portable, battery-op- nc y Ft
erated receivers as combined detector (D)
Gap

and af voltage amplifier. Outline 10,
OUTLINES SECTION. Filament volts (dc), 1.4; amperes, 0.05. Tube requires
miniature seven-contact socket and may be mounted in any position. For elec-
trical characteristies, curves, and application, refer to type 1US5.

REMOTE-CUTOFF PENTODE

-|T4 Miniature type used in light-
weight, compact, portable, battery-op-

erated receivers as rf or if amplifier.

Because of internal shielding feature,

an external bulb shield is not needed,

but socket shielding is essential if minimum grid-plate capacitance is to be obtained.
QOutline 10, OUTLINES SECTION. Tube requires miniature seven-contact socket
and may be mounted in any position. For filament considerations, refer to type 1U4.

FILAMENT VOLTAGE (DC) .\ ottt tttiie ettt iiieneenaaannenas 1.4 volts
FILAMENT CURRENT .« 0\ttt ittt et aieaeiteernnsennes 0.05 ampere
DIRECT INTERELECTRODE CAPACITANCES:*
Grid No.lto Plate. . ... ..ottt iiiiiiiiianranenas 0.01 mazx pupf
InpUt. o e e e e, 3.6 nuf
LR 5 8 AP 7.5 uuf
* With close-fitting shield connected to negative filament terminal.
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. .............. e tie e e e 90 maz volts
GRID-NO.2 (SCREEN) VOLTAGE. . ..t .tvtvttniianaenneennananaass 67.5 max volts
GRID-NO.2 SUPPLY VOLTAGE. . . ... cttvttrarnnanrnreneeeannannnns 90 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE. ... .vvvunreurnneennnennenann 0 min volts
TOTAL CATHODE CURRENT. . ... ...ttiinnnereeaneennnonennanoson 6.0 max ma
Typical Operation:
Plate Voltage. . . ..... ... .. it iiinenennnn 45 67.5 90 90 volts
Grid-No.2 Voltage. .. ..........ciiiinnennnn, 45 67.5 45 67.6 volts
Grid-No.1 Voltage. . .......coovvrenennnnennnn 0 0 0 0 volts
Plate Resistance (Approx.)................... 0.35 0.25 0.8 0.5 megohm
Transeonductance. . ......................... 700 875 750 900 pmhos
Grid Bias for transconductance of 10 gymhos..... -10 -16 ~10 -16 volts
Plate Current. 1.7 3.4 1.8 3.5 ma
Grid-No.2 Current......vievinneinnnnnnnnnnn 0.7 1.5 0.65 1.4 ma
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AVERAGE PLATE CHARACTERISTICS
T

TYPE IT4
E¢=1.4 VOLTS D C
GRID-N22 VOLTS =67.5

=0
15 EC)
\\40\_

ST e

L1

—

/

PLATE MILLIAMPERES
)

) '/ ~3.5
4.0
o~ -5.0
-6.0|
o 8.0
“° e BLaTe voLTs 20 92CM-610ITH
Gz S BEAM POWER AMPLIFIER
Glass octal type used in output stage of
o‘ battery-operated receivers. Qutline 17, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (de), 1.4; amperes, 0.05. For .ITS—GT

‘-.,, o ¢~ filament considerations, refer to type 1U4. Typi-
75

cal operation as class A: amplifier with fixed
bias: plate and grid-No.2 (screen) volts, 90 (110
NC NC mazx); grid-No.1 volts, —6; peak af grid-No.l
volts, 6; plate ma. (maximum or zero-signal},
6.5; grid-No.2 ma.(zero-signal), 0.8; grid-No.2 ma. (maximum signal), 1.5; plate resistance, 0.25 meg-
ohm; transconductance, 1150 pmhos; load resistance, 14000 ohms; total harmonic distortion, 7.5 per
cent; output watts, 0.17,

SHARP-CUTOFF PENTODE

Miniature type used as rf or if
amplifier in stages not controlled by ]U4

avc in lightweight, compact, portable,

battery-operated equipment. Because

the screen can be operated at the same

voltage as the plate, a voltage-dropping resistor is not needed. For typical operation
as a resistance-coupled amplifier, refer to Chart 3, RESISTANCE-COUPLED
AMPLIFIER SECTION.

FILAMENT VOLTAGE (DC) . . . ot iinevi v vanneeenoenonsrsonesnnnoes 1.4 volts
FILAMENT CURRENT. .« ottt ittt iiicissanaocnnnnas [ 0.05 ampere
DIRECT INTERELECTRODE CAPACITANCES:*
Grid No.lto Plate. . ..o .. i it iiiiinnannnss 0.008 max puf
InpUE. . e e et e e baean aes 3.6 puf
L0015 <] 1 AN .o 7.5 uuf

* External shield connected to negative filtament terminal.

CLASS A; AMPLIFIER

Maximum Ratings:

PLATE VOLTAGE. . ... ittt ittt iiitririaecnennenarans eeean 110 max volts
GRID-NO.2 (SCREEN) VOLTAGE. . . . ....ovvenerrennnsnaranns PPN 110 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE:
Negative Bias Value. . .............ciiiiiiiiiiiiinas cenane 30 max volts
Positive Bias Value. . .. ... ... ooiiiivviinenennnsn creessians 0 max volts
TOTAL CATHODE CURRENT. . . ...t iverinnsnreeeeuosnosassananna 6.5 max ma
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Typical Operation:
Plate Voltage. . ... et rtiecaeienes 90 volts
Grid-No.2 Voltage. ..

Grid-No.1 Voltage. .. 0 volts
Plate Resistance (APProx.). .. .....coceiiniiineroreasnseessnanons 1.5 megohms
Transconductance 900 pmhos
Grid-No.1 Bias for transconductance of 10 gmhos. ................. —4.5 volts
Plate Current. .. ...oooiiiit i it it 1.6 ma
Grid-No.2 Current. ... cvovvin ittt iin i iiineianeaann 0.45 ma

INSTALLATION AND APPLICATION

Type 1U4 requires a miniature seven-contact socket and may be mounted in
any position. Outline 10, OUTLINES SECTION.

The filament power supply may be obtained from dry-cell batteries, from
storage batteries, or from a power line. With dry-cell battery supply, the filament
may be connected either directly across a battery rated at a terminal potential of
1.5 volts, or in series with the filaments of similar tubes across a power supply con-
sisting of dry cells in series. In either case, the voltage across the filament should
not exceed 1.6 volts.

With power-line or storage-battery supply, the filament may be operated in
series with the filament of other tubes of the same filament-current rating. For such
operation, design adjustments should be made so that, with tubes of rated charac-
teristics, operating with all electrode voltages applied and on a normal line voltage
of 117 volts or on a normal storage-battery voltage of 2.0 volts per cell (without a
charger) or 2.2 volts per cell (with a charger), the voltage drop across the filament
will be maintained within a range of 1.25 to 1.4 volts with a nominal center of
of 1.3 volts.

In order to meet the recommended conditions for operating filaments in series
from dry-battery, storage-battery, or power-line sources, it may be necessary to use
shunting resistors across the individual 1.4-volt sections of filament. Refer to
ELECTRON TUBE INSTALLATION SECTION for additional filament con-
siderations.

AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION

H T T
TYPE (U4
€451.4VOLTS DC
GRID-N22 VOLTS =90

-0.5

PLATE MILLIAMPERES

-2

&
\EC:
AN AN N B N
5

R g

GRID-N2! VOLTS Ecy=-2.5
| -a.
|

o
9y
~N

I I
o 40 80 120 160 200
PLATE VOLTS

92CM-6669T
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DIODE—SHARP-CUTOFF
PENTODE

Miniature type used in light-
weight, compact, portable, battery-op-
erated receivers as combined detector
and af voltage amplifier. Diode unit
is located at negative end of filament

1U5

and is independent of the pentode except for the common filament. The 1U5 is
similar to the 185 but utilizes an improved structure which greatly reduces any
tendency toward microphonic effects. In addition, the diode unit is effectively
shielded from the pentode unit to prevent ‘‘play-through’. Outline 10, OUT-
LINES SECTION. Tube requires miniature seven-contact socket and may be
mounted in any position. For typical operation as a resistance-coupled amplifier,
refer to Chart 2, RESISTANCE-COUPLED AMPLIFIER SECTION. For fila-

ment consideration, refer to type 1U4.

FILAMENT VOLTAGE (DC). .ot tvviiiiineeressnnnnesnsnssaesananns
FILAMENT CURRENT. . ... i0ittntteeernnssroncenirisrnnnnannnnes

Maximum Ratings: CLASS A, AMPLIFIER

PLATE VOLTAGE. .............
GRID-N 0.2 (8CREEN) VOLTAGE. .
TOTAL CATHODE CURRENT. . . . ..ot iiivrnanrrannrranns
GRID-NO.1 (CONTROL-GRID) VOLTAGE
Negative Bias Value. . .. ..
Positive Bias Value. . .........oiiiiiiniinrirrecinrrasesrosnes

Characteristics (Pentode Unit):

Plate Voltage. . . ... ittt iiiiecienironsssosssaraassasessscnes
Grid-No.2 Voltage. . ... ... ittt iieriiiarencencansassans
Grid-No.1 Voltage

Plate ResiBtance. ... ....uuevinereernsronnescssescrnrssacsonnoas
Transconductance. . ... .ovveerivrennernsesenissanssesrnaneansnn
Plate Current. .. ......vtvtttirnrianineniiereeirneentiaenronnsns
Grid-No.2 Current. ... cooveervveneeraronrnnesonsessosesnscnnns

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT

1.4
0.05

T T T
TYPe 1US

| E¢=1.4 voLTs DC
GRID-N22 VOLTS =67.5

\D-Ne1 VOLTS ECi® )

L1 -1.0
——

PLATE MILLIAMPERES

INALNNN

80 100 120
PLATE VOLTS

75

40
P2CM=-6158TI

volts
ampere

volts
volts

volts
volts

volts
volts
volts
megohm
umhos

ma
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HALF-WAVE VACUUM RECTIFIER P «

Glass type used in ac/dec or automobile
receivers. Outline 25, OUTLINES SECTION.
'I ‘Tube requires four-contact socket. For heater
-v considerations, refer to type 6AT6. Heater volts
(ac/dc), 6.3; amperes, 0.3. Maximum ratings as
half-wave rectifier: peak inverse plate volts, H
1000; peak plate ma., 270; peak heater-cathode
volts, 500; dec output ma., 45,

1

I

o
(1]

POWER TRIODE & G

Glass type used in output stage of ra-
2 A3 dio receivers and amplifiers. As a class
A, power amplifier, the 2A8 is usable
either singly or in push-pull combi-

<

s F
navion. F

FILAMENT VOLTAGE (AC/DC). ... .iiviinitiiienaneinanennanss e 2.5 volts
FILAMENT CURRENT. . . ...\ ttittttanneentenneeeranaananeanns . 2.5 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

GridtoPlate. ........ .. ... ... . .. e 16.5 sud

Grid to Filament 7.5 upf

Plateto Filament......... ... e eiiinnaaan 5.5 puf
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. ...ttt ineetenieraiienianerannnans . 300 max volts
PLATE DISSIPATION. ...t ittttiitetiiienattreanrnrasrareansans 15 maz watts
Typical Operaiion:
Plate Voltage. . ... ... it it i iiieaerenanas . 250 volts
Cathode Resistor. .. ...... .. ... . cotiiiii it iiinnnnans 750 ohms
Plate Current. .. ... ... ... ... e 60 ma
Amplification Factor. . . ... ... i iiiriiieii it 4.2
Plate Resistance.............. .. ... i e 800 ohms
Transconductance. . ... ... uuiuiein et 5250 wpmhos
Load Resistance. . . ... ... . uiuuueiuiiiiieieeneiiiininnnn 2500 ohms
Second Harmonie Distortion. ... ...t 5 per cent
Power Qutput...... ... . e 3.5 watts
Maximum Ratings PUSH-PULL CLASS AB, AMPLIFIER
PLATE VOLTAGE. . ..\t tttiit et et itiiineiia s eeaeanaannnnnn 300 max volts
PLATE DISSIPATION. . ..ottt iiiiee i innannann 15 mazx watts
Typical Operation (Values Are For Two Tubes): Fixed Bias Cathode Bias
Plate Voltage [N e 300 300 volts
Grid Voltage*. .. —-62 - volts
Cathode-Bias Resisto - 780 ohms
Peak AF Grid-to-Grid Voltage 124 156 volts
Zero-Signal Plate Current. 80 80 ma
Maximum-Signal Plate Current. 147 100 ma
Effective Load Resistance (Plate 3000 5000 ohms
Total Harmonie Distortion. . . . 2.5 5.0 per cent
Power Qutput... ... ... ... .. . i e 15 10 watts

* Grid voltage referred to mld-pomt of ac-operated filament.

INSTALLATION AND APPLICATION

Type 2A3 requires a four-contact socket and should be mounted in a vertical
position. Horizontal mounting is permissible if pins 1 and 4 are in a horizontal
plane. Outline 34, OUTLINES SECTION. It is especially important that this tube,
like other power-handling tubes, should be adequately ventilated.

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

When 2A83’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—5250 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, there-
fore, that the difference in plate current between two tubes may be sufficient to
unbalance the system seriously. To avoid this possibility, simple methods of inde-
pendent cathode-bias adjustment may be used, such as (1) input transformer with
two independent secondary windings, or (2) filament transformer with two inde-
pendent filament windings. With either of these methods, each tube can be biased
separately so as to obtain circuit balance.

Any conventional type of input conupling may be used provided the resistance
added to the grid circuit by this device is not too high. Transformers or impedances
are recommended. When cathode bias is used, the dec resistance in the grid circuit
should not exceed 0.5 megohm. With fixed bias, however, the dc resistance should
not exceed 50000 ohms.

6@ POWER PENTODE
Glass type used in output stage of ac-oper-
w ated receivers. Outline 29, OUTLINES SEC-
40 (> Gy TION. Tube requires six-contact socket. Except 2A5
for its heater rating (2.5 volts ac/dec; 1.75
‘ amperes), the 2A5 has electrical characteristics
o ° identical with type 6F6. This type is used prin-
H H cipally for renewal purposes.

TWIN DIODE—HIGH-MU TRIODE

Glass type used in ac-operated receivers
chiefly as a combined detector, amplifier, and
ave tube, Outline 27, OUTLINES SECTION.
Tube requires six-contact socket. Except for its 2A6
heater rating (2.5 volts ac/dc; 0.8 ampere),
and within its 250-volt maximum plate rating,
the 2A6 has electrical characteristics identical
with type 68SQ7. This type is used principally
for renewal purposes.

PENTAGRID CONVERTER

Glass type used in ac-operated receivers.
Outline 27, OUTLINES SECTION. Tube re-
quires small seven-contact (0.75-inch, pin-circle
diameter) socket. Except for its heater rating 2A7
(2.6 volta ac/de; 0.8 ampere) and its interelec-
trode capacitances, the 2A7 haselectrical charac-
teristics identical with type 6A8. Complete
shielding of this tube is generally necessary,
Thistypeisused principally forrenewal purposes.

TWIN DIODE—
REMOTE-CUTOFF PENTODE

Glass type used as combined detector, ave
tube, and amplifier. Qutline 27, OUTLINES
SECTION. Tube requires sma!l seven-contact
(0.75-inch, pin-circle diameter) socket. Except 2B7
for its heater rating (2.5 voltsac/dc; 0.8 ampere)
and its interelectrode capacitances, the 287
has electrical characteristics identical with type
6B8-G. This type is used principally for re-
newal purposes.
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2E5

3A8-GT

ELECTRON-RAY TUBE

Glass type used to indicate visually by
means of a fluorescent target the effects of a
change in a controlling voltage. It is used as a
convenient means of indicating accurate radio
receiver tuning. Outline 25, OUTLINES SEC-
TION. Tube requires six-contact socket. Ex-
cept for its heater rating (2.5 volts ac/de; 0.8
ampere), the 2E5 has electrical characteristics
identical with type 6E5. This type is used prin-
cipally for renewal purposes.

DIODE—TRIODE—PENTODE

Glass octal type used as combined detector,
at amplifier, and rf amplifier in battery-operated
receivers.Filament has mid-tap so that tube may
be used with either 1.4- or 2.8-volt dec filament
supplies. Filament volts 1.4 (parallel), 2.8
(series); amperes 0.1 (parallel), 0.05 (series).
Typical operation of triode unit as class A; am-
plifier: plate volts, 90 (110 max); grid volts, 0;

©—@
9/ O6

amplification factor, 65; plate resistance, 0.2 megohm; transconductance, 325 umbhos; plate ma., 0.2,
Typical operation of pentode unit as class A, amplifier: plate volts, 90 (110 max); grid-No.2 volts, 90
(110 max); grid-No.1 volts, 0; plate resistance, 0.8 megohm; transconductance, 750 umhos; plate ma.,
1.5; grid-No.2 ma., 0.5. This type is used principally for renewal purposes.

3LF4

3Q4

BEAM POWER AMPLIFIER

Glass lock-in type used in output stage of
ac/dc/battery portable receivers. Outline 12,
OUTLINES SECTION. Tube requires lock-in
socket. Filament volts (dc) 1.4 (parallel), 2.8
(series); amperes 0.1 (parallel), 0.05 (series).
For electrical characteristics, refer to glass-octal
type 3Q5-GT.

POWER PENTODE

Miniature type used in output
stage of lightweight,compact, portable,
battery-operated equipment. Qutline
10,0UTLINESSECTION.Exceptfor
terminal connections, types 3Q4 and

NC NC

3V4 are identical. Refer to type 3V4 for ratings, typical operation, curves, and
installation considerations.

3Q5-GT

BEAM POWER AMPLIFIER

Glass octal type used in output
stage of ac/dc/battery portable re-

ceivers. Outline 17, OUTLINES SEC- rf+

TION. Tube requires octal socket and
may be mounted in any position. For

series filament arrangement, filament voltage is applied between pins 2 and 7. For
parallel filament arrangement, filament voltage is applied between pin 8 and pins
2 and 7 connected together. For additional filament considerations, refer to type

3V4 and ELECTRON TUBE INSTALLATION SECTION.
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Filament Arrangement Series Paralle
FILAMENT VOLTAGE (DC), .... Cereeieeeaen 2.8 1.4
FILAMENT CURRENT. ........c.000vnunnnns 0.05 0.1

Moaximum Ratings: CLASS A, AMPLIFIER

Series Paralle
PLATEVOLTAGE. .. ... .. oiiiinvin..n 110 max 110 max
GRID-NO, 2 (SCREEN) VOLTAGE . .......... 110 mazx 110 mazx
TOTAL ZERO-SIGNAL CATHODE CURRENT. . . 6 max 12 mazx
Typical Operation: Series Paralle
Plate Voltage. .. ....................... 90 110 85 90
Grid-No. 2 Voltage...................... 90 110 85 90
Grid-No. 1 Voltage*..................... -4.5 -6.6 -5 4.5
Peak AF Grid-No. 1 Voltage. ............ 4.5 5.1 5 4.5
Plate Current........................... 8.0 8.5 7.0 9.5
Grid-No. 2 Current (Approx.) ............ 1.0 1.1 0.8 1.3
Plate Resistance (Approx.) .............. 0.08 0.11 0.07 0.09
Transconductance....................... 2000 2000 1950 2200
Load Resistance. . ...................... 8000 8000 9000 8000
Total Harmonic Distortion............... 8.5 8.5 5.5 6.0
Maximum-Signal Power OQutput....,...... 230 330 250 270

POWER PENTODE

Miniature type used in output
stage of lightweight, compact,portable,
battery-operated equipment. Outline
10, OUTLINES SECTION. Tube re-
quires minjature seven-contact socket

110
110
-6.6
5.4
10
1.4
0.1
2200
8000
6.0
400

volts
ampere

volts
volts
ma

volts
volts
volts
volts
ma

ma
megohm
umhos
ohms
per cent
mw

354

and may be mounted in any position. Types 384 and 1S4 are identical except for
filament arrangement. Type 354 features a filament mid-tap so that tube may be
used either with a 1.4-volt battery supply or in series with other miniature tubes
having 0.050-ampere filaments. For filament considerations, refer to type 3V4 and

ELECTRON TUBE INSTALLATION SECTION.

Filament Arrangement Series Paralle
FILAMENT VOLTAGE (DC) . . .. ....covvivnnnennna.n 2.8 1.4
FILAMENT CURRENT. .. ......ovvnnnnnnnieennnas 0.05 0.1

Maximum Ratings:

Series Parallel
PLATEVOLTAGE. .. ... ot iiniiiiiiinnaenns 90 max 90 max
GRID-NO. 2 (8CREEN) VOLTAGE. ................. 87.5 max 67.5 max
TOTAL ZERO-SIGNAL CATHODE CURRENT. . ........ 4.5# mazx 9 max
ToTAL MAXIMUM-SIGNAL CATHODE CURRENT. . . ... 5.5# max 11 max
# For each 1.4-volt filament section.
Typical Operation: Series Parallel
Plate Voltage..........c.iiiiiiiiiiraninnannnns 67.5 90 67.5 90
Grid-No. 2 Voltage . .......... ..., 67.5 67.5 67.5 67.5
Grid-No. 1 (Control-Grid) Voltage............... -7 -7 -7 -7
Peak AF Grid-No. 1 Voltage. ................... 7 7 7 7
Zero-Signal Plate Current....................... 6.0 6.1 7.2 7.4
Zero-Signal Grid-No. 2 Current.................. 1.2 1.1 1.5 1.4
Plate Resistance. . ..............coivvviiinnenn, 0.1 0.1 0.1 0.1
Transconductance.................oiuinnoa., 1400 1425 1550 1575
Load Resistance. . ......... ... ..., 5000 8000 5000 8000
Total Harmonic Distortion...................... 12 13 10 12
Maximum-Signal Power Output................ .. 160 235 180 270

volts
ampere

volts
volts
ma
ma

volts
volts
volts
volts

ma

ma
megohm
pmhos
ohms
per cent
mw
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AVERAGE PLATE CHARACTERISTICS

TYPE 354
E¢=L4 VOLTS DC GRID-N22 VOLTS=67.5
PARALLEL FILAMENT ARRANGEMENT
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POWER PENTODE

Miniature type used in output

3V4 stageof lightweight, compact, portable,
battery-operated equipment. Except

for terminal connections, types 3V4

and 3Q4 are identical. Both feature

filament mid-tap so that tubes may be used either with a 1.4-volt battery supply
or in series with other miniature tubes having 0.050-ampere filaments.

Filament Arrangement Series Parallel
FILAMENT VOLTAGE (DC) . o et vee it ee e ieeteenennnns 2.8 1.4 volts
FILAMENT CURRENT. . ..\ oitttteinee e et i 0.05 0.1 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx. With no external shield):
GridNo.1toPlate................coiiiiiiininnnon.. 0.2 uuf
Input. ... e 5.5 upf
OUtPUL . .o e 3.8 puf
Maximum Ratings: CLASS A, AMPLIFIER
Series Parallel
PLATE VOLTAGE. ...\t iietteransieaannniinenennns 90 mazx 90 mazx volts
GRID-NO. 2 (SCREEN) VOLTAGE. . ..........c00vvrunennn... 90 mazx 90 mazx volts
TOTAL ZERO-SIGNAL CATHODE CURRENT. . . ............... 6# max 12 max ma
TOTAL MAXIMUM-SIGNAL CATHODE CURRENT. .. ........... 6# maz 12 max ma
# For each 1.4-volt filament section.
Typical Operation: Series Parallel
Plate Voltage. .. .. ... .t 90 85 90 volts
Grid-No. 2 Voltage. . ...... .. ... 0. 90 85 90 volts
Grid-No. 1 (Control-Grid) Voltage. .. .................... —4.5 -6 -4.5 volts
Peak AF Grid-No. 1 Voltage. . . .........ccovinrnnnnnn.. 4.5 5 4.5 volts
Zero-Signal Plate Current. . . .............cccoveeenennn... 7.7 6.9 9.5 ma
Zero-Signal Grid-No. 2 Current. ......................... 1.7 1.5 2.1 ma
Plate Resistance (APpProx.). ..........couvuiennnneunn.n. 0.12 0.12 0.1 megohm
Transeonductance. .. ... ... .. .iuiintiiinnennennnennn. 2000 1975 2150 pmhos
Load Registance. .. ......................ccovuuiiniii.. 10000 10000 10000 ohms
Total Harmonic Distortion. ............................. 1 10 7 per cent
Maximum-Signal Power Qutput..............c..00vuue... 240 250 270 mw

INSTALLATION AND APPLICATION

Type 3V4 requires miniature seven-contact socket and
any position. Qutline 10, OUTLINES SECTION.
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The filament power supply may be obtained from dry-cell batteries, from
storage batteries, or from a power line. With dry-cell battery supply, the filament
may be connected either directly across a battery rated at a terminal potential of
1.5 volts, or in series with the filaments of similar tubes across a power supply con-
sisting of dry cells in series. In any case, the voltage across each 1.4-volt section of
filament should not exceed 1.6 volts.

With power-line or storage-battery supply, the filament may be operated in
series with the filaments of other tubes of the same filament-current rating. For
such operation, design adjustments should be made so that, with tubes of rated
characteristics operating with all electrode voltages applied and on a normal line
voltage of 117 volts or on a normal storage-battery voltage of 2.0 volts per cell
(without a charger) or 2.2 volts per cell (with a charger), the voltage drop across
each 1.4-volt section of filament will be maintained within a range of 1.25 to 1.4
volts with a nominal center of 1.3 volts.

For series operation of the sections, a shunting resistor must be connected
across the section between the F- and Fm, the filament mid-tap, to bypass any
cathode current in this section which is in excess of the rated maximum per section.
When other tubes in a series-filament arrangement contribute to the filament cur-
rent of the 3V4, an additional shunting resistor may be required across the entire
filament (F- to F+).

For series filament arrangement, filament voltage is applied between pins No.1
and No.7. For parallel filament arrangement, filament voltage is applied between
pin No.5 and pins No.1 and No.7 connected together. Refer to ELECTRON
TUBE INSTALLATION SECTION for additional filament considerations.

In series filament arrangement, the grid-No.l voltage is referred to F-. In
parallel filament arrangement, the grid-No.1 voltage is referred to Fm, the filament
mid-tap.

AVERAGE PLATE CHARACTERISTICS

2s r— 1 T 1T T T 1T 71 1
TYPE 3V 4
Py E¢ =14 VOLTS DC GRID~N22 VOLTS=90 —]
|&: PARALLEL FILAMENT ARRANGEMENT
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Po,
2 FULL-WAVE VACUUM RECTIFIER
Ppy Metal type used in power supply of radio
o equipment having large de requirements. Out~
line 7, OUTLINES SECTION. Tube requires
octal socket. Vertical tube mounting is pre- 5T4
e ferred but horizontal mounting is permissible if
F ‘ pins 2 and 8 are in vertical plane. Filament
° ° volts (ac), 5.0; amperes, 2.0. Maximum ratings
S F as a full-wave rectifier are the same as for type
5U4-G.
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Typical Operation: FULL-WAVE RECTIFIER
Filter Input Capacitor Choke

AC Plate-to-Plate Supply Voltage (RMS)..................... 900 1100 volts
Filter-Input Capacitor. ... ........ ... iiiiieiiinrruinrennnn 4 - uf
‘Total Effective Plate-Supply Impedance Per Platet ............ 156 - ohms
Filter-Input Choke. . ........... ... ittt - 10 henries
DCOutput Current. . ... ... .. i it 225 225 ma
DC Qutput Voltage at Input to Filter (Approx.):

At half-load current (112.6 ma.) .. ........ ... .. i 530 465 volts

At full-load current (225 ma.) ........ ... ... . il 480 450 volts
Voltage Regulation (Approx.):

Half-load to full-load current. .. .............. ... ... ... ... 50 15 volts

1 When a filter-input capacitor larger than 40 uf is used, it may be necessary to use more plate-supply
impedance than the value shown in order to limit the peak plate current to the rated value.

Py c o

PROJECTION KINESCOPE

Projection-type kinescope used in

5TP4 television receivers having a reflective
optical system. Features a metal-

backed, white fluorescent screen hav-

ing high brightness and contrast. High-

light brightness of the projected picture is about 15 foot-lamberts when the 5TP4
is operated at 27 kilovolts. Utilizes electrostatic focusing and magnetic deflection.
Has solid deflection angle of 50° approx. Maximum bulb diameter is 5-1/8 inches;
maximum overall length, 12-1/8 inches. Outline 37, QOUTLINES SECTION.
Provided with small-shell duodecal 7-pin base and a recessed small cavity cap.

HEATER VOLTAGE (AC/DC) ..ottt ti ittt iie ittt i iies i enie e eann 6.3 volts
HEATER CURRENT. . . ...ttt ittt ittt it tananaannnennannnan 0.6 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid No. 1to All Other Electrodes. . .........oiiiiiiviininvinnernnee, 7.5 npf
Cathode to All Other Electrodes .......................... D NN 5.0 uuf
External Conductive Coating to Anode No. 2. ........covverveiiinnnnn., { ?88 %’f ::Z;
Maximum Ratings:
ANODE-NO. 2 VOILAEE. . .. ..ottt ittt iiiieiiasenaereanenains 27000 max volts
ANODE-NO. 1 Vollage. .. ...ttt ittt iennarssoanonaannnosnsans 6000 max volts
GRID-NO. 2 Voltage. . ... ..ottt i ittt earanns e 350 max volts
GRID-NO. 1 VOLTAGE:
Negativebias value....... ... . . i i ittt itteeanaaoea 150 mazx volts
Positive bias value. . ... ... i i i i i 0 maz volts
Positive peak value . ... .o i i e it i 2 mazx volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. ........ ... .. ... ... ... ... ... 175 mazx volts
Heater positive with respect to cathode............... ..., 10 mazx volts

Typical Operation:

Anode-No. 2 Voltage®. ... ... .. i i it i et 27000 volts
Anode-No. 1 Voltage Range for Fecus when Anode-No. 2

Current I8 200 p&. . ... ... ot i i e, 4320 to 5400 volts
Grid-No. 2 Voltage®. .. ... ... i i e 200 volts
Grid-No. 1 Voltage Range for Visual Cutoff®. . ......................... —42 to -98 volts
Anode-No. 2 Current. . ... . i i i i i et e 200 ua
Maximum Anode-No.1 Current Range ..............cccievvinnnanen ..—-15to+35 pa
Grid-No. 2 Current Range . .. . ... . ..ot iiiiineeenrannnneeneennn. -15to+15 ua

Maximum Circuit Valuves:

Grid-No. 1-Circuit Resistance............ .. ...t 1.5 max megohms
* Brilliance and definition decrease with decreasing anode voltages. In general, anode-No. 2 voltage
should not be less than 20000 volts.

** Subject to variation of =407, if grid-No. 1 voltage cutoff is desired at —70 voits.

© Subject to variation of =409, when grid-No. 2 voltage is maintained at 200 volts.
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INSTALLATION AND APPLICATION

The base pins of the 5TP4 fit the duodecal socket mounting. In order to
provide the maximum socket insulation for high-voltage pins 6 and 7, the socket
contacts for pins 3, 4, 5, 8, and 9, should be removed. The socket should be made
of high-grade, arc-resistant insulating material and should preferably be designed
with baffles. The tube should be supported by a metal holder at the large end of
the tube. The 5TP4 may be operated in any position.

. A typical reflective optical system
4 ! for use with the 5TP4 is illustrated in the
SCREEN | accompanying sketch. It consists of a

I spherical collecting mirror and a cor-

28” recting lens located at the center of cur-

APPROX. vature of the mirror. The illustration also
shows the location of the face plate of
the 5T P4 and the location of the viewing
screen with respect to the mirror and the
correcting lens.

WORKING |
DIA.

0.240" The neck external conductive coat-
apProx. ing must be grounded. Connection to the
coating may be made by a flexible band
around the base end of the coating, or by
5.97" a soft brush contact attached to the bot-
tom of the yoke. Unless the coating is
grounded, it may assume the potential

CORRECTING””
LENS

DEFLECTION
YOKE

Face puate _‘I of anode No.2 and thus break down the
13.53*  yoke insulation.

SPHERICAL Y The coating serves to prevent corona

MIRROR\ 1370 between the neck (which has an internal

coating at anode-No.2 potential) and the

yoke. Corona would act to damage the

— s 15 DIA. yoke insulation and to produce break-

l 14" DIA. down in the glass of the neck. It is impor-

tant that the yoke insulation be ade-
quate for operation of the yoke against the external grounded coating.

The bulb insulating (moisture-repellent) coating serves to prevent conden-
sation of water vapor in a conductive film over the glass surface, and as a result,
the erratic surface sparking which may be produced by such a film when a high-
voltage gradient is present is eliminated. Care must be taken not to scratch the
insulating coating, nor to wash or wipe it with any liquid likely to soften or dissolve
lacquers.

Grid No. 2 is incorporated in the design of the 5TP4 to prevent interaction be-
tween the fields produced by grid No.1and anode No.1. However, grid No.2 may also
be used to compensate for the normal variation to be expected in the grid-No.1
voltage for cutoff in individual tubes. By adjusting the voltage applied to grid No.2
with due consideration to its maximum rated value, it is possible to fix the grid-
No.1 bias at a desired value, and obtain almost the same anode-current character-
isties for individual tubes having different cutoff voltages.

Since grid No.2 draws at most only a negligible leakage current, its voltage
may be obtained from a potentiometer inserted in the anode-No.1 voltage divider.
Adjusting grid-No.1 cutoff in this way not only makes grid drive more uniform,
but also reduces variations in anode-No.1 current.
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The high voltage at which these tubes are operated are very dangerous.
Great care should be taken in the design of apparatus to prevent the operator from
coming in contact with the high voltages. Precautions include the enclosing of
high-potential terminals and the use of inter-locking switches to break the primary
circuit of the power supply when access to the equipment is required.

To minimize the danger of these high voltages, it is recommended that the
high-voltage supply for the 5TP4 be one in which the peak current even under
short-circuit conditions is well below the value dangerous to life.

In the use of cathode-ray tubes, it should always be remembered that high
voltages may appear at normally low-potential points in the circuit due to capacitor
breakdown or to incorrect circuit connections. Therefore, before any part of the
circuit is touched, the power-supply switch should be turned off and both terminals
of any charged capacitors grounded.

Occasionally, after a tube has been transported, fine loose particles inside the
tube may get on the anode-No.l1 surface. When voltage is applied, there will be a
momentary spark which fuses or removes the particles, so that no further sparking
occurs. Such sparking causes no harm to the tube provided the maximum energy
dissipated in the spark is kept small by use of a suitable high-voltage power supply
as recommended above.

Poz
FULL-WAVE VACUUM RECTIFIER 9 °'

5 U 4 G IGla?s (()ietal type useg irr p(;lwe}x;
- supply of radio equipment having hig
dc requirements. Outline 33, OUT- e‘
LINESSECTION. Tuberequiresoctal ) (®)
socket. Vertical mountmg is preferred NC F
but horizontal mountmg is permissible if pins 1 and 4 are in vertical plane The
coated filament is designed to operate from the ac line through a step-down trans-
former. The voltage at the filament terminals should be 5.0 volts under operating
conditions at an average line voltage of 117 volts. It is especially important that
this tube, like other power-handling tubes, should be adequately ventilated.

FILAMENT VOLTAGE (AC) . 4t tuiuiiatvnnunenaeroiesisseroaronsnnsnasenassss 6.0 volts
FILAMENT CURRENT. s ottt eutaietteeererannentesonsnssassssssassssssnanns 3.0 amperes
Maximum Ratings: FULL-WAVE RECTIFIER
PEAK INVERSE PLATR VOLTAGE. « .ottt iivtiiniiiniiiareieisenasensonsananns 1560 mazx volts
PEAK PLATE CURRENT. ...\ ittt iiiiiiivrennnerrannnnoens ... 675 maz ma
DC OUTPUT CURRENT . 4 e 0 vt vseeninnarsansissosnanassesstossesesasscsanns 225 max ma
Typical Operation:
Filter Input Capacitor Choke

AC Plate-to-Piate Supply Voltage (RMS)..........civvvernnnnn. 900 1100 voits
Filter-Input Capacitor. . ... ...ttt iitreraraanennnnns 4 - uf
Total Effective Plate-Supply Impedance per Plate*. .. ............ 75 - ohms
Min. Filter-Input Choke........... ... ... iiiiiiiiiiinaan e - 3 henries
DC Output Current. . . ....ueriiteiuniinetiarorenranocnneases 225 2256 ma
DC Qutput Voltage at Input to Filter (Approx.):

At half-load current (1126 ma.}.............iiiiirenrvannnnn 515 450 volts

At full-load current (226 ma.). .. ... ittt e 445 420 voits
Voltage Regulation (Approx.):

Half-load to full-load current.......................... G 70 30 volta

* When a filter-input capacitor larger than 40 uf is used, it may be necessary to use more plate-supply
impedance than the value shown in order to limit the peak plate current to the rated value.
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FULL-WAVE VACUUM RECTIFIER

Glass octal type used in power
supply of radio equipment having high
de requirements. Outline 28, OUT-
LINESSECTION. Tuberequires octal

socket and may be mounted in any
position. The heater is designed to operate from the ac line through a step-down
transformer. The voltage at the heater terminals should be 5.0 volts under operat-
ing conditions with a line voltage of 117 volts. It is especially important that this
tube, like other power-handling tubes, should be adequately ventilated.

HEATER VOLTAGE (AC)
HEATER CURRENT

Maximum Ratings: FULL-WAVE RECTIFIER

PEAK INVERSE PLATE VOLTAGE. . .....
PEAK PLATE CURRENT
DC OutpuT CURRENT

Typical Operation:
Filter Input

AC Plate-to-Plate Supply Voltage (RMS).......
Filter-Input Capacitor. ... ....................
Total Effective Plate-Supply Impedance per Plate*
Min. Filter-Input Choke .......... ... ... ...
DCOutput Current. . ........................

DC Output Voltage at Input to Filter (Approx.):
At half-load current (87.5ma.)..........

At full-load current (175 ma.). .. ..

Voltage Regulation (Approx.):

Half-load to fulldoad current............ ...

Capacitor

750

8
100
175
455
415

40

SV4-G

5.0 volts
2.0 amperes
1400 mazx volts
525 max ma
175 max ma
Choke
1000 volts
- [
-~ ohms
4 henries
175 ma
425 volts
415 volts
10 volts

* When a filter-input capacitor larger than 40 uf is used, it may be necessary to use more plate-supply
impedance than the value shown to limit the peak plate current to the rated value.

Foz FULL-WAVE VACUUM RECTIFIER
Metal type 5W4 and glass-octal type 5W4-

having low de requirements. Outlines 6 and 20,
respectively, OUTLINES SECTION. Both

CERTA
5‘5W4

NC:5W4-GT

types require octal socket. Filament volts (ac),
6.0; amperes, 2.0. Maximum ratings: peak in-
verse plate volts, 1400 max; peak plate ma., 300

Pp;
e GT are used in power supply of radio equipment
F maz; de output ma., 100 max. The 5W4-GT is a

DISCONTINUED typelisted for reference only.
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FULL-WAVE VACUUM RECTIFIER

Glass octal type used in power
5X4-G

6U4-G.

FULL-WAVE VACUUM RECTIFIER

Glass octal type used in power
supply of radio equipment having mod-

S5Y3-GT

NC

02 °
)

POy

supply of

radio equipment having large de requirements.
Outline 33, OUTLINES SECTION.
volts, 5.0; amperes, 3.0. Except for basing ar- Nc
rangement, this type is identical with type

Filament

0,
NC
Pp,

2

erate dc requirements. Outline 20,
OUTLINESSECTION. Tuberequires s@RT\
octal socket. Vertical tube mounting ORIO

is preferred, but horizontal operation

NC F

NC
r)

Ppy

is permissible if pins 2 and 8 are in horizontal plane. It is especially important that

this tube, like other power-handling tubes, should be adequately ventilated.

FILAMENT VOLTAGE (AC). .\ vttt titttiitientenneenneeaonnennsennneans 5.0 volts
FILAMENT CURRENT. . . .ot tttttineeeeesnneernennennennnannnesannas v 2.0 amperes
Maximum Ratings: FULL-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE. . . ... cvtitttntiiiite it cininnnnennns 1400 mazx volts
PEAK PLATE CURRENT. . . ..ttt tiiitttten s seeaieaeiineeennns 375 max ma
DO OUTPUT CURRENT. ... \tttetrtinnaeraeeseannnurnreeeaennanennens 125 mazx ma
Typical Operation:

Filter Input Capacitor Choke
AC Plate-to-Plate Supply Voltage (RMS)................ .. 700 1000 volts
Filter-Input Capacitor. .. ..........c0vvviinrnrrnnnennn. .. 4 - uf
Total Effective Plate-Supply Impedance per Plate*. ......... 50 - ohms
Min. Filter-Input Choke. .........covvitiiniiineennnn, v - 5 henries
DCOutput Current. . ... ...ooiienninneniieineeennennas .. 125 126 ma
DC Output Voltage at Input to Filter (Approx.):

At half-load current (62.5 ma.)......................... 390 410 volts

At full-load current (125 ma.}..........coveueevennnnann. 340 380 volts
Voitage Regulation (Approx.):

Half-load to full-load current. . .. ...................... 50 30 volts

* When a filter-input capacitor larger than 40 uf is used, it may be necessary to use more plate-supply
impedance than the value shown to limit the peak plate current to the rated value.

OPERATION CHARACTERISTICS
CHOKE INPUT TO FILTER

OPERATION CHARACTERISTICS
CAPACITOR INPUT TO FILTER

T T

T T T T T T T
TYPE SY3-GT TYPE 5Y3-GT
- £¢=5.0 VOLTS AC — |- € ¢=5.0 voLTs AC -
« INPUT CHOKE=5 HENRIES (MIN.) INPUT CAPACITOR= Auf
W 5001t ——1 & 500 TOT-EFFECT. PLATE-SUPPLY |
5 - | IMPEDANCE PER PLATE=
2 2 Bo,. || | 30 OHMS
; 290 voy -, oy I \l’o 2 | I
SR [} N
400 _:l\ MS PER P are ® 200|~30, —Btrs
A T R NERS
% 3200 P % t ~ \.{475
- \]\‘ —_— 3 = o I
% 300—%50\ - S 300— &
E 38 — 0 0 TN o
=
T —— \
g 200 250 I e S g o N~ T~L
= 2002253 — 5° —
£ el 4 ~
£ —F 5
S o 100
100 v
8 3
[) 40 80 120 160 e 40 80 120 160
DC LOAD MILLIAMPERES DC LOAD MILLIAMPERES
92CM-6095T 92CM-6094T
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FULL-WAVE VACUUM RECTIFIER

NC (]
P02 N Glass octal type used in power supply of
o (o) radio equipment having moderate de require-
ments. Outline 28, OUTLINES SECTION.
Tube requires octal socket. Vertical tube mount- 5 Y4- G
we(@) &7 (?)¢  ingis preferred, but horizontal mounting is per
NC

missible if pins 2 and 7 are in horizontal plane.
Filament volts (ac), 5.0; amperes, 2.0. For maxi-
mum ratings, typical operation, and curves,

e

refer to type 5Y3-GT.
PD2 ~ epy
@) © FULL-WAVE VACUUM RECTIFIER
Glass type used in power supply
of radio equipment having large de re- 523
o‘o quirements. Outline 34, OUTLINES
¢ SECTION. Tuberequiresfour-contact

F
socket. Vertical mounting is preferred
but horizontal mounting is permissible if pins 1 and 4 are in horizontal plane.
Filament volts (ac), 5.0; amperes, 8.0. For maximum ratings, typical operation,
and curves, refer to type 5U4-G.

Poz FULL-WAVE VACUUM RECTIFIER
POy Metal type used in power supply of radio
o equipment having moderate de requirements.
Outline 6, OUTLINES SECTION. Tube re-
quires octal socket and may be mounted in any 524

position. Heater volts (ac), 5.0; amperes, 2.0.

Maximum ratings: peak fnverse plate volts,

1400 maz; peak plate ma. per plate, 375 mazx.

Typical operation as full-wave rectifier with

capacitor-input filter: ac plate-to-piate supply

volts (RMS), 700; total effective plate-supply impedance per plate, 50 ohms; de¢ output ma., 125.
Typical operation with choke-input filter: ac plate-to-plate supply volts, 1000; minimaum filter-input
choke, 5 henries; de output ma., 125.

H

91

X

POWER TRIODE

P G
Glass type used in output stage of radio re-
ceivers. Outline 34, OUTLINES SECTION.
Tube requires four-contact socket. Execept for 6 A3
filament rating (6.3 volts ac/de; 1.0 ampere)
0*0 and slightly lower power output, type 6A3 is
F (3 identical electrically with type 2A3. This type
is used principally for renewal purposes.
& POWER PENTODE

Glass type used in output stage of auto-
mobile receivers. Outline 29, OUTLINES SEC-
TION. Tube requires five-contact socket. Fila-
¢ ment volts (ac/dc), 6.3; amperes, 0.3. Typical *
2 operation: plate and grid-No. 2 volts, 180 mazr; 6A4/LA
grid-No. 1 volts, -12; plate ma., 22; grid-No. 2
ma., 3.9; plate resistance, 45500 ohms approx.;
transconductance, 2200 xmhos; load resistance,
F F 8000 ohms; cathode-bias resistor, 465 ohms;
output watts, 1.4. This type is used principally
for renewal purposes.
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HIGH-MU TWIN POWER TRIODE

Glass type used in output stage of ac-oper-
ated receivers as a class B power amplifier or
with units in parallel as a class A1 amplifier to

6 A6 drive a 6A6 as class B amplifier. Qutline 29,
OUTLINES SECTION. Tube requires medium
geven-contact (0.855-inch, pin-cirele diameter)
socket. Filament volts (ac/dec), 6.3; amperes,
0.8. This type is electrically identical with type
6N7. The 6A6 is used principally for renewal
purposes.

PENTAGRID CONVERTER

Glass types used in superheterodyne cir-

cuits. Outline 27, OUTLINES SECTION.

6A7 These types require the small seven-contact
(0.75-inch, pin-circle diameter) socket, Except

for interelectrode capacitances, the 6A7 is iden-

6A7S tical electrically with type 6A8. Type 6A7S, now
DISCONTINUED, has an external shield con-

nected to cathode. In general, its electrical char-

acteristics are similar to those of the 6A7, but

the two types are usually not directly interchangeable. Type 6A7is used principally for renewal purposes.

G3
G5 G
6A8 PENTAGRID CONVERTER S
Metal type 6A8 and glass-octal F(3) c2
6A8 —G types 6A8-G and 6A8-GT used insuper-
heterodyne circuits. Type 6A8, Out- NO, ™.,

6A8—GT line 4; type 6A8-G, Outline 26; type
) 6A8-GT, Outline 18, OUTLINES &8¢
SECTION. All require octal socket. For general discussion 2% K
of pentagrid types, see Frequency Conversion in ELECTRON TUBE APPLICA-
TIONS SECTION. For heater and cathode considerations, refer to type 6ATS.

HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. ... 0ttiittinne e ieinnnens 0.3 ampere
Maximum Ratings:

- PLATEVOLTAGE. ............c.uuuuinnn.. 300 max volts
GRIDS-No. 3-AND-No. 5 (SCREEN) VOLTAGE . .. 100 max volts
GRIDS-NO. 3-AND-NO. 5 SUPPLY VOLTAGE . .. 300 maz volts
GRID-NO. 2 (ANODE-GRID) VOLTAGE. . ... .0t tvtritinrene it nnnens 200 mazx volts
GRID-NO. 2 SUPPLY VOLTAGE. . . . ...t itetiitiien et iiiennnennnns 300 mazx volts
GRID-NO. 4 (CONTROL-GRID) BIAS VOLTAGE . . . .. vtvieeeneiinennnnnnns 0 min volts
PLATE DISSIPATION . . . . ... . ettt it it innnns 1.0 max watt
GRIDS-NO. 3-AND-NO. 5 DISSIPATION. . ...\, 0iuiiientiiinrininnenns 0.3 max watt
GRID-NO. 2 DISSIPATION . . . ...ttt it ie et et iiiaeann 0.75 max watt
TOTAL CATHODE CURRENT . . ... oottt tttttee ettt eennennns 14 max ma
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............................. 90 max volts

Heater positive with respect to cathode. .. .......................... 90 max volts
Typical Operation:
Plate Voltage. .. . . ..ot 100 250 volts
Grids-No.3-and-No. 5 Voltage . .......................... 50 100 volts
Grid-No.2 Voltage. .. ... ... ... i i, 100 - volts
Grid-No. 2 Supply Voltage. . ............................. — 250% volts
Grid-No.4 Voltage. . . ... ... ... i i, -1.5 -3 voits
Grid-No. 1 (Osclllator-Grld) Resistor . 50000 50000 ohms
Plate Resistance (Approx.)............... . 0.6 0.36 megohm
Conversien Transconductance. . ... ....... ... e 360 550 umhos
Conversion Transconductance (Approx.) with contr.

Of 20 voItS. . . ... 8 - pmhos
Conversion Transconductance (Approx.) with control-grid bias

of —35 volts. - 6 umhos
Plate Current. .. ... .. ... . i 1.1 3.5 ma
Grids-No. 8-and-No. 5 Current ........................... 1.3 2.7 ma
Grid-No. 2Current. .......... ..ottt 2 4 ma
Grid-No. 1 Current. .......... oottt iiiiiiiiiiinanen., 0.25 0.4 ma
Total Cathode Current. ... ......................cccuun.. 4.6 10.6 ma

* Grid-No. 2 supply voltages in excess of 200 volts require use of 20000-ohmvoltage-droppmg resistor
bypassed by 0.1-xf capacitor.
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ELECTRON-RAY TUBE

Glass type used to indicate visually by
means of a fluorescent target the effects of a

change in a controlling voltage. It is used as a 6ABS
convenient means of indicating accurate radio-
receiver tuning. Outline 28, CUTLINES SEC-
TION. Tube requires six-contact socket. For 6N5

heater and cathode considerations, refer to type
6AT6. Heater volts (ac/dc), 6.3; amperes, 0.15,
Ratings: plate-supply volts, 180 max; target
volts 180 mazx, 125 min.

REMOTE-CUTOFF PENTODE

Metal type used in rf and if stages of pic~

ture amplifier of television receivers particularly 6 A B 7
those employing automatic-gain control. Out~
line 3, OUTLINES SECTION. Tube requires
octal socket. Heater volts (ac/dc), 6.3; amperes, 'I 8 5 3
0.45. Maximum ratings as class Ai amplifier:

plate and grid-No. 2 supply volts, 300 mazx;
grid-No. 2 volts, 200 max; plate dissipation,
8.75 max watts; grid-No. 2 dissipation, 0.7 mazx
watt. Typical operation: plate and grid-No.2 supply volts, 300; grid-No.3 volts, 0; grid-No.2 series
resistor, 30000 ohms; grig-No.1 volts, —3; plate resistance (approx.), 0.7 megohm; transconductance,
6000 umhos; grid-No.1 volts for transconductance of 50 umhos, —15; plate ma., 12.5; grid-No.2 ma., 3.2.

HIGH-MU POWER TRIODE

Glass octal type used in single-ended or
push-pull audio-frequency power amplifiers of
the direct-coupled type in which a driver tube
develops positive grid bias for the 6AC5-GT
o output stage. Outline 17, OUTLINES SEC- 6Ac S_GT
H  TION. Tube requires octal socket. Heater volts
(ac/de), 6.3; amperes, 0.4. Maximum ratings:
plate volts, 250 max; peak plate ma. (per tube),
110 max: average plate dissipation, 10 max
watts, This type is used principally for re-
newal purposes.

Q)
nERA
OO

x

K

O,

C

[}
OmO,

G2 SHARP-CUTOFF PENTODE

Metal type used in rf and if stages 6AC7 /

G

5

7

g of picture amplifier and the first stages

% " of the video amplifier of television re- ]8 52
i ° ceivers. It is also used as a mixer or
P oscillator tube in low-frequency appli~

cations. Outline 3, OUTLINES SECTION. Tube requires octal socket. When tube
is used as a high-gain audio amplifier, heater should be operated from a battery
source. For other heater considerations, refer to type 6AQ5.

S

HEATER VOLTAGE (AC/DCJ . oo vttt it ittt et ettt innn 6.3 volts
HEATER CURRENT. . o 0o it it ittt st it i i e et eaainnnnan 0.45 amperc
DIRECT INTERELECTRODE CAPACITANCES (Shell connected to cathode):
Grid No.L to Plate. .. .ottt ettt ie et iiaeeninnan vo. 0.015 maz ppf
INpUL. o it i i e e ettt s 11 puf
L0 T T L3 Ceaiee b st
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. . .. o\ttt e intteeetiaaneeeeaarieenranasannenn e 300 mazx volts
GRID-NO.2 (SCREEN) VOLTAGE. .+ ..o vvtteerenanniitannaannnns P 150 maz volts
GRID-NO.2 SUPPLY VOLTAGE. . ...t iviiineininsrtnnananesnan [ ‘e 300 maz volta
PLATE DISSIPATION oree 3 max watts
GRID-NO.2 DISSIPATION. . . ... ittt iiinnnneeennnn. [ eeedee 0.4 max watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode . .................. 0. .e. . 90 max volts
Heater positive with respect to cathode ............... e ereiae 90 maz volts
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Typical Operation: Condition I* Condition 11**

Plate Voltage. . . . ... iir ittt it iii i cinnaannnnnsn 300 300 volts
Grid-No. 3 Voltage. . . ...ooiiiiiretiieeneenennneneoaennns 0 0 volts
Grid-No. 2 Supply Voltage. . .. ...ovoiiiiiiiiienanronnnns 150 300# volts
Grid-No. 2 Series Resistor. . ...............cooiiiiiiiaa., t - 60000 ohms
Min. Cathode-Bias Resistor. . .............coiiiiiiia. 160 160 ohms
Plate Resistance (APProX.). ... .ivieiireiristseeneenenennn 1 1 megohm
Transconductance. . . ... ..ot inrenrenrinmenecnennennnn 9000 9000 umhos
Plate Current. ... ...ttt ittt e 10 10 ma
Grid-No. 2 Current. .....cooin it i it 2.5 2.5 ma
* With fixed grid-No.2 supply. #* With series grid-No. 2 resistor.

# Grid-No.2 supply voltages in excess of 150 volts require use of a series dropping resistor to limit the
voltage at grid No. 2 to 150 volts when the plate current is at its normal value of 10 milliamperes.

ELECTRON-RAY TUBE T

Glasa octal type used to indicate visually,

by means of two shadows on the fluorescent tar- S~
get, the effects of changes in the controlling o
6AD6_G voltages. It is a twin-indicator type and is used RCu2
as a convenient means of indicating accurate / o
N
OMO,

radio-receiver tuning. Heater volts (ac/dce), 6.3; e
amperes, 0.15. Maximum target volts, 150, This H
isa DISCONTINUED type listed for reference
only.

TRIODE—POWER PENTODE

Glass octal type used in a push-pull ampli-

fier circuit in conjunction with type 6F6-G. Tri-

ode unit serves as phase inverter. Qutline 28,

6AD7-G OUTLINES SECTION. Tube requires octal

socket. Heater volts (ac/dc), 6.3; amperes, 0.85.

For typical operation of pentode unit, refer to

type 6F6-G. Maximum ratings of pentode unit

as class A; or push-pull class AB; amplifier: plate

volts, 375 max; grid-No. 2 volts, 285 max; plate

dissipation, 8.5 max watts; grid-No. 2 dissipation, 2.7 watts. Maximum ratings of triode unit as class A1
amplfier: plate volts, 285 max; plate dissipation, 1.0 maz watt.

. G
LOW-MU TRIODE
Glass octal type used as class A: amplifier P
in ac/de radio receivers. Outline 17, OUT-
6AE5-GT LINES SECTION. Heater volts (ac/dc), 6.3; & o
amperes, 0.3. Maximum ratings as class A; am-
plifier: plate volts, 800 max; plate dissipation, " w H

2.5 mar watts. This is a DISCONTINUED

type listed for reference only. NC [
TWIN-PLATE CONTROL TUBE .
T
Glass octal type used as a control tube for SHARP s
twin-indicator type electron-ray tubes. Qutline ° °
6AE6 G 24, OUTLINES SECTION. Contains two tri-
- odes with different cutoff characteristics. If ave a::or:

voltage is applied to the common control grid in

suitable circuit, one triode section operates on 0
weak signals while the other operates on strong 0" H
signals. Heater volitage (ac/dc), 6.3; amperes, e
0.15. This is a DISCONTINUED type listed Nc 8

for reference only.

TWIN-INPUT TRIODE

Glass octal type used as a voltage amplifier
or as a driver for two type 6AC5-GT tubes in
6 AE7_GT dynamic-coupled, push-pull amplifiers. In the
latter service, type AE7-GT replaces two tubes
ordinarily required as drivers. Outline 17, OUT-
LINES SECTION. Heater volts (ac/dc), 6.3;
amperes, 0.5. This is 2 DISCONTINUED type
lizted for reference only.
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‘*‘u » ELECTRON-RAY TUBE

<’ Glass octal type used to indicate visually,

o by means of two shadows on the fluorescent tar-

RCu2 get, the effects of changes in the controlling
voltages. It is a twin-indicator type and is used 6AF6-G

\ ' / ° as a convenient means of indicating accurate

H P radio-receiver tuning. Outline 9, OUTLINES

0 SECTION. Tube requires octal socket. Heater

NC " volts (ac/dc), 6.3; amperes, 0.15. Ratings: tar-

get volts, 260 max, 125 min; ray-control-elec-
trode supply volts, 250 maz; peak heater-cathode volts, 90 maz. Typical operation: target volts, 250;
target ma., 2.2; series resistor, 1 megohm; ray-control electrode volts (approx. for 0° shadow angle), 160;
ray-control electrode volts (approx. for 90° shadow angle), 0.

SHARP-CUTOFF PENTODE

Miniature type used in compact
radio equipment as an rf or if amplifier 6AGS

up to 400 megacycles. Outline 10,
OUTLINESSECTION. Tuberequires

miniature seven-contact socket and

may be mounted in any position. The two cathode leads facilitate isolation of the
input and output circuits thus helping to minimize degeneration. For heater and
cathode considerations, refer to type 6ATS6.

HEATER VOLTAGE (AG/DC) . .ot vvtii ittt iiiieiienrernraearesnnannass 6.3 volts
HEATER CURRENT. . ... ittt iiieaieninniaateiansrentanssnanns 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):

Grid No. 1toPlate. . ......oiiiiiiiiiiiiiiiiii it i eiiinenan . 0.025 max puf

B 663+ I 6.5 puf

Output. .... S 1.8 puf
Maximum Rafings: CLASS A; AMPLIFIER
PLATE VOLTAGE. . . ..ttt iinetnnneinecasnateasncesnaossinnonnns 300 mazx volts
GRID-NO. 2 (SCREEN) VOLTAGE. . s 4t v s nrrnnernnnrsnoneenanernnesnas 150 max volts
PLATE DISSIPATION. . . ...ttt ittt ita s nereeraeneeaearansns 2 max watts
GRID-NO. 2 DISSIPATION. . . . ¢ttt tiitetine e taanrsanorrassonnoasnesonns 0.5 max watt
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode............ .. ..ciiiiinnnon, 90 max volts

Heater positive with respecttocathode............... ..ot 90 mazx volts
Typical Operation:
Plate Voltage®. . . ...... ... ... .ciiiieinrenenn. 100 125 250 volts
Grid-No. 2 Voltage. . .......coovvnininennnnnns 160 125 150 volts
Cathode-Bias Resistor. . ..........covuvvinnn.. 100 100 200 ohms
Plate Resistance (Approx.}........oovevueenn.. 0.3 0.5 0.8 megohm
Transconductance. .. .......c.vvunevrenneennns 4750 5100 5000 pmhos
Grid-No.1 Bias for plate current of -10 ua . ..... -5 -6 -8 volts
Plate Current. ........coiiiiiiiiiininneennns 5.5 7.2 7 ma
Grid-No. 2 Current. ................0 Ceeereaas 1.6 2.1 2 ma
Maximum Ratings (Triode Connection):*
PLATE VOLTAGE, ... ittt ittt iieiitaeseneraasearsacass erareiane 300 max volts
PLATE DISSIPATION. ... tvvit it invnnannssnas e, 2.5 max watts
Typical Operation (Triode Connection):*
Plate Voltage. . . .......ciitiiieniiiiiteniocrnssensanes .. 180 250 volts
Cathode-Bias Resistor. ... 350 825 ohms
Plate Resistance. . .................... 7900 11000 ohms
Amplification Factor.................. 45 42
Transconductance. . . .......coviiiuniinncsneonsosassnesnnns 5700 3800 pmhos
Plate Current. ........... e ereeasiae e 7.0 5.5 ma

¥ Grid No. 2 tied to plate.
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AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION

e 3 T T T
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300 400
PLATE VOLTS

POWER PENTODE

Metal type used in output stage of video

amplifier of television receivers. Qutline 6, OUT-

LINES SECTION. Tube requires octal socket.

6AG7 Heater volts (ac/dc), 6.3; amperes, 0.65. Maxi-

mum ratings as class A video voltage amplifier:

plate volts, 300 maz; grid-No. 2 volts, 300 maz;

plate dissipation, 9.0 mar watts; grid-No. 2 dis-

sipation, 1.5 max watts. Typical operation as a

class A: amplifier: plate volts, 300; grid-No. 2

volts, 150; grid-No. 1 volts, -3; peak af grid-No. 1 volts, 8; zero-signal plate me., 30; maximum-signal

plate ma., 30.5; zero-signal grid-No. 2 ma., 7; maximum-signal grid-No. 2 ma., 9; plate resistance,

130000 ohms; transconductance, 11000 xmhos; load resistance, 10000 ohms; total harmonic distortion,
T per cent; maximum-signal output watts, 3.

POWER PENTODE

H
Miniature type used in compact O.

equipment as a power amplifier. Qut- ¥ ‘ ()2

6 AK6 line 10, OUTLINES SECTION. Tube ‘
requires miniature seven-contact 6@ ‘_‘
socket and may be mounted in any
position. For heater and cathode con-
siderations, refer to type 6AT6.

HEATER VOLTAGE (AC/DC) . ..t vvttttve e e, 6.3 volts
HEATER. CURRENT. . ...ttt ettt e e et e it 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx. with no external shield):
Grid No. LtoPlate. ........ ..o oottt 0.12 ppf
T o 3.6 puf
OUbPUE. oot e e 4.2 puf

CLASS A, AMPLIFIER
Triode# Pentode

Maximum Ratings: Connection  Connection
PLATE VOLTAGE. ..ottt it eeetttaeeeranannnnenrennnanns 300 max 300 max volts
GRID NO. 2 (SCREEN) VOLTAGE. . « . .t ivienieeeennnn, - 300 max volts
PLATE DISSIPATION. . ..o vttt ettt ieie et it 3.5 max 2.75 max watts
GRID-NO. 2 DISSIPATION. . .t ove ittt ettt eeeiaeeanen - 0.75 max watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ................ 90 max 90 max volts
Heater positive with respect to cathode. ................ 90 max 90 max volts
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. . Triode# Pentode
Typical Operation: 1 Ce 11
Plate Voltage. .. ... ittt it ittt ienranans 180 180" volts
Grid No. 3 (Suppressor) .......covevreviieinnnennnennneenn - Connected to cathode
at socket
Grid-No. 2 Voltage. . ...ttt iiiiiinnnnnes . - 180 volts
Grid-No. 1 Voltagel. . .. ... ...ttt -12 -9 volts
Peak AF Grid-No. 1 Voltage. . . .....ovviiiitiniennnnrnnns 12 9 volts
Zero-Signal Plate Current. .. ... ... ... ...ccciiiivennennnn, 12 15 ma
Zero-Signal Grid-No. 2 Current. . .. ...t ennnnn. - 2.3 ma
Plate Resistance. . ... ........ . ... .. iiiiiiiinennnann. 0.0044 0.2 megohm
Amplification Factor. ......... ... ... . ... i i, 9.3 -
Transconductance. . ...............vuivieniiniinininan.n. 2100 2300 xmhos
Load Resistance. . ....... ... ... .. ... viiviiiivnnna., 12000 10000 ohms
Total Harmonie Distortion. . . ............................ 5 10 per cent
Maximum-Signal Power Output. .......................... 0.26 1.1 watts

1 The de resistance in the grid circuit under maximum rated conditions should not exceed 0.5 megohm

for cathode-bias operation and 0.1 megohm for fixed-bias operation.
# Grid No. 2 and grid No. 38 tied to plate.

AVERAGE PLATE CHARACTERISTICS
PENTQ!
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TWIN DIODE

Miniature, high-perveance type
used as detector in FM and television
circuits. It is especially useful as a
ratio detector in ac-operated FM re-
ceivers. Each diode can be used in-

92CM~6450T

6ALS

dependently of the other or combined in parallel or full-wave arrangement. Res-
onant frequency of each unit is approximately 700 megacycles. Qutline 8, OUT-
LINES SECTION. Tube requires miniature seven-contact socket and may be
mounted in any position. For heater and cathode considerations, refer to type 6ATS.

HEATER VOLTAGE (AC/DC) . o vt ettt et it e ie ettt ie e 6.3 volts
HEATER CURRENT. . ..\ttt ittt et it e et i i 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Plate No. 1 to Cathode No. 1, Heater, and Internal Shield*........... 3.2 puf
Plate No. 2 to Cathode No. 2, Heater, and Internal Shield**. . .,.,..... 3.2 puf
Cathode No. 1 to Plate No. 1, Heater, and Internal Shield®............ 3.6 pat
Cathode No. 2 to Plate No. 2, Heater, and Internal Shield®........... 3.6 puf
Plate No. 1 to Plate No. 2}, . ... .. ... e it 0.026 max puf

* With close-fitting external shield connected to Cathode No. 1.
** With close-fitting external shield connected to Cathode No. 2.
° With close-fitting external shield connected to Plate No. 1.

% With close-fitting external shield connected to Plate No. 2.

t+ With close-fitting external shield connected to ground.
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o

Maximum Ratings: HALF-WAVE RECTIFIER

PEAK INVERSE PLATE VOLTAGE. . ... ..0tetiriieeennininrencnanennnnens 420 mazx volts

PEAK PLATE CURRENT PER PLATE. ... ..ot viiiietnnninnesnnnnnns 654 max ma

DC OuTPUT CURRENT PER PLATE. . ... ...0iiviiiinnnnrenssnnnnnns .. 9 mazx ma

PEAK HEATER-CATHODE VOLTAGE . . .. 00vvvrutrenassanensonsnnnnneonson 330 max volts

Typical Operation:

AC Plate Voltage per Plate (RMS) . .......0vivtirnrrnrnnneneesnessenes 150 volts

Min. Total Effective Plate-Supply Impedance . 300 ohms

DC Output Currentper Plate. . . .. .....oiiiiiiiirnnrrnannnnneeonnnns 9 ma

H P
BEAM POWER AMPLIFIER OMRO,
Miniature type used as output "(G) (6)°2

6 AQ 5 amplifier primarily in automobile re-
ceivers and in ac-operated receivers. « GXxX ON
Within its maximum ratings, the per- ¢ 2
formance of the 6AQ5 is equivalent to
that of larger types 6V6 and 6V6-GT.

HEATER VOLTAGE (AC/DC) ..ottt ittt vaaaiiineenanns 6.3 volts
HEATER CURRENT. . ..ottt ettt e tie e e aaanennaaroananas 0.45 ampere
DirECT INTERELECTRODE CAPACITANCES (Approx. With external shield):. . ..
Grid No. TtoPlate. ... ... . i it 0.17 puf
Input. ... e e 8.0 g
U DU . oottt i e e e e 11.0 puf

CLASS A, AND CLASS AB, PUSH-PULL AMPLIFIER
Maximum Ratings:

PLATE VOLTAGE. . ...ttt ittt enneesaiieraaeennneaaneennas 250 max volts
GRID-NO. 2 VOLTAGE . . 250 max volts
PLATE DISSIPATION. .......... . .. 12 mazx watts
GRID-NoO. 2 DISSIPATION 2 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode................c.ovivuneinnn 90 max volts
Heater positive with respect tocathode. .. ..............coovvevrinnn 90 max volts

Typical Operation:
Same as for type 6V6-GT within the limitations of the maximum ratings.

INSTALLATION AND APPLICATION

Type 6AQ5 requires 2 miniature seven-contact socket and may be mounted
in any position. Outline 13, OUTLINES SECTION.

‘When the heater is operated on ac with a transformer, the winding of the
transformer which supplies the heater circuit should operate the heater at the
recommended value for full-load operating conditions at average line voltage.
Under any condition of operation, the heater voltage should not be allowed to
vary more than 109, from the rated value. When the 6AQ5 is used in automobile
receivers, the heater terminals should be connected directly across the 6-volt battery.

Use of type 6AQ5 in a series string arrangement should be limited to tubes
with the same heater-current rating. If it is necessary to use the 6AQ5 in series
with tubes having different heater ratings, shunt resistors are required. Refer to
ELECTRON TUBE INSTALLATION SECTION for additional heater consid-
erations.

The cathode of the 6AQ5 should preferably be connected directly to the
electrical mid-point-of the heater circuit when the heater voltage is supplied from
a transformer. When the 6AQ5 is operated in receivers employing a 6-volt storage
battery for the heater supply, its cathode circuit is tied in either directly or through
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bias resistors to the negative side of the de plate supply which is furnished either
by the dec power line or the ac line through a rectifier. Under any circumstances,
the heater-cathode voltage should be kept within ratings. If the use of a large
resistor is necessary in some circuit designs, it should be bypassed by a suitable
filter network or objectionable hum may develop.

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 109, of each typical screen voltage can be used without increasing distortion.

The type of input coupling used in class A; and class B, 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 0.05 megohm, fixed bias may be used; for higher values, cathode bias
is required. With cathode bias, the grid circuit may have a resistance as high as,
but not greater than, 0.5 megohm.

AVERAGE PLATE CHARACTERISTICS
TODE CONNECT
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TWIN DIODE—HIGH-MU TRIODE

Miniature type used as a combined
detector, amplifier, and ave tube in 6AQ6

compact radio receivers. This type is

similar to metal type 6Q7 in many of

its electriecal characteristics. Outline 10,

OUTLINES SECTION. Tube requires miniature seven-contact socket and may
be mounted in any position. For typical operation as resistance-coupled amplifier,
refer to Chart 7, RESISTANCE-COUPLED AMPLIFIER SECTION. For
heater considerations, refer to type 6AT6.

HEATER VOLTAGE (AC/DC) . ...\ttt etiiniianaoeanaanennnns 6.

3 volts

HEATER CURRENT . . . .ottt ttie et iie ettt ie ettt tnt e nnennnnns 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES (Triode Unit):°

Gridto Plate. . ... ... i i e i e e, 1.8 ppf

Grid to Cathode and Heater. ... .......c.c.ciiirieiiiirrrnerennennnns 1.7 upf

Plate to Cathode and Heater. . ..........iiiiiiinerereirrannnnnneas 1.5 puuf

© With close-fitting shield connected to cathode.



RCA RECEIVING TUBE MANUAL

Maximum Ratings: TRIODE UNIT AS CLASS A, AMPLIFIER
PLATE VOLTAGE. . ..ttt ettt ittt ettt e ettt it i e e veens 300 max volts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ............................ 90 max volts

Heater positive with respect tocathode. . ... ... .....c.ciiviinveernn. 90 max volts
Characteristics:
Plate Voltage. . . ...ooiiiiiiii it it iineeienennns 100 250 volts
Grid Voltage. . .. ..ottt iiiiieinniein i eiiieiinrennas -1 -3 volts
Amplification Factor. ........c.uietiiiinneinnnninnnnans 70 70
Plate Resistance. .. ... .viiiiiinnniinnneerneernnneninens 61000 58000 ohms
Transconductance. . . .....coiiuneriernrrnennenernennrennns 1150 1200 pmhos
Plate Current. ..... G teserseenreerseettaat et 0.8 1.0 ma

DIODE UNITS

Two diode plates are placed around a cathode, the sleeve of which is common to the triode unit.
Diode biasing of the triode unit of the 6AQ6 is not suitable. For diode operation curves, refer to type

63Q7.

AVERAGE PLATE CHARACTERISTICS.
TRIODE UNIT
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TWIN DIODE—HIGH-MU TRIODE

Miniature type used as a combined

automobile and ac-operated radio re-
ceivers. The 6AT6 is similar to type
6Q7 in many of its electrical charac-
teristics and in its applications.

HEATER VOLTAGE (AC/DC). . .. 6.3
HEATER CURRENT. . ..o\ttt ttes s eniraamaertsonnannaennnnns 0.3
DIrRECT INTERELECTRODE CAPACITANCES (No external shield):
Triode Gridto Plate. . ... . .. .. . . ... .. . it 2.1
Triode Grid to Cathode and Heater. ... .......ccvieiiinnnneenneennn 2.3
Triode Plate to Cathode and Heater. . ...........c.covnveiinnennnann. 1.1
Diode Plate No.2 to Triode Grid. . . ......oiiiiiinrrenerenanennan 0.025 mazx
Maximum Ratings: TRIODE UNIT AS CLASS A; AMPLIFIER
PLATE VOLTAGE. . ...\ttt ittt iiiieannerrannarsanas e, 300 max
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode......... S 90 max
Heater positive with respect tocathode. . ....covvvinnnernnenennn..n, 90 max
Characteristics:
Plate Voltage. . .....covvviiiiniiiiineenne e 100 250
Grid Voltage. . .. .. v ittt iinetinenrineeennennnnaennanns -1 -3
Amplification Factor........oovvviiiiniiniiiiiiiia., 70 70
Plate Resistance. .. .......oiiiviiiiiiiiiiiiiiii e, 54000 58000
Transconductance. . ........ Cereaseeans Chereseana i, 1300 1200
Plate Current. .coeveriiuireiiieessesruasnsressssesscsnees 0.8 1.0

volts
ampere

puf
upuf
puf
uuf

volts

volts
volts

volts
volts

ohms
umhos
ma
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DIODE UNITS

The two diode plates are placed around a cathode, the sieeve of which is common to the triode unit.
Each diode plate has its own base pin. For diode operation curves, refer to type 6SQ7.

INSTALLATION AND APPLICATION

Type 6AT6 requires miniature seven-contact socket and may be mounted in
any position. Outline 10, OUTLINES SECTION.

When the heater is operated on ac with a transformer, the winding of the
transformer which supplies the heater circuit should operate the heater at the
recommended value for full-load operating conditions at average line voltage.
Under any condition of operation, the heater voltage should not be allowed to
rise more than 109, above the rated value. When the 6ATS is used in automobile
receivers, the heater terminals should be connected directly across a 6-volt battery.

In receivers that employ a series-heater connection, the heater of the 6AT6
may be operated in series with the heater of other types having the same heater-
current rating. The current in the heater circuit of the 6AT6 should be adjusted to
the rated value for the normal supply voltage. Refer to ELECTRON TUBE IN-
STALLATION SECTION, Filament and Heater Power Supply, for a discussion
of arrangement of heaters in series-heater or ‘‘string’’ connection.

The cathode of the 6AT6 when operated from a transformer, should preferably
be connected directly to the electrical mid-point of the heater circuit. When oper-
ated 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 dec plate supply which is furnished either by the dc power line or the
ac line through a rectifier. In circuits where the cathode is not connected directly
to the heater, such as in a series-heater connection, the voltage difference between
the heater and cathode should be kept within the tube ratings. If the use of a large
resistor is necessary between the heater and cathode in some circuit designs, it
should be bypassed by a suitable filter network or objectionable hum may develop.

The triode unit of the 6AT6 is recommended for use only in resistance-coupled
circuits. Refer to the RESISTANCE-COUPLED AMPLIFIER SECTION, Chart
7 for typical operating conditions.

Grid bias for the triode unit of the 6AT6 may be obtained from a fixed source,
such as a fixed-voltage tap on the dc 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 cutoff, even with relatively small signal voltages applied to the
diode circuit.

AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT
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SHARP-CUTOFF PENTODE

Miniature type used in compact

6 AU 6 radio equipment as an rf amplifier es-
pecially in high-frequency, wide-band

applications. It is also used as a limiter

tube in FM equipment. Qutline 10,

P

C-l

O)d

OUTLINES SECTION. Tube requires miniature seven-contact socket and may
be mounted in any position. For a discussion of limiters, refer to ELECTRON
TUBE APPLICATIONS SECTION. For typical operation as resistance-coupled
amplifier, refer to Chart 8, RESISTANCE-COUPLED AMPLIFIER SECTION.

For heater and cathode considerations, refer to type 6ATS6.

HEATER VOLTAGE (AC/DC) . ..\t ii ittt ettt e 6.3
HEATER CURRENT . . . ...ttt ittt it it 0.3
DIrRECT INTERELECTRODE CAPACITANCES (No external shield):

Grid No.ltoPlate. . ... ... ... . 0.0035 max

InpuUt. .. e e e - 5.5

OUEPUL. . . o i e e 5.0

H inas: CLASS A, AMPLIFIER Triodet Pentode

Maximum Ratings: ! Connection  Connection
PLATE VOLTAGE. . ..........00viuunnnns . .. 250 max 300 mazx
GRID-NO.2 (SCREEN) VOLTAGE .. 150 max
GRID-NO.2 SUPPLY VOLTAGE. .. - 300 max
PLATE DISSIPATION . . . .......... 3.2 max 3 max
GRID-NO.2 DISSIPATION. . ... ..ttt iiiiinieieneannnnn., - 0.65 max
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Negativebiasvalue. .. .... ... ... ... ... ............ 50 max 50 mazx

Positivebias value. .. ............ ... ... . ol 0 maz 0 maz
PEAX HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . ............... 90 max 90 mazx

Heater positive with respect to cathode. . ............... 90 max 90 maz
Typical Operation (Pentode Connection):
Plate Voltage. . . .......ov i, 100 250 250
Grid No.3 (Suppressor) ....................... Connected to cathode at socket
Grid-No.2 Voltage. . ..., 100 125 150
Grid-No.1 Voltage...............cooiii.., -1 -1 -1
Plate Resistance (Approx.).................... 0.5 1.5 1.0
Transconductance. .. .........c.o iniieiiaa. 3900 4450 5200
Grid-No.1 Bias for plate current of 10 pa........ —4.2 -5.2 —-6.2
Plate Current. . .............................. 5.2 7.6 10.8
Grid-No.2Current . . .......... ... .0, 2.0 3.0 4.3
Typical Operation (Triode Connection):{
Plate Voltage. . . ... . .t i i e e e aitereearaaaaans 250
Grid Voltage. . . .. ... i it ettt -4
Amplification Factor. ....... ... .. .. i i e 36
Plate Resistance. . ... ... ... ... . 0t i i i 7500
TransconduUctancCe. . ... ... ... i i i i e e, 4800
Plate Current. .. ... . ... it ettt 12.2

+ Grid No. 2 and grid No. 3 tied to plate.

AVERAGE PLATE CHARACTER!STICS
NTODE CONNECTE
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NC G .

OO POWER TRIODE

P N‘ Glass octal type used in output stage of

radio receivers. Outline 33, OUTLINES SEC- 6B 4 G
TION. Tube requires octal socket. Except for -
filament rating (6.3 volts ac/de; 1.0 ampere)
and slightly lower power output, this type is
identieal electrically with type 2A3.

DIRECT-COUPLED POWER TRIODE

Glass type used as class A; power amplifier.
One triode, the driver, is directly connected
within the tube to the second, or output, triode. 6B 5
Outline 29, OUTLINES SECTION. Tube re-
quires six-contact socket. Heater volts (ac/dc),
6.3; amperes, 0.8. Characteristics of input and
output triodes as class A amplifier follow. Input
triode: plate volts, 300 maz; grid volts, 0; plate
ma., 8. Output triode: plate volts, 300 mazx; plate ma., 45; plate resistance, 24000 ohms; load resistance,
7000 ohms; output watts, 4. This type is used principally for renewal purposes.

TWIN-DIODE—HIGH-MU TRIODE

Glass octal type used as combined detector,
amplifier, and avc tube. Outline 26, OUT-
LINES SECTION. Tube requires octal socket.
Heater volts {(ac/dc), 6.3; amperes, 0.3. Within 6B6-G
its triode maximum plate-voltage rating, this
type is similar electrically to type 6SQ7 and
curves under that type apply to the 6B6-G.This
type is used principally for renewal purposes,

TWIN-DIODE—
REMOTE-CUTOFF PENTODE

Glass types used as combined detector, am-
plifier, and ave tubes. Outline 27, OUTLINES 6B7
SECTION. These types fit the small seven-con-

tact (0.75~inch, pin-circle diameter) socket. Ex- 6B7s

cept for interelectrode capacitances, the elec-

trical characteristice of the 6B7 are identical

with those of type 6B8-G. Type 6B7 is used

principally for renewal purposes. Type 6B7S,

now DISCONTINUED, has an external ghield connected to the cathode. In general, its electrical
characteristics are similar to those of the 6B7, but the two types are usually not directly interchangeable,

P02 Poy

TWIN-DIODE—
REMOTE-CUTOFF PENTODE
Metal type 6B8 and glass octal type 6B8-G 688
are used as combined detector, amplifier, and
ave tubes. Outlines 4 and 26, respectively,
OUTLINES SECTION. Tubes require octal 6B8-G

socket. Type 6B8-G requires complete shield-

s686 23 ing of detector circuits. Heater volts (ac/dc),
NCEBEC P 6.3; amperes, 0.3. Maximum ratings of pentode
unit as class A: amplifier: plate volts, 300 max; grid-No.2 (screen) volts, 126 maz; grid-No.2 supply
volts, 300 maz; grid-No.1 volts, 0 min; plate dissipation, 3.0 maz watts (6B8), 2.25 max watts (6B8-G);
grid-No. 2 dissipation, 0.3 max watt. For typical operation as a resistance-coupled amplifier, refer to
Chart 5, RESISTANCE-COUPLED AMPLIFIER SECTION.

. REMOTE-CUTOFF PENTODE
(&% Miniature type used as rf ampli-

H P
OO
H e ‘(
fier in standard broadcast and FM re-
6@ ‘_"'o ceivers, as well as in wide-band, high- 6BA6
frequency applications. This type is
Gi similar in performance to metal type
63G7. The low value of grid-plate capacitance minimizes regenerative eoffects,
while the high transconductance makes possible high signal-to-noise ratie.
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HEATER VOLTAGE (AC/DC) . « o\t ittt ittt 6.3 volts
HEATER CURRENT 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):

Grid No.LtoPlate. . ... ...ttt 0.0035 max pnuf

InpUt. L e e 5.5 puuf

L8 387 ¢ L 2 N 5.0 pupf
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. .. ..ttt it ittt it et e ae e e 300 max volts
GRID-NO.2 (SCREEN) VOLTAGE. . . . ¢ .ot ttnirine it iinaeeennnen 125 mazx volts
GRID-NO.2 SUPPLY VOLTAGE. . . ...ttt iiertninietnarnneannns 300 mazx volts
PLATE DISSIPATION. L ..ottt ittt ittt ine oo sy 3 max watts
GRID-NO.2 DISSIPATION . . .. ..ttt tiinn et tive e aneanas 0.6 max watt
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Negative bias value 50 max volts

Positivebias value. . . .. .. ... . . e 0 max volts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to eathode. . ........................... 90 max volts

Heater positive with respect tocathodc. ... ....... ... ... ... ... ... 90 mazx volts
Typical Operation:
Plate Voltage 100 250 volts
Grid No.3 (SUPPressor) .. ....coiiiiiinetniiianaenne. Connected to cathode at socket
Grid-No.2 Voltage. ... .. .. 100 100 volts
Cathode-Bias Resistor. . ... ... .. ... oo, 68 68 ohms
Plate Resistance (APDPIOX.). ..o vivviiiiinneinnniieenennnns 0.25 1.0 megohm
Transconductance. . ... ......oiuiiinun i 4300 4400 pmhos
Grid-No.l Bias {Approx.) for transconductance of 40 umhos.. . -20 -20 volts
Plate Current 10.8 11 ma
Grid-No.2 Current ‘4.4 4.2 ma

INSTALLATION AND APPLICATION

Type 6BA6 requires miniature seven-contact socket and may be mounted in
any position. Outline 10, OUTLINES SECTION. For heater and cathode con-
siderations, refer to type 6ATS6.

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 across a fixed supply
voltage, from a variable cathode-bias resistor, from the avc system, or from a
combination of these methods.

The grid-No. 2 (screen) voltage may be obtained from a potentiometer or
bleeder circuit across the B-supply source, or through a dropping resistor from the
plate supply. The use of series resistors for obtaining satisfactory control of grid-
No.2 voltage in the case of four-electrode tubes is usually impossible because of
secondary-emission phenomena. In the 6BA6, however, because grid No.3 prac-
tically removes these effects, it is practical to obtain grid-No.2 voltage through a
series-dropping resistor from the plate supply or from some high intermediate
voltage providing these sources do not exceed the plate-supply voltage. With this
method, the grid-No.2-to-cathode voltage will fall off very little from minimum to
maximum value of the resistor controlling cathode bias. In some cases, it may
actually rise. This rise of grid-No.2-to-cathode voltage above the normal maximum
value is allowable because both the grid-No.2 current and the plate current are
reduced simultaneously by a sufficient amount to prevent damage to the tube. It
should be recognized that, in general, the series-resistor method of obtaining grid-
No.2 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 volt-
age on grid No.2. When grid-No.2 and control-grid voltage are obtained in this
manner, the remote ‘“cutoff’’ advantage of the 6BA6 can be fully realized. How-
ever, it should be noted that the use of a resistor in the grid-No.2 circuit will have
an effect on the change in plate resistance with variation in grid-No.8 (suppressor)
voltage in case grid No.3 is utilized for control purposes.
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Grid No. 3 (suppressor) may be connected directly to the cathode or it may
be made negative with respect to the cathode. For the latter condition, the grid-
No.3 voltage may be obtained from a potentiometer or bleeder cireuit, or from

the ave system.

AVERAGE PLATE CHARACTERISTICS

18, 3 ——
z TYPE 6BAS

Ep = 6.3 VOLTS

GRID-N® 2 VOLTS = 100

GRID-N2 3 VOLTS =0

~1

-2

Ic -
‘\—f_._._ — eI

! -3

GRID-N2 | VOLTS ECi=-4

-5

-7

Iy

PLATE (1) OR GRID-N?2 (1¢2) MILLIAMPERES
I3
SSSETR

[N
‘Lé :

-

300 4
PLATE VOLTS

H P

@ s PENTAGRID CONVERTER
i (&3q Miniature type used as converter
t ‘ in superheterodyne circuits in both the
5 ERIA Doy standard broadcast and FM bands.The
0 6BE6 is similar in performance to
] metal type 6SA7. For general discus-

600
92CM-6609T

6BE6

sion of pentagrid types, see Frequency Conversion in ELECTRON TUBE AP-

PLICATION SECTION.

HEATER VOLTAGE (AC/DC) - 1 ot i i it e et it e et e ettt
HEATER CURRENT. .« ..ttt ittt ittt ettt ettt ieeeneaeeans
DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Grid No.3 to All Other Electrodes (RF Input). . .....................
Plate to Al} Other Electrodes (MixerOQutput).............o0vvnnvnns.
Grid No.l to All Other Electrodes (Osc. Input)..........ccovvnvsvnn.
Grid No.B3 to Plate. ... ... .. i i i ettt

Grid No.1 to All Other Electrodes Except Cathode...................
GridNo.ltoCathode. .............oiiiiiiieinnninns P
Cathade to All Other Electrodes Except Grid No.1........... [

Maximum Ratings: CONVERTER SERVICE

GRIDS-N0.2-AND-N 0.4 DISSIPATION. .......... [P
TOTAL CATHODE CURRENT. . ...........
GRID-N0.3 VOLTAGE:
Negative bias value. . ................. enetsaertectennarenassoses
Positive bias value. . . ................... Cireeraeees
PrAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode,................ ereriaiees
Heater positive with respect to cathode. . ...............cc.... Cersena

SRS N e

o =

300 mazx
100 maz
300 max
1.0 max
1.0 max

14 maz

50 max
0 max

90 max
90 mazx

volts
ampere

puf
upf
puf
pal
puf
puf
puf
puf
upf

volts
volts
volts
watt
watt

ma

volts
volts

volts
volts
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Typical Operation {Separate Excitation):*

Plate Voltage. . . ........ ... ...t 100 250 volts
Grids-No.2-and-No.4 (Screen) Voltage. .................... 100 100 volts
Grid-No.8 (Control-Grid) Voltage. . . ...................... -1.6 -1.5 volts
Grid-No.l (Oscillator-Grid) Resistor. . ................cc... 20000 20000 ohms
Plate Resistance (ADDIOX.). .. .. ... oiiiiiiminiininnnennn 0.5 1.0 megohm
Conversion Transconductance. .......... . e 455 475 umhos
Conversion Transconductance

(Approx.) with grid-No.3 bias of —30 volts . 4 4 umhos
Plate Current . ........................ . . 2.8 3.0 ma
Grids-No.2-and-No.4 Current. . ...............c.ovuivunn.. 8.0 7.8 ma
Grid-No.l Current 0.5 0 5 ma

1.3
Note: The transconductance between grid No.l and grids No.2 and No.4 connected ‘to plate (not oscll-
lating) is approximately 7250 umhos under the following conditions: grids No.1 and No.3 at 0 volts;
grids No.2 and No.4 and plate at 100 volts. Under the same conditions, the plate current iz 25 ma., and

the amplification factor is 20.
* The characteristics shown with separate excitation correspond very closely with those obtained in a

self-excited oscillator circuit operating with zero bias.

INSTALLATION AND APPLICATION

Type 6BE6 requires miniature seven-contact socket and may be mounted in
any position. Qutline 10, OUTLINES SECTION. For heater and cathode con-
siderations, refer to type 6AT6.

Because of the special structural arrangement of the 6BE6, a change in signal-
grid voltage produces little change in cathode current. Consequently, an rf voltage
on the signal grid produces little modulation of the electron current flowing in the
cathode circuit. This feature is important because it is desirable that the impedance
in the cathode circuit should produce little degeneration or regeneration of the
signal-frequency input and intermediate-frequency output. Another important
feature is that, because signal-grid voltage has very little effect on the space charge
near the cathode, changes in ave bias produce little change in oscillator transcon-
ductance and in the input capacitance of grid No.l. There is, therefore, little
detuning of the oscillator by avc bias.

A typical self-excited oscillator circuit employing the 6BES6 is given in the
CIRCUIT SECTION.

In the 6BE6 operation characteristics curves with self-excitation, E, is the
voltage across the oscillator-coil section between cathode and ground; E_ is the
oscillator voltage between cathode and grid.

OPERAT!ON CHARACTERISTICS OPERAT ION CHARACTERISTICS
WITH SELF-EXCITATION WITH SEPARATE OSCILLATOR EXCITATION
TYPE_6BE6 TyPe 6BE6
| E=6.3 VOLTS  PLATE VOLTS=250 __| £¢=6.3 VOLTS
GRIDS-N®2 & N#4 VOLTS = 100 [ PLATE vOLTS = 250 1
| GRID-N? 3 (CONTROL~GRID)VOLTS=-] _ | GRIDS-N22 & N24 VOLTS =100
[ GRID-N2 { RESISTOR OHMS = 20000 '3 I GRID-N? 3 (CONTROL-GRID)VOLTS =-1.5
u P(?u)- X100 (SEE TEXT) -] e GRID-N2 ) RESISTOR-OHMS = 20000
o Ee ' 3 GRID-N2 | CURRENT VARIED BY
-;- JE.‘ 20.8VoLTS P | “ADJUSTMENT OF OSCILLATOR VOLTAGE |
RMS -4
3 2 s 8 Ll
S 600 s COMMENDED MINIML
- n RECOMMENDED MINIMUM
3 A VALUE OF IC|
S {~l—ta 4
2 500 S Y 18 I I I l
b \ w 800 16 T 1
“ \I0% PR ] I
z /\‘_.\ z z [ CATHODE CURRENT
£ 400 ™ G ¢
o [ ] ESUU 1
2 { 2.0 2600 <12
2 v z 5 N4 2
8 200 A 3 3
o —+J\ e = Sc//
5 T <400 w-8
« 200 N £ g l/
r N30 z A
z z E
o ) o h
& \20% Q200 Y 4
a ! == x
w -~ \Q { W
> 5.0 S
3 | 3
¥ ' @
) 0.5 1.0 .5 [3 C.2 0.6 1.2
GRID-NtI MILLIAMPERES (IC}) GRID-N2I MILLIAMPERES (I¢))
$2CM-6625T 92CM-6624T
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TWIN DIODE—
MEDIUM-MU TRIODE

Miniature type used in compact
radio equipment as combined detector, 6BF 6
amplifier, and ave tube. The triode

unit is particularly useful as a driver

for impedance- or transformer-coupled

output stages in automobile receivers. It is equivalent in performance to metal
type 6SR7. Outline 10, OUTLINES SECTION. Tube requires miniature seven-
contact socket and may be mounted in any position. For typical operation as a
resistance-coupled amplifier, refer to Chart 9, RESISTANCE-COUPLED AMPLI-
FIER SECTION. For heater and cathode considerations, refer to type 6ATS6.

HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. . ...ttt ittt ie e itiiaiae e aneannrnn, 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (Triode Unit):
Gridto Plate. . ... ... . .. e e 2.0% uuf
GridtoCathode. . .. ... ... v i it et e 1.8% upuf
Plate to Cathode. . ... ... ... .. .. ittt 1.4% puf
* With external shield connected to cathode.
Maximum Ratings: TRIODE UNIT AS CLASS A, AMPLIFIER
PLATE VOLTAGE. .. ...ttt e ittt iiae e in e ianaannans 300 max volts
PLATE DISSIPATION . . . .ottt ittt et it st aa e tenarannanenns 2.5 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. .. .......................... 90 max volts
Heater positive with respect tocathode. .. .......................... 90 mazx volts
Typical Operation (With Transformer Coupling):
Plate Voltage. . . ... ...ttt ittt iiannannenn e 250 volts
Grid Voltage. . . .. ..o i e i e e -9 volts
Amplification Factor. . . ... ... i i i i i ittt e 16
Plate Resistance............. et ettt aa e 8500 ohms
Transconductance 1900 pmhos
Plate Current. ....... 9.5 ma
Load ResiStance. . ... .. ittt riiieriareiiir ettt 10000 ohms
Total Harmonie Distortion., ... ... ... iviiiiniiiii it iiinarennns, 6.6 per cent
Power Qutput. . . .. ... et i et 300 mw

DIODE UNITS

The two diode plates and the triode unit have 2 common cathode. Diode biasing of the triode unit
of the 6BF§6 is not suitable. For diode operation curves, refer to type 6SQ7.

AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT

‘2 : —
TYPE 6BF6
€ ¢=6.3 VOLTS

0
"
15 f—
2 /
&,

v

aa

‘s

7/
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:, Ll// aas
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P
BEAM POWER AMPLIFIER . ()
G
6B G 6 G Glass octal type used as output )
- amplifier in horizontal-deflection cir- ; "
N4

cuits of television equipment where
high surge voltages occur during short
duty cycles. A single 6BG6-G is cap-

NC

G2

able of deflecting all types of directly viewed magnetic-deflection kinescopes having
deflection angles not greater than 50° and operating at anode voltages not exceed-
ing 10 kilovolts. OQutline 35, OUTLINES SECTION. Tube requires octal socket.
Vertical tube mounting is preferred but horizontal operation is permissible if pins

No.2 and 7 are in vertical plane.

HEATER VOLTAGE (AC/DC) . ..ttt ettt et ittt innaenenns Ceveearanae
HEATER CURRENT. . ...\ttt ittt ittt eiae e eae e esaartansannann
DIRECT INTERELECTRODE CAPACITANCES (No external shield):

Grid No.lto Plate. . ... ... i i i it

DC GRID-NO.2 (SCREEN) VOLTAGE}. . ...ttt iiiiiirnennnencnnnnen e
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE. . .. ... ..ivuireeannarannnnnn ..
PEAK NEGATIVE SURGE GRID-NO.1 VOLTAGE*. .. .............co0uuvunn..
DC PLATE CURRENT. .. 4ottt t it tetttatnriaessonasonsnessnnaaenns

Prax HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ............................
Heater positive with respect tocathode.............................

o;

=
= cn

=)
S
2
VOO W

600 max
6000 maz
350 mazx
~50 max
—400 mazx
100 maz
3.2 max
20 max

185 mazx
135 mazx

volts
ampere

uuf
unf
[
umhos

volts
volts
volts
volts
volts
ma
watts
watts

volts
volts

* The duty cycle of the voltage pulse must not exceed 159, of one scanning cycle and its duration must

be limited to 10 microseconds.

t Preferably obtained from plate-voltage supply through a series dropping resistor of sufficient magni-
tude to limit the grid-No.2 input to the rated maximum value for wide variation in grid-No.2 current.

AVERAGE PLATE CHARACTERISTICS
WITH ECt &S VARIABLE

TYPE 6BGE~G

E¢=6.3VOLTS

= + 10
£ GRID-N22 VOLTS =250
. || "
& P
a -
§ [ GRID-N2I VOLTS Eciz0
J2001—
§ -
“ / N
kt 4
o
* -10
101 / o
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£¢)=-20]
1o =28
"’ =30
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REMOTE-CUTOFF PENTODE

Miniature type used as rf ampli-
fier in high-frequency and wide-band 6BJ6
applications. Features high transcon-

ductance and low grid-to-plate capaci-

tance. Outline 10, OUTLINES SEC-

TION. Tube requires miniature seven-contact socket and may be mounted in any
position. For heater and cathode considerations, refer to type 6A'TS6.

HEATER VOLTAGE (AC/DC). .... volts
HEATER CURRENT ampere
DIRECT INTERELECTRODE CAPACITANCES

Grid No.1 to Plate uuf

Input. .. .. . puf

L1023 1 3 2 . nuf
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. . . ... ittt et et ier e cnneanaassenans 300 max volts
GRID-NO.2 (SCREEN) VOLTAGE. . . .. ...t iiitinerenienensronannasssans 125 max volts
GRID-NO.2 SUPPLY VOLTAGE. ... ... ... ittt eaneirinanrenerann 300 mazx volts
PLATE DISSIPATION. . . .. .. ... .. ittt e 3 max watts
GRID-N0.2 DISSIPATION. . .............. it aeec i 0.6 max watt
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Negative bias value. . . . .. .. ... . . . .. ittt 50 mazx volts

Positive biag value. . .. ... ... ... . .. PP 0 max volts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect toeathode. ............................ 90 max volts

Heater positive with respect tocathode. .. ..........oivvini ., 90 max volts
Typical Operation:
PlateVoltage . .. .. ..ottt iiiiiieanraantneannnnes 100 250 volts
Grid No.8 (Suppressor). . ... ..ovuiiniuiunieneninreanaans Connected to cathode at socket
Grid-No.2 Voltage. . ...t ittt iiiieunenn 100 100 volts
Grid-No. I Voltage. ... ...t iiniiiianiiiniiineiness -1.0 -1.¢ volt
Plate Resistance (ADProX.}. . ... oviiiviiniinnaannaieanen, 0.25 1.3 megohms
TranseonduUcCtaNee. . . ...\t in s it e 3650 3800 umhos
Grid-No.1 Bias (Approx.) for transconductance of 15 umhos. . . =20 =20 volts
Plate Current. .. .......... ... . i i 9.0 9.2 ma
Grid-No.2 Current. . . . .. ..ot 3.5 3.3 ma

HF TRIODE
Miniature type used in compact
radio equipment as a local oscillator 6C4

in FM and other high-frequency cir-

cuits. It may also be used as a class C

rf amplifier. In such service, it delivers

a power output of 5.5 watts at moderate frequencies, and 2.5 watts at 150 mega-
cycles. Outline 10, OUTLINES SECTION. Tube requires miniature seven-contact
socket and may be mounted in any position. For typical operation as a resistance-
coupled amplifier, refer to Chart 10, RESISTANCE-COUPLED AMPLIFIER
SECTION. For heater and cathode considerations, refer to type 6AT6.

HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. . ...... . . . 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield
GridtoPlate. . ............. ... . .. il . 1.6 puf
Grid to Cathode. . 1.8 ppf
Plate to Cathode. . 1.8 nuf
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. ..........0vune TS AN 300 max volts
PLATE DISSIPATION. .. ...ttt iiiinatterrassanneeetonnnns 8.5 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode..............ccoviviieienas 90 max volts
Heater positive with respect to cathode........... 90 mazx volts
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Characteristics: .
Plate Voltage. . .« .ttt it iiiietinniinrnnnenn 100 250 volts
Grid Voltage®. . ... .. i ittt e 0 -8.5 volts
Amplification Faetor. ............... oo, 19.5 17

Plate Resistance. . ........... .. .. .. ... . . 6250 7700 ohms
Transconductance. . . ............... .. ... .. i 3100 2200 pmhos
PlateCurrent. ......... .. .. ... ... i 11.8 10.5 ma

* The type of input coupling used should not introduce too much resistance in the grid circuit. Trans-
former- or impedance-coupling devices are recommended. Under maximum rated conditions, the
resistance in the grid circuit should not exceed 0.25 megohm with fixed bias, or 1.0 megohm with
cathode bias.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
Maoximum Ratings:

DC PLATE VOLTAGE. . . oottt tt ittt eieeeraee ettt aaiiannnns 300 max volts
DC GRID VOLTAGE. . . .ttt ittt ettt ia e re e ii i iiaiinnenns -50 max volts
DC PLATE CURRENT. . ...t tttin ettt inatraeiaaaaaeanenennnnnns 25 max ma
DC GRID CURBENT. . ...ttt ittt ittaiaestaetenrurttsneeanannn 8 max ma
PLATE DISSIPATION. .. ... ittt e aiiieereevannnses 5 max watts

Typical Operation (At Moderate Frequencies):

DC Plate Voltage - 300 volts
DC Grid Voltage. . ... ..ottt ittt eiee et 27 volts
DC Plate Current 25 ma
DC Grid Current (APPrOX.) . ..ottt iie ettt et et e ee it erans 7 ma
Driving Power (APDIoX.} . .. ..ottt 0.35 watt
Power Output (ADPDroX.) . . c . vttt e et et 5.5 watts
AVERAGE PLATE CHARACTERISTICS
T T
TYPE 6C4
E4=6.3 VOLTS
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MEDIUM-MU TRIODE

Metal type 6C5 and glass-octal type 6C5-GT

6C 5 used as audio amplifier and oscillator. They are

also used as detectors of grid-resistor-and-capaci-

6 C 5 GT tor type or grid-bias type. Outlines 3 and 19,
- respectively, OUTLINES SECTION. Tubes re-

quire octal socket and may be mounted in any

position. Heater volts (ac/dc), 6.3; amperes,

0.3. Maximum ratings as class A: amplifier:

plate volts, 800 max; plate dissipation, 2.5 maz watts; grid volts, 0 min. Typical operation: plate volts,
250; grid volts, —8 (grid-circuit resistance should not exceed 1.0 megohm); amplification factor, 20;
plate resistance, 10000 ohms; transconductance, 2000 umhos; plate ma., 8. For typical operation as a
resistance-coupled amplifier, refer to Chart 11, RESISTANCE-COUPEED AMPLIFIER SECTION.
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G2 G3
O, o SHARP-CUTOFF PENTODE
, > Glass type used as biased detector and as a
30 (5 k high-gain amplifier in radio equipment. Outli.ne 6 C 6
1S 31, OUTLINES SECTION. Tube requires six-
‘ contact socket. Heater volts (ac/de), 6.3; am-
peres, 0.3. For ratings and typical operation
0 data, refer to type 6J7. This type is used prin-
H

cipally for renewa! purposes.

TWIN DIODE—
MEDIUM-MU TRIODE

Glass type used as combined detector, am- 6C7
plifier, and avc tube. Outline 27, OUTLINES

SECTION. Heater volts (ac/de), 6.3; amperes,

0.3. This type is similar to, but not interchange-

able with, type 85. The 6C7 is a DISCON-

TINUED type listed for reference only.

MEDIUM-MU TWIN TRIODE

Glass octal type used as a voltage amplifier
and phase inverter in radio equipment. Outline
26, OUTLINES SECTION. When this type is 6cs G
used in a high-gain amplifier, hum may be re- -
duced or eliminated by grounding pin No.7 or
by grounding the arm of a 100-to-500-ochm
potentiometer across the heater terminals. Tube
requires octal socket. Heater volts (ac/dec), 6.3;
amperes, 0.3. Maximum ratings for each triode unit as class A amplifier: plate volts, 250 maz; grid
volts, 0 min; plate dissipation, 1.0 mazx watt. Typical operation: plate volts, 250; grid volts, —4.5; plate
ma., 3.2; plate resistance, 22500 ohms; amplification factor, 86; transconductance, 1600 ymhos. For
typical operation as a resistance-coupled amplifier, refer to Chart 12, RESISTANCE-COUPLED
AMPLIFIER SECTION.

G2 G3 REMOTE-CUTOFF PENTODE

G) G Glass type used in rf and if stages of radio

, O receiversemployingave. Outline31, OUTLINES

on SECTION. Tube requires six-contact socket.

@ 15 Except for interelectrode capacitances, this type 6D6

is identical electrically with type 6U7-G. Refer

‘ to type 6SK7 for general application informa-

o ° tion. Heater volts (ac/dc), 6.3; amperes, 0.3.

H H This type is used principally for renewal pur-
poses.

SHARP-CUTOFF PENTODE

Glass type used as detector or amplifier in
radio receivers. Outline 31, OUTLINES SEC-
TION. Heater volts (ac/de), 6.3; amperes, 0.3. 6D7
For electrical characteristies, refer to type 6J7.
This is 2 DISCONTINUED type listed for
reference only.

PENTAGRID CONVERTER

Glass octal type used in superheterodyne
circuits. Outline 26, OUTLINES SECTION.
Tube requires octal socket. Heater volts (ac/de), 6D8 - G
6.3; amperes, 0.15. Except for interelectrode
capacitances and heater rating, the 6D8-G is
similar electrically to type 6A8-G. The 6D8-G
is used principally for renewal purposes.

107



RCA RECEIVING TUBE MANUAL

ELECTRON-RAY TUBE

Glass type used to indicate visually by () (@)

means of a fluorescent target the effects of &
change in a controlling voltage. It is used as a /

6 E 5 convenient means of indicating accurate radio- p e O
receiver tuning. Outline 23, OUTLINES SEC- RC
TION. Tube requires six-contact socket. Heater ‘
volts (ac/dc), 6.3; amperes, 0.3. For additional o
considerations, refer to Tuning Indication with
Electron-Ray Tubes in ELECTRON TUBE " H
APPLICATIONS SECTION.

Maximum Ratings: TUNING INDICATOR

PLATE-SUPPLY VOLTAGE. . st vuieettennonniennnsosascnnnnncns PR 250 mazx volts
TARGET VOLTAGE. .. .......... et e e 250 max volts
125 min volts

Typical Operation:

Plate and Target Supply. .. .........c.oiiivinnnns Ceeeeen 125 250 volts
Series Triode-Plate ResiStor. . ... .....cvveieunirinrennnnns 1 1 megohm
Target Current*{ 0.8 2 ma
Triode-Plate Current*. ... ... .. ... ... ... . . oiiene.. 0.1 0.2 ma
Triode-Grid Voltage (Approx.
Forshadowangle of 0°......... ... ..o viiieieninnnnn, 4.0 =-7.5 volts
For shadow angle of 90°. .. ............ooviiinivnn.n. 0 0 volts

* For zero triode-grid voltage. t Subject to wide variations.

TWIN POWER TRIODE

Glass type used as class A amplifier in
either push-pull or parallel circuits. Qutline 29,
OUTLINES SECTION. Heater volts (ac/dc),
6.3; amperes, 0.6. With plate volts of 250 and

6E6 grid volts of —27.5, characteristics for each unit
are: plate ma., 18; plate resistance, 3500 ohms;
transconductance, 1700 pmhos; amplification
factor, 6. With plate-to-plate load resistance
of 14000 ohms, output watts for two tubes is
1.6. This is a DISCONTINUED type listed for
reference only.

REMOTE-CUTOFF PENTODE

Glass type used in rf and if stages of radio
receiversemployingave. Outline31, OUTLINES
6E7 SECTION. Except for interelectrode capaci-
tances, this type is identical electrically with
type 6U7-G. Heater volts (ac/dc), 6.3; amperes,
0.3. This is a DISCONTINUED type listed

for reference only.

HIGH-MU TRIODE NC

6F5 Metal type 6F5 and glass-octal
type6F5-GT used inresistance-coupled )
6F 5_GT amplifier circuits. Outlines 4 and 16, "
respectively, OUTLINES SECTION. ... (U™(®)
Tubes require octal socket and may NC6FS-67 K
be mounted in any position. For typical operation as a resistance-coupled amplifier,
refer to Chart 18, RESISTANCE-COUPLED AMPLIFIER SECTION. For
heater and cathode considerations, refer to type 6AT6.

HEATER VOLTAGE (AC/DC) ... . ittteereenesannennnaoeeeeunnenininannsss 6.3 volts
HEATBR CURRENT, o0 v vverennnieenrncnaaenoans Cenreeeaanaes [P 0.3 ampere
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CLASS A, AMPLIFIER

Characteristics:

Plate Voltage (300 voltamaz)............cciviiia e 100 2560 volts
Grid Voltage. .. ........... e et -1 -2 volts
Amplification Factor...... ettt eea e e e 100 100

Plate Resistance. .. ....coiiiiiniiiiininenninniin e, 85000 66000 ohms
TransconductBnCe. . coeveiin e riieisreinoenennenennnaas 1160 1600 umhos
Plate Current.,....... b e iaes et 0.4 0.9 ma

POWER PENTODE 6':6
Metal type 6F6 and glass-octal
types 6F6-G and 6F6-GT are used in 6F6-G
the audio output stage of ac receivers.
They are capable of large power out- 6F6—GT
put with relatively small input voltage.
Outlines 6, 28, and 21, respectively, OUTLINES SECTION. Tubes require octal

socket and may be mounted in any position. It is especially important that these
tubes, like other power-handling tubes, should be adequately ventilated.

HEATER VOLTAGE (AC/DC)t vttt iiit it iiieciiiiarans aneennneann 6.3 volts
HEBATER CURRENT . .0ttt iittttt ittt e it iiiaannanns 0.7 ampere
Maximum Ratings: SINGLE-TUBE CLASS A, AMPLIFIER

PLATE VOLTAGE. ... i ittt it it i eans 376 mazx volts
GRID-NO.2 (SCREEN) VOLTAGE. . . vt ii ittt iiiiainnaanee carnan 285 mazx volts
PLATE DISSIPATION. ...ttt ittt i isiin ittt s itineesnnrraaanen 11 maz watts
GRID-NO.2 DISSIPATION. L. .. ittt i iiaiietneanrarnasasnaseasnans 8.76 mar watts
PEak HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............ooivvevivennnnnns 90 mazx volts

Heater positive with respect tocathode............. ... ... cnott. 90 mazx volts
Typical Operation: Fized Bias Cathode Bias
Piate Voltage. . ................. 250 286 250 286 volts
Grid-No.2 Voltage. .. ............ 250 285 250 285 wolts
Grid-No.1 (Control-Grid) Voltage . -16.6 -20 - - volts
Cathode Resistor. . .............. - - 410 440 ERITIRR U
Peak AF Grid Voltage. .. ........ 16.5 20 16.5 20 volts
Zero-Signal Plate Current. ....... 34 38 34 38 ma
Maximum-Signal Plate Current.. .. 36 40 35 38 ma
Zero-Signal Grid-No.2 Current. ... 6.6 i 6.5 i ma
Maximum-Signal Grid-No.2......

Current .. 10.5 13 9.7 12 ma
Plate Resistance (Approx.)....... 80000 78000 - - ohms
Transconductance. . ............. 2500 2560 - - pmhos
Load Resistance................. 7000 7000 7000 7000 ohms
Total Harmonic Distortion....... 8 9 8.5 9 per cent
Maximum-Signal Power Output. .. 3.2 4.8 3.1 4.5 watts
Maximum Ratings: PUSH-PULL CLASS A, AMPLIFIER
{Same as for single-tube class A, amplifier)

Typical Operation (Values are for two tubes): Fired Bias Cathode Bias

Plate VOlbBEE. . ... .ottt i it e et tncanannaans 315 3156 volts
Grid-No.2 Voltage. . ....... .. it it 285 285 volts
Grid-No.1 (Control-Grid) Voltage. . .................... ... -24 - volts
Cathode ReBistor. . ........ ... ... . iiiiiiiiiainrenenns - 820 ohms
Peak AF Grid-No.1-to-Grid-No.1 Voltage.................. 48 58 volts
Zero-Signal Plate Current. . . . ........c0 i iiiiinannn 62 62 ma
Maximum-Signal Plate Current. . . ....................o... 80 78 ma
Zero-Signal Grid-No.2 Current. . .......ccviviivvnenenrenns 12 12 ma
Maximum-Signal Grid-No.2 Current. ... ................... 19.6 18 ma
Effective Load Resistance (Plate-to-plate) . ... ............. 10000 10000 ohms
Total Harmonic Distortion. . . ............cooiviiiiiana. 4 3 per cent
Maximum-Signal Power OQutput............. ... .o 11 10.6 watts
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Maximum Rafings:

TRIODE—
REMOTE-CUTOFF PENTODE

Glass type adaptable to circuit design in
several ways. Except for common cathode, the
triode and pentode units are independent of
each other. Outline 27, OUTLINES SECTION.
Heater volts (ac/de), 6.3; amperes, 0.3

CLASS A; AMPLIFIER
Triode Unit

Pentode Unit

PLATE VOLTAGE, ....... et rec et 100 max 250 max volts
PLATE-SUPPLY VOLTAGE. . .. .......ovvvinennnnnn.. 250 max 250 max volts
GRID-NO.2 (SCREEN) VOLTAGE...........vo.euiannn - 100 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE. . . ............ -3 min -3 min volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.......... 90 max 90 max volts
Heater positive with respect to cathode.......... 90 mazx 90 max volts
Typical Operation and Characteristics: Triode Unil Pentode Unit
Plate Voltage...........oiiiiiiiiiiieinennan., 100 100 250 volts
Grid-No.2 Voltage - 100 100 volts
Grid-No.1 Voltage -3 -3 -3 volts
Amplification FaCtor. . . ......coiiiiiiiinnnninn.. 8 = -
Plate Resistance 0.29 0.85 megohm
Transconductance 1050 1100 umhos
Transconductance at ~356-volts bias 9 10 umhos
PlateCurrent..........o.vvvinnannnunn.a. 6.3 6.6 ma
Grid-No.2 Current, 1.6 1.5 ma

6F8-G

6G6-G

6H6
6H6-GT

MEDIUM-MU TWIN TRIODE

Glass octal type used as voltage amplifier
or phase inverter in radio equipment. Except for
common heater each triode is independent of the
other. Outline 26, OUTLINES SECTION.
Tube requires octal socket. Except for the heat-
er rating of 6.3 volts (ac/de) and 0.6 ampere and
interelectrode capacitances, each triode unit is
identical electrically with type 6J5. For typical
operation as a resistance-coupled amplifier, refer
to Chart 13, RESISTANCE-COUPLED AM-
PLIFIER SECTION.

POWER PENTODE

Glass octal type used in output stage of
radio receivers where moderate power output is
required. This type is economical because of its
low plate-power requirements and low heater
current. Outline 24, OUTLINES SECTION.
Tube requires octal socket. Except for inter-
electrode capacitances and & plate resistance of
175000 ohms, this type is electrically identical
with type 6AK6. Heater volts (ac/dc), 6.3;
amperes, 0.15.

Metal type 6H6 and glass-octal
type 6H6-GT are used as detectors,
low-voltage rectifiers, and ave tubes.
Except for the common heater, the
two diode units are independent of

Poy
TWIN DIODE PD2 O
Q/
NN A f H
sieie (L)% (8)
(>

15:6H6-GT

G2 Gy
(-
9/

Kpp

each other. For diode detector considerations, refer to ELECTRON TUBE AP-
PLICATIONS SECTION.
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HEATER VOLTAGE (AC/DC). .. it ittt it it i e a s 6.3 volts
HEATER CURRENT. . . ..o\ ot ittt e et et e e ettt i aaans 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:{
6HE6 6H6-GT
Plate No.1 to Cathode No.1............... ... ... ..., 3.0 3.0 puf
Plate No.2 to Cathode No.2. ... ...................... 3.4 4.0 puf
Plate No.ltoPlate No.2. . ... ... ... it 0.1 mazx 0.1 max puf
t With shell or external and internal shields connected to cathode.
Maximum Ratings: RECTIFIER OR DOUBLER
PEAK INVERSE PLATE VOLTAGE. . ... oo ttvv ettt iiitiieeiiieernarennen 420 mazx volts
48 mazx ma

PEAK PLATE CURRENT PER PLATE. .. ... ... ... . .. it
8 max ma

DC OUuTPUT CURRENT PER PLATE. . ... ..ottt iriaaiiinaennaanas

PEAK HEATER-CATHODE VOLTAGE. . . ...ttt it iieiinrancnsnase 330 mazx volts

Typical Operation {As Half-Wave Rectifier):*

AC Plate Voltage per Plate (RMS)..............coiiniiins 117 150 volts

Min. Total Effective Plate-Supply Impedance per Plate® ..... 15 40 ohms

DC Output Current per Plate. . ...................ciot. 8 8 ma

Typica! Operation (As Voltage Doubler): Half-Wave Full-Wave

AC Plate Voltage per Plate (RMS)............. ........... 117 117 volts

Min. Total Effective Plate-Supply Impedance per Plate® .. ... 30 15 ohms
8 8 ma

DC Output CUrrent. ... ......c.vviuuniineerrnereuii..s
* In half-wave service, the two units may be used separately or in parallel,

° When a filter-input capacitor larger than 40 uf is used, it may be necessary to use more plate-supply
impedance than the value shown to limit the peak plate current to the rated value.

INSTALLATION AND APPLICATION

Types 6H6 and 6H6-GT require an octal socket and may be mounted in any
position. Outlines 1 and 17 respectively, OUTLINES SECTION. For heater and

cathode considerations, refer to type 6ATS6.
. : a5 AVERAGE CHARACTERISTICS
For detection, the diodes may be utilized ,,(save RECTIFICATIONE-SISGLE %xom:
.

in a full-wave circuit or in a half-wave cireuit. TreE 6HE
In the latter case, one plate only, or the two oJ: €¢=6.3 VOLTS ~700
plates in parallel, may be employed. For the 5 _&;
same signal voltage, the use of the half-wave Z Q; 5 600
arrangement will provide approximately twice i ST "
the rectified voltage as compared with the full- 2 o || 500 i
wave arrangement. g wa;.— g
For automatic-volume control, the 616 and 5 o 4008
6H6-GT may be used in circuits similar to N o s
those employed for any of the twin-diode types @ o%c 5t T 11300 o
of tubes. The only difference is that the 6H6 2 ! 2
and 6H6-GT are more adaptable because each &l I e
diode has its own separate cathode. | N 5
Since the diodes by themselves do. not el ] whoo
provide any amplification, it is usually neces- 'noooCS,:L N
sary to provide gain by means of a supple- —— o
mentary tube. Types such as the 6J5, 6SJ7, DC VOLTS DEVELOPSD BY DIODE
Q2CM—-44946T

and 6AU6 are very suitable for this purpose.
Their use in combination with the 6H6 or
6H6-GT is similar to that of the amplifier sections of twin-diode triode or pen-

tode types.
111



RCA RECEIVING TUBE MANUAL

G

MEDIUM-MU TRIODE ®

6J 5 Metal type 6J5 and glass-octal
type 6J5-GT used as detectors, ampli-

6J S_GT fiers, or oscillators in radio equipment. " O ;‘/ OF

These types feature high transconduc- si6 (e
K

(©

tance together with comparatively BC245eT
high amplification factor. Outlines 3 and 19, respectively, OUTLINES SECTION.
Tubes require octal socket and may be mounted in any position. For heater and
cathode considerations, refer to type 6AT6. For typical operation as a resistance-
coupled amplifier, refer to Chart 13, RESISTANCE COUPLED AMPLIFIER
SECTION.

HEATER VOLTAGE (AC/DC) .1 . vttt ettt entnneaaeseremnanseeenseeaannannans 6.3 volts
HEATER CURRENT . .. ...ttt tuteerunraneesnneeonennsennesanneeennnrsnuns 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (ApDprox.): 6J5% 6.J5-GT+*
Gridto Plate. . ......... ot e, 3.4 3.8 upf
Grid to Cathode. . ................. 3.4 4.2 nut
Plate to Cathode. ......... ... .. .. ... iiiiiiiia., 3.6 5.0 puf
* Shell connected to cathode. ** Close-fitting shield connected to cathode.
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. . . ..ottt ettt et ettt et aa et enrennnnns volts
GRID'VOLTAGE. ............... i volts
PLATE DiISSIPATION watts
PEaK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode...................... ..o vun .. 90 max volts
Heater positive with respect tocathode. ... ............ ..o iivinn.... 90 max volts
CATHODE CURRENT. . .+t ottt et ttetntaa e et ettt et atte e et eiinnaaasans 20 mazx ma
Typical Operation:
Plate Voltage. ... ... .. i i ittt 90 250 volts
Grid Voltagef....... ... i e e 0 ~8 volts
Amplification Factor........ ... ..coiiiiiiii it 20 20
Plate Resistance. .. ... ... . ittt it nnnn, 6700 7700 ohms
Transconductance. .. .. ... ... .o i it 3000 2600 umhos
Plate Current. ...... ... ...ttt iiiiiaee i, 10 9 ma

f Under maximum rated conditions, the dc resistance in the grid circuit should not exceed 1.0 megohm.

AVERAGE PLATE CHARACTERISTICS

T
TYPE 6J5
E £=6.3 VOLTS

1

o
”n [}
7 ‘ s /

A, |
[

PLATE MILLIAMPERES
»

AT
AVAVAAVAVA 2
A

240 3
PLATE VOLTS P2CM-4TTIT
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MEDIUM-MU TWIN TRIODE

Miniature type used as an rf power
amplifier and oscillator or as an af am- 6J6
plifier. With a push-pull arrangement

of the grids and with the plates in

parallel, it is also used as a mixer at

frequencies as high as 600 megacycles. Outline 10, OUTLINES SECTION. Tube
requires miniature seven-contact socket and may be mounted in any position.
For heater and cathode considerations, refer to type 6AQ5.

HEATER VOLTAGE (AC/DC) . .\ttt t ittt taen s nassansseassnansssnncanssanes 6.3 volts
HEATER CURRENT. . ... .ottt et ititaanesscansasosoasunsneseasnansnns 0.456 ampere
DIRECT INTERELECTRODE CAPACITANCE: *
Grid to Plate. . . i\ttt it it i it it e . 1.6 uuf
Grid to Cathode. . .o v ittt iet e tieareeraanaaannesns [ 2.0 npuf
Plate t0 Cathode. ...\ vt it it ie et ieiessraacnecaencscsnasassnsnane . 0.4 apf
* No external shield. Approximate values for each unit.
Maximum Ratings: CLASS A, AF AMPLIFIER
PLATE VOLTAGE. .. .. .oovviiirvnrnnnnannnnn e herricaane 300 mazx volts
PLATE DISSIPATION (PER UNIT). . o0 itvirnernnecnnervonnssossonnasnssans 1.5 maz watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode..............coiiiiivninenen 90 max volts
Heater positive with respect to cathode. . ............. .. . ..ivaen 90 max volts
Typical Operation (Each Unit):
Plate Voltage. .. ..ottt ittt ittt iiee i raneeraaneanenens 100 volts
Cathode-Bias Resistor®*. . ... .. .. . .. . i i i i e i 50% ohms
Amplification FacCtor. .. ... ..ottt iiiieiireieriiaieranceaansn 38
Plate Resistance. . . .. .. ... ittt ittt it a i 7100 ohms
TranscondUCLANCE. . . . .. ...t iiiiitt i iaiaeeaa e raanahans 5300 umhos
Plate CUITENt. .. ...ttt ittt iet e iia s arieenaaannenns 8.5 ma

** Under maximum rated conditions, the resistance in the grid circuit should not exceed 0.5 megohm
with cathode bias. Operation with fixed bias is not recommended.
t Value is for both units operating at the specified conditions.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

Values are for both units, unless otherwise specified.
Maximum Ratings:

DC PLATE VOLTAGE. . ..t teunetsveesnreernnntsonesnesosnsaneannsns 300 max volts
DC GRID VOLTAGE. . . ittt ietinettnan e iaennnerrraannesannaenaans —-40 max volts
DC PLATE CURRENT (PER UNIT) . . 0ttt vivnntnianennaeorancusnannncanns 15 max ma
DC GRID CURRENT (PER UNIT) ... ..t vreteeiaenarnssnencssssosasnnnnnns 8 max ma
DC PLATE INPUT (PER UNIT) N 4.5 mazx watts
PLATE DISSIPATION (PER UNIT). .. .0viutnntennnoaensnacansarnssnaasoass 1.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ........... ... ..., 90 mazx volts

Heater positive with respect tocathode. . ............... ... ... 0. . 90 max volts
Typical Operation:}
DC Plate Voltage. . ..o vttt it iiestiaetnnsasstaaanssanans cess 150 volts
DC Grid Voltage®.......... e e teesesresare b et e -10 volts
DCPlate CuIrrent. . . .vovovneiennsitasonensrnsersossesnseranseonnsans 30 ma
DC Grid Current (APProX.). ... .coeveeernanccunecnn . 16 ma
Driving Power (APProx.). ......oveevevevocennsans . 0.36 watt
Power QULPUL (APDPIrOX.) . oo v ittt cinaanii e rererasntnnsnarnsssonans 3.5 watts

t At moderate frequencies in push-pull. Key-down conditions without modulation. At 250 Mc, approxi~
mately 1.0 watt can be obtained when the 6J6 is used as a push-pull escillator with a plate voltage of
160 volts, with maximum rated plate dissipation, and with a grid resistor of 2000 ohms common to
both units.

° Obtained by grid resistor (625 ohms), cathode resistor (220 ohms), or fixed supply.
113



RCA RECEIVING TUBE MANUAL

AVERAGE PLATE CHARACTERISTICS
FOR EACH UNIT
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6J7 SHARP-CUTOFF PENTODE P
7 G Metal type 6J7 and glass-octal
6J - types 6J7-G and 6J7-GT are used as

6 J7-GT biased detectors or high-gain audio 6\‘_ /ﬂ

amplifiers in radio receivers. Outlines 3:7

4,26,and 18, respectively, OUTLINES sc:eur-cr K
SECTION. All types require octal socket and may be mounted in any position.
For typical operation as resistance-coupled amplifiers, refer to Charts 11 and 14,
RESISTANCE-COUPLED AMPLIFIER SECTION. For heater and cathode
considerations, refer to type 6AT6.

HEATER VOLTAGE (AC/DC) . .. vt itt ittt ittt ettt st taans e 6.3 volts
HEATER CURRENT. . .. ittt tttene it et e tsane et seenansoneerennns 0.3 ampere
Maximum Ratings: CLASS A, AMPLIFIER (Pentode Connection)
PLATE VOLTAGE. .. ... .ttt 300 max volts
GRID-NO.2 (SCREEN) VOLTAGE. .« ..o\ttt ittt iee e enans 126 mazx volts
GRID-NO.2 SUPPLY VOLTAGE. . .. ...\ ittttttiiiiaeean e ieennnnennns 300 maz volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE. . . . . 0o tttinnrinniensrnnnnenennnns 0 min volts
PLATE DISSIPATION . .. .\ttt e et ans 0.75 maz watt
GRID-NO.2Z DISSIPATION . . .. ..ottt ittt ettt eaitaee e iiinnineeesnnns 0.10 mazx watt
PBAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to ecathode..................... N 90 max volts
Heater positive with respect to eathode.................... 90 max volts
Typical Operation:
Plate Voltage. . . ...ttt ittt 100 250 volts
Grid No.3 (Suppressor). ... ......cuvvieerinrernnnnnnnnnss Connected to cathode at socket
Grid-No.2 Voltage. ............ .o, 100 100 volts
Grid-No.1 Voltage*., . ........ ...t -3 -3 volts
Plate Resistance. .. ......... ... ittt i, 1.0 + megohm
Transeonductance. . ...............ieine i, ., 1185 1225 umhos
Grid Bias (Approx.) for cathode-current cutoff. . ... ......... -7 -7 volts
Plate Current. ... .. ... . i 2 2 ma
Grid-No.2 Current. .. ... ..ottt 0.5 0.5 ma
250 mag volts
.. 0 min volts
PLATE AND GRID-NO0.2 DISSIPATION (TOTAL) ................... e 1.75 max watts
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Typical Operation:

Plate Voltage. .. .. ... it iiiniinnennrenns 180 250 volts
Grid-No.1 Voltage®. .. ... . i iiiiiiiniiineniiannen -5.3 -8 volts
Amplification Factor. ... ......coviinriieririeeannanernns 20 20

Plate ResiStance. . . ... ..vtriiieiiiinnieciirnaneannns 11000 10500 ohms
Transcondetance. . ..o vvii it iiia i 1800 1900 umhos
Plate Current. .. .. ...ttt et ia i 5.3 6.5 ma

* DC resistance in grid circuit should not exceed 1.0 megohm.
<+ Greater than 1.0 megohm.
° Grids No.2 and No.3 connected to plate.

S2pe er TRIODE—HEPTODE CONVERTER

Glass octal type used as a combined triode
Pup / e pr oscillator and heptode mixer in radio receivers.
Outline 26, OUTLINES SECTION. Tube re-

quires octal socket. Heater volts (ac/dc), 6.3; 6J 8 —G
amperes, 0.3. Typical operation—Heptode unit:
e" OF plate volts, 250 (300 maz); grids-No.2-and-No.4
volts, 100 max; grid-No.l volts, —3; plate re-
sistance, 4 megohms; conversion transconduc-

Conp
tance, 290 umhos; plate ma., 1.3; grids-No.2-and-No.4 ma., 8.5. Triode unit: plate volts, 250 maz
(applied through 20000-ohm dropping resistor); grid resistor, 50000 ohms; plate ma., 5.8. This type is

used principally for renewal purposes.

HIGH-MU TRIODE

Glass octal type used as voltage amplifier
in radio equipment. Qutline 18, OUTLINES
SECTION. Tube requires octal socket. Heater
volts (ac/dc), 6.3; amperes, 0.3. Characteristics 6K 5 _GT
as class A; amplifier: plate volts, 250 max; grid
volts, -3; amplification factor, 70; plate resis-
tance, 50000 ohms; transconductance, 1400
umhos; plate ma., 1.1. This type is used princi-
pally for renewal purposes.

N oA POWER PENTODE
p /5 Glass octal type used in output
stage of radio receivers. It is capable
of delivering moderate power output 6K6-GT
n\ A /6 with relatively small input voltage.

0, Tube may be used singly or in push-
P pull.

NC Ga

HEATER VOLTAGE (AC/DC). .. 6.3 volts
HEATER CURRENT. . ............... 0.4 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx. With no external shield):,

Grid No.l to Plate. .. .. ..ooitiiiii it eiiiiannnanns 0.5 puf

8 ¢ 5.5 s

L0107 ¢ U AP 6.0 nuf
Maximum Ratings: SINGLE-TUBE CLASS A; AMPLIFIER
PLATE VOLTAGE. .. .. ... i iitieiiiiirareittetnssernaesenssennensaannes 315 mazx volts
GRID-NO.2 (SCREEN) VOLTAGE. . ..t evivinnieinivviinsannannanenes v 285 mazx volts
PLATE DISSIPATION. ... 0ottt e it i iiinirtanianeiearnnrtonoensncnans 8.6 mazx watts
GRID-NO.2 DISSIPATION. . .. ..\ttt ittt it eiaeennuaeneroasasoeensnnnn 2.8 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 90 maz volts

Heater positive with respect to cathode. . 90 max volts
Typical Operation:
Plate Voltage. . ....................c.ciuiu.. 100 250 315 volts
Grid-No.2 Voltage. . . .........c.coviivnnnnnens 100 250 250 volts
Grid-No.1 {Control-Grid) Voltage. . ........... -7 -18 —21 volts
Peak AF Grid-No.1 Voltage. ... ........ e 7 18 21 volts
Zero-Signal Plate Current. ... ................ 9 32 25.5 ma
Maximum-Signal Plate Current. .............. 9.5 33 28 ma
Zero-Signal Grid-No.2 Current. . .. ............ 1.6 5.5 4.0 ma
Maximum-Signal Grid-No.2 Current........... 3 10 9 ma
Plate Resistance (Approx.}................u.n 104000 68000 75000 ohms
Transconduetance. . .............o0veneiiannn 1500 2300 2100 pmhos
Load Resistance. .. ....._............. ..., 12000 7600 9000 ohms
Total Harmonic Distortion. . ................. 11 1 15 per cent
Maximum-Signal Power Qutput..,............ 0.35 3.4 4.5 watts
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Maximum Ratings: PUSH-PULL CLASS A, AMPLIFIER

{Same as for single-tube class A, amplifier.)

B . Figed Cathode

Typical Operation (Values are for two tubes): Bias Biaa

Plate Voltage. . . .oooiui i iiii i iinenrnnernesenns 285 285 volts
Grid-No.2 Voltage. ... ... .t iiiiiiiieiriiatascnannsnns 285 285 volts
Grid-No.l (Control-Grid) Voltage. . ......coovviiavrnnrenns -25.5 - volts
Cathode Resistor. ...................... .. - 400 ohms
Peak AF Grid-No.I-to-Grid-No.1 Voltage. .. 51 51 volts
Zero-Signal Plate Current. ... ........... .. 55 56 ma
Maximum-Signal Plate Current........ .. 72 61 ma
Zero-Signal Grid-No.2 Current. ... .....vvvernnennnasnenns 9 9 ma
Maximum-Signal Grid-No.2 Current........ PN 17 13 ma
Effective Load Resistance (Plate-to-plate).................. 12000 12000 ohms
Total Harmonic Distortion. . ....... .. ..ot iiiiirnienns 6 4 per cent
Maximum-Signal Power QUtPUL., ... .cuvtiviennennoensnnnes 10.6 9.8 watts

INSTALLATION AND APPLICATION

Tube requires octal socket and may be mounted in any position. Outline 17,
OUTLINES SECTION. It is especially important that this tube, like other power-
handling tubes, should be adequately ventilated.

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. When the grid circuit has a resistance not
higher than 0.1 megohm, fixed bias may be used; for higher values, cathode bias
is required. With cathode bias, the grid circuit may have a resistance as high as
but not greater than 1.0 megohm, provided the heater voltage does not rise more
than 109, above the rated value under any condition of operation.

AVERAGE PLATE CHARACTERISTICS
PENTOOE CONNECTION
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6K7 REMOTE-CUTOFF PENTODE

Metal type 6K7 and glass-octal

6K7-G types 6K7-G and 6K7-GT used in rf
and if stages of radio receivers, par-

6K7—GT ticularly in those employing ave. Out-

lines 4, 26, and 18, respectively, OUT-

LINES SECTION. These tubes require octal socket and may be mounted in any

position. For voltage supplies and application, refer to type 6SK7. For heater and
cathode considerations, refer to type 6ATS6.
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HEATER VOLTAGE (AC/DC). . .. F N 6.3 wolts
HEATER CURRENT. . oo vvitinitiriint e st ttonaasnssoneeransonan 0.3 ampere
Maximum Ratings:
PLATE VOLTAGE . . s o ittt ttenaeonennersennensensaneaseneninnnssansans 300 mazx volts
GRID-N0.2 (SCREEN) VOLTAGE. + v e o oo 125 maz volts
GRID-NO.2 SUPPLY VOLTAGE. .. ...ttt et ritnniinsnnnennns 300 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE . ¢+ v vt o vviunnrvrnnsrnnnsnnnesnonns 0 min volts
PLATE DISSIPATION . . .ot i ittt ittt iaioa et aianariaanans 2.75 max watts
GRID-NO.Z DISSIPATION. . . ... ittt iiniiiniein i iaenncnannns 0.35 max watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respeet to cathode 90 mazx volts
Heater positive with respect to cathode....... e 90 mazx volts

Typical Operation:

Plate Voltage. . . ..... ..., 100 250 250 volts
Grid No.3 (Suppressor) . . Connected to cathode at socket
100 100 125

Grid-No.2 Voltage. . volts
Grid-No.1 Voltage . -1 -3 -3 volts
Plate Resistance (Approx.) .. . .. 0.15 0.8 0.6 megohm
Transeonductance. . . . ........veruvnenenrannn 1650 1450 1650 umhos
Grid Bias for transconductance of

approX. 2 umhos. .. ... .. i -38.5 -42.5 -52.5 volts
Plate Current. . ........coiiininennnanann.. 9.5 7.0 10.5 ma
Grid-No.2 Current. . oo eevrvnrecnernuannrnnnes 2.7 1.7 2.6 ma

TRIODE-HEXODE CONVERTER 6K8
Metal type 6K8 and glass-octal
types 6K8-G and 6K8-GT used as 6K8—G
combined triode oscillator and hexode
K8 mixer in radio receivers. Type 6KS, 6K8'GT
BCi6KB-GT R QOutline 5, type 6K8-G, Outline 25,

OUTLINES SECTION. Type 6K8-GT is a DISCONTINUED type listed for
reference only. Tubes require octal socket and may be mounted in any position.
For heater and cathode considerations, refer to type 6AT6. For application, refer
to Frequency Conversion in ELECTRON TUBE APPLICATIONS SECTION.

HEATER VOLTAGE (AC/DC)...... S erereenes 6.3 volts
HEATER CURRENT. . .......000n et tteta ettt it e, 0.3 ampere
Maximum Ratings: CONVERTER SERVICE
HEXODE PLATE VOLTAGE. . ..ottt e v irtineenaenanannaan Cereraas 300 max volts
HEXODE GRIDS-N0.2-AND-N0.4 (SCREEN) VOLTAGE. 150 mazx volts
HEXODE GRIDS-N0.2-AND-N 0.4 SUPPLY VOLTAGE. . . .. 300 max volts
HEXODE GRID-N 0.3 (CONTROL-GRID) VOLTAGE. . . ... .0vvinnriunnrennsn, 0 min volts
TRIODE PLATE VOLTAGE. & . . . . ittt ittt iaraaaaranns 125 mazx volts
HEXODE PLATE DISSIPATION . ... .. ittt ie i ann 0.75 max watt
HEXODE GRIDS-N0.2-AND-N0O.4 DISSIPATION. . .. ......coiiiiiiinnnnnnn 0.7 max watt
TRIODE PLATE DISSIPATION. . & 0ttt vurneciinianuniecnnsonnronnnsennss 0.75 mazx watt
TOTAL CATHODE CURRENT. . & vttt ttininiantineseenrannnanennansss 16 mazx ma
PEaK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. . ........ ... ... .. i, 90 max volts

Heater positive with respect to cathode. ... ........oviiiiiiiiiiinns 90 max volts
Typical Operation:
Hexode Plate Voltage. ........... ... .. . iiiiiniininn.. 100 250 volts
Hexode Grids-No.2-and-No.4 Voltage. . .................... 100 100 volts
Hexode Grid-No83 Voltage. . . ............cvtivenurennenns -3 -3 volts
Triode Plate Voltage. . .......ooviiiniii v iiiiiinninn.. 100 100 volts
Triode Grid Resistor. . ..... ...ty 50000 50000 ohms
Hexode Plate Resistance (Approx.). .. ......ccoviieivennn., 0.4 0.6 megohm
Conversion Transconductance. .............oivvnvrnvan.. 325 350 pmhos
Hexode Grid-No.3 Voltage (Approx.) for conversion transcon-

ductance of 2 umhos -30 -30 volts
Hexode Plate Current. . 2.3 2.5 ma
Hexode Grids-No.2-and 6.2 6.0 ma
Triode Plate Current. ... .......cccvvinnn 3.8 3.8 ma
Triode Grid and Hexode Grid-No.1 Current. . .. 0.15 0.15 ma
Total Cathode Current. . ... .vvvvnriirinirrieernnecnnans 12.5 12.5 ma

The transconductance of the triode section, not oscillating, of the 6K8 is approximately 3000
umhos when the triode plate voltage is 100 volts, and the triode grid voltage is 0 volts.
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MEDIUM-MU TRIODE

Glass octal type used as detector, amplifier,

or oscillator in radio receivers. Outline 24, OUT-

6L 5 G LINES SECTION. Heater volts (ac/dc), 6.3;
- amperes, 0.15, Typical operation and character-

isties: plate volts, 250 max; grid volts, —-9; plate

ma., 8; plate resistance, 9000 ohms; amplifiea-

tion factor, 17; transconductance, 1900 umhos;

grid-bias volts for cathode-current cutoff, -20.

As a class A, amplifier, the 6L.5-G may be operated in resxstance—coupled circuits as shown in Chart 15,
RESISTANCE-COUPLED AMPLIFIER SECTION. This type iz used principally for renewal

purposes.

BEAM POWER AMPLIFIER

6'-6 Metal type 616 and glass-octal
6'. 6 G type 6L6-G are used in output stage
= of radio receivers and amplifiers, es-
pecially those designed to have ample

reserve of power-delivering

TRODES, AND ELECTRON TUBES SECTION.

HEATER VOLTAGE (AC/DC)
HEATER CURRENT. . . .. ..t ittt iniineaiarnrnsnnans
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Grid No.l1to Plate. .. .......... et i i

Maximum Ratings:

ability. nEietec
These types provide high power output, sensitivity, and high efficiency. Power
output at all levels has low third and negligible higher-order harmonics. For dis-
cussion of beam power amplifier considerations, refer to ELECTRONS, ELEC-

PLATE VOLTAGE. ... ..\ttt tnneavrinnaenusarensnsasnoncoinsssasnns 360 maz
GRID-NO.2 (SCREEN) VOLTAGE. . . . ¢ ccvnvtuirrnsonroeconenanans vereaas .. 270 max
PLATE DISSIPATION. .. ....... 19 maz
GRID-N0.2 DISSIPATION 2.5 max
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ............ ... ... .o oivaeen 180 mazx

Heater positive with respect tocathode. .. .......... ... o iiiunnn 180 max
Typical Operation: Fized Bias Cathode Bias
Plate Voltage. . . ............ ..t Cetearaeaaan, 250 350 250 300
Grid-No.2 Voltage. .. .........ooviviiveniaunnns 250 250 250 200
Grid-No.1 (Control-Grid) Voltage. . ............... -14 ~18 - -
Cathode Resistor. ..............ciniiiiienninenns - - 170 220
Peak AF Grid-No.1 Voltage. . ............... . 14 18 14 12.5
Zero-Signal Plate Current. . ... .............. 72 54 75 51
Maximum-Signal Plate Current . ............. . 79 66 78 54.6
Zero-Signal Grid-No.2 Current. . .........covevuuns 5 . 256 5.4 3
Maximum-Signal Grid-No.2 Current. .............. 7.3 7 7.2 4.6
Plate Resistance. . .. ..........c.iiiiiiiernieienns 22500 33000 - -
Transconductance. .. ............. eeeareraeaeaa 6000 5200 - -
Load Resistance. . . ............coiiviiieneunean. 2500 4200 2500 4500
Total Harmonic Distortion. .. .................. .. 10 15 10 11
Maximum-Signal Power Output. .........ocnuvnnn 6.5 10.8 6.6 6.5

SINGLE-TUBE CLASS A; AMPUFER (Triode Connection)t

Maximum Ratings:

PLATEVOLTAGE. .. ....iiviiiiininennanonnane

PLATE AND GRID-N0.2 DISSIPATION ('ro'rAL)....................

PRAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ........cecuveevenns

Heater positive with respect to cathode. . ................

ccesnsessee

276 max

12.5 maz

180 max
180 mazx

volts
ampere

npf

suf

volts
volts
watts
watts

volts
volts

volts
volts
volts
ohms
volts

ma

ma
ohms
smhos
ohms
per cent
watts

volts
watts

volts
volts
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Typical Operation: Fixed Bias Cathode Bias

Plate Voltage. . . ......... ... ... ... i, 250 250 volts
Grid Voltage. . . .......... .. ... ... ... iiiinnn .. —20 = volts
Cathode Resistor. ............. . .. - 490 ohms
Peak AF Grid Voltage. . .. ... 20 20 volts
Zero-Signal Plate Current. . . . 40 40 ma
Maximum-Signal Plate Current. . ..... . .. 44 42 ma
Plate Resistance. . ............. N 1700 - ohms
Amplification Factor........... ... ... iiiiuan.. 8 -
Transconductance 4700 - pmhos
Load Resistance. ... ......covvinnniiiineenneiann 5000 6000 ohms
Total Harmonie Distortion 5 6 per cent
Maximum-Signal Power Qutput. .................. 1.4 1.3 watts
t Grid No.2 connected to plate.

Maximum Ratings: PUSH-PULL CLASS A, AMPLIFIER

{Same as for single-tube class A, amplifier)

Typical Operation {Values are for two tubes) Fired Bias Cathode Bias

Plate Voltage. . . ... ittt einennnes 250 270 270 volts
Grid-No.2 Voltage. ... ... .. oiiiiiiniinnenen.. 250 270 270 volts
Grid-No.1 (Control-Grid) Voltage. ... ............. -16 -17.5 - volts
Cathode Resistor. .. .......... ... ...ooiuinven... — - 125 ohms
Peak AF Grid-No.1-to-Grid-No.1 Voltage .......... 32 385 40 volts
Zero-Signal Plate Current. ... .......... .. 120 134 134 ma
Maximum-Signal Plate Current. . 140 155 145 ma
Zero-Signal Grid-No.2 Current. . ... . 10 11 11 ma
Maximum-Signal Grid-No.2 Current - 16 17 17 ma
Piate Resistance. . .. ................... ... ...... 24500 23500 - ohms
Transconductance. .. .................ooiunn.n 5500 5700 = pumhos
Effective Load Resistance (Plate-to-plate).......... 5000 5000 5000 ohms
‘Total Harmonic Distortion. . .. ................... 2 2 2 per cent
Maximum-Signal Power Qutput. .................. 14.5 17.5 18.5 watts
Maximum Ratings: PUSH-PULL CLASS AB, AMPLIFIER

{Same as for single-tube class A; amplifier)

Typical Operation {Values are for two fubes): Fized Bias Cathode Bias

Plate Voltage. . . . .....ovinin i 360 360 360 volts
Grid-No.2 Voltage. .. ......... ... ... ... ..co.... 270 270 270 volts
Grid-No.1 (Control-Grid) Voltage. . ............... -22.5 -22.5 - volts
Cathode Resistor. . ................iuiiiunnn. . - - 250 ohms
Peak AF Grid-No.1-to-Grid-No.1 Voltage . 45 45 57 volts
Zero-Signal Plate Current. . . . . . 88 88 ma
Maximum-Signal Plate Current. 132 140 100 ma
Zero-Signal Grid-No.2 Current. . .......... .. 5 5 ma
Maximum-Signal Grid-No.2 Current. .............. 15 11 17 ma
Effective Load Resistance (Plate-to-plate) .......... 6600 3800 9000 ohms
Total Harmonie Distortion. . . .................... 2 2 4 per cent
Maximum-Signal Power Qutput................... 26.5 18 24.5 watts
Maximum Ratings: PUSH-PULL CLASS AB, AMPLIFIER

{Same as for single-tube class A, amplifier)

Typical Operation (Values are for two tubes): Fixed Bias

Plate Voltage. . . ...t it it i e i i i, 360 360 volts
Grid-No.2 Voltage. . .. .. ... i i i it ittt ei e 225 270 volts
Grid-No.1 (Control-Grid) Voltage. . ............ ..o ciiiiiiniina.t, -18 -22.5 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage 52 72 volts
Zero-Signal Plate Current. . . ... ... .. ittt 78 88 ma
Maximum-Signal Plate Current 142 205 ma
Zero-Signal Grid-No.2 Current. 3.5 5 ma
Maximum-8ignal Grid-No.Z Current. 11 16 ma
Effective Load Resistance (Plat&to—plate) 6000 3800 ohms
Peak Grid-Input Power. . .............. . . 140 270 mw
Total Harmonie Distortion. . .. ............................. .. 2 2 per cent
Maximum-Signal Power Output.............. 31 47 watts

INSTALLATION AND APPLICATION

Types 6L6 and 6L6-G require an octal socket and may be mounted in any
position. Outlines 7 and 338, respectively, OUTLINES SECTION. It is especially
important that these tubes, like other power-handling tubes, should be adequately

ventilated.
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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 6AQ5.

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 109, of each typical grid-No.2 voltage can be used without increasing dis-
tortion.

As class A, power amplifiers, the 6L.6 and 6L6-G may be operated as shown
in the tabulated data. The values cover cathode- and fixed-bias operation for both
types where used as beam power tubes as well as where they are connected as
triodes and have been determined on the basis 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 amplifiers with resistance-coupled
input, the second harmonics can be minimized by generating out-of-phase second
harmonics in the pre-amplifier.

As push-pull class AB, power amplifiers, the 6L.6 and 6L6-G may be oper-
ated as shown in the tabulated data. The values shown cover cathode- 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 A; and class AB, 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, cathode bias
is required. With cathode bias the grid circuit may have a resistance as high as,
but not greater than, 0.5 megohm provided the heater voltage is not allowed to
rise more than 109, above the rated value under any condition of operation.

As push-pull class AB, power amplifiers, the 6L6 and the 6L6-G may be
operated as shown in the tabulated data. The values cover operation with fixed
bias and have been determined on the basis that some grid current flows during
the most positive swing of the input signal.

Refer to CIRCUIT SECTION for circuits employing the 6L6 or 6L.6-G, and
to the ELECTRON TUBE APPLICATIONS SECTION for discussion of in-
verse-feedback arrangements.

AVERAGE PLATE CHARACTERISTICS
WITH €Cy AS V/

TYPE 6L6
Ef = 6.3 VOLTS
GRID-N22 VOLTS = 250

LOAD LINE CORRECTEC TO COMPENSATE]
FOR EFPECTS OF RECTIFICATION
TH LARGE SIGNALS

-

C\

«

S

Nl VOLTS €C120
GRI ~dhodiiutt e

WA T
i

PLATE(Ib) OR GRIDNE2(I¢ 5 ) MILLIAMPERES

A

e~ -23
o - 100 200 300 400 500 800 700
PLATE VOLTS 92CM-4581TI
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G
Cq 3 PENTAGRID MIXER

Metal type 6L.7 and glass-octal type 6L7-G
are used as mixers in superheterodyne circuits 6L7
having a separate oscillator stage as well as in
other applications where dual control is desir- 6L7

H a n ablein a single stage. The two separate control -G
grids are shielded from each other and the

Si6L7 coupling effects between oscillator and signal
NCi6L7-G Gs circuits are very small. For additional informa-
tion, refer to Frequency Conversion, ELECTRON TUBE APPLICATIONS SECTION. Outlines 4 and
26, respectively, OUTLINES SECTION. Heater volts (ac/dc), 6.3; amperes, 0.3. Maximum ratings as
mixer: plate volts, 300; grids-No.2-and-No.4 volts, 150; plate dissipation, 1.0 watt; grids-No.2-and-
No.4 dissipation, 1.5 watts. Typical operation as mixer (values recommended for all-wave receivers):
plate volts, 250; grids-No.2-and-No.4 volts, 150; grid-No.1 (signal-grid) volts, -6 min; grid-No.3 (oscil-
lator-grid) volts*, -15; peak oscillator volts applied to grid No.3, 18 min; plate ma., 8.8; grids-No.2-and-
No.4 ma., 9.2; plate resistance, greater than 1 megohm; conversion transconductance, 360 umhos; grid-
No.1 volts for 5 umhos conversion transconductance, -45.
* The dc resistance in the grid-No.3 circuit should be limited to 50000 chms,

DIRECT-COUPLED POWER TRIODE

Glass octal type used as class A power am-
plifier. Outline 28, OUTLINES SECTION. 6N6 G
Heater volts (ac/de), 6.3; amperes, 0.8. For -
electrical characteristics, refer to type 6Bb.

Type 6N6-G is used principally for renewal pur-
poses.

HIGH-MU TWIN POWER TRIODE

Metal type 6N7 and glass-octal 6N7
type 6N7-GT used in output stage of
radio receivers as class B power ampli- 6N7-GT
fier or with units in parallel as a class
NC:6N7-GT K A, amplifier to drive a 6N7 or 6N7-GT
as a class B amplifier. Outlines 6 and 17, respectively, OUTLINES SECTION.
Tubes require octal socket and may be mounted in any position. For typical oper-
ation as a resistance-coupled amplifier, refer to Chart 6, RESISTANCE-COUPLED
AMPLIFIER SECTION. For class B amplifier considerations, refer to ELECTRON
TUBE APPLICATIONS SECTION.

HEATER VOLTAGE (AC/DC). ..o ii vttt ittt ettt itiiteeinsaannaaaas 6.3 volts
HEATER CURRENT. . . ..ottt ittt et ae e e ite e aneaaanecnronenss 0.8 ampere

CLASS B POWER AMPLIFIER
Values are for two tubes, unless otherwise specified.
Maximum Ratings:

PLATE VOLTAGE. . ..ot i ittt ettt in et iiacaaonsenaneseanesnanennanss 300 max volts
PEAK PLATE CURRENT (Each Unit)...... ... ... i i it 125 max ma
AVERAGE PLATE Di1sSIPATION (Each Unit)............coiviiiuinian ... 5.5 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. . ........... ..o, 90 mazx volts
Heater positive with respect to cathode................ Cerresecr e 90 mazx volts

Typical Operation:

Plate-Supply Impedance. . .............coviieunn.. heaesenteias [ 1000 ohms
Effective Grid-Circuit Impedance. .. .......coiivirinnnanrinnnn. 0 B16** ohms
Plate Voltage. ....... ...ttt irriinieiiatsaaeeennnns 300 300 volts
Grid Voltage. .. ... ... it iiiir i iiieeiirerennsnavnaan 0 0 voits
Peak AF Grid-to-Grid Voltage............cooiiiiiiivnnerennnn. 58 82 volts
Zero-Signal DC Plate Current. ... .......covviiiiiiianiennnnann 35 35 ma
Maximum-Signal DC Plate Current. . .............. ... .. ... 70 70 ma
Peak Grid Current (Each Unit). ... ......... .. ..coiiiinenn. .. 20 22 ma
Effective Load Resistance (Plate-to-Plate)....................... 8000 8000 ohms
Total Harmonic Distortion. .........cooitiiirnaanntneeanenena, 4 8 per cent
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Third Harmonie Distortion. . ............ ... ... ccc.iuuinn.. 3.5 7.5 per cent
Fifth Harmonic Distortion............ 1.5 2.5 per cent
Maximum-Signal Power Qutput 10 10 watts

*% At 400 cycles for class B stage in which the effective resistance per grid circuit is 500 ohms, and the
leakage reactance of the coupling transformer is 50 millihenries. The driver stage should be capable of
supplying the grids of the class B stage wih the specified values at low distortion.

CLASS A, AMPLIFIER
Both grids connected together at socket; likewise, both plates.

Maximum Ratings:

PLATE VOLTAGE. . . ...t ittt ittt ittt s e et e et 300 max volts
PLATE DISSIPATION (per plate) ... ... ...t iiiinnennnananeanenana... 1.0 max watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with reapect to eathode.......................cocvviin.. 90 max volts
Heater positive with respect to cathode..........coovvvvveiinirrnnnnnns 90 max volts

Typical Operation:

Plate Voltage. . ...... .. ... ... it 250 300 volts

Grid Voltage. . ... ... i i e e -5 -6 volts

Amplification Factor... ... ... ittt 35 35

Plate Resistance. ... ... .. ... i iiiiiterrerenninrnnnnnss 11300 11000 ohms

Transeonductance. .. ..........ouuuvnraranirenrarnenearannnnn. 3100 3200 pmhos

Plate Current. .. ... ... ... .. . . i 6 7 nl;a
e

Plate Load— Depends largely on the design factors of the class B amplifier. In general, the load will
between 20000 and 40000 ohms.
Power Output—Under maximum voltage conditions, upwards of 400 milliwatts can be obtained.

MEDIUM-MU TRIODE
Glass octal type used as detector, ampli-
fier, or oscillator in radio receivers. Outline 17,
6P5 -GT OUTLINES SECTION. Tube requires octal
socket. Heater volts (ac/de), 6.3; amperes, 0.8.
Except for interelectrode capacitances, this type

is identical electrically with type 76. Type
6P5-GT isused principally for renewal purposes.

TRIODE—PENTODE

Glass octal type used as an amplifier. Qut-

line 26, OUTLINES SECTION. Heater volts

6P7_G (ac/dc), 6.3; amperes, 0.3. Except for inter-
electrode capacitances, this type is identical

electrically with type 6F7. Type 6P7-G is a

DISCONTINUED type listed for reference

only.
6Q7 TWIN DIODE—HIGH-MU TRIODE
6Q7_G Metal type 6Q7 and glass-octal
types 6Q7-G and 6Q7-GT used as a

6Q7_GT combined detector, amplifier, and ave

tube in radio receivers. Outlines 4, 26,  s:eq7

and 18, respectively, OUTLINES gcieqr-dr

SECTION. Tubes require octal socket and may be mounted in any position.
Heater volts (ac/dc), 6.3; amperes, 0.3. For heater and cathode considerations,
refer to type 6AT6. These types are similar electrically in most respects to types
6SQ7 and 6AT6. Maximum ratings and typical operation of the triode unit as a
class A, amplifier are the same as those for type 6AT6 except that with a plate
voltage of 100 volts, the transconductance is 1200 umhos and the plate resistance
58000 ohms. The triode unit is recommended for use only in resistance-coupled
circuits; refer to Chart 7, RESISTANCE-COUPLED AMPLIFIER SECTION.
For grid-bias considerations applying to the triode unit, refer to type 6AT6. For
diode eurves, refer to type 6SQ7.
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TWIN DIODE—MEDIUM-MU TRIODE

Metal type 6R7 and glass-octal types 6R7
6R7-G and 6R7-GT used as combined detector,
amplifier, and ave tubes. Outlines 4, 26, and 16, 6R7 G
respectively, OUTLINES SECTION. Tubes -
require octal sockets. Within their maximum
ratings, these types are identical electrically 6R7—GT

with type 6BF6 except for capacitances. Maxi-

R
6R7- ® N X 2 .
NC{6R7-2T mum ratings of triode unit as class A: amplifier:

plate volts, 250 max,; plate dissipation, 2.5 max watts. For typical operation as a resistance-coupled
amplifier, refer to Chart 9, RESISTANCE-COUPLED AMPLIFIER SECTION. Type 6R7-G is a
DISCONTINUED type listed for reference only.

G2 G3

REMOTE-CUTOFF PENTODE

Metal type 687 and glass-octal type
687-G are used in rf and if stages of automobile 6S7

receivers employing ave. Outlines 5 and 26,

respectively, OUTLINES SECTION. Tubes
- o H require octal socket and may be mounted in 6S7 -G
any position. Heater volts, 6.8; amperes, 0.15.
S .657 K657 Typical operation and maximum ratings as
NC 1657-G KIS8S7-G  clags A; amplifier: plate volts, 250 (300 maz);
grid-No.2 volts, 100 maz; grid-No.1 volts, -3 (0 min); grid No.3 connected to cathode at socket; plate
ma., 8.5; grid-No.2 ma., 2; plate resistance, 1.0 megohm; transconductance, 1750 umhos; grid-No.1
volts for transconductance of 10 pmhos, —38.5. Plate dissipation, 2.25 max watts; grid-No.2 dissipation,
0.25 max watt. For typical operation as a resistance-coupled amplifier, refer to Chart 16, RESISTANCE-
COUPLED AMPLIFIER SECTION.

TRIPLE DIODE—TRIODE

Glass octal type used as audio
amplifier, AM detector, and FM de- 658'GT
tectorin AM /FM receivers. Diode unit
No.2 is used for AM detection, and
diode units No.1 and No.3 are used
for FM detection. The grid of the high-mu triode is brought out to a top cap. Out-
line is similar to Outline 16, QUTLINES SECTION, except maximum length is
8-5/8 inches and seated height is 3-1/16 inches. Tube may be mounted in any
position. For heater and cathode considerations, refer to type 6ATS.

HEATER VOLTAGE (AC/DC). .o\ttt ittt i e et eaeeannens 6.3 volts
HEATER CURRENT. . .. ... ..ttt etiiieennan s Ceveeiaa 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (With external shield):
Triode Grid to Triode Plate. . . ......... ... ... ... viteeiinrnnnnnn 1.2 puf
Triode Gridto Cathode. . . ........ ... ... ... .. ..ciiiieiiininnnnnnnn 2.0 puf
Triode Plate to Cathode. ... .........coiiiiiiirenniniinnenneernnns 5.0 uuf
Diode Plate to Cathode (Approx. foreach unit)...................... 1.0 npf
Maximum Ratings: TRIODE UNIT AS CLASS A, AMPLIFIER
TRIODE PLATE VOLTAGE. .. ... .. ..oi.iviineninennnnnn Cereeisaeaeaane 300 max volts
TRIODE PLATE DISSIPATION. . . ................... e “es 0.5 maz watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.............. Ceteettareaeee. 90 max volts
Heater positive with respect to cathode. . ... ettt etarentcit e 90 maz volts
Characteristics:
Plate Voltage............ et tteniasensaen [ 100 250 volts
Grid Voltage. . ............. ettt et ~1 -2 volts
Amplification Factor........ e, e, 100 100
Plate Resistance........ Cheeieaes e esasaiteiieieiseaaaes 110000 91000 ohms
Transconductanece, . ....... et eaitseee et a e 900 1100 pmhos
Plate Current. ........ sttt b etsae e 0.4 0.9 ma

DIODE UNITS

Diode units No.2 and No.8 and the triode unit have a common cathode. Diode unit No.1 has a
separate cathode. For diode operation curves, refer to type 6SQ7.
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MANUAL

PENTAGRID CONVERTER

Metal type 6SA7 and glass-octal

6SA7 type 6SA7-GT used as converter in
superheterodyne circuits. They are

similar in performance to type 6BES.

For general discussion of pentagrid

types, see Frequency Conversion in

ELECTRON TUBE APPLICA-

TIONS SECTION. Both tubes have

6SA7_ GT excellent frequency stability.

HEATER VOLTAGE (ac/DC)... 6.8 volts
HEATER CURRENT. . ........ 0.3 ampere

DIRECT INTERELECTRODE CAPACITANCES: 6SA7 6SA?-GT
Grid No.3 to All Other Electrodes (RF Input).............. 9.5% 11%*
Plate to All Other Electrodes (Mixer Output)............... 12% 11%*
Grid No.1 to All Other Electrodes (Ose. Input). . ........... T* gk
Grid No2toPlate. . ... ... ...ttt 0.13 max* 0.5 max**
Grid No.3toGrid No.l. . ... ... ... ... iaus e 0.15 mazx* 0.4 max**
Grid No.l to Plate 0.06 max* 0.2 max¥*
Grid No.1 to Shell, Grid No.5, and All Other

Electrodes exeept Cathode. . ..... .. ... ... ......cvvin.s 4.4 -
Grid No.l to All Other Electrodes except Cathode

and Grid No.b. .. ... . . i reae e - 5
Grid No.l1 to Cathode 2.6 -
Grid No.1 to Cathode and Grid No.5. . . ...........o0uus ver - 3
Cathode to Shell, Grid No.5, and All Other

Electrodes except Grid No.1. .. .. ... ... ... ..cveenenn. 5 -
Cathode and Grid No.5 to All Other Electrodes

except Grid No.l. .. ... ... . i it 14
* With shell connected to cathode.
% With external shield connected to cathode.
Maximum Ratings: CONVERTER SERVICE
PLATE VOLTAGE. . . ...\ttt iit ittt ittt it ianorannsannsonnn 300 max
GRIDS-NO.2-AND-NO.4A VOLTAGE. .. ... ..ottt tiiinneiraeraneannornen 100 max
GRIDS-NO.2-AND-NO.4 SUPPLY VOLTAGE. . ...t ivivirreanrennnnennsoens 300 max
GRID-N 0.3 VOLTAGE (With self-excitation) . .............. .. .oiiveen.. 0 min
PLATE DISSIPATION. ... ...t ittt i iia s annocnnaannans 1.0 max
GRIDS-NO.2-AND-NO0.4 DISSIPATION. ... ...\ttt iinsiennivansonnnens 1.0 max
TOTAL CATHODE CURRENT. .. . ... tiiiir ettt rranernnnesenssnas 14 max
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect toeathode. ............................ 90 max

Heater positive with respect tocathode. ... ......................... 90 max
Typical Operation: Self-Excitationt  Separate Excitation
Plate Voltage. . . . ... ... ..oiitrteirnenennnes 100 250 100 250
Grids-No.2-and-No.4 Voltage. . .. .............. 100 100 100 100
Grid-No.3 (Control-Grid) Voltage. ............. 0 -2 -2
Grid-No.1 Resistor. . ...............cevvrenen 20000 20000 20000 20000
Plate Resistance (APprox.). .. .......ooveennenns 0.5 1.0 0.5 1.0
Conversion Transconductance. . ...........oc.0. 4256 450 425 450
Conversion Transconductance (Approx.)+....... 2 2 2
Plate Current. . ..........cooiviiinnnninnnn 3.3 3.5 3.8 3.5
Grids-No.2-and-No.4 Current. .. ............. .. 8.5 8.5 8.5 8.5
Grid-No.1 Current. . ........cviviniriineenann. 0.5 0.5 0.5 0.5
Total Cathode Current. ................ ... ... 12.3 12.5 12.3 12,5

uuf
upf
uuf
puf
upf
uuf

puf
uuf
ppf
puf
uuf

uuf

ma

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate (not
oscillating) is approximately 4500 umhos under the following conditions: grids No.1, No.3, and shell

at 0 volts; grids No.2 and No.4 and plate at 100 volts.

t Characteristics are approximate only and are shown for a Hartley circuit with a feedback of approxi-

mately 2 volts peak in the cathode circuit.
+ With grid-No.3 bias of —85 volts.
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INSTALLATION AND APPLICATION

Types 6SAT7 and 6SAT-GT require octal socket and may be mounted in any
position. Qutlines 3 and 17, respectively, OUTLINES SECTION. For heater and
cathode considerations, refer to type 6ATS6.

Because of the special structural arrangement of the 6SA7 and 6SA7-GT, a
change in signal-grid voltage produces little change in cathode current. Conse-
quently, an rf voltage on the signal grid produces little modulation of the electron
current flowing in the cathode circuit. This feature is important because it is
desirable that the impedance in the cathode circuit should produce little degen-
eration or regeneration of the signal-frequency input and intermediate-frequency
output. Another important feature is that, because signal-grid voltage has little
effect on the space charge near the cathode, changes in ave bias produce little
change in oscillator transconductance and in the input capacitance of the No.1l
grid. There is, therefore, little detuning of the oscillator by ave bias.

A typical self-excited oscillator circuit for use with the 6SA7 will be similar to
that for the 12SA7 in the CIRCUIT SECTION. For operation in frequency bands
lower than approximately 6 megacycles, the circuit should generally be adjusted
to provide, with recommended values of plate and grids-No.2-and-No.4 voltage,
a cathode voltage of approximately 2 volts peak, and an oscillator-grid current of
0.5 milliampere through a grid resistor of 20000 ohms. In the low- and medium-
frequency bands, the recommended oscillator conditions can be readily met. How-
ever, in the band covering frequencies higher than approximately 6 megacycles,
the tank-circuit impedance is generally so low that it is not easy to obtain these
oscillator conditions. For optimum performance in this band, it is generally best
to adjust the oscillator circuit for maximum conversion gain at the low-frequency
end of the band. Maximum conversion gain at this end of the band is usually
obtained by adjustment of the oscillator circuit to give a cathode voltage of approx-
imately 2 volts peak and an oscillator-grid current of 0.20 to 0.25 milliampere,
with a grid resistor of 20000 ohms.

In the 6SA7 and 6SAT-GT operation characteristics curves with self-excitation,
Ex is the voltage across the oscillator-coil section between cathode and ground; E,
is the oscillator voltage between cathode and grid.

OPERATION CHARACTERIST!CS
WITH SELF-EXCITATIO

OPERATION CHARACTERISTICS TYPE 6SAT
@ WITH_SEPARATE OSCILL ATOR EXCITATION [ E¢=6.3 VOLTS  PLATE VOLTS=250 —
o T T T L GRIDS-N22 & N24 VOLTS =100
T TYPE 6SA7 3 | GRID-N=23 (CONTROL-GRID)VOLTS -—|_‘
H | €¢56.3 VOLTS B 4 GRID-Nzi RESISTOR-OHMS =20000
Q PLATE VOLTS = 250 ~ = P (70)= Lx (00 —
« CRIDS Nez & N2 4 voLTS 2100 ) ExtEg R
= [~ GRID-N2 3 (CONTROL-GRID} VOLTS=~2 [:4
b3 GRID-N2 | RESISTOR- OhMs = zoooo2 © 600 Ex=0.8 VOLTS RMS
L GRID-N2| CURRENT VARIE: s |
o -~ ADJUSTMENT OF cscu.uroa VOUAGE E = }
2 . RECOMMENDED MINIMUM ‘),’500 et 1.4
§ mIu - VALUE OF l|c| 4 u /ﬁl\ \Pf.’ 7
K § 3 C/URR:NT,_ z 4 N .ol
Q 0 5 400 +
e piv
2600 312 N\ 33l § { \io7e
z i |t e
S 2 e & 200 N30
2.2 o 2 AR
z
g400u 8 / Z X
= o & A
T = 200 o
3 % ' z T 2o
22009 4 g . 5.9
x x 10
> w
z >
3 z
o 8
0.4 0.8 1.2 0.5 - 1.0 .5
GRID- N°l MILLIAMPERES (I ¢y} GRID-N2t MILLIAMPERES (lI¢()
92CM~-4990T 92CM-4993T
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PENTAGRID CONVERTER

6SB7 Y Metal type used as converter in
- superheterodyne circuits. Because of

its high conversion and oscillator trans-

conductance, it is especially useful in

FM converter service in the 100-mega-
cycle region. The 6SB7-Y has a micanol base which minimizes drift in oscillator
frequency during warm-up period. For general discussion of pentagrid types, see
Frequency Conversion in ELECTRON TUBE APPLICATIONS SECTION.
Outline 3, OUTLINES SECTION. Tube requires octal socket and may be mounted
in any position. For heater and cathode considerations, refer to type 6AT6.

HEATER VOLTAGE (AC/DC). . .. ttttitinetee it trtineennaanaeeneesrnans 6.3 volts
HEATER CURRENT. . ... .. itttaiiitnneeeneanuunnenaesnsoasnaninss 0.3 ampere
Maximum Rafings: CONVERTER SERVICE
PLATE VOLTAGE. ...ttt tittnie it iiiteanitiaeneeearrancennnnnan . 300 max volits
GRIDS-NO.2-AND-NO.4 VOLTAGE. . .. ....tuiitiatntntrnneeininnnenosonns 100 max volts
GRIDS-N0.2-AND-N 0.4 SUPPLY VOLTAGE 300 maz volts
PLATE DISSIPATION. ... ........ e i aeee et 2.0 max watts
GRIDS-NO.2-AND-No.4 DISSIPATIO! . . N 1.5 maz watts
TOTAL CATHODE CURRENT. .. .0ttt ittnunrtreasennrsoansoenasannnssnaos 22 max ma
GRID-N0.3 VOLTAGE:

Negative bias voltage. .. ... . ... iiiiiiiiiiiiiiiiriiiiaiinae, 100 mazx voits

Positive bias voltage. .. ... ... ittt it et 0 mazx volts
PEAX HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 90 max volts

Heater positive with respect toecathode. . . .......................... 90 max volts
Typical Operation {Separate Excitation):*
Plate Voltage. . . ........... ... ... i i i 100 250 volts
Grids-No.2-and-No.4 (Screen) Voltage. .. . ................. 100 100 volts
Grid-No.8 (Control-Grid) Voltage. . . .......... ... ..0ouunn -1.0 -1.0 volt
Grid-No.1 (Oscillator Grid) Resistor. . ..................... 20000 - 20000 ohms
Plate Resistance (Approx.). . ........... ... coivninieinan.. 0.5 1.0 megohm
Conversion Transconductance. .. ................. ..o, 900 950 umhos
Conversion Transconduectance with grid-No.3 bias

of ~20 volts. .. ... e e et e i e 3.5 3.5 pmhos
Plate Current. ... ... iiiiiin ittt 3.6 3.8 ma
Grids-No.2-and-No.4 Current. ..........cooiiiiiiin e, 10.2 10 ma
Grid-No.l1 Current..............coiiininnnn, P 0.85 0.35 ma
Total Cathode Current. .. ..........cciiiiiiiiiiiiieanennn 14.2 14.2 ma

* The characteristics shown with separate excitation correspond very closely with those obtained in a
self-excited oscillator circuit operating with zero bias.

Typical Operation in FM Band {88-108 Mc):

Plate Voltage. . . .. ..ottt iinttiiee et eraernecntnareaennnn 250 volts
Grids-No.2-and-No.4 Supply Voltage. .. ... ... ..c.iiiiiriiinnennnn.. 250 volts
Grids-No.2-and-No.4 Resistor............ PPN 12000 ohms
Grid-No.1 ReSIStOT. . . . .ottt t it it et ittt ireieeenennsonenansanens 22000 ohms
Signal Frequency....... ... ... ittt iiiniaanas 88 108 Me
Oscillation Frequency . . ... ... ... ittt iinreennnnanee 98.7 118.7 Me
PlateCurrent. ... ... ... ittt 6.8 6.5 ma
Grids-No.2-and-No4 Current. .. .......ciiieinininnnnenans 12.6 12.5 ma
Grid-No.1 Current..... ... ittt 0.13¢ 0.140 ma

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate (not
oscillating) is approximately 8000 pmhos under the following conditions: signal applied to grid No.1
at zero bias;grids No.2 and No.4 and plate at 100 volts; grid No.3 grounded. Under the same conditions,
the piate current is 32 milliamperes and the amplification factor is 16.5.

126



RCA sRECEIVING TUBE MANUAL

HIGH-MU TWIN TRIODE

Metal type used as phase inverter
or voltage amplifier in radio equip- 6SC7
ment. Except for common cathode,

each triode is independent of the other.

Outline 3, OUTLINES SECTION.

Tube requires octal socket and may be mounted in any position. For heater and
cathode considerations, refer to type 6AT6. For typical operation as a resistance-
coupled amplifier, refer to Chart 17, RESISTANCE-COUPLED AMPLIFIER

SECTION.

HEATER VOLTAGE (AC/DC) . .\t tvitieiantitte i niiiesscnesnennannnenns 6.3 volts
HEATER CURRENT . . .o . oottt ittt e iae sttt ettt inann 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (Shell connected to cathode):*
Gridto Plate. . ... ... .. . . i e i 2 puf
GridtoCathode. . . . ... ... ... i e 2 uuf
Plate to Cathode. . . ... ... . ittt tiiiinrnrane 3 puf
* Approximate values for each unit.
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. . ... ... iitreuniirnneninaroaneennnrssnssonnsnns 250 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. . . ...............ciiiiue, 90 max volts
Heater positive with respect tocathode. . ............... ... ..o, 90 max volts
Typical Operation (Each Unit):
Plate Voltage. . . ... ... i i ittt ierenteeneesuaeneraoennneansen 250 volts
Grid Voltage. . .. .. ... . it it -2 volts
Amplification Factor. .. ... ... . i i e 70
Plate Resistance (ApProX.). . .. ... .i.ituninmiiiiaieiannenneaeeans 53000 ohms
Transconductance (APDProX.) . ... ittt an it ittt iie s aaaaaanann 1325 pmhos
Plate Current. ... ... . .. . e e 2 ma

AVERAGE PLATE CHARACTERISTICS
EACH_TRIODE UNIT

TYPE 6SC7
E£=6.3VOLTS /

Yy
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w—t

300 250 300 350 300
PUATE VOLTS 92CM-6096T

HIGH-MU TRIODE

Metal type 6SF5 and glass-octal type

6SF5-GT are used in resistance-coupled ampli- 6SF 5

fier circuits. Qutlines 3 and 17, respectively,

OUTLINES SECTION. Tubes require octal

socket and may be mounted in any position. 6SF5-GT
H Characteristics, application, and references un-

der type 6F5 apply to types 6SF5 and 6SF5-GT.

Heater volts (ac/de), 6.3; amperes, 0.3.
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DIODE—
REMOTE-CUTOFF PENTODE

6SF7 Metal type used as combined rf
or if amplifier and detector or ave tube

in radio receivers. Also used as resis-

tance-coupled af amplifier. Outline 3,

OUTLINES SECTION. Tube re-

quires octal socket and may be mounted in any position. For heater and cathode
considerations, refer to type 6AT6. For typical operation as a resistance-coupled
amplifier, refer to Chart 19, RESISTANCE-COUPLED AMPLIFIER SECTION.

HEATER VOLTAGE (AC/DC). . - 6.3 volts
HEATER CURRENT. . .. ..ottt ittt iee et iae ettt eamaeananeennnens 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (Shell connected to cathode):
Pentode Unit:
Grid No. 1 to Plate 0.004 max puf
Input.............. 5.5 puf
U DU . . . . it it i e et e, 6.0 puf
Pentode Grid No.l to Diode 0.002 mazx puf
Pentode Plate to Diode 0.8 upf
Maximum Ratings:
PLATE VOLTAGE. . ........... . 300 mazx volts
GRID-NO.2 (SCREEN) VOLTAGE. . . .. i ittttttttttitneinanerneneennonas 100 max volts
GRID-NO.2 SUPPLY VOLTAGE. . ... ittt tiinttennnennreennaersaneenneeas 300 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE. . . 1ttt evnertnnnannnerennnnnnnnans 0 min volts
PLATE DISSIPATION . . .. .ottt tttneieiieteeaeeeaneesanananannnnns 3.5 mazx watts
GRID-NO.2 DISSIPATION . . . ...\t iiiiiitetnenneannnneaasensorasosannns 0.5 max watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respecttocathode. ............cccovvivnnnnn... 90 mazx volts
Heater positive with respect to cathode. . . .........cociviivrnenne.n. 90 mazx volts
Typical Operation:
Plate Voltage. . ... ... . i ittt 100 250 volts
Grid-No.2 Voltage. . ... ... ... ittt iriiiinnaans 100 100 volts
Grid-No.l Voltage. . . ... ...ttt ienanann -1 -1 volt
Plate Resistance (APProx.). . ... .oivttnrieanannennenns 0.2 0.7 megohm
Transconductance. . . ........... ...t 1975 2050 pmhos
Grid-No.1 Bias (Approx.) for transconductance of 10 ymhos. . . -35 -35 volts
Plate Current. ......... ... i et 12 12.4 ma
Grid-No.2Current ....... ... ... . .. .. . i 3.4 3.3 ma

DIODE UNIT

The diode plate is placed around the cathode, the sleeve of which is common to the pentode unit.
For diode operation curves, refer to type 6SQ7.

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT
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REMOTE-CUTOFF PENTODE

Metal type used as rf amplifier in
high-frequency and wide-band appli-
cations. Features high transcon-
ductance with low grid-plate capaci-~
tance. Suitable for frequencies up to

65SG7

18 megacycles (approx.). Two separate cathode terminals enable the input and
output circuits to be effectively isolated from each other. Qutline 3, OUTLINES
SECTION. Tube requires octal socket and may be mounted in any position. For

heater and cathode considerations, refer to type 6ATS.

HEATER VOLTAGE (AC/DC). ..ottt 6.3 volts.
HEATER CURRENT . . ..ottt ittt et in e e e et 0.3 ampere
DiIRECT INTERELECTRODE CAPACITANCES (Shell connected to cathode):
Grid No.ltoPlate. . ... . ... i i i, 0.003 max nuf
Input. . ... 8.5 wuf
OUEPUL . .« it e e e e 7.0 uul
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. . ... .ttt et e e 300 max volts
GRID-NO.2 (SCREEN) VOLTAGE. . . ...\ itttrtnt ettt 200 max volts
GRID-NO.2 SUPPLY VOLTAGE. . ...\t tie ettt i ee ittt ia s 300 mazx volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE. - . .\ -\ttt 0 min volts
PLATE DISSIPATION. . ..\ttt it eiee e et e 3 max watts
GRID-NO.2 DISSIPATION . . .0\ttt ittt e ettt 0.6 max watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. .. ........... ... ... ...... 90 max volts
Heater positive with respect to cathode. . ........................... 90 max volis
Typical Operation:
Plate Voltage. .. ............ .o L., 100 250 250 volts
Grid-No.2 Voltage. ........................... 100 125 150 volts
Grid-No.1 Voltage. ........................... -1 -1 -2.5 volts
Grid No.3 (Suppressor) .............c..cun..... Connected to pin No. 3 internally
Plate Resistance (Approx.).................... 0.25 0. + megohm
Transconductance. . .......................... 4100 4700 4000 pmhos
Grid-No.1 Bias (Approx.) for transconductance of
40pmhos. .. ... -11.5 -14 -17.5 volts
Plate Current. . ......................... AT 8.2 11.8 9.2 ma
Grid-No2 Current. .. ............cooiveeinn.. 3.2 4.4 3.4 ma
+ Greater than 1 megohm.
" AVERAGE PLATE CHARACTERISTICS
TYPEX f;SG’II
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SHARP-CUTOFF PENTODE

6SH7 Metal type used as rf amplifier
in high-frequency, wide-band applica-

tions and as a limiter tube in FM

equipment. Similar electrically to min-

iature type 6AU6. It features high

transconductance and low grid-plate capacitance. Outline 3, OUTLINES SEC-
TION. Tube requires octal socket and may be mounted in any position. Two
separate cathode terminals enable the input and output circuits to be isolated
effectively from each other. This type is not recommended for high-gain, audio-
amplifier applications because undesirable hum may be encountered. For heater
and cathode considerations, refer to type 6AT6. For typical operation as a resist-
ance-coupled amplifier, refer to Chart 9, RESISTANCE-COUPLED AMPLIFI-

ER SECTION.

HEATER VOLTAGE (AC/DC) .

HEATER CURRENT. « ..ot o ittt et et e ia it e

DIRECT INTERELECTRODE CAPACITANCES (Shell connected to cathode):
Grid No.Lto Plate. .. .. oo i i i
€ (Y 4 o T
(81754 s T L2 I

Maximum Ratings:

PLATE VOLTAGE . « ¢ v v utvnne e ttaeernanasnnanennseeunoneneesntneerennns 300 max
GRID-NO.2 (SCREEN) VOLTAGE. . . . ettt iaeinairnnatannananas 150 max
GRID-NO.2 SUPPLY VOLTAGE. .. ...ttt tneienanenenaceenosannneenan 300 max
PLATE DISSIPATION. . .. . e e e 3 mazx
GRID-NO0.2 DISSIPATION .. 0.7 maz
GRID-NO.1 (CONTROL-GRID) VOLTAGE. . .. ........... 0 min
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............... ... ...t 90 max
Heater positive with respect to cathode. .. ....... ... 90 max
Typical Operation:
Plate VOIbaZe. . cvcen v i reraretonaaecroaancaanion 100 250
Grid-No.2 Voltage. .. ... vttt iiinoaaeni i 100 150
Grid-No.1 Voltage. . .....c.ovriiinrnenrmnannananeeneaens -1 -1
Plate Resistance (APProX.). - . oo viiniivininrennna- . 0.35 0.9
TranscondUcCtaNCe. . . . ... .\ vttt . 4000 4900
Grid-No.1 Bias for plate current of 10 ga . .. .......... .. -4.0 -5.5
Plate CUITEONE. . ..o v i tre et ie e et e 5.3 10.8
Grid-No.2Current. . .coovvunnni i .. 2.1 4.1
AVERAGE PLATE CHARACTERISTICS
—_
TYPE 6SH?
E436.3 VOLTS
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X SHARP-CUTOFF PENTODE

Metal type 6SJ7 and glass-octal
type 6SJ7-GT are used as rf amplifiers 6SJ7

and biased detectors. As a detector,
,, either type is capable of delivering 6SJ7 - GT
large audio-frequency output voltage

Q
nN

eyl 3 with relatively small input voltage.
HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. . ... .\t vrnunrrnnsnrcanssnsnsssnnaenoneennnenns 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:®
Pentode Connection: 6SJ7 6SJ7-GT
Grid No.ltoPlate. . ... ...ttt 0.005 max 0,005 max uuf
Input. . ... e 6.0 6.3 pnpf
QUEPUL. . .. .o 7.0 10 ppf
Triode Connection:+
GridtoPlate. . . ... ... ... e 2.8 2.8 puf
Grid to Cathode. ... ............... 3.4 3.4 puf
Plate to Cathode 11 11 upt

° With shell or external shield connected to cathode.
+ With grids No.2 and No.3 connected to plate.

CLASS A, AMPLIFIER
i . Triode Pentode
Maximum Ratings: C b C 13

PLATE VOLTAGE. . . ... ittt cieiaiiirae i aneaeannans 250 mazx 300 maz voits
GRID-NO.2 (SCREEN) VOLTAGE. . . . . ... iivien e - 125 max volts
GRID-NO.2 SUPPLY VOLTAGE. . ... ... ivivnvininannennnnen - 300 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE. . ... .....c0vunvenin.n. 0 min 0 min volts
PLATE DISSIPATION. .. ..ottt i iiii it e einanrannaannnns 2.5 max 2.5 mazx watts
GRID-NO.2 DISSIPATION . . .. ... vttt itiienianennnnnnns - 0.70 max watt
PEAK HEATER-CATRODE VOLTAGE!:

Heater negative with respect to cathode. . ............... 90 max 90 mazx volts

Heater positive with respect to cathode. . ... ............ 90 max 90 max volts
Typical Operafion: comie, chede
Plate Voltage. .. ................. 180 250 100 250 volts
Grid-No.2 Voltage. . .............. * * 100 100 volts
Grid-No.1 Voltage. ............... -6 -8.5 -3 -3 volts
Grid No.3 (Suppressor). . . ........ * * Connected to cathode at socket
Amplification Factor.............. 19 19 - -
Plate Resistance. . . ... ........ ... 8250 7600 700000 t ohms
Transconductance. ............... 2300 2500 1575 1650 pmhos
Grid-No.1 Bias for plate current of

10 p8 . oo - - -8 -8 volts
Plate Current. ............ 6.0 9.2 2.9 3.0 ma
Grid-No.2 Current - - 0.9 0.8 ma
* Grids No.2 and No.3 connected to plate. t Greater than 1 megohm.

INSTALLATION AND APPLICATION

Types 68J7 and 6SJ7-GT require octal socket and may be mounted in any
position. Outlines 3 and 19, respectively, OUTLINES SECTION. For heater and
cathode considerations, refer to type 6AT6. .

As a class A, amplifier, the 68J7 or 68J7-GT may be operated either as a
pentode or as a triode, as shown under tabulated data. The grid-No.2 voltage for
the 6SJ7 operated as a pentode may be obtained from a potentiometer or bleeder
circuit across the B-supply device. Due to the grid-No.2-current characteristics of
the 6SJ7, a resistor in series with the high-voltage supply may be employed for
obtaining the grid-No.2 voltage, provided the cathode-resistor method of bias
control is used. This method, however, is not recommended if the high-voltage
B-supply exceeds 300 volts.
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As a radio-frequency amplifier, the 6SJ7 or 6SJ7-GT may be used particu-
larly in applications where the rf signal applied to grid No.1 is relatively low, that
is, of the order of a few volts. In such cases either grid-No.2 or grid-No.1 voltage
(or both) may be varied to control the receiver volume. When larger signals are
involved, a remote-cutoff amplifier tube should be employed to prevent the occur-
rence of excessive cross-modulation and modulation-distortion.

As an audio-frequency amplifier in resistance-coupled circuits, the 6SJ7 or
6SJ7-GT may be operated under conditions shown in Chart 20, RESISTANCE-
COUPLED AMPLIFIER SECTION.

AVERAGE PLATE CHARACTERISTICS

TYPE 6SJ7
Eg = 6.3 VOLTS
" | — GRID-NL2VOLTS =100
l‘.zl GRID'NL 3VOLTS=0Q
[
2,
<
p
<
b3
'5 GRID-N21 VOLTS ECy1 =0
ot e
i1y --
z P
[ N -2
]
- af
ST 5
32 ,/ RS N STt et gl i oty Qe s
/ Iy -5
) 80 160 240 400 480 56
PLATE VOLTS 92CM-4939T
G, K
} REMOTE-CUTOFF PENTODE 63 G2
6SK7 : Metal type 6SK7 and glass-octal
6SK7 GT type 6SKT7-GT are used as rf or if am- H
g - plifiers in radio receivers. They feature "

single-ended construction and inter- 56517

lead shields. Because of remote-cutoff > >
characteristic, these types are able to handle large signal voltages without cross-
modulation or modulation-distortion and are often used in receivers with ave.

HEATER VOLTAGE (AC/DC).. . ..ottt ittt itereeeaane e aenienns 6.3 volts
HEATER CURRENT. ... .. ...ttt titeeerneanneansuanneanansoneeiennin 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES: 6SK7* 6SK7-GT**

Grid No.1 to Plate.

...0.003 max 0.005 mazx sl
. .0 6.5

Input........... 6 nuf
Output. Ca e e 7.0 7.5 nuf
* With shell connected to cathod ** With external shield connected to cathode.
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. .. ... ... .. i i 300 max volts
GRID-NO.2 (SCREEN) VOLTAGE . ... ... ...ttt ittt enaiiineeaeaann, 125 max volts
GRID-NO.2 SUPPLY VOLTAGE. . ...\ttt ettt it eiittens e anaananeannenn., 300 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE ... ..uuuriinnnininnnerrannnnnneennns 0 min volts
PLATE DISSIPATION. . .. ..t tittiie ettt ettt 4.0 max watts
GRID-NO.2Z DISSIPATION. .. ...\ttt ittt iiirnsinnens e 0.4 max watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode....................... e 90 max volts
Heater positive with respect tocathode. . .......... .. ... .cc0iirunnennnn. 90 max volts



RCA RECEIVING TUBE MANUAL

Typical Operation:

Plate Voltage 100 250 volts
Grid-No.2 Voltage. .. 100 100 volts
Grid-No.l1 Voltage. -1 -3 volts
Grid No.3 (Suppressor) Connected to cathode at socket

Plate Resistance (APProX.) . .......cooiiieeinunrneenennnnn. 0.12 0.8 megohm
TransconductancCe. . . .. ... ..ottt i e e 2350 2000 pmhos
Grid-No.1 Bias for transconductance of 10 umhos .. .......... -35 -35 volts
Plate Current. . .. .. ... ottt e 13 9.2 ma
Grid-No.2 Current. . ... ..ottt i 4.0 2.6 ma

INSTALLATION AND APPLICATION

Types 6SK7 and 6SK7-GT require octal socket and may be mounted in any
position. Outlines 3 and 19, respectively, OUTLINES SECTION. For heater and
cathode considerations, refer to type 6AT6.

The interlead shielding within the
base of the 6SK7 and other types em-
ploying this construction is accom-
plished by means of a conical stem
shield and a cylindrical base shield.
The metal cone is inserted through the
sorron hole in the stem where the exhaust
scaL  tube connects. The cone extends some
distance into the exhaust tube and is
connected to the common grounding
pin (pin No.l). The cylindrical base
shield is positioned inside the locating
base plug, and is also connected to pin
No.1. The conical shield reduces the
exnausT capacitance between leads in the glass
of the stem: the cylindrical shield re-
duces the capacitance between those
pins that are diametrically opposite
SnsivoRics each other. Since the grid-No.1 and

the plate leads are diametrically op-
posite, the capacitance between them is kept to a value comparable with that
obtainable with top-cap construction.

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 across a fixed supply
voltage, from a variable cathode-bias resistor, from the ave system, or from a
combination of these methods.

The grid-No.2 (screen) voltage may be obtained from a potentiometer or
bleeder circuit across the B-supply source, or through a dropping resistor from the
plate supply. The use of series resistors for obtaining satisfactory control of grid-
No.2 voltage in the case of four-electrode tubes is usually impossible because of
secondary-emission phenomena. In the 6SK7, however, because grid No.3 prac-
tically removes these effects, it is possible to obtain grid-No.2 voltage through a
series-dropping resistor from the plate supply or from some high intermediate
voltage providing these sources do not exceed the plate-supply voltage. With this
method, the grid-No.2-to-cathode voltage will fall off very little from minimum to
maximum value of the resistor controlling cathode bias. In some cases, it may
actually rise. This rise of grid-No.2-to-cathode voltage above the normal maximum
value is allowable because both the grid-No.2 current and the plate current are
reduced simultaneously by a sufficient amount to prevent damage to the tube. It
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should be recognized that, in general, the series-resistor method of obtaining grid-
No.2 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 volt-
age on grid No.2. When grid-No.2 and control-grid voltage are obtained in this
manner, the remote *‘cutoff’” advantage of the 6SK7 and 6SK7-GT can be fully
realized. However, it should be noted that the use of a resistor in the grid-No.2
circuit will have an effect on the change in plate resistance with variation in grid-
No.3 (suppressor) voltage in case grid No.3 is utilized for control purposes.

Grid No.3 (suppressor) may be connected directly to the cathode or it may
be made negative with respect to the cathode. For the latter condition, the grid-
No.3 voltage may be obtained from a potentiometer or bleeder circuit, or from the
ave system.

For circuits employing the 6SK?7, refer to the CIRCUIT SECTION.

AVERAGE PLATE CHARACTERISTICS

s
T
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- / Eg=6.3 VOLTS
o 4 GRID-N22 VOLTS =100
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PLATE VvOLTS 92CM - @940T

HIGH-MU TWIN TRIODE

6S|-7 GT Glass octal type used as phase in-
- verter or resistance-coupled amplifier

in radio equipment. Outline 17, OUT-

LINES SECTION. Tube requires

octal socket and may be mounted in
any position. Except for the common heater, each triode unit is independent of the
other. For typical operation as phase inverter or resistance-coupled amplifier, refer
to Chart 7, RESISTANCE-COUPLED AMPLIFIER SECTION. For heater and
cathode considerations, refer to type 6ATS.

HEATER VOLTAGE (AC/DC) ...ttt ittitet ettt 6.3 volts
HEATER CURRENT. . ..\ .ttt ittt 0.3 ampere

Triode Unit Ty Triode Unit T

GridtoPlate. . .................. ... ... ... . . ... 2.8 2.8 upf
Grid to Cathode. ..................................... 3.0 3.4 puuf
Plateto Cathode.................. ... ... ...cviuunn. 3.8 3.2 puf

° With close-fitting shield connected to cathode.
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Maximum Ratings: CLASS A, AMPLIFIER {Each Unit)

PLATE VOLTAGE. . . ...ttt et teiiaeeannnnnaennas Vereresranian «. 250 max volts
GRID VOLTAGE. .. ... ... ettt eeracanaaenrnnns Cerrrereeeras 0 min volts
PLATE DISSIPATION. . ...\t tiit it ieeeiieanernnnennannes Ceeveeneenaan .. 1 max . watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.............ccoiviiiiviinnnnnn.. 90 max _ wvolts
Heater positive with respect to cathode. . ................ ES N 90 mazx volts

Typicat Operation:

Plate Voltage. .. ... .t it i e e 250 volts
Grid Voltage. . . .. ... .. -2 volts
Amplification Factor. ... ... .. . e 70

Plate Resistance. . ... ... ... . ... ... 44000 ohms
TransconducCtaNCe. . ... ... ool 1600 pmhos
Plate Current.. ... ... ... e, 2.3 ma

AVERAGE PLATE CHARACTERISTICS
EACH _TRIODE UNIT
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300
PLATE VOLTS

MEDIUM-MU TWIN TRIODE

Glass octal type used as phase in~
verter or resistance-coupled amplifier 6S N7'GT
in radio equipment. Outline 17, OUT-
LINES SECTION. Tube requires
octal socket and may be mounted in
any position. Each triode unit is independent of the other except for the common
heater. For maximum ratings, typical operation, and curves for each triode unit,
refer to type 6J5. For typical operation as phase inverter or resistance-coupled
amplifier, refer to Chart 13, RESISTANCE-COUPLED AMPLIFIER SECTION.
For heater and cathode considerations, refer to type 6AQ5.

HEATER VOLTAGE (AC/DC). .. ..\ttt i ettt e i e 6.3 volts
HEATER CURRENT. . ... ... it et 0.6 ampere

DIRECT INTERELECTRODE CAPACITANCES (Approx. With no external shield):
Triode Unit Ty Triode Unit T2

GridtoPlate. . ......... ... ... ... e, 3.8 4.0 upf
GridtoCathode.......... ... ........................ 2.8 3.0 upf
Plate to Cathode....................... ... ...conee.. 0.8 1.2 upf
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TWIN DIODE—HIGH-MU TRIODE

6SQ7 Metal type 63Q7 and glass-octal
type 6SQ7-GT used as combined de-

6SQ7- GT tector, amplifier, and ave tube inradio  _ (%) ORn
receivers. These types are similar elee- '
trically to type 6Q7 in many respects, s:6sq7 "
but they have a higher-mu triode. = °°¥"

HEATER VOLTAGE (AC/DC). .. .o\ttt e iiienansisiannaneeseaniineens 6.3 volts
HEATER CURRENT. . ..\t tttt ittt ittt enaneannenratanaeeainerannenes 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES—Triode Unit:* 65Q7° 65Q7-GT°°
GridtoPlate........... ... ... i 1.6 1.8 puf
GridtoCathode. ............. .. ... ... i, 3.2 4.2 uuf
Plate to Cathode. ...............oviiiiiiiirenrnnann. 3.0 3.4 uuf
° With shell connected to cathode. ° With no external shield. * Approximate.
Maximum Ratings: CLASS A, AMPLIFIER (Triode Unit)
PLATE VOLTAGE. . .« ot ittt iieat it enneteriasnssoeanesasneannannossson 300 max volts
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.......... 90 max volts
Heater positive with respect to cathode 90 max voits
Characteristics:
Plate Voltage.. . ........oii ittt iiiiineertisonannssnn 100 250 volts
Grid Voltage. .. ... ...ttt iiiinerrnnaanensnns -1 -2 volts
Amplification Factor................ciiiiiiiinninacenns 100 100
Plate Resistance. ..........ccvviiiiinnuniriaiernnanans 110000 91000 ohms
Transeonductance. ......... ...ttt 900 1100 pmhos
0.4 0.9 ma

Plate CUTENt. .ottt vttt e eiiiiianaaanns

DIODE UNITS

Two diode plates are placed around a cathode, the sleeve of which is common to the triode
unit. Each diode plate has its own base pin. Diode operation curves are given below.

AVERAGE CHARACTERISTICS

HALF-WAVE AECTIFICATION-SINGLE DIODE JNIT |NSTALLATION AND APPLICATION

TV‘PE 6:SQ7 [ [ J ]

CuRvE | LOAD RESISTOR ———l Types 6SQ7 and 6SQ7-GT require octal
a 250000 socket and may be mounted in any position.
- c 1000000 ] Outlines 3 and 19, respectively, OUTLINES
] 60 SECTION. For heater and cathode consider-

P ] fl % ations, refer to type 6ATS.
E,' x 1 gjq |zog The triode unit of the 6SQ7 and 6SQ7-
g ] I - 3 GT is recommended for use only in resist-
N 80 §  ance-coupled circuits; refer to Chart 4, RE-
F 8 l of é SISTANCE-COUPLED AMPLIFIER
f i ~{lla0 & SECTION. Diode-biasing of the triode unit
2 is not suitable because of the probability of
/ o triode plate-current cutoff even with rela-
T e VoS DEVELOPED By DIODE tively small signal voltages applied to the

92CM-5278T2 diode circuit.
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AVERAGE PLATE CHARACTERISTICS
TRIOOE UNIT
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Poz o| TWIN DIODE—
.( p, MEDIUM-MU TRIODE
( Metal type used as combined de- R7
G) © tector, amplifier, and ave tube. It is 6S
G M  equivalentin performance to miniature
5 H type 6BF6. Outline 3, OUTLINES

SECTION. Tube requires octal socket

and may be mounted in any position. For typical operation as a resistance-coupled
amplifier, refer to Chart 9, RESISTANCE-COUPLED AMPLIFIER SECTION.
For heater and cathode considerations, refer to type 6ATS.

HEATER VOLTAGE (AC/DC) .o\ it ittt ittt et et et et et e i ennaen 6.3 volts
HEATER CURRENT. . ..\ttt ittt ettt it ettt e e inaaeeannnnan 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES—Triode Unit:*
Grid to Plate . . .. ... e e e 2.4 puf
Grid to Cathode 3.0 puf
Prate to Cathode 2.8 puf
* Shell connected to cathode. Values are approximate.
Maximum Rafings: CLASS A, AMPLIFIER (Triode Unit)
PLATE VOLTAGE. . ...ttt it ittt iiaa e tin ettt anrsesenaennn 250 mazx volts
PLATE DISSIPATION ...ttt ittt i iiie s e taetanneroosnnnssnans 2.5 max watts
PeAx HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode................oiiiiiiiniiains, 90 max volts
Heater positive with respect tocathode............ .. .o iiiiini . 90 max volts
Typical Operation with Transformer Coupling:
Plate Voltage. . ... ...ttt iiteitreneaeiansans e s ereeeaas 250 volts
Grid Voltage. . . o ittt i ittt e st ivsaaeeeannaasnsenaenanianees volts
Amplification Factor
Plate Resistance. . . ............ ... oL, chms
Transconductance. . ..........c.iiiiinenanan. umhos
Plate Current. .. ... ... i i i i i i e e i it i e . ma
Load Resistance. . .. ... .. ittt ittt i i it ohms
Power OUutPUL, . . oottt ittt it it mw

DIODE UNITS

Two diode plates are placed around a cathode, the sleeve of which is common to the triode unit.
Each diode plate has its own base pin. For diode operation curves, refer to type 6SQ7.
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REMOTE-CUTOFF PENTODE

Metal type used in rf or if stages

of radio receivers particularly those

6SS7 employing ave. Qutline 3, OUTLINES
SECTION. Tube requires octal socket

and may be mounted in any position.

For heater and cathode considerations,

refer to type 6AT6.
HEATER VOLTAGE (AC/ADC). . . ..ottt et e e e i e 6.3 ' volts
HEATER CURRENT. . ... ... it e e e et e 0.15 ampere
.DIRECT INTERELECTRODE CAPACITANCES (Approx.):*
Grid No.L to Plate. . . ... .. .. e e 0.004 mazx upf
I Ut e e e e et e 5.5 uuf
L0353+ 11 7.0 upf

* With shell connected to cathode.

Maximum Ratings:

PLATE VOLTAGE. .. i ittt i it e tie e ainensanaraaann volts
GRID-NO.2 (SCREEN) VOLTAGE. . ... .....oiivunnnenn. volts
GRINNO.2 SUPPLY VOLTAGE. .. .........vuunninnen volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE % volts
PLATE DISSIPATION. .. ... .. ... .. .. i it . watts
GRID-NO.2 DISSIPATION. . .. ...ttt iiteiiearanaseareeteaenanaen s . watt
Peak HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ... .............cociiiiii i, 90 max volts

Heater pusitive with respect tocathode........ ... .. ooiiiiiiiii e, 90 max volts
Typical Operation:
Plate Voltage. ... ..ottt ittt e iteenrennsnracares 100 250 volts
Grid-No.2 Voltage. ... ... it i i it iiieanaans 100 100 volts
‘Grid-No.L Voltage. . ... ... ... e ieinenaanns -1 -3 volts
‘Grid No.3 (Suppressor) . Conneeted to cathode at socket
Plate Resistance (ADPDProx.) . ... ...ttt iniiinenenannens 0.12 1 megohm
‘Transconductance. . ................. .t rineennranereanns 1930 1850 umhos
Grid-No.l Bias for transconductance of 10 gmhos. . 5 -35 volts
Plate Current...... . . g ma

. ma

«Grid-No.2 Current

TWIN DIODE—MEDIUM-MU TRIODE P°2 P"'

Metal type used as combined detector,
amplifier, and ave tube. Within maximum rat-
6ST7 ings this type is electrically identical to type ‘
6BF6 except for interelectrode capacitances and
heater current. Outline 3, OUTLINES SEC- ¢,(2) D
TION. Tube requires octal socket and may be
mounted in any position. Heater volts (ac/de), ° o
6.3; amperes, 0.15. Maximum ratings of triode s
anit as class A amplifier: plate volts, 250 max; plate dissipation, 2.5 maxr watts. For diode operation
«curves, refer to type 6SQ7.

H

TWIN DIODE— Poz Por
HIGH-MU TRIODE

Pr
6SZ7 Metal type used as combiped dfz— { °

tector, amplifier, and ave tube in radio

receivers. Except for heater-current GY H

rating and interelectrode capacitances, () e

this type is essentially the same elec- s i
‘trically as type 6AT6. Outline 3, OUTLINES SECTION. Tube requires octal
socket and may be mounted in any position. Heater volts (ac/dc), 6.3; amperes,
0.15. Direct interelectrode capacitances of triode unit (shell connected to cathode):
grid to plate, 1.1 uuf; grid to cathode, 2.4 uuf; plate to cathode, 2.8 xuf. For diode
operation curves, refer to type 63Q7.
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TWIN DIODE—HIGH-MU TRIODE

Glass octal type used as combined detector,
amplifier, and ave tube in radio receivers. Out-~
line 26, OUTLINES SECTION. For heater 6"'7 G
and cathode considerations, refer to type 6ATS6. -
Heater volts (ac/de), 6.8; amperes, 0.15. Refer
to Chart 7, RESISTANCE-COUPLED AM-
PLIFIER SECTION for typical operation as
aresistance-coupled amplifier. Typical operation
as class A1 amplxﬁer plate volts, 250 maz; grid volts, —3; plate ma., 1.2; plate resistance, 62000 ohms;
amplification factor, 65; transconductance, 1050 ymhos. For dlode operation curves, refer to type
6SQ17. Type 6T7-G is used principally for renewal purposes.

ELECTRON-RAY TUBE

Glass type used to indicate vis-
ually by means of a fluorescent target 6U5 / 665
the effects of a change in a controlling
voltage. It is used as a convenient,
non-mechanical means of indicating
accurate radio-receiver tuning. Qutline 23, OUTLINES SECTION. Tube requires
six-contact socket and may be mounted in any position. For heater and cathode
considerations, refer to type 6AT6. Type 6U5/6G5 has a remote plate-current
cutoff characteristic. For a discussion of electron-ray tube considerations, refer
to ELECTRON TUBE APPLICATION SECTION.

HEATER VOLTAGE (AC/DC). .. evvuiiinnn.n e e, 6.3 volts
HEATER CURRENT. ....... e te e oaane ettt ey . 0.3 ampere
Maximum Ratings: INDICATOR SERVICE
PLATE-SUPPLY VOLTAGE. . ... PP . 285 mazx vo{ts
285 max volts
TARGET VOLTAGE. . . ..ot ttiiiettnonsinuetotnnecnnonosneerioncarsnnns { 125 min volts
PLATE DISSIPATION. .. ... ..ot inenanenranns S e i aaeaa 1 max watt
PEAK HEATER-CATHODE VOLTAGE:
- Heater negative with respect to cathode.................... ...l 90 maz volts
Heater positive with respect tocathode. .. ............coiiiivnninn. 90 max volts
Typical Operation:
Plate- and Target-Supply Voltage . ........................ 200 250 volts
Series Triode-Plate Resistor. . . .. .................co.von. 1 1 megohm
Target Current (For zero grid voltage) . ................... 3.0 4.0 ma
Triode Plate Current (For zero grid voltage) ............... 0.19 0.24 ma
Triode Grid Voltage (Approx. for 0° shadow angle). ......... -18.5 -22 volts
Triode Grid Voltage (Approx. for 90° shadow angle). ... ..... 0 0 volts

G2 G3

REMOTE-CUTOFF PENTODE

Glass octal type used in rf and if stages of
radio receivers employing ave. It is also used as
a mixer in superheterodyne circuits. Outline 30, 6U7 G
OUTLINES SECTION. Tube requires octal -
socket. Refer to type 6SK7 for general appli-
cation information. Heater volts (ac/dc), 6.3;
amperes, 0.3. This type is used principally for
renewal purposes. Maximum ratings as class A
amplifier: plate volts, 300; grid-No.2 (screen) volts, 100; grid-No.2 supply volts, 300; grid-No.1 (control-
grid) volts, 0 min; plate dissipation, 2.25 watts; grid-No.2 dissipation, 0.25 watt.

Typical Operation:

Plate Voltage. . . ... .. ittt iiiienaeinraaannnn 100 250 volts
Grid-No.2 Voltage. . ............ et 160 100 volts
Grid-Ne.1 Voltage............coviuiiiiiiin.., -3 -3 volts
Grid No.3 (Suppressor). .........covvveununnnnn Connected to cathode at socket

Plate Resistance (Approx.)........ 0.26 0.8 megohm
Trangconductance. . . ... ... ... ittt 1500 1600 umhos
Grid-No.1 Bias for transconductance of 2 umhos............ -50 —-50 volts
Plate Current. .. ... ..ottt i i 8 8.2 ma
Grid-No.2Current. . ..., .oiiiiviriniiinnniiiirerninrones 2.2 2 ms
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BEAM POWER AMPLIFIER

6V6 Metal type 6V6 and glass-octal
6v 6 GT type 6V6-GT are used as output am-
= plifiersinautomobile,battery-operated,

and other receivers in which reduced

plate-current drain is desirable. Out-

lines 6 and 17, respectively, OUTLINES SECTION. Tubes require octal socket
and may be mounted in any position. The 6V6 and 6V6-GT are equivalent in

performance to type 6AQ5. Refer to type 6AQ5 for heater and cathode considera-
tions, application information, and characteristic curves.

HEATER VOLTAGE (AC/DC) . 6.3 volte
HEATER CURRENT. L oottt ittt it ettt e ittt ettt 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.): 6V6-(GT°

Grid No.l to Piate . 0.7 nul

Input. ............ . .. . 9.5 upuf

L8 18 3 « T3 1 N 7.6 puf
° With shell connected to cathode. % With no external shield.
Maximum Ratings: SINGLE-TUBE CLASS A; AMPLIFIER
PLATE VOLTAGE. . . .........0vunn. 815 max volts
GRID-NO.2 (8CREEN) VOLTAGE. .. ... e 285 max volts
PLATE DISSIPATION. . ............. e 12 max watts
GRID-NO.2 DIBSIPATION. . .t ittt it iereunnnnaeernornnnnns 2 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. .. .................covunr... 90 max volts

Heater positive with respect tocathode. ... ...........oiivurnrnnn.. 90 mazx volts
Typical Operation:
Plate Voltage. . . ........ ... .. ... ... ... ..., 180 250 315 volts
Grid-No.2 Voltage. ............ ..o, 180 250 225 volta
Grid-No.1 (Control-Grid) Voltage.............. -8.6 -12.5 -13 valts
Peak AF Grid-No.l Voltage. ... ............... 8.6 12.6 13 volts
Zero-Signal Plate Currert. . . .................. 29 46 34 ma
Maximum-Signal Plate Current. . .. . 30 47 35 ma
Zero-Signal Grid-No.2 Current (Approx.)........ 3 4.5 2.2 ma
Maximum-Signal Grid-No.2 Current (Approx.).. 4 1 6 ma
Plate Resistance. ............................. 68000 52000 77000 ohms
Transconductance. . . . 3700 4100 3750 umhos
Load Resistance. ................ 6500 5000 8500 ohms
Total Harmonic Distortion. . ... ... 8 8 12 per cent
Maximum-Signal Power Output 2 4.6 5.6 watts
Maximum Ratings: PUSH-PULL CLASS AB, AMPLIFIER
(Same as for single-tube class A, amplifier)
Typical Operation {Valves are for two tubes):
Plate Voltage. . . ... ... ... ... . . .. . . . i, 250 285 volta
Grid-No.2 Voltage. . ... ... ... ... ... .. .. ... .iiiiinnann. 250 2856 volts
Grid-No.1 (Control-Grid) Voltage®* -15 -19 voite
Peak AF Grid-No.1-to-Grid-No.l Voltage P 30 38 volta
Zero-Signal Plate Current. . ... ... ... .. ... ..., ............ 70 70 ma
Maximum-Signal Plate Current. . ......................... 79 92 ma
Zero-Signal Grid-No.2 Current (Approx.)............ccuu... 5 4 ma
Maximum-Signal Grid-No.2 Current (Approx.). . [P 13 13.5 ma
Plate Resistance (Approx.). . ........... .. .......ccouuuu... 60000 65000 ohms
Transconductance 3760 3600 wmhos
Effective Load Resistance 10000 8000 ohma
Total Harmonic Distortion 5 3.6 per cent
Maximum-Signal Power Qutput 10 14 watts

* The type of input coupling used should not introduce too much resistance in the grid circuit.
Transformer- or impedance-coupling devices are recommended. When the grid-No.l circuit has a
resistance not higher than 0.1 megohm, fixed bias may be used; for higher values, cathode bias is re-
quired. With cathode bias, the grid-No.1 circuit may have a resistance not to exceed 0.5 megohm.

TWIN DIODE—MEDIUM-MU TRIODE

Glass octal type used as combined detector,
amplifier, and ave tube. Outline 26, OUT-
LINES SECTION. Except for interelectrode
6V7-G capacitances, this type ia identical electrically
with type 85. Heater volts (ac/dc), 6.3; am-
peres, 0.3. For diode operation curves, refer to
type 6SQ7. This is a DISCONTINUED type
listed for reference only.
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L

SHARP-CUTOFF PENTODE

Glass octal type used as biased detector
or high-gain amplifier in radio receivers. Out-

peres, 0.15. Maximum ratings: plate volts, 300
mazx; grid-No.2 (screen) volts, 100 max; grid-
No.2 supply volts, 300 max; grid-No.1 (control-
[ grid) volts, 0 min; plate dissipation, 0.5 max

line 26, OUTLINES SECTION. Tube requires 6w7 G
octal socket. Heater volts (ac/dc), 6.3; am- -

watt; gnd-No 2 dissipation, 0.1 max watt. Within its maximum ratings, this type is identical electrically

with type 6J7. Type 6 W7-G is used principally for renewal purposes.

c FULL-WAVE VACUUM RECTIFIER

to larger types 6X5 and 6X5-GT.

HEATER VOLTAGE (Ac/DC)... 6.3 volts
HEATER CURRENT. .. ....... 0.6 ampere

Miniature type used in power sup-
O ply of automobileand ac-operated radio
receivers. Equivalent in performance 6x4
NC e
PDZ

Maximum Rotings: FULL-W AVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE. ¢ 00\ vvntttiiiiainetanneerainreaaannnnnnas 1250 max

PEAK PLATE CURRENT 210 maz
DC OutpuT CURRENT 70 mazx
PeAX HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode......ccvveeunnennna... ceeenssss. 450 max

Heater positive with respect to cathode. ................................ 450 mazx
Typical Operation:

Filter Input Capacitor Choke

AC Plate-to-Plate Supply Voltage (RMS) vevveverrveseaeess 650 900
Filter-Input Capacitor. ..........cco0iviaeeeenenen 4 -
“Total Effective Plate-Supply Impedance per Plate 150 -
Min. Filter-Input Choke. .. ................ . ciiieniiinnn. - 8
DCOutput Current..............iiiienienennrnannnn. 70 70
DC Output Voltage at Input to Filter (Approx.):

At half-load current (85 ma.). .........ccoiiiinnenan.s 390 385

Atfull-load current (TO Ma.). ... vinn e nnrenenennnnn 3565 375
Voltage Regulation (Approx.):

Half-load to full-load current..... Cerestteasnsreasnaens 35 10

OPERATION CHARACTERISTICS

volts
ma
ma

volts
volts

volts
uf
ohmsa

henries

ma

volts
volts

volts

INSTALLATION AND APPLICATION TrEoNe ES(‘*‘:"?""US

- -CHOKE (L) INPUT TOFI)LTER
——CAPACH'Oﬁ (C) INPUT TOFILTER:

Tube requires miniature seven-contact

5500 =4ufF:TOT EFFEC;-E‘:{_;TEA?&P:PL
socket and may be mounted in any position. £ g5 voLTS RMs HMS
Outline 13, OUTLINES SECTION. It is espe- PLATE-TO-PLATE
cially important that this tube, like other power- | *°% 6gex. \- o — 3%
handling tubes, should be adequately ventilated. § Soo T ___E—“‘

When operation requires a filter-input ca- :‘,;,30 - ‘\::_fﬁ—
pacitor larger than 4 uf, it may be necessaryto 7 [~ _%\ = ~Toee
use more plate-supply impedance than the izoo—_\dﬂf =3 2
value shown to limit the peak plate current to & C Foch-f_ . 200
the rated value. For additional information on 3 B il ek --:ﬁ__
filter circuits, refer to ELECTRON TUBE AP- 3
PLICATIONS SECTION.

20 40 80
DC LOAD MILLIAMPERES
92CM-4576T2
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FULL-WAVE fpy
VACUUM RECTIFIER PD2 ()
6x5 Metal type 6X5 and glass-octal
6x 5 GT type 6X5-GT are used in power sup- ©, ©
- ply of automobile and ac-operated re- H " H
ceivers. Outlines 6 and 17, respectively, O
OUTLINES SECTION. Both types neexE-cr K

require octal socket. Type 6X5 should be mounted in vertical position, but hori-
zontal operation is permissible if pins 3 and 5 are in horizontal plane. Type 6X5-GT
may be operated in any position. For maximum ratings, typical operation data,
and curves, refer to type 6X4.

P2 K
FULL-WAVE VACUUM RECTIFIER © )

Glass type used in power supply of radio \

receivers. Outline 25, OUTLINES SECTION. ¢ (5) Pos
6Y5 Heater volts (ac/dc), 6.3; amperes, 0.8. The e
maximum ac plate voltage per plate is 350
volts (RMS), and the dc output current is 50 ‘
ma. This is a DISCONTINUED type listed ()6
for reference only. H H
G2 (]

BEAM POWER AMPLIFIER

6Y 6 G Glass octal type used as output
- amplifier in radio receivers in which
the plate voltage available for the out- \‘,/ Op
put stage is relatively low. It is also o K

used in ri-operated, high-voltage power

supplies in television equipment. Outline 28, OUTLINES SECTION. Tube re-
quires octal socket and may be mounted in any position. Heater volts (ac/dc), 6.3;
amperes, 1.25. Typical operation and maximum ratings as class A, amplifier: plate
volts, 135 (200 mazx); grid-No.2 (screen) volts, 185 maz; plate dissipation, 12.5
max watts; grid-No.2 dissipation, 1.75 max watts; grid-No.1 (control-grid) volts,
-13.5; plate ma., 58; grid-No.2 ma., 3.5; plate resistance, 9300 ohms; transconduc-
tance, 7000 umhos; load resistance, 2000 ohms; maximum-signal output watts,
3.6. At maximum ratings, the 6Y6-G can deliver 6 watts output with load resis-
tance of 2600 ohms.

RF POWER AMPLIFIER AND OSCILLATOR--Class C Telegraphy
Maximum Ratings:
DC PLATE MOLTAGE. . ...t titttit ettt inteaaeareaararasnanases 850 max volts
DC GRID-N0.2 VOLTAGE 135 max volts

DC GrID-NoO.1 VOLTAGE -90 max volts
DC PLATE CURRENT. .. ... .vivtrrnnirrionennrsanse 80 max ma

DC GRIiD-No0.1 CURRENT 1.6 max ma
PLATE INPUT............ 23 max watts
GRID-NO.2 INPUT. . ...... 0.6 max watt
PLATE DISSIPATION....... 8.0 maz watts
Typical Operation:

DC Plate Voltage. . ... ...t rriireeristoasssarsnsancarscsnesesancaosssns 360 volts
DC Grid-No.2 Voltage®. ... oo iiiitiniiiiiiiiiiiintiiesinatooerannonnsns 115 volts
DC Grid-No.l Voltagef. ... .civieiiniinieiiniiinnriinienarerinarennaennes -40 volts
Peak RF Grid-No.L Voltage. ........c.oiitiiinn ittt 48 volts
DC Plate Current. . ... ... ... .. it i it 60 ma
DC Grid-No.2 Current. ... ... ..ottt it iaiaaaansns 5.1 ma
DC Grid-No.1 Current (Approx.). .. ............... .. 1.4 ma
Driving Power (APPIOK. ). .o\ttt it ittt sttt e et 0.1 watt

Power Output (Approx.) 14 watts
* Obtained from a separate source, from a potentiometer, or from plate supply through a series resistor
of 45000 ohms.

t Obtained from fixed supply, by grid-No.1 resistor of 30000 ohms, by cathode resistor of 600 ohms, or
by a combination of methods.
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. o HIGH-MU TWIN POWER TRIODE
T, P
o/ \o ™ Glass octal type used as class B amplifier
in output stage of radio receivers. Outline 24,
OUTLINES SECTION. For electrical charac- 6Y7-G
e " | ' o H teristics, refer to type 79. Heater volts (ac/dc),

6.3; amperes, 0.6. This is a DISCONTINUED

type listed for reference only.
.

K FULL-WAVE VACUUM RECTIFIER

e o Glass type used in power supply of radio
receivers. Outline 25, OUTLINES SECTION.
Heater volts (ac/de), 12.6 in series heater ar-

"‘ PDI rangement and 6.3 in parailel arrangement; 625
\ amperes, 0.4 (series), 0.8 (parallel). Maximum
a)e ac plate voltage per plate is 230 volts, and

maximum dc output current is 60 ma. Thisis a
Hy H DISCONTINUED type listed for reference
only.

HIGH-MU TWIN POWER TRIODE
fT2 A N PT, Glass octal type used as class B amplifier
e e in output stage of radio receivers. Outline 24,
OUTLINES SECTION. Tube requires octal 6Z7 G
socket. Heater volts (ae¢/dc), 6.3; amperes. 0.3. -
e" " Typical operation and maximum ratings as
0 o class B power amplifier: plate volts, 180 mazx;

grid volts, 0; peak piate ma. per plate, 60 maz;
NC K average plate dissipation, 8 mar watts; zero-
signal plate ma. per plate, 4.2; plate-to-plate load resistance, 12000 ohms; output, watts, 4.2 with average
input of 320 milliwatts applied between grids. For typical operation as a resistance-coupled amplifier,
refer to Chart 21, RESISTANCE-COUPLED AMPLIFIER SECTION. This type is used principally
for renewal purposes.

FULL-WAVE VACUUM RECTIFIER-

Glass octal type used in power supply of
radio equipment where economy of power is

2
important. Outline 24, OUTLINES SECTION.
e Tube requires octal so'cket and may be mounted 6ZY 5 —G

POy

in any position. Heater volts (ac/dc), 6.3;

- /o amperes, 0.3. Maximum ratings: peak inverse

H
plate volts, 1250; peak plate ma. per plate,
0 o 120; de¢ output ma., 40; peak heater-cathode
NC K volts, 450.

Typical Operation: FULL-WAVE RECTIFIER

Filter Input Capacitor Choke
AC Plate-to-Plate Supply Voltage (RMS)................... 660 900 volts
Filter Input Capacitor. . .. ........ ... ..., 4 - uf
Min. Total Effective Plate-Supply Impedance per Platet...... 22§ - ohms
Min. Filter-Input Choke. ............ ... ... .. iiiiiiians - 13.5 . henries
DCOutput Current. ....... ...ttt 40 40 ma

+ When a filter-input capacitor larger than 4 uf is used, it may be necessary to use more plate-supply
impedance than the minimum value shown to limit the peak plate current to the rated value.

MEDIUM-MU TRIODE

Glass lock-in type used as detector, ampli-
fier, or oscillator in radio equipment. Outline 12,
OUTLINES SECTION. Tube requires iock-in 7A4
socket. Heater volts (ac/dc), 6.3; amperes, 0.3.
Maximum ratings, typical operating conditions,
and curves for type 7TA4 are the same as for
metal type 6J5.
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7A5

tion, 5.5 max watts; grid-No.2 dissipation, 1.2 max watts; grid-No.1 volts, —9; plate ma., 44; grid-No.2
ma., 3.3; plate resistance, 17000 ohms; transconductance, 6000 umhos; load resistance, 2700 ohms;

BEAM POWER AMPLIFIER

Glass lock-in type used as output amplifier
in radio receivers in which the plate voltage
available for the output stage is relatively low.
Outline 15, OUTLINES SECTION. Tube re-
quires lock-in socket. Heater volts (ac/dc), 6.3;
amperes, 0.75. Typical operation and maximum
ratings as class A) amplifier: plate volts, 126
mazx; grid-No.2 volts, 125 maz: plate dissipa-

maximum-signal output watts, 2.2.

7A6

7A7

7A8

20000-chm dropping resistor properly bypassed; grid-No.2 volts, 165 (200 maz) ; plate dissipation, 1 max
watt; grids-No.3-and-No.5 dissipation, 0.8 max watt; grid-No.2 dissipation, 0.75 max watt; grid-No.4
volts, ~3 (0 min); grid-No.1 resistor, 50000 ohms; plate ma., 8; grids-No.8-and-No.5 ma., 3.2; grid-No.2
ma., 4.2; grid-No.1 ma., 0.4; plate resistance, 0.7 megohm; conversion transconductance, 550 xmhos;
conversion transconductance with grid-No.1 bias of —30 volts, 2 umhos. The application of this type is

TWIN DIODE

Glass lock-in type used as detector, low-
voltage rectifier, or ave tube. Outline 12, OUT-
LINES SECTION. Tube requires lock-in sock-
et. Heater volts (ac/de), 6.3; amperes, 0.15.
Maximum ratings as rectifier: ac plate volts
per plate (RMS), 150; de output ma. per plate,
8; peak ma. per plate, 45; peak heater-cathode
volts, 330. The application of this type is similar
to that of metal type 6H6.

REMOTE-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in radio receivers. Outline 12, OUTLINES
SECTION. Tube requires lock-in socket. Heater
volts (ac/de), 6.3; amperes, 0.3. For maximum
ratings, typical operation, and curves, refer to
metal type 6SKT7.

OCTODE CONVERTER

Glass lock-in type used as converter in
superheterodyne circuits. Outline 12, OUT-
LINES SECTION. Tube requires lock-in sock-
et. Heater volts (ac/dc), 6.3; amperes, 0.15,
Typical operation and maximum ratings as fre-
quency converter: plate volts, 250 (800 maxz);
grids-No.3-and-No.5 volts, 100 max; grid-No.2
supply volts, 250 (300 max) applied through

similar to that of metal type 6A8 and glass-octal type 6D8-G.

7B4

7B5

HIGH-MU TRIODE

Glass lock-in type used in resistance-
coupled amplifier circuits. Outline 12, OUT-
LINES SECTION. Tube requires lock-in sock-
et. Heater volts (ac/dc), 6.3; amperes, 0.3.
Except for interelectrode capacitances, this
type has the same maximum ratings and char-
acteristies as metal types 6F5 and 6SF5.

POWER PENTODE

Glass lock-in type used in output stage of
radio receivers. Qutline 15, OUTLINES SEC-
TION. Tube requires lock-in socket. Heater
volts (ac/dc), 6.3; amperes, 0.4. Except for
interelectrode capacitances, this type is the
same electrically as glass-octal type 6K6-GT.
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TWIN DIODE—HIGH-MU TRIODE

Glass lock-in type used as combined de-
tector, amplifier, and ave tube. QOutline 12,
OUTLINES SECTION. Tube requires lock-in 786
socket. Heater volts (ac/dc), 6.3; amperes, 0.3.
Except for interelectrode capacitances, this
type is the same electrically as metal type
68Q7.

REMOTE-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in radio receivers employing ave. Outline 12,
OUTLINES SECTION. Tube requires lock-in 7B7
socket. Heater volts (ac/dc), 6.3; amperes, 0.15.
Typical operation as class Ai amplifier: plate
volts, 250 (300 mazx); grid-No.2 volts, 100 mazx;
grid-No.1 volts, —-3; grid No.3 connected to
cathode at socket; plate ma., 8.5; grid-No.2
ma., 1.7; plate resistance, 0.75 megohm; transconductance, 1750 umhos; transconductance at bias of
—40 volts, 10 yumhos. The application of this type is similar to that of metal types 6SK7 and 6SS7..

PENTAGRID CONVERTER

Glass lock-in type used as frequency con-
verter in superheterodyne circuits. Qutline 12,
OUTLINES SECTION. Tube requires lock-in 788
socket, Heater volts (ac/de), 6.3; amperes, 0.3.
Except for interelectrode capacitances, this type
is the same electrically as metal type 6AS8.

NE C BEAM POWER AMPLIFIER

Glass lock-in type used as output amplifier
in radio receivers. QOutline 15, OUTLINES
SECTION. Tube requires lock-in socket. Heat- 7c 5
er volts (ac/dc), 6.3; amperes, 0.45. Refer to
metal typs 6V6 for maximum ratings and typi-
cal operation as single-tube class A; amplifier
and as push-pull amplifier, and for curves, to
miniature type 6AQ5.

TWIN DIODE—HIGH-MU TRIODE

Glass lock-in type used as combined de-
tector, amplifier, and ave tube. QOutline 12,
OUTLINES SECTION. Tube requires lock-in
socket. Heater volts (ac/dc), 6.3; amperes, 0.15.
Typical operation of triode unit as class A 7C6
amplifier: plate volts, 250 (300 max); grid volts,
~1; plate ma., 1.3; plate resistance, 0.1 megohm;
transconductance, 1000 umhos. For diode oper-
ation curves and triode application, refer to
metal type 6SQ7.

SHARP-CUTOFF PENTODE

Glass lock-in type used as biased detector
or rf amplifier. Outline 12, OUTLINES SEC-
TION. Tube requires lock-in socket. Heater 7C7
volts (ac/de), 6.3; amperes, 0.15. Typical op-
eration as class A: amplifier: plate volts, 250
(800 max); grid-No.2 volts, 100 mazx; grid-No.1
volts, —3 (0 min); grid No.3 and internal shield
connected to cathode at socket; plate resistance
(approx.), 2 megohms; plate ma., 2; grid-No.2 ma., 0.5; transconductance, 1300 umhos. The application
of this type is similar to that of metal type 6SJ7 and glass-octal type 6WT-G.
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KINESCOPE

7DP 4 Directly viewed picture tube used

in television receivers. Features a white

fluorescent screen having medium per-

sistence and high efficiency. Utilizes

electrostatic focusing and magnetic

deflection to provide a picture of about 4 by 5-1% inches. Has solid deflection angle

of 50° approx. Maximum bulb diameter is 7-5/16 inches; maximum overall length,

14-7/16 inches. Outline 38, OUTLINES SECTION. Tube has small-shell duo-
decal 7-pin base and recessed small cavity cap.

HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. . ........... 0.6 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.1 to All Other Electrodes. . . ... ... c.viiiinrnirnnnnnnn.. 6.5 wuf
Cathode to All Other Electrodes. . . . ... ... ... iuiirernennenneers 5.0 #ug
Externa! Conductive Coating to Anode No.2. ... ......viiieennninnn { 12(())8 zg; ﬁ:f
Maximum Ratings:
ANODE-NO.Z VOLTAGE. . . ..\ ottt tiiatieeerannnnnneeessnsnnns 8000 max volts
ANODE-NO.1 VOLTAGE. . . ... ... itiiiiiiennnnnnnnn, .. 2400 max volts
GRID-NO.Z VOLTAGE. . .. ...t ittt enans ceeeeenans 410 max volts
‘GRID-NO.1 VOLTAGE:
Negative bias value. .. .............. .. 1256 max volts
Positive bias value. . .. 0 max volts
Positive peak value. .. 2 max volts
PEAK HEATER-CATHODE VOI TAGE:
Heater negative with respect toecathode............................. 125 mazx volts
Heater positive with request tocathode. .. .......................... 125 max volts
Typical Operation:
Anode-No.2 Voltage® . . ... ... .. .. it i e e volts
Anode-No.1 Voltage for Focus®. . .. ..., . .ottt rneeennnnnnnn. volts
Grid-No.2 Voltage. ... ... i ittt i it it eenen e volts
Grid-No.l Voltage® . .. . i it ettt volts
Ton-Trap-Magnet Current (DC) +........ - ma
Horizontal Deflecting-Coil Current (DC) % .. ma
Maximum Anode-No.1 Current Range............ . na
Maximum Circvit Valves:
Grid-No.1-Cireuit Resistance. . ... . ....oiiiiriin i iiiieenninenunn 1.5 maxr megohms

* Brilliance and definition decrease with decreasing anode-No.2 voltage. In general, anode-No.2
voltage should not be less than 5000 volts.

® With the combined grid-No.1-bias voltage and video-signal voltage adjusted to produce a highlight
brightness of 12 foot-lamberts on a 4’ x 514"’ picture area. The anode-No.l voltage supply should be
-adjustable to == 159, of indicated value.

** Visual extinction of undeflected focused spot. Supply should be adjustable to = 409 of indi-
cated value.

4 For RCA Ton-Trap Magnet, RCA Type No. 203D1, or equivalent.

2 To deflect beam from side to side of a raster 514" wide with RCA Deflection Yoke, RCA Type
No. 201D1, or equivalent. Coil current varies directly as the square root of the anode-No.2 voltage.

INSTALLATION AND APPLICATION

The base pins of the 7TDP4 fit the duodecal socket and the tube may be
mounted in any position. The socket, however, should not be used to support the
tube but should have flexible leads and be allowed to move freely. The tube should
be supported by a padded ring around the bulb cone adjacent to the neck and by a
cushioned ring or other arrangement near the screen end.

Do not strike or scratch the tube or subject it.to more than moderate pressure
when it is being placed into or removed from its mounting. All kinescopes are
evacuated and in case of breakage, injury from flying glass may result.
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In the use of cathode-ray tubes, it should always be remembered that high
voltages may appear at normally low-potential points in the circuit due to capacitor
breakdown or to incorrect circuit connections. Therefore, before any part of the
cireuit is touched, the power-supply switch should be turned off and both terminals
of any charged capacitors grounded.

TWIN DIODE—MEDIUM-MU TRIODE

Glass lock-in type used as combined de-
tector, amplifier, and ave tube. Outline 12, 7E6
OUTLINES SECTION. Tube requires lock-in
socket. Heater volts (ac/dc), 6.3; amperes, 0.3.
For maximum ratings, typical operation, and
curves, refer to miniature type 6BF6.

TWIN DIODE—REMOTE-CUTOFF
PENTODE

Glass lock-in type used as combined de-
tector, amplifier, and ave tube. Qutline 12,
OUTLINES SECTION. Tube requires lock-in 7E7
socket. Heater volts (ac/dc), 6.3; amperes, 0.8.
Typical operation and maximum ratings of
pentode unit as class A; amplifier: plate volts,

S 250 maz; grid-No.2 volts, 100 max; piate dissi-
H RS H pation, 2 max watts; grid-No.2 dissipation, 0.3
mazx watt; grid-No.1 volts, -3 (0 min); plate resistance (approx.), 0.7 megohm; tranasconductance, 1300
wumhos; grid-No.l volts for transconductance of 2 umhos, —42.5; plate ma., 7.5; grid-No.2 ma., 1.6. For
diode operation curves, refer to type 63Q7.

HIGH-MU TWIN TRIODE

Glass lock-in type used as phase inverter or
resistance-coupled amplifier. Outline 12, OUT-
LINES SECTION. Tube requires lock-in 7F7
socket, Heater volts (ac/dc), 6.3; amperes, 0.3.
For maximum ratings, typical operation as class
A, amplifier, and curves, refer to glass-octal
type 6SL7-GT.

MEDIUM-MU TWIN TRIODE

Glass lock-in type used as amplifier or oscil-
lator in radio equipment. Except for overall
length of 2-9/32 inches and seated height of 134 7F8
inches, the dimensions of type 7F8 are given by
Outline 12, OUTLINES SECTION. Tube re-
quires lock-in socket. Heater volts (ac/de), 6.8;
amperes, 0.3. Typical operation and maximum
ratings as class A, amplifier (per unit): plate
volts, 250 (300 maz); cathode resistor, 500 ohms; plate ma., 6.0; transconductance, 3300 ymhos; ampli-
fication factor, 48; grid volts for plate current of 10 ua., ~11; grid-circuit resi , 0.5 max hm

SHARP-CUTOFF PENTODE

Glass lock-in type used in video amplifiers
of television receivers and in other applications 7G7 /
requiring high transconductance. Outline 12,

OUTLINES SECTION. Tube requires lock-in , 12 32
socket. Heater volts (ac/de), 6.3; amperes,

0.45. Typical operation and maximum ratings

as class A amplifier: plate volts, 250 (300 max);

grid-No.2 volts, 160 maz; plate dissipation, 1.5

mazx watts; grid-No.2 dissipation, 0.3 max watt; grid-No.1 volts, -2; grid No.3 and internal shield con-
nected to cathode at socket; plate resistance (approx.), 0.8 megohm; transconductance, 4500 umhos;
grid-No.1 volts for eathode-current cutoff, ~7; plate ma., 6; grid-No.2 ma., 2.0. The application of this
type is gimilar to'that of miniature type 6AUS.
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KINESCOPE

Directly viewed picture tube used in tele-

vision receivers. Features a white fluorescent

7GP 4 screen and utilizes electrostatic focus and de-

flection to provide a picture about 4 by 534

inches. Tube has medium-shell diheptal 12-pin

base. Except for base connections and within

its maximum ratings (anode-No.2 and grid-No.2

volts, 4000 max; anode-No.1 volts, 1500 mazx),

this type is identical with type 7JP4. The 7JP4 may be used to replace the 7TGP4 provided no connec-
tions are made to ping 4 and 12. The TGP4 is a DISCONTINUED type listed for reference only.

REMOTE-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier

in radio receivers. Outline 12, OUTLINES

7H7 SECTION. Tube requires lock-in socket.
Heater volts (ac/dc), 6.3; amperes, 0.3. Typical

operation and maximum ratings as class A1 am-

plifier: plate volts, 250 (800 max); grid-No.2

volts, 150 mazx; plate dissipation, 2.5 mar watts;

grid-No.2 dissipation, 0.5 maz watt; grid-No.1

volta, -2.5 (0 min); grid No.3 and internal shield connected to cathode at socket; plate resistance

(approx.), 0.8 megohm; tra ductance, 3800 umhos; grid-No.1 volts for transconductance of 35
umhos, —19; plate ma., 9.5; grid-No.2 ma., 3.5. The application of this type is similar to that of miniature
type 6BAS. Gr Gove

TRIODE—HEPTODE CONVERTER e

Glass lock-in type used as combined oscile Pr
lator and heptode mixer in radio receivers. Out-
line 12, OUTLINES SECTION. Tube requires Cinp

7J7 lock-in socket. Heater volts (ac/dc), 6.3; am-
peres, 0.3. For maximum retings and typical
operation, refer to glass-octal type 6J8-G.

KINESCOPE

Directly viewed picture tube used
in television receivers and in oscillo-
graph equipment. Features a white

7J P4 fluorescent screen having high effi-

ciency. It utilizes electrostatic focus

and deflection to provide a picture of

about 4 by 514 inches. Maximum bulb

diameter is 7-1% inches; maximum overall length is 14-7% inches. Outline 39, OUT-
LINES SECTION. Tube has medium-shell diheptal 12-pin base.

HEATER VOLTAGE (AC/DC). .. ...\ttt it eiiiienae s 6.3 volts

HEATER CURRENT. . ..\ tet it et citta ettt itat i nnsanansnans e 0.6 ampere

DiIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.1 to All Other Electrodes. . ...... ... ... oiiiiiinirnnrenns 8.5 upf
Cathode to All Other Electrodes. . . . e 9.5 nuf
DhitoDJa. ..o 3.5 nauf
DIstoDJé, coveenninnn.. 2.0 puuf
DJi to All Other Electrodes . 1.0 upuf
DJ: to All Other Electrodes. . ............... v e 11.0 puf
DIsto AllOther Electrodes. . . ... .. .. ittt iireaans 8.0 put
DJsto AllOther Electrodes. . .. .. ..ot iiiiiiiirinnenenrnrnennas 8.0 uuf

Maximum Ratings:

ANODE-NO.2 AND GRID-NO.2 VOLTAGE. . . .. ....0oiiviiunnrrnnn N 6000 max volts

ANODE-NO.I VOLTAGE. . .. . it iiiiiiiineneiiinennrroannssnnsen . 2800 mox volts

GRID-NO.1 VOLTAGE: e
Negative bigs value. . ...... ... . i i i e, 200 mazx volts

Positive bias valuet 0 max volts
Peak positive value 2 max volts
PEAK VOLTAGE BETWEEN ANODE N 0.2 AND ANY DEFLECTING ELECTRODE. . . T50 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. .....................covvnnn 125 max volts
Heater positive with respect to cathode:
During equipment warm-up period not exceeding 15seconds....... . 410 max volts
After equipment warm-up period. .. ........ . .ttt iaanan e 126 max volts
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Typical Operation:

Anode-No.2 Voltage®. . ..................... PN 4000 6000 volts
Anode-No.1 Voltage for Focus 1340 2000 volts
Grid-No.l Voltage ¥*. . . . ... ... .. -8R0 -120 volts
Mazximum Anode-No.1 Current Range. . -15to+10 -16to+10 ua
Deflection Factors:
DJiand DJs . ..o o i, eeans 144 216 volts de/in
DIhrand DJe . ..ol i e aaa A 118 177 volts de/in
Maximum Circuit Values:
Grid-No.1-Circuit Resistance. . .. ... ... . . .. . . . it iirnerinrnnnnnes 1.5 mar megohms
Resistance in any Deflecting-Electrode Circuitt. . ....................... 5.0 mar megohms

$ For operation with 0 volts on grid No.1 and with 4000 to 6000 volts on anode No.2, it is essential
that the effective resistance of the anode-No.2 supply be adequate to limit the anode-No.2 input
power to 6 watts.

* Briiliance and definition decrease with decreasing anode-No.2 voltage.

° With the combined grid-No.l-bias voltage and video-gignal voltage adjusted for a highlight
brightness of 12 foot-lamberts on a 4" x 534’ picture area. The anode-No.1 voltage shouild be ad-
justed to == 209 of indicated value,

** Visual extinction of undetiected focused spot. Supply should be adjustable to == 40% of indicated

value.
t It is recommended that the deflecting-electrode-circuit resistances be approximately equal.

INSTALLATION AND APPLICATION

The base pins of the 7JP4 fit the diheptal socket and the tube may be mounted
in any position. The socket, however, should not be used to support the tube but
should have flexible leads and be allowed to move freely. The tube should be sup-
ported by a padded mechanism about the neck and by a cushioned ring or other
arrangement near the screen end. .

DJ, and DJ, are nearer the screen; DJs and DJ, are nearer the base. When DJ,
is positive with respect to DJ,, the spot is deflected toward pin 5; when DJ, is
positive with respect to DJ,, the spot is deflected toward pin 2.

Do not strike or scratch the tube or subject it to more than moderate pressure
when it is being placed into or removed from its mounting. All kinescopes are
evacuated and in case of breakage, injury from flying glass may result.

In the use of cathode-ray tubes, it should always be remembered that high volt-
ages may appear at normally low-potential points in the circuit due to capacitor
breakdown or to incorrect circuit connections. Therefore, before any part of the
circuit is touched, the power-supply switch should be turned off and both terminals
of any charged capacitors grounded.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf and if ampli-
fier in radio equipment. Gutline 12, OUTLINES
SECTION. Tube requires lock-in socket. 7L7
Heater volts (ac/dc), 6.3; amperes, 0.3, Typical
operation and maximum ratings as clags A, am-
plifier: plate volts, 250 (300 max); grid-No.2
volts, 100 (125 mar); grid-No.l volts, —-1.56;
grid No.3 tied to cathode at socket; cathode
resiator, 250 ohms; plate ma., 4.5; grid-No.2 ma., 1.5; plate resistance (approx.), 1 megohm; trans-
conductanee, 3100 umhos. The application of this type is similar to that of miniature type 6AUS.

(353 Gy

OO MEDIUM-MU TWIN TRIODE

er, o1y Glass lock-in type used as voltage amplifier
o ° or phase inverter in radio equipment. Outline
15, OUTLINES SECTION. Tube requires lock- 7 N 7

in socket. Heater volts (ac/dc), 6.3; amperes,
Nre o %Yy 0.6. For maximum ratings and typical operation

ey of each triode unit, refer to metal type 6J6. The
0 S ° application of this type is similar to that of

8s M glass-octal type 6SN7-GT.
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PENTAGRID CONVERTER

Glass lock-in type used as converter in

superheterodyne eircuits. Outline 12, OUT-

7 Q7 LINES SECTION. Tuberequires lock-in socket.
Heater volts (ac/de), 6.8; amperes, 0.3. For

maximum ratings, typical operation in conver-

ter service, and curves, refer to metal type 6SA7.

TWIN DIODE—REMOTE-CUTOFF
PENTODE

Glass lock-in type used as combined de-

tector, amplifier, and ave tube. Outline 12, OUT-

7R7 LINESSECTION.Tube requires lock-insocket.

Heater volts (ac/dc), 6.83; amperes, 0.8. Typical

. operation and ratings of pentode unit as class

A: amplifier: plate volts, 250 (300 max); grid-

No.2 volts, 100 maz; plate dissipation, 2 mazx

watts; grid-No.2 dissipation, 0.25 max watt; §

grid-No.1 volts, ~1 (0 méin); plate resistance (approx:), 1.0 megohm; tr ductance, 3400 ymh

plate ma., 6.2; grid-No.2 ma., 1.6, grid-No.1 volts for transconductance of 2 umhos, ~20. Refer to type
6SQ7 for diode operation curves.

H ps H

TRIODE—HEPTODE CONVERTER

Glass lock-in type used as combined triode

oscillator and heptode mixer in radio receivers.

757 Qutline 12, OUTLINES SECTION. Tube re-

quires lock-in socket. Heater volts (ac/d¢), 6.3;

amperes, 0.3. Typical operation of heptode unit:

plate volts, 250 (300 max); grids-No.2-and-No.4

volts, 100 mazx; grid-No.1 volts, —2; plate re-

sistance, 1.25 megohms; conversion transcon-

ductance, 525 umhos; plate ma., 1.8; grids-No.2-and-No.4 ma., 3.0. Typical operation of triode units

plate supply volts, 250 (300 mazx) applied through a 20000-ohm dropping resistor bypassed by a 0.1-uf
capacitor; grid resistor, 50000 ohms; plate ma., 5.0; total cathode ma. (both units), 10.2.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier

in radio receivers. Outline 12, OUTLINES SEC-

7v7 TION. Tube requires lock-in socket. Heater

volts (ac/dc), 6.3; amperes, 0.45. Typical oper-

.ation and maximum ratings as class A; amplifier:

plate volts and grid-No.2 supply volts, 300 maz;

grid-No.2 series resistor, 40000 ochms; plate dis-

sipation, 4 maxr watts; grid-No.2 dissipation,

0.8 maz watt; grid No.3 connected to cathode at socket; cathode-bias resistor, 160 min ohms; plate
registance, 0.3 megohm; transconductance, 6800 umhos; plate ma., 10; grid-No.2 ma., 3.9; grid-No.1
volts for plate current of 10 ua., —16.The application of this type is similar to that of miniature type 6AUS6..

SHARP-CUTOFF PENTODE

Glase lock-in type used as rf or if amplifier
in radio receivers. Outline 12, OUTLINES SEC-
7 w7 TION. Tube requires lock-in socket. Heater
volts (ac/dc), 6.3; amperes, 0.45. This type is
the same as type TV7 except for socket con-
nections. .

FULL-WAVE VACUUM RECTIFIER

Glass lock-in type used in power supply of
automobile radio receivers and compact ac-
operated receivers. Outline 12, OUTLINES

7Y4 SECTION. Tube requires lock-in socket. Heater
s volts (ac/dc), 6.8; amperes, 0.5. Maximum
ratings: peak inverse plate volts, 1250; peak
plate ma. per plate, 180; dc output ma., 70;
peak heater-cathode volts,:450. For typical op-~

eration, refer to miniature type 6X4.

150




RCA RECEIVING TUBE MANUAL

FULL-WAVE VACUUM RECTIFIER

Glass lock-in type used in power supply of
automobile and ac-operated radio receivers.
Outline 15, OUTLINES SECTION. Tube re- 7z4
quires lock-in socket. Heater volts (ac/de), 6.3;
amperes, 0.9. Maximum ratings: peak inverse
plate volts, 1250; peak plate ma. per plate, 300;
de output ma., 100; peak heater-cathode volts,

450.
Typical Operation: FULL-WAVE RECTIFIER
Filter Input Capacitor Choke
AC Plate-to-Plate Supply Voltage (RMS). .. ............... 650 900 volts
Filter-Input Capaeitor. .. ... ... .o 4 - uf
Min. Total Effective Plate-Supply Impedance per Platef. .. .. 75 - ohms

Min. Filter-Input Choke. . . ........ ... ... ... . ... . - 6 henries
DC Output Current. ................ T 100 100 ma
+ When a filter capacitor larger than 4 uf is used, it may be necessary to use more plate-supply impedance
than the minimum value shown to limit the peak plate current to the rated value.

KINESCOPE

Directly viewed picture tube used in tele-
vision receivers. Features a white fluorescent
screen having medium persistence and high 9 AP 4
efficiency. It utilizes electrostatic focus and mag-
netic deflection to provide a picture about 5-3/8
by 7-1/4 inches. Maximum diameter is 9-1/8
inches; maximum overalllength is 21-3/8 inches.
Tube requires six-contact socket. Refer to type
12AP4 for maximum ratings, characteristics, and typical operation. For handling and safety consider-
ations, refer to type 10BP4. This type is used only for renewal purposes.

POWER TRIODE

P, G
@) © Glass type used as an audio-frequency am-
plifier. Outline 34, OUTLINES SECTION.
Tube requires four-contact socket and should ]0
be operated in vertical position with base down.
0*0 Filament volts (ac/de), 7.5; amperes, 1.25.
F F

Typical operation as class A1 af power amplifier:

plate volts, 425 mazx; grid volts, —~40; peak af

grid volts, 35; plate ma., 18; plate resistance,
$000 ohms; transconductance, 1600 umhos: load resistance, 10200 ohms; undistorted output watts, 1.6.
This type is used principally for renewal purposes.

KINESCOPE

_ Directly viewed picture tube used
in television receivers. Features a white
fluorescent sereen having medium per- ]OB P4
sistence and high efficiency. It utilizes
q magnetic focus and magnetic deflec-
' " tion to provide a picture about 6 by 8
inches. Maximum diameter is 10-5/8 inches; maximum overall length is 18 inches.
Outline 40, OUTLINES SECTION. Provided with a small-shell duodecal 7-pin
base and a recessed small cavity cap.

HEATER VOLTAGE (AC/DC) . .. .ttt it ittt iii i iiaa e inaaneenas 6.3 volts
HEATER CURRENT. . ... ittt it iiiae e eannasannaans 0.6 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.1 to All Other Electrodes. ... .........ciiviuiiirennenanrens 6.5 ppf
Cathode to Al Other Electrodes. . ... ..... ... .. ... oiiiiiiiiiiines 5.0 uuf
External Conductive Coating to Anode No.2 {2500 maz wist
oating to Anode No.2. .. ............. ... .hvt 500 min P
Maximum Ratings:
ANODE VOLTAGE . . . oottt ittt iii e anotaraesananannanass 10000 max volts
GRID-NO.2 VOLTAGE. . . ...t iriit it rnarannnaseronanansann 410 max volts
GRID-N0O.1 VOLTAGE:
Negative biag value. . ... ... ... ... i it iteiiaanans 125 mazx volts
Positive bias value......... 0 mazx volts
Positive peak value 2 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode........... ... .. ... oot 125 max volts
Heater positive with respect to cathode. . .. ............. ... ..coiint 125 max volts
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Typical Operation:

Anode Voltage®. . ... ... ... . it i i e . 9000 volts
Grid-No.2 Voltage. . ... ...ttt ittt nnianns 250 volts
Grid-No.l Voltage®. . .. .. it ittt it i iien e anaeeinn —45 volts
Focusing-Coil Current (DC Approx.)¥*. .. ... .. ... ... .. .. iiiiiinnnnns 115 ma
Jon-Trap-Magnet Current (DC ApProx.) # . ...ttt iiireenennes 109 ma
Horizontal Deflecting-Coil Current (DC Approx.)t. .o vvverinnennnnnn. 470 ma

Maximum Circuit Values:
Grid-No.1-Circuit Resistance. . .. ... .. ... ... ... iiiiiiiiiin.an. 1.5 max megohms

* Brilliance and definition decrease with decreasing anode voltage. In general, the anode voltage should
not be less than 8000 volts.

© Visual extinction of undeflected focused spot. Supply should be adjustable to =409, of indicated value.
** For RCA Focusing Coil, RCA Type No0.202D1, or equivalent, with the combined grid-No.1-bias
voltage and signal voltage adjusted to produce a highlight brightness of 20 foot-lamberts on a 6’ x 8"’
picture area.

# For RCA Ion-Trap Magnet, RCA Type No0.203D1, or equivalent.

t To deflect beam from side to side of a raster 8" wide with RCA Deflection Yoke, RCA Type No.201D1,
or equivalent. Coil current varies directly as the square root of the anode voitage.

INSTALLATION AND APPLICATION

The base pins of the 10BP4 fit the duodecal socket and the tube may be
mounted in any position. The socket, however, should not be used to support the
tube, but should have flexible leads and be allowed to move freely. The tube should
be supported by a padded ring around the bulb cone adjacent to the neck and by a
cushioned ring or other arrangement near the screen end.

Do not strike or scratch the tube or subject it to more than moderate pressure
when it is being placed into or removed from its mounting. All kinescopes are
evacuated and in case of breakage, injury from flying glass may result.

In the use of cathode-ray tubes, it should always be remembered that high
voltages may appear at normally low-potential points in the circuit due to capacitor
breakdown or to incorrect circuit connections. Therefore, before any part of the
circuit is touched, the power-supply switch-should be turned off and both terminals
of any charged capacitors grounded.

°‘U
©,

n DETECTOR AMPLIFIER
Glass types used as detectors and ampli- oJo

fiers in battery-operated receivers. Filament F
volts (dc), 1.1; amperes, 0.25. Typical operation
as class A; amplifier: plate volts, 135 mazx; P G
grid volts, ~10.5; plate resistance, 15500 ohms; @) ©
transconductance, 440 umhos; plate ma., 3.
These are DISCONTINUED types listed for

12 reference only.

POWER PENTODE

Glass type used as output amplifier in

ac/de radio receivers. Outline 25, OUTLINES

-|2A5 SECTION. Heater volts (ac/dc), 12.6 in series

heater arrangement and 6.8 in parallel arrange-

ment; amperes, 0.3 (series), 0.6 (parallel). Typi-

cal operation as class A1 amplifier: plate volts

and grid-No.2 volts, 180 max; grid-No.1 volts,

—25; plate ma., 45; grid-No.2 ma., 8; plate re-

sistance, 35000 ohms; transconductance, 2400 umhos; load resistance, 3300 ohms; output watts, 3.4.
This is a DISCONTINUED type listed for reference only.
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RECTIFIER—POWER PENTODE

Glass type used as combined half-wave
rectifier and power amplifier. Outline 27, OUT-
LINES SECTION. Tube requires small seven- "2A7
contact (0.75-inch, pin-circle diameter) socket.
Heater volts (ac/dc), 12.6; amperes, 0.3. Typi-
cal operation of pentode unit as class A; ampli-
fier: plate volts and grid-No.2 volts, 185 max;
grid-No.l volts, —-13.5; load resistance, 13500
ohms; plate resistance, 100000 ohms; transconductance, 975 umhos; cathode resistance, 1175 ohms; plate
ma., 9; grid-No.2 ma., 2.5; output watts, 0.55. Maximum ratings of rectifier unit with capacitor-input
filter: ac plate volts (RMS), 125; dc output ma., 30. This type is used principally for renewal purposes.

8 < PENTAGRID CONVERTER

Glass octal type used as converter
in ac/de receivers. Outline 18, OUT-
LINES SECTION. Heater volts ]2A8"GT
(ac/dc), 12.6; amperes, 0.15. Except

for heater rating, this type is identical
with glass-octal type 6A8-GT.

MEDIUM-MU TWIN TRIODE

Glass octal tube used as audio amplifier in
radio equipment. Qutline 14, OUTLINES SEC-

TION. Tube requires octal socket. Heater volts

{ac/dc), 12.6; amperes, 0.15. Typical operation ]2AH7—GT
as class A, amplifier: plate volts, 180 max; grid

volts, -6.5; amplification factor, 16; transcon-

ductance, 1900 umhos; plate resistance, 8400

ohms; plate ma., 7.6; grid-bias volts for plate

current of 10 pa, —16.

TWIN DIODE

Miniature, high-perveance type
used as detector in FM and television ]2 AL5
circuits. It is especially useful as a
ratio detector in ac/dec FM receivers.
Outline 8, OUTLINES SECTION.
Heater volts (ac/de), 12.6; amperes, 0.15. Except for heater rating, this type is
identical with miniature type 6ALS5.

KINESCOPE

Directly viewed picture tube used in tele-
vision receivers. Features white fluorescent
screen having medium persistence and high ef- ] 2A P4
ficiency. It utilizes electrostatic focus and mag-
netic deflection to provide a picture about 734
by 93{ inches. Maximum diameter is 12-3/16
inches; maximum overall length is 25-3/8
inches. Tube requires six-contact socket. For
handling and safety considerations, refer to type 10BP4. This type is used only for renewal purposes.

HEATER VOLTAGE (AC/DC) . v\t ittt it ettt iae it i i s 2.5 volts
HEATER CURRENT. . . ..ottt ittt ettt e e e e it enas 2.1 amperes
DIRECT INTERELECTRODE CAPACITANCE:
Grid No.1 to All Other Electrodes. . . .. cvu it i tinnetninenneaaennsens 9 puf
Maximum Ratings:
ANODE-NO.2 VOLTAGE. . . ..ttt ittt ittt tan ittt ae e eiaa s 7000 max volts
ANODE-NO.I VOLTAGE. . . ...\ttt ittt it ie it ie s 2000 max volts
GRID-NO.2 VOLTAGE. .. ...ttt ittt ittt et ia et anans 300 max volts
GRID-NO.1 VOLTAGE: .
Negative bias value. . . . ... . .. . it it it e i 125 max volts
Positive biag value. . . ... ... .. ... . e 0 mazx volts
Positive peak value........ .. ... . i i i 2 max volts
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Typical Operation:

Anode-No.2 Voltage 5. ... ... iiiiiiiiiierennnconsnenns 7000 volts
Anode-No.l1 Voltage*. .. ............ 1460 volts
Grid-No.Z Voltage. . . ... . ..ouiiiiiiinernnoannsennsanss 250 volts
Grid-No.1 Voltage. . ................ ... —-20 to -60 volts
Grid-No.1 Signal-Swing Voltage 99 25 volts
Maximum Circuit Values:

Grid-No.1-Circuit Resistance. . ... ... ...ttt e iaiianan 5 max megohms

9 Brilliance and definition decrease with decreasing anode-No.2 voltage. In general, anode-No.2 voltage
should not be less than 6000 volts.

* Should be adjustable to ==209%, of the values shown.

49 Peak-to-peak value for good brilliance with good resolution. For greater brilliance, up to twice this
value should be available.

TWIN DIODE—
HIGH-MU TRIODE

Miniature type used as a com-

bined detector, amplifier, and ave tube

] 2 AT6 in compact ac/dc radio receivers. Out-
line 10, OUTLINES SECTION. Heat-

er volts (ac/dc), 12.6; amperes, 0.15.

Except for the heater rating, this type

is identical with miniature type 6ATS6.

SHARP-CUTOFF PENTODE

.. . H P
Miniature type used in compact @G
ac/dc radio equipment as an rf ampli- 62
fier especially in high-frequency, wide- ‘ (®)
]2AU6 band applications. Outline 10, OQUT- ‘

LINES SECTION. Heater volts o3& Lyﬂ
(ac/dc), 12.6; amperes, 0.15. Except '° 0

for heater rating, this type is identi- G

eal with miniature type 6AU6.

MEDIUM-MU TWIN TRIODE

Miniature type used as phase in-

I2AU7 verter or amplifier in ac/de¢ radio

equipment and in many diversified

applications such as multivibrators or

oscillators in industrial control de-

vices. Outline 11, OUTLINES SECTION. Tube requires noval nine-contact socket

and may be mounted in any position. Its characteristics are similar to glass-octal

type 6SN7-GT. Each triode unit is independent of the other except for the common

heater. For typical operation as a resistance-coupled amplifier, refer to Chart 10,
RESISTANCE-COUPLED AMPLIFIER SECTION.

HEATER ARRANGEMENT Series Parallet
HEATER VOLTAGE (AC/DC) . . oottt i e 12.6 6.3 volts
HEATER CURRENT. ... ...ttt i e canae e 0.15 0.3 ampere

DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Triode Unit Ty Triode Unit T»

Gridto Plate. . .......oin ittt 1.5 1.5 uuf
GridtoCathode. ... ... ... .. . i 1.6 1.6 nuf
Plateto Cathode..... ... ... ... . . i 0.50 0.35 uuf
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Maoximum Ratings: CLASS A; AMPLIFIER

... 300 max volts
. 2.75 max watts

20 mazx ma

PEAX HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ............... ... ... .. 180 max volts

Heater positive with respect tocathode. ........ovviiiii ..., 180 max volts
Characteristics:
Plate VOItAZE. v veevs it cne it taneeunonnesscaceanaanns 100 250 volts
Grid Voltage . . . .. it iivenereecrnrinevecnnnnaeeroanansn 0 -8.5 volts
Amplification Factor. . . ... . viiitiiiirnerinneneernenens 19.5 17
Plate Resistance (APPrOX.). . ... cveuevreenonnenneennnnenns 6250 7700 ohms
Transconduetance. . . ... ...ttt ininee i 3100 2200 umhos
Plate Current. ... ... vttt i1.8 10.6 ma

Maximum Circuit Values {For maximum rated conditions):

Cathode Bias

Grid-Circuit Resistance { Fixed Bias 1.0 max megohm

0.25 maz megohm

AVERAGE PLATE CHARACTERISTICS
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SHARP-CUTOFF PENTODE

Miniature type used as an rf or if
amplifier up to 400 megacycles in com- ] 2AW6
pact ac/de FM receivers. Qutline 10,
OUTLINES SECTION. Tube re-
quires miniature seven-contact socket
and may be mounted in any position. Heater volts (ac/dc), 12.6; amperes, 0.15.
Except for heater ratings and terminal connections, this type is identical with
miniature type 6AGS,

HIGH-MU TWIN TRIODE

Miniature type used as phase in-
verter or resistance-coupled amplifier ]2AX7
in radio equipment and in many diver-
sified applications such as multivibra-
tors or oscillators in industrial control
devices. QOutline 11, QUTLINES SECTION. Tube requires noval nine-contact
socket and may be mounted in any position. Its characteristics are similar to glass-
octal type 6SL7-GT. Each triode unit is independent of the other except for the
common heater. For typical operation as a resistance-coupled amplifier, refer to
Chart 25, RESISTANCE-COUPLED AMPLIFIER SECTION.
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HEATER ARRANGEMENT Series Parallel
HEATER VOLTAGE (AC/DC) . ..ottt tiiie et teeiiaananen 12.6 6.3 volts
HEATER CURRENT. ... ...ttt ittt can e 0.15 0.3 ampere

DIRECT INTERELECTRODE CAPACITANCES (No external shield):

Triode Unit T

Triode Unit T

GridtoPlate. . ... ...t 1.7 1.7 wul
UL, ittt e e, 1.6 1.6 unl
OUEPUL. . ..t i e i e 0.46 0.33 put
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. . . ottt ettt tie it iie et e it naas 300 max volts
PLATE DISSIPATION. . . oottt ittt it it et i ia e eas 1 max watt
GRID VOLTAGE:
Negative bias value. . . ... .. .. .. . . . . e 50 max volts
Positive bias value. . . . ... ... ... .. e 0 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . ........ .. .. ... .............. 180 max volts
Heater positive with respect to cathode. ... ... ... ... ... ... ......... 180 max volts
Characteristics:
Plate Volbage. . ..ottt ittt ittt it e ii it iaatiaarenens 250 volts
G VOItage. . . .t ttt et ittt ettt e e e -2 volts
Amplification Factor........coiiiiii i 100
Plate ResiStance (ADPDTrOX.) .« o vt tentnae e inaa e eean e ernnennn 62500 ohms
TransCONAUCLAICE . . . .\ v o ettt e ettt a e e e e e ettt et e s 1600 umhos
Plate CUITODE. . . oo ot v v tee e e e e et e et e e 1.2 ma

12B8-GT

TRIODE—PENTODE

Glass octal type used as combined detector
and rf or if amplifier in ac/de receivers. Heater
volts (ac/de), 12.6; amperes, 0.3. Characteristics
of triode unit: plate volts, 90; grid volts, 0;
amplification factor, 90; plate resistance, 37000
ohms; transconductance, 2400 pmhos; plate
ma., 2.8. Characteristics of pentode unit: plate
volts, 90; grid-No.2 volts, 90; grid-No.1 volts,

—8; plate resistance, 200000 ohms; transconductance, 1800 umhos; grid-No.1 volts for transconductance
of 2 umhos, ~42.5; plate ma., 7; grid-No.2 ma., 2. This is a DISCONTINUED type listed for reference

only.

12BA6

12BE6

REMOTE-CUTOFF PENTODE

Miniature type used as rf ampli-
fier in ac/dc standard broadcast re-
ceivers, in FM receivers, and in other
wide-band, high-frequency applica-
tions. Outline 10, OUTLINES SEC-
TION. Heater volts (ac/de), 12.6;
amperes, 0.15. Except for heater
ratings, this type is identical with
miniature type 6BAS.

PENTAGRID CONVERTER

Miniature type used as converter
in ac/dec receivers for both standard
broadcast and FM bands, Qutline 10,
OUTLINES SECTION. Heater volts
(ac/de), 12.6; amperes, 0.15. Except
for heater rating, this type is identical
with miniature type 6BES6.
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TWIN DIODE—REMOTE-CUTOFF
PENTODE

Metal type used as combined detector,
amplifier, and ave tube in ac/dc receivers. Qut-
line 4, QOUTLINES SECTION. Heater volts
(ac/dc), 12.6; amperes, 0.15. Except for heater
rating, this type is identical with metal type
6B8.

HIGH-MU TRIODE

Glass octal type used in resistance-coupled
amplifier circuits of ac/dc receivers. Qutline 16,
OUTLINES SECTION. Heater volts (ac/dc),
12.6; amperes, 0.15. Except for heater rating,
this type is identical with giass-octal type
6F5-GT.

TWIN DIODE

Metal type used as detector, low-
voltage rectifier, or ave tube in ac/de
radio receivers. OQutline 1, OUTLINES
SECTION. Heater volts (ac/de), 12.6;
amperes, 0.15. Except for heater rat-
ing, this type is identical with metal
type 6H6.

MEDIUM-MU TRIODE

Glass octal type used as detector,
amplifier, or oscillator in ac/dc radio
equipment. Outline 19, OUTLINES
SECTION Heater volts (ac/dc), 12.6;
amperes, 0.15. Except for heater rat-
ing, this type is identical with glass~
octal type 6J5-GT.

SHARP-CUTOFF PENTODE

Glass octal type used as biased detector or
high-gain audio amplifier in ac/dc radio receiv~
ers. Outline 18, OUTLINES SECTION. Heater
volts (ac/de), 12.6; amperes, 0.15. Except for
heater rating, this type is identical with glass-~
octal type 6J7-GT.

REMOTE-CUTOFF PENTODE

Glass octal type used as rf or if
amplifier in ac/dc radio receivers par-~
ticularly those employing ave. Out-~
line 18, OUTLINES SECTION. Heat-
er volts (ac/dc), 12.6; amperes, 0.15,
Except for heater rating, this type is
identical with glass-octaltype6K7-GT.
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12K8

12Q7-GT

12SA7

12SA7-GT

125C7

12SF5
12SF5-GT

TRIODE—HEXODE CONVERTER

Metal type used as combined triode oscil-
lator and hexode mixer in ac/dc radio receivers.
Outline 5, OUTLINES SECTION. Heater volts
(ac/dc), 12.6; amperes, 0.15. Except for heater
rating, this typeisidentical with metal type 6K8.

TWIN DIODE—
HIGH-MU TRIODE

Glass octal type used as combined
detector, amplifier, and ave tube in
ac/de radio receivers. Outline 18,
OUTLINES SECTION. Heater volts
(ac/de), 12.6; amperes, 0.15. Except
for heater rating, this type is identical
with glass-octal type 6Q7-GT.

PENTAGRID CONVERTER

Metal type 12SA7 and glass-octal
type 12SA7-GT used as converter in
ac/dc receivers. Outlines 3 and 17,
respectively, OUTLINES SECTION.
Heater volts (ac/dc), 12.6; amperes,
0.15. Except for heater ratings, type
12SA7 is identical with metal type
6SA7, and type 12SA7-GT is identical
with glass-octal type 6SA7-GT.

HIGH-MU TWIN TRIODE

Metal type used as phase inverter
or voltage amplifier in ac/de radio
equipment. Outline 3, OUTLINES
SECTION. Heater volts (ac/dc), 12.6;
amperes, 0.15. Except for heater rat-
ing, this type is identical with metal

type 6SC7.

HIGH-MU TRIODE

Metal type 12SF5 and glass-octal type
12SF5-GT used in resistance-coupled amplifier
circuits of ae/de radio equipment. Outlines 3
and 17, respectively, OUTLINES SECTION.
Heater volts (ac/dec), 12.6; amperes, 0.15. Ex-
cept for heater rating, type 12SF5 is identical
with metal type 6SF5, and type 12SF5-GT is
identical with glass-octal type 6SF5-GT. Type
12SF5-GT is a DISCONTINUED type listed
for reference only.
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DIODE—
REMOTE-CUTOFF PENTODE

Metal type used as combined rf
or if amplifier and detector or ave
tube in ac/de radio receivers. Qutline
3, OUTLINES SECTION. Heater
volts (ac/dc), 12.6; amperes, 0.15.
Except for heater rating, this type is
identical with metal type 6SF7.

REMOTE-CUTOFF PENTODE

Metal type used as rf amplifier in
ac/dc receivers involving high-fre-
quency, wide-band applications. OQut-
line 3, OUTLINES SECTION. Heater
volts (ac/de), 12.6; amperes, 0.15. Ex-
cept for heater rating, this type is
identical with meta!l type 6SGT.

SHARP-CUTOFF PENTODE

Metal type used as rf amplifier
in ac/de receivers involving high-fre-
quency, wide-band applications and as
limiter tube in FM equipment. Out-
line 3, OUTLINES SECTION. Heater
volts (ac/dc), 12.6; amperes, 0.15. Ex-
cept for heater rating, this type is
identical with metal type 6SHT.

2 SHARP-CUTOFF PENTODE

Metal type 12SJ7 and glass-octal

w type 128J7-GT used as rf amplifiers
and biased detectors in ac/dec radio
e 3o hor P receivers. Qutlines 8 and 19, respec-
tively, OUTLINES SECTION.

12SF7

125G7

12SH7

125J7
125J7-GT

Heatgr volts (ac/dc), 12.6; amperes, 0.15. Except for heater rating, type 12SJ7 is
identical with metal type 6SJ7, and type 128J7-GT is identical with glass-octal

type 6SJ7-GT.

(2]
N

REMOTE-CUTOFF PENTODE

Metal type 12SK7 and glass-octal
type 12SK7-GT used as rf and if am-
plifiers in ac/dc radio receivers. Out-
S:125K7 p lines 3 and 19, respectively, OUT-
BC:125K7-GT LINES SECTION. Heater volts

T

125K7
12SK7-GT

(ac/dc), 12.6; amperes, 0.15. Except for heater rating, type 12SK7 is identical with
metal type 6SK?7, and type 12SK7-GT is identical with glass-octal type 6SK7-GT.
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HIGH-MU TWIN TRIODE

Glass octal type used as phase inverter or

'|2 SL7 GT resistance-coupled amplifierinac/deradio equip-~
- ment. Outline 17, OUTLINES SECTION.

Heater volts (ac/dc), 12.6; amperes, 0.15. Ex-

cept for heater rating, this type is identical
with glass-octal type 6SL7-GT.

MEDIUM-MU TWIN TRIODE

Glass octal type used as phase inverter or
resistance-coupled amplifierin ac/dcradio equip-

'|2SN7_ GT ment. Outline 17, OUTLINES SECTION.
Heater volts (ac/de), 12.6; amperes, 0.3. Ex-
cept for heater rating, this type is identical with

glass-octal type 6SN7-GT.

TWIN DIODE— o2 Lo
HIGH-MU TRIODE K

]25Q7 Metal type 12SQ7 and glass-octal
'l 2 SQ7 GT type 12SQ7-GT used as combined de-
= tector, amplifier, and ave tubein ac/de  ©7
radio receivers. Outlines 3 and 19, re- ..., (1)
spectively, OUTLINES SECTION. sc:2sa7-6r n
Heater volts (ac/dc), 12.6; amperes, 0.15. Except for heater rating, type 128Q7 is

identical with metal type 6SQ7, and type 12SQ7-GT is identical with glass-octal
type 6SQ7-GT.

TWIN DIODE-—MEDIUM-MU TRIODE

Metal type 12SR7 and glass-octal type
12SR7-GT used as combined detector, ampli- K

'l 2SR7 fier, and ave tube in ac/dc radio receivers. Qut-
lines 8 and 17, respectively, OUTLINES SEC-

TION. Heater volts (ac/dec), 12.6; amperes,
]2SR7-GT 0.15. Except for heater rating, type 12SR7 is G1

identical with type 6SR7, and type 12SR7-GT

is electrically identical with type 6SR7 except 5:125R

for interelectrode capacitances. Both types are gc:125R7- GT

similar in performance to miniature type 6BF6.

HALF-WAVE VACUUM RECTIFIER

P 3
Glass type used in power supply of ac/dc e e
receivers. Outline 25, OUTLINES SECTION.
1223 Tube requires four-contact socket and may be
mounted in any position. It is especially im-
portant that this tube, like other power-han- O*o
H H

dling tubes, should be adequately ventilated.

Use of capacitor-input filter recommended in

order to obtain as high a dc output voltage as
possible. Heater volts (ac/dc), 12.6; amperes, 0.3. Maximum ratings as half-wave rectifier: peak inverse
plate volts, 700 max; peak plate ma., 330 max; dc output ma., 55 maxz; peak heater-cathode volts,
350 mazx. With typical operating ac plate voltages of 117, 150, and 235 volts RMS, the minimum total
effective plate-supply impedance required is 0, 30, and 75 ohms, respectively.

MEDIUM-MU TRIODE

Glass lock-in type used as detector, ampli-
fier, or oscillator in ac/de radio receivers. Qut-
line 12, OUTLINES SECTION. Tube requires

]4A4 lock-in socket. Heater volts (ac/dc), 12.6; am-
peres, 0.15. Except for heater rating and capa-
citances, this type is electrically identical with
lock-in type 7A4 and metal type 6J5. The appli-
cation of this type is similar to that of glass-octal
type 12J5-GT.
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BEAM POWER AMPLIFIER

Glass lock-in type used as output amplifier
in ac/dcradio receivers. Outline 12, OUTLINES
SECTION. Tube requires lock-in socket. Heater 'I 4 A 5
volts (ac/dc), 12.6; amperes, 0.15. Typical op-
eration and ratings as class A; amplifier: plate
volts and grid-No.2 volts, 260 (300 max); plate
disgipation, 7.5 watts; grid-No.2 dissipation, 1.5
watts; grid-No.1 volts, —12.5; plate ma., 32;
grid-No.2 ma., 5.5; plate resistance, 70000 ohms; transconductance, 3000 umhos; load resistance, 7500
ohms; output watts, 2.8.

REMOTE-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in ac/de radio receivers. Outline 12, OUTLINES ‘|4 A7 /
SECTION. Tube requires lock-in socket. Heater
volts (ac/dc), 12.6; amperes, 0.15. Except for
heater rating and capacitances, this type is elec- ] 2 B7

trically identical with metal type 6SK7 and
lock-in type TA7. The application of this type
is similar to that of metal type 12SK7.

TWIN DIODE—HIGH-MU TRIODE

Glass lock-in type used as combined de-
tector, amplifier, and avc tube in ac/de radio
receivers. Qutline 12, OUTLINES SECTION.
Tube requires lock-in socket. Heater volts ]4B6
(ac/dc), 12.6; amperes, 0.15. Except for heater
rating and capacitances, this type is electrieally
identical with lock-in type 7TB6 and metal type
6SQ7. The application of this type is similar
to that of metal type 128Q7.

PENTAGRID CONVERTER

Glass lock-in type used as converter in
ac/dc radio receivers. Outline 12, QUTLINES
SECTION. Tube requireslock-in socket. Heater " 4B 8 -
volts (ae/dc), 12.6; amperes, 0.15. Except for
heater rating and capacitances, this type id elec-
trically identical with lock-in type 7B8 and
metal type 6A8. The application of this type is
gimilar to that of glass-octal type 12A8-GT.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf amplifier and
biased detector in ac/de radio receivers. Out-
line 12, OUTLINES SECTION. Tube requires 'l 4C7
lock-in socket. Heater volts (ac/dc), 12.6; am-
peres, 0.15. Typical operation and maximum
ratings as class A: amplifier: plate volts, 250
(800 max); grid-No.2 volts, 100 maz; plate dis-
sipation; 1 maxr watt; grid-No.2 dissipation, 0.1
maz watt; grid No.1 volts, ~3; grid No.3 connected to cathode at socket; plate resistance, greater than
1 megohm; transconductance, 1575 ymhos; plate ma., 2.2; grid-No.2 ma., 0.7. Within the limits of its
muximum ratings, this type is similar in performance to metal types 6SJ7 and 128J7.

TWIN DIODE—MEDIUM-MU TRIODE

Glass lock-in type used as combined de-
tector, amplifier, and ave tube in ac/dc radio
receivers. Outline 12, OUTLINES SECTION.
Tube requires lock-in socket. Heater volts, ]4E6
(ac/dc), 12.6; amperes, 0.15. Except for heater
rating, this type is electrically identical with
lock-in type 7E6 and minjature type 6BF6.
The application of this type is similar to that
of metal type 12SR7.
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HIGH-MU TWIN TRIODE

Glass lock-in type used as phase inverter
or resistance-coupled amplifier in ac/dc radio
receivers, Outline 12, OUTLINES SECTION.

14F7 Tube requires lock-in socket. Heater volts
(ac/de), 12.6; amperes, 0.15. Except for heater
rating, this type is electrically identical with
lock-in type TF7 and glass-octal type 6SL7-GT.
The application of this type is similar to that
of glass-octal type 12SL7-GT.

REMOTE-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in ac/dc radio receivers. Outline 12, OUT-
‘l 4H7 LINES SECTION. Tube requireslock-in socket.
Heater volts (ac/dc), 12.6; amperes, 0.15. Ex-
cept for heater rating, this type is electrically
identical with lock-in type 7TH7. The applica-
tion of this type is similar to that of miniature
type 12BAS6.

TRIODE—HEPTODE CONVERTER

Glass lock-in type used as combined triode
oscillator and heptode mixer in ac/de radio re-
]4J7 ceivers. Outline 12, OUTLINES SECTION.
Tube requires lock-in socket. Heater volts
(ac/dc), 12.6; amperes, 0,15. Except for heater
rating, this type is electrically identical with
lock-in type 7J7.

MEDIUM-MU TWIN TRIODE

Glass lock-in type used as voltage ampli-
fier or phase inverter in ac/dc radio equipment.
Outline 15, OUTLINES SECTION. Tube re-
]4N 7 quiresock-in socket. Heater volts (ac/dc), 12.6;
amperes, 0.8. Except for heater rating and
capacitances, this type is electrically identical
with lock-in type 7TN7 and glass-octal type
6SN7-GT. The application of this type is simi-
lar to that of glass-octal type 12SN7-GT.

PENTAGRID CONVERTER

Glass lock-in type used as converter in
ac/de radio receivers. Outline 12, OUTLINES
]4Q7 SECTION. Tube requires lock-in socket. Heater
volts (ac/dc), 12.6; amperes, 0.15. Except for
heater ratings and capacitances, this type is
electrically identical with metal type 6SAT and
lock-in type 7Q7. The application of this type
is similar to that of metal type 12SA7.

TWIN DIODE—
REMOTE-CUTOFF PENTODE

Glass lock-in type used as combined de-
1 4R7 tector, amplifier, and ave tube in ac/de radio
receivers. Outline 12, OUTLINES SECTION.
Tube requires lock-in socket. Heater volts
(ac/dec), 12.6; amperes, 0.15. Except for heater
rating, this type is electrically identical with
lock-in type TR7.
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SHARP-CUTOFF PENTODE

Glass type used as rf amplifier in battery-
operated receivers. Outline 27, OUTLINES
SECTION. Tube requires five-contact socket.
Heater volts (dc), 2.0; amperes, 0.22. Typical '|5
operation as class Ai amplifier: plate volts, 135
mazx; grid-No.2 (screen) volts, 67.5 maz; grid-
No.1 volts, —1.5; plate ma., 1.85; grid~-No.2 ma.,
0.3; plate resistance, 0.80 megohm; transcon~
ductance, 750 ymhos. This type is used princi-
pally for renewal purposes.

T2 ot
G) 2 ! HIGH-MU TWIN POWER TRIODE
Glass type used in output stage of battery~
operated receivers. Outline 25, OUTLINES
P12 (2) (5)PT1  SECTION. Tube requirés six-contact socket. 19
Filament volts (de), 2.0; amperes, 0.26. Except
‘ for filament current, this type is eleetrically
° 6 identical ‘with type 1J6-G. Type 19 is used
A 2 principally for renewal purposes.
POWER TRIODE
P G Glass type used as output amplifier in dry-

battery-operated receivers. Filament volts (de¢),
3.8; amperes, 0.132. Characteristics as class A; .
amplifier: plate volts, 135 max; grid volts, 20
—22.5; plate ma., 6.5; plate resistance, 6300

°*° ohms; amplification factor, 8.3; transconduc-
tance, §25 pmhos; load resistance, 6500 ochms;

output mw., 110. This is a DISCONTINUED

type listed for reference only,

SHARP-CUTOFF TETRODE

Gy
Q G2 Glass type used as rf amplifier in dry-bat-
@) \9 tery-operated receivers. Outline 32, OUTLINES
SECTION. Filament volts (dc), 8.3; amperes,
0.132. Characteristics as class A: amplifier: plate 22
volts, 135 maz; grid-No.2 (screen) volts, 67.5
maz; grid-No.1 volts, -1.5; plate ma., 3.7; grid-
No.2 ma., 1.8; plate resistance, 325000 ohms;
transeonductance, 500 ymhos. This is a DIS-
CONTINUED type listed for reference only.

SHARP-CUTOFF TETRODE

Glass type used as rf amplifier or biased
detector in ac-operated receivers. Qutline 382,
OUTLINES SECTION. Tube requires five- 2 4 A
contact socket. Heater volts (ac/dc), 2.5; am- -
peres, 1.75. Typieal operation and maximum
ratings as class A, amplifier: plate volts, 250
(275 max); grid-No.2 volts, 90 mazx; grid-No.1
volts, ~3; plate resistance, 0.6 megohm; trans-

conductance, 1050 umhos; plate ma., 4; grid-No.2 ma., 1.7 maz. This type is used principally for
renewal purposes.
G2 ()

POWER PENTODE

- Metal type 26A6 and glass-octal
type 25A6-GT are used in dutput stage 2 5 A6
of ac/dc receivers. Outlines 6 and 17,
" respectively, OUTLINES SECTION. 25A6-GT
R " Tubes require octal socket and may
NC:25R6-GT 3 be mounted in any position. Heater
volts (ac/dc), 25; amperes, 0.3. Maximum ratings as class A, amplifier: plate
volts, 160; grid-No.2 volts, 135; plate dissipation, 5.3 watts; grid-No.2 dissipation,
1.9 watts. Type 25A6-GT is 2 DISCONTINUED type listed for reference only.
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Typical Operation:

Plate Voltage. . . . ...... ..t iiiieinnvenn. 95 135
Grid-No.2 (Screen) Voltage. ................... 95 135
Grid-No.1 (Control-Grid) Voltage. ............. -15 -20
Zero-Signal Plate Current.......... . . 20 37
Zero-Signal Grid-No.2 Current 4

Plate Resistance. .. ... 45000 35000
Transconductance 2000 2450
Load Resistance. . . .................... 4500 4000
Maximum-Signal Power OQutput. ............... 0.9

25A7-GT

CLASS A; AMPLIFIER

RECTIFIER—~POWER PENTODE

Glass octal type used as combined half-
wave rectifier and power amplifier. Outline 17,
OUTLINES SECTION. Heater volts (ac/dc),
25; amperes, 0.3. Typical gperation of pentode
unit as class A: amplifier: plate volts and grid-
No.2 volts, 100 (117 max); grid-No.1 volts, -15;
plate ma., 20.5; grid-No.2 ma., 4; plate resist-
ance, 50000 ohms, transconductance, 1800

umhos; load resistance, 4500 ohms; output watts, 0.77. Maximum ratings of rectifier unit: peak inverse
plate volts, 350; peak plate ma., 450; dc output ma., 75; peak heater-cathode volts, 175. This is a

DISCONTINUED type listed for reference only.

G
HIGH-MU POWER TRIODE
Glass octal type used in output stage of p
ac/de receivers. Qutline 17, OUTLINES SEC-
TION. Heater volts (ac/dc), 25; amperes, 0.3.
Maximum ratings: plate volts, 180 mazx; plate e / o H
dissipation, 10 max watts. Type 25AC5-GT is *
used principally for renewal purposes. o o

25AC5-
GT

25B5

25B6-G

25B8-GT

DIRECT-COUPLED
POWER AMPLIFIER

Glass type used as class Ay power amplifier.
One triode, the driver, is directly connected
within the tube to the second, or output, triode.
Heater volts (ac/dc), 25; amperes, 0.3. Maxi-
mum ratings and characteristics are the same as
for type 25N 6-G. This is a DISCONTINUED
type listed for reference only.

POWER PENTODE

Glass octal type used in output stage of
ac/dc receivers. Qutline 28, OUTLINES SEC-
TION. Heater volts (ac/dc), 25; amperes, 0.3.
Typical operation as class A: amplifier: plate
volts, 200 mazx; grid-No.2 volts, 135 max; grid-
No.1 volts, —23; plate ma., 62; grid-No.2 ma.,
1.8; plate resistance, 18000 ohms; transcon-
ductance, 5000 umbhos; load resistance, 2500
ohms; output watts, 7.1. This is a DISCON-
TINUED type listed for reference only.

TRIODE—PENTODE

Glass octal type used as amplifier. High-
mu triode unit and remote-cutoff pentode unit
are independent. Qutline 17, OUTLINES SEC-
TION. Heater volts (ac/dc), 25; amperes, 0.15.
Typical operation of pentode unit as class Ay
amplifier: plate volts and grid-Ne.2 volts, 100;
grid-No.1 volts, -3; plate ma., 7.6; grid-No.2
ma., 2; piate resistance, 185000 ohms transcon-

NC K

ductance, 2000 pmhos, grld-No 1 volts for transconductance of 2 umhos, —41. Triode unit: plate
volts, 100; grid volts, —1; plate ma., 0.6; amplification factor, 112; plate resistance, 76000; transcon-
ductance, 1500 gumhos. This isa DISCONTINUED type listed for reference only.
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BEAM POWER AMPLIFIER

e/ Glass octal type used as output amplifier
Outline 28, OUTLINES SECTION. Heater 2 5C 6 G
volts (ac/de), 25; amperes, 0.3. Refer to type -
o 6Y6-G for typical operation as a class A; am-
" plifier. This is a DISCONTINUED type listed
for reference only.

BEAM POWER AMPLIFIER

Metal type 2516 and glass-octal

type 25L6-GT are used in output stage 2 5 I'6
R of ac/de receivers. Outlines 6 and 17, 2 5L6_GT

respectively, OUTLINES SECTION. 7

These tubes require octal sockets and
may be mounted in any position. Heater volts (ac/dc), 25; amperes, 0.3. For
maximum ratings and typical operation, refer to type 50L6-GT. Refer to miniature
type 50B5 for curves, installation, and application information, but take into
consideration the differences in heater ratings.

5:250.6 K
NC:25L6-GT G3

DIRECT-COUPLED TWIN
POWER AMPLIFIER

Glass octal type used as class A1 power am-

° plifier. One triode, the driver, is directly con-

PT, nected within the tube to the second, or output,
o triode. Heater volts (ac/dc), 25; amperes, 0.3. 25N6_G

Characteristics as class A, amplifier—input

° triode: plate volts, 100 (180 mazx); grid volts, 0;

H  peak af grid volts, 29.7; plate ma., 5.8. Output

° o triode: plate volts, 180 maz; plate ma., 46; load

® resistance, 4000 ohms; output watts, 3.8. This

is a DISCONTINUED type listed for refer-

ence only,

VACUUM RECTIFIER-DOUBLER

(9
/ \ Glass type used as half-wave rectifier or
pDI voltage doubler in ac/de receivers. Outline 25,
OUTLINES SECTION. Heater volts (ac/dc), Y

25; amperes, 0.3. Maximum ratings: peak in- 25 5
‘ verse plate volts, 700; peak plate ma. per plate,
o 450; peak heater-cathode volts, 350; dc output
H ma. per plate, 75. This is a DISCONTINUED

type listed for reference only.

2 KD
; °\ VACUUM RECTIFIER-DOUBLER
o, ,P0; Glass type used as half-wave rec~
4G tifier or voltage doubler in ac/dc re~ 2525
‘ ° ceivers, For voltage-doubler consider-

ations, refer to ELECTRON TUBE
H APPLICATIONS SECTION. Outline
25, OUTLINES SECTION. Tube requires six-contact socket and may be mounted
in any position. Heater volts (ac/dc), 25; amperes, 0.3. This type is electrically
identical with metal type 25Z6.
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VACUUM RECTIFIER-DOUBLER

Kpo

2526 Metal type 25Z6 and glass-octal PDZ

type 25Z6-GT used as half-wave ree-
2526- GT tifiers or voltage-doublers in ac/de re-
ceivers. These types are used partic-
ularly in “transformerless’’ receivers

of either the ac/de type or the voltage- RE3E2e-cr
doubler type. Outlines 6 and 17, respectively, OUTLINES SECTION. Tubes re-
quire octal socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) .« oot ittt titie e ettt it ee e e uns 25
HEATER CURRENT. . ...\t tttitt ittt ittt ettt r e eeeaes 0.3
Maximum Rafings: HALF-W AVE RECTIFIER
PEAK INVERSE PLATB VOLTAGE .+ s vt et vvieteiie e it iieennnans 700 max
PEAK PLATE CURRENT PER PLATE. .. .. ............................... 450 maz
DC OurPUT CURRENT PER PLATE. . ................... ... ............. 75 max
PEAK HEATER-CATHODE VOLTAGE . . . .o iotiii et e 350 mazx
Typical Operation (Capacitor-Input Filter):°
(Unless otherwise indicated, values are for both plates in parallel.)
AC Plate-Supply Voltage per Plate (RMS)...... 117 150 235
Filter-Input Capacitor. ... ..............u.... 16 16 16
Min. Total Effective Plate-Supply Impedance per
<Platet. ... 15 40 100

DC Output Current per Plate. .. .............. 75 75 75
DC Output Voltage At Input to Filter (Approx.):

At half-load current (75 ma.). . ..oevvennnnn. 115 - 255

At full-load current (150 ma.)....cocoenneeen. 80 - 200
Voltage Regulation (Approx.):

Half-load to full-load current. .. .eveeuernns. 35 - 55
Maximum Ratings: VOLTAGE DOUBLER
{Same as for Half-Wave Rectifier.)
Typical Operation: Half-Wave Full-Wave
AC Plate-Supply Voltage per Plate (RMS).......co0vvnn... 117 117
Filter-Input Capacitor (Each)..................o.0ov it 16 16
Min. Total Effective Plate-Supply Impedance per Platet ..... 30 15
DCOutput Current. . ... .. ... .. ... .. ..ot . 75 75

° In half-wave rectifier service, the two units may be used separately or in parallel.
t When a filter-input capacitor larger than 40 nf is used, it may be necessary to use more plate-supply

impedance than the minimum value shown to limit the peak plate current to the rated value.

OPERATION CHARACTERISTICS
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TYPE 2526-GT ge=25VOLTS
! 1 ]

INPUY [IMPEO-

+ _{l CURVE| vOLTS| ANCE

7 {RMS)[ OHMSS
uz 8

[ < Y= 235 100
+ToTAL LrFECTIVE

ATE-SUPPLY _|
MMPEDANCE

w
N
[+]

4

IS Tog
~ 32

N Sl
<

S ]

C=32 0

\ P——
M~ e

N
b
o
n
b

&
=)

o®
o
T

OPERATION CHARACTERISTICS

FULL-WAVE VOLTAGE DQUBLER

T T T T H T
TYPE 2526-GT l E £=25 VOLTS
o Frer

INPUT VOLTS
(RMS) =17

w
n
=]

o

>
°

®
C

DC OUTPUT VOLTS AT INPUT TO FILTER

DC OUTPUT VOLTS AT INPUT TO FILTER

@ 40 80 120 160 [

DC LOAD MILLIAMPERES
92CM-4558T2

166

20 40 60 80
DC LOAD MILLIAMPERES
92CM=-4557T2

Pp;

OMO

KDy

volts
ampere

volts
ma
ma
volts

volts
uf

ohms
ma

volts
volts

volts

volts
uf
ohms
ma



RCA

RECEIVING

TUBE

MANUAL

O

F

Characteristics:

Plate Voltage (180 volts max) . ... ..o eeennnnnnns 90
Grid Voltage
Amplification Factor
Plate Resistance

MEDIUM-MU TRIODE

Glass type used as rf voltage amplifier in
ac-operated receivers. Outline 29, OUTLINES
SECTION. Tube requires four-contact socket.
Filament volts (ac/de), 1.5; amperes, 1.05. This
type is used principally for renewal purposes.

CLASS A; AMPLIFIER

MEDIUM-MU TRIODE

Glass type used as voltage amplifier or de-
tector in ac-operated receivers. Outline 25,
OUTLINES SECTION. Tube requires five-
contact socket. Heater volts (ac/de¢), 2.5; am-
peres, 1.75. This type is used principally for
renewal purposes.

H H
Characteristics: CLASS A; AMPLIFIER
Plate Voltage (275 voltsmazx) .. ................... 90 135
Grid Voltage. . ............. ... i, -6 -9
Amplification Factor. ...................ccoou.n.. 9
Plate Resistance, . . .................. ...t 11000 9006
Transconductance. . . .....................o..... 820 1000
Plate Current 2.7 4.5

-
-

o
[}

()
©

§

-

o
N

®
g
©a

§

"

MEDIUM-MU TRIODE

Glass type used as voltage amplifier or de-
tector in battery-operated receivers. Outline 25,
OUTLINES SECTION, Tube requires four-
contact socket. Filament volts (dc), 2.0; am-
peres, 0.06. Except for interelectrode capaci-
tances, this type is electrically identical with
glass-octal type 1H4-G. Type 30 is used princi-
pally for renewal purposes.

POWER TRIODE

Glass type used in output stage of battery-
operated receivers. Outline 25, OQUTLINES
SECTION. Tube requires four-contact socket.
Filament volts (dc), 2.0; amperes, 0.13. Typical
operation as class A; amplifier: plate volts, 180
max; grid volts, —30; plate ma., 12.3; plate re-
gistance, 3600 ohms; amplification factor, 3.8;
transconductance, 1050 pmhos; load resistance,
5700 ohms; output watts, 0.375. This type is
used principally for renewal purposes.

SHARP-CUTOFF TETRODE

Glass type used as rf amplifier or biased
detector in battery-operated receivers. Outline
32, OUTLINES SECTION. Tube requires four-
contactsocket. Filament volts (d¢), 2.0; amperes,
0.06. Typical operation as class A: amplifier:
plate volts, 180 mazx; grid-No.2 ma., 0.4 mazx;
plate resistance, greater than 1 megohm; plate
ma., 1.7; transconductance, 650 ymhos. This
type is used principally for renewal purposes.
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RECTIFIER—BEAM POWER
AMPLIFIER

Glass octal type used as combined half-

wave rectifier and output amplifier in ac/dc

32I-7 GT receivers. OQutline 17, OUTLINES SECTION.
- Tube requires octal socket. Heater volts (ac/de),

32.5; amperes, 0.8. Maximum ratings for rec-

tifier unit: ac plate volts (RMS), 125; de output

ma., 60. Typical operation of beam power unit
as class A amplifier: plate and grid-No.2 volts,

G2g Sg

PB

K
Ko c.gs

90; grid-No.1 volts, —7; plate ma., 27; grid-No.2 ma., 2; plate resistance, 17000 ohms; transconductance,
4800 umhos; load resistance, 2600 ohms; maximum-signal output watts, 1.0. This type is used princi-

pally for renewal purposes.

POWER PENTODE

Glass type used in output stage of battery-

operated receivers. QOutline 29, OUTLINES

SECTION. Tube requires five-contact socket.

33 Filament volts (de), 2.0; amperes, 0.26. Typical
operation as class A; amplifier: plate and grid-

No.2 volts, 180 max; grid-No.1 volts, —18; plate

ma., 22; grid-No.2 ma., 5; plate resistance,

55000 ohms; transconductance, 1750 umhos;

Ft G3

load resistance, 6000 ohms; output watts, 1.4. This type is used principally for renewal purposes.

‘REMOTE-CUTOFF PENTODE

Glass type used as rf or if amplifier in bat-

tery-operated radio receivers, particularly those

34 employing ave. Outline 32, OUTLINES SEC-

TION. Tube requires four-contact socket. Fila-

ment volts (de), 2.0; amperes, 0.06. Character-

istics as class Ay amplifier: plate volts, 180 maz;

grid-No.2 volts, 67.5 mazx; grid-No.1 volts, -3

min; plate ma., 2.8; grid-No.2 ma., 1.0; plate

resistance, 1.0 megohm; transconductance, 620 umhos; transconductance
volts, 15 umhos. This type is used principally for renewal purposes.

REMOTE-CUTOFF TETRODE

Glass type used as rf or if amplifier in ac

receivers. Outline 32, OUTLINES SECTION.

3 5 Tube requires five-contact socket. Heater volts
(ac/de), 2.5; amperes, 1.75. Characteristics as

class A1 amplifier: plate volts, 250 (275 mazx);

grid-No.2 volts, 90 max; grid-No.l volts, -3

min; plate ma., 6.5; grid-No.2 ma., 2.5; trans-

conductance, 1050 umhos; transconductance at

G
G
2
N A
r ‘;’3

at grid-No.1 bias of —-22.5

grid-No.1 bias of —40 volts, 15 umhos. This type is used principally for renewal purposes.

BEAM POWER AMPLIFIER

Glass lock-in type used in output stage of

3 5 A 5 ac/de receivers. Outline 15, OUTLINES SEC-
TION. Tube requires lock-in socket. Heater

volts (ac/dec), 35; amperes, 0.15. For ratings,
and curves, refer to glass-octal type 85L6-GT.

BEAM POWER AMPLIFIER

Miniature type used in output

3 5 B 5 stage of compact, ac/dcradioreceivers.
Because of its high power sensitivity

at plate and sereen voltages available

in ac/de receivers, it is capable of pro-

NC NC

viding a relatively high power output. Within its maximum ratings, type 35B5 is

equivalent in performance to glass-octal type 35L6-GT.
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HEATER VOLTS (AC/DC) .+« o v it et e iteieeeae e ieneersnsnsoosensnannnas 35 volts
HEATER CURRENT . . . ..ttt in ettt ateiinenoasanrnsraseans 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):*

Grid No.1 to Plate 0.4 npuf
Input. ... .. s 11 unf
L8151 43§ U 6.5 puf
* With no external shield.
Maximum Ratings:
PLATE VOLTAGE. .. ...\ttt itiiuaaetesiranrssneeinesnnssnaensa 117 max volts
GRID-N©0.2 (SCREEN) VOLTAGE 117 mazx volts
PLATE DISSIPATION. .. ... .t iian s 4.5 maz watts
GRID-NO.2 DISSIPATION . . . . ... ..ttt iiiititritatnerstntosssnnnnns 1.0 max watt
PEAK HEATER-CATHODE VOLTAGE:!:
Heater negative with respect to cathode...........i.ivvvinvuencnass N 150 max volts
Heater positive with respect to cathode. ... ... ... ... iiiiiiiiienne 150 max volts
Typical Operation:
Plate Voltage. . .. ... ... it ittt tietnsnatnnanaassns 110 volts
Grid-No.2 Voltage. . ....... ... .. i ennunnnn 110 volts
Grid-No.1 (Control-Grid) Voltage -7.5 volts
Peak AF Grid-No.1 Voltage. . ............... 7.5 volts

Zero-Signal Plate Current. . .. ............... 40 ma

Maximum-Signal Plate Current. . ... . ........ 41 ma
Zero-Signal Grid-No.2 Current (ApProX.). . .. ...cvirinnenenveeeneaanans 3 ma
Maximum-Signal Grid-No.2 Current (APProX.). .. .....vvueuenrvnrrnennnn 7 ma
Transconducetance. . . .. ... ... .. e b 5800 usmhos
Load Resistance. .. .. ... ...t ittt ittt i 2500 ohms
Total Harmonic Distortion, . . ... ... .. 0 i ittt it 10 per cent
Maximum-Signal Power OQutput. . ... ...ttt ieieeraaen 1.5 watts

INSTALLATION AND APPLICATION

Type 35B5 requires miniature seven-contact socket and may be mounted in
any position. Outline 13, OUTLINES SECTION.

The 35-volt heater is designed to operate under the normal conditions of line-
voltage variation without materially affecting the performance or serviceability
of the 35B5. For operation of the 35B5 in series with other types having 0.15-
ampere rating, the current in the heater circuit should be adjusted to 0.15 ampere
for the normal supply voltage.

In a series-heater circuit of the “dc power line”’ type employing several 0.15-
ampere types and one or two 35B5’s, the heater(s) of the 356B5(’s) should be placed
on the positive side of the line. Under these conditions, heater-cathode voltage of
the 35B5 must not exceed the value given under maximum ratings. In a series-
heater circuit of the ‘universal” type employing rectifier tube 35W4, one or two
35B5’s and several 0.15-ampere types, it is recommended that the heater(s) of the
35B5(’s), be placed in the circuit so that the higher values of heater-cathode bias
will be impressed on the 35B5(’s) rather than on the other 0.15-ampere types.
This is accomplished by arranging the 35B5('s) on the side of the supply line which
is connected to the cathode of the rectifier, i.e., the positive terminal of the rec-
tified voltage supply. Between this side of the line and the 35B5('s), any necessary
auxiliary resistance and the heater of the 35W4 are connected in series.

As a power amplifier (class A;), the 35B5 is recommended for use either singly
or in push-pull combination in the power-output stage of “ac/de” receivers. The
operating values shown under typical operation 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 devices are recommended.

‘When the tube is operated at maximum rated conditions, the grid circuit
should have a de resistance not higher than 0.1 megohm for fixed bias; for higher
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values, cathode bias is required. With cathode bias, the grid circuit may have a dc
resistance as high as, but not higher than, 0.5 megohm.

AVERAGE PLATE CHARACTERISTICS
)

ENTODE CONNECTION
125 T M
TYPE 35BS i
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BEAM POWER AMPLIFIER o/o

Glass octal type used in output
35L6—GT stage of ac/dc radio receivers. Out-
line 17, OUTLINES SECTION. Tube ©, \“/ ON
requires octal socket and may be O, o
mounted in any position. Refer to NE
miniature type 35B5 for installation, application information, and curves.

K
C3

HEATER VOLTAGE (AC/DC). .. ... .. e 35 volts
HEATER CURRENT . ... .ottt it i 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):°
Grid No.ltoPlate. .. .. ... .. ... ... .. . . ... 0.8 nef
Inmput.................. NP 13 puf
Output. ... 9.5 wuf
° With no externa!l shield.
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. .. ... ...t e, 200 mazx volts
GRID-NO.2 (SCREEN) VOLTAGE. . ... ............. R e 117 mazx volts
PLATE DISSIPATION. .. ............ P PR 8.5 max watts
GRID-NO.2 DISSIPATION. . .. .................. . ..... e 1.0 max watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to eathode. .. ... ... ... .. ... ... ... ..., 90 max volts
Heater positive with respect tocathode. . .. ... .. .. ... ... ...... . .... 90 max volts

Typical Operation:

Plate Voltage. . ... ... . i it 110 200 volts
Grid-No.2 Voltage. . ...... ... i 110 110 volts
Grid-No.1 (Control-Grid) Voltage. . . ...................... -7.5 -8 volts
Peak AF Grid-No.1 Voltage. . . ..................ouinan 7.5 8 volts
Zero-Signal Plate Current. . . . .......... ... ... ... ... 40 41 ma
Maximum-Signal Plate Current. .. ........................ 41 44 ma
Zero-Signal Grid-No.2 Current (Approx.)..........c...cuvu.. 3 2 ma
Maximum-Signal Grid-No.2 Current (Approx.).............. K 7 ma
Plate Resistance. . ..... ... ... ittt iiiiii i 14000 40000 ohms
Transconduetance. . ... ... ... ittt tirininrnrnrennnnesnn 5800 5900 pmhos
Load Resistance. . . ........c...ieriienrirrnennrnnnecnnnns 2500 4500 ohms
Total Hasmonic Distortion. . ............................. 10 10 per cent
Maximum-Signal Power Qutput. .. ........................ 1.5 3.3 watts
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HALF-WAVE VACUUM
Q) oL . . RECTIFIE: ,
‘Miniature type used in power sup-
o, 8 ‘ « DPly of ac/dec receivers. Equivalent in 35w4
performance to glass-octal type
RO, 85Z5-GT. The heater is provided with

a tap for operation of a panel lamp.

HEATER VOLTAGE (AC/DC): * *k
ENTIRE HEATER (PINS 3 AND4). .. ... ..ot ivirinnnnnss 35 32 volts
PANEL LAMP SECTION (PINS 4 AND 6). . ... covvvrnenenns 7.5 6.5 volts
HEATER CURRENT:
BETWEEN PINS3 AND 4. ... ... ittt iiieninnenns 0.15 - ampere
BETWEEN PINS 3 AND6. ... ... [S N N - 0.15 ampere
* Without panel lamp. ** With No.40 or No.47 panel lamp.
Maximum Ratings: HALF-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE. . .. ..ottt iiiiiiiea i naennnns 330 maz volts
PEAK PLATE CURRENT . . ... .. it itititiiinitianertrernienrnnananvans 600 max ma
DC OuTtpUT CURRENT:
. No Shunting Resistor 60 max ma
With Panel Lamp and { Shunting Resistor...... . 90 mazx ma
Without Panel Lamp. . ... ... . ittt ittt rinonennasnons 100 mazx ma
PANEL-LAMP-SECTION VOLTAGE (RMS):

When Panel Lamp Fails, . ... ... .. .. . . . . i iiiiiiiiineens 15 mazx volts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ...................... [ 330 max volts

Heater positive with respect tocathode. .. ... ....................... 330 mazx volts
Typical Operation with Panel Lamp:}
AC Plate-Supply Voltage (RMS)................ P 117 117 117 117 volts
Filter-Input Capacitor. . . ......................... P 40 40 40 40 uf
Minimum Total Effective Plate-Supply

Impedance. ... ... .. it iiie it 15 15 15 15 chms
Panel-Lamp Shunting Resistor.......... - 800 150 100 ohms
DCOutput Current. . . ..., 60 70 80 90 ma
1 No.40 or No.47 panel lamp used in circuit given below with capaciter-input filter.
Typical Operation without Panel Lamp:
AC Plate-Supply Voltage (RMS).................... Chrerreaes [P 117 volts
Filter-Input Capacitor. . ... ... .. . it iieernaneanasn 40 uf
Minimum Total Effective Plate-Supply Impedance. .. ................... 15 ohms
DCOutput Current. . .. ... ...oiuunitrtciieeiinernnnnroaronnaeanes 100 ma
DC OQutput Voltage at Input to Filter (Approx.):

. At half-load eurrent (50 ma.}............ .. ..ol erseseaerans 140 volts

At full-load current (100 ma.)...........c..uvns PN 120 : volts
Voltage Regulation (Approx.):

Half-load to full-load current........... [N e terniieans .. 20 volts

INSTALLATION AND APPLICATION

Tube requires miniature seven-contaet socket and may be mounted in any
position. Outline 18, OUTLINES SECTION. For heater considerations, refer to
miniature type 35B5.

With the panel lamp connected as shown in the diagram, the drop across R
and all heaters (with panel lamp) should equal 117 volts at 0.15 ampere. The
shunting resistor Rs is required when de output current exceeds 60 milliamperes.
For de¢ output of 70 milliamperes, an 800-ohm resistor (max) is required; for 80
milliamperes, 400 ohms {max); for 90 milliamperes, 250 ohms (max).
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OPERATION CHARACTERISTICS
HALF-\!«ITAVEI REICTI;'IER TePE

T 1 T —~ S

TYPE I5W4 1
e,- 33VOLTS BETWEEN PINS N23 &
24 (NO TAP CONNECTION) 1
PLATE VOLTS =17 RMS oF
TOTAL EFFECTIVE PL ATE SuPPLY "r-v ouTeUT
IMPEDANCE =15 O LINE 4 OTHER

C=CAPACITOR INPUT TO FILTER, HEATERS

o P
]
250 R [

- DRQP ACROSS R AND ALL HEATERS (WiTh
200 PANEL LAMP ) SHOULD EQUAL 117 VOLTS AT

0.15 AMPERE. Rg= SHUNTING RESISTOR
REQUIRED WHEN DC OUTPUT CURRENT
EXCEEDS 60 MILLIAMPERES

DC OUTPUT VOLTS AT INPUT TO FILTER

150} — et
— =
\\':" Sid0y £
b~/
100 i
e
2
50|
25 50 75 100
LOAD MILLIAMPERE S
92CM-061ST

HALF-WAVE VACUUM RECTIFIER

Giass lock-in type used in power supply
of ac/de receiveras. The heater ia provided with
tap for the operation of a panel lamp. Outline

35Y4 15, OUTLINES SECTION. Tube requires lock-
in socket. Heater volts (ac/dc), 35; amperes,
0.15. For maximum ratings, refer to glass-octal

type 35Z5-GT. For typical operation and
curves, refer to miniature type 35W4.

HALF-WAVE VACUUM RECTIFIER NC

NC
Glass lock-in type used in power supply of ° °
ac/dc receivers. Outline 15, OUTLINES SEC-
3523 TION. Tube requires lock-in socket. Heater p “
volts (ac/dc), 35; amperes, 0.15. For maximum
ratings and typical operation, refer to glass- °°
octal type 36Z5-GT without panel lamp. " 5 al
P
HALF-WAVE VACUUM RECTIFIER ()
Glass octal type used in power supply of NC
ac/dc receivers. Outline 17, OUTLINES SEC-
3 524—GT TION. Tube requires octal socket. Heater volts 3
(ac/dc), 36; amperes, 0.15. For maximum ratings N N
and typical operation, refer to glass-octal type o B
35Z5-GT without panel lamp. Ncb 2R

HALF-WAVE VACUUM
RECTIFIER

Glass octal type used in power

3525—GT supply of ac,de receivers. The heater

is provided with a tap for operation

of a panel lamp. Outline 17, OUT-

LINES SECTION. Tube requires

octal socket and may be mounted in any position. For installation and application
considerations, refer to miniature type 35W4.
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HEATER VOLTAGE (AC/DC): *
ENTIRE HEATER (PINS2ANDT) .. ......ioiiiiinieeenn, 35
PANEL LAMP SECTION (PINS2AND 8). ... ... ... covuuiunnn 7.5

HEATER CURRENT:

BETWEEN PINs 2 AND 7. ..... e e 0.15
BETWEEN PINS BAND 7. . ... ..o, -

* Without panel lamp. ** With No.40 or No. 47 panel lamp.

Maximum Ratings: HALF-WAVE RECTIFIER

PEAK INVERSE PLATE VOLTAGE. « « 0t vvtiineienineeinenninnns eeees ..

PEAK PLATE CURRENT . ., ... tvnnsrennnronneernroeeaaeneneeanasanns .e

DC Ourput CURRENT: . .

With Panel Lamp and { S0 SRS HRE SEAEOT oo

Without Panel Lamp. . .. ... . . ittt ienenranieanaanaanan
PANEL-LAMP-SECTION VOLTAGE (RMS):

When Panel Lamp Falls. .. ... ... .. i ittt iiins
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect toeathode. ............................

Heater positive with respect tocathode. . ......... .................

Typical Operation with Panel Lamp:}

AC Plate-Supply Voltage (RMS). . ................... 117 117 117
Filter-Input Capacitor. . .. ............. ... ... ... ... 40 40 40
Minimum Total Effective Plate-Supply Impedance. .. .. 15 15 15
Panel-Lamp Shunting Resistor .. 300 150
DCOutput Current. . ... ... it viiinerina.. 60 70

80 90 6
+ No.40 or No.47 panel lamp used in circuit with capacitor-input filter given under type 35W4.

Typical Operation without Panel Lamp:

AC Plate-Supply Voltage (RMS)............... ... ... ... 117
Filter-Input Capacitor. . . ....... ... it iiiiaaans 40
Minimum Total Effective Plate-Supply Impedanee. ......... 15
DCOutput Current. . . .. ...ttt iii i anas 100
DC Output Voltage at Input to Filter (Approx.):

At half-load current (B0 ma.). ......................... 140

At full-load current (100 ma.) . ...........c.vvuenunnnann 120
Voitage Regulation (Approx.):

Half-load to fulload current. .. ....... ... viiiiues 20

G2

SHARP-CUTOFF TETRODE

Glass type used as rf or if amplifier or as
biased or grid-resistor detector in radio receiv-
ers. Outline 27, OUTLINES SECTION. Tube
requires five-contact socket. Heater volts
(ac/dc), 6.3; amperes, 0.8, Characteristics aa
class A1 amplifier: plate volts, 250 max; grid-
No.2 volts, 90 max; grid-No.1 voits, -3; plate
ma., 3.2; grid-No.2 ma., 1.7 max; plate resist-

ok

32
5.5

0.15

700 maz
600 max

60 max
90 max
100 mazx

15 max

330 max
330 max

235

40
100
100

280
235

45

235
40
100

36

volts
volts

ampere
ampere

volts
ma

ma
ma
ma
volts

volts
volts

volts
ohms

ohms
ma

volts
{

I
ohms
ma

volts
volts

volts

ance, 0.55 megohm; transconductance, 1080 umhos. This type is used principally for renewal purposes.

G MEDIUM-MU TRIODE

Glass type used as voltage amplifier or de-

tector in radio receivers. Outline 25, OUT-
LINES SECTION. Tube requires five-contact
e(2 o * socket. Heater volts (ac/dc), 6.3; amperes, 0.3.
Characteristics as class A1 amplifier: plate volts,

. 250 mazx; grid volts, —18; plate ma., 7.5; plate
o e resistance, 8400 ohms; amplification factor, 9.2;
transconductance, 1100 upmhos. This type is

used principally for renewal purposes.

POWER PENTODE

Glass type used in output stage of radio
receivers. Outline 27, OUTLINES SECTION,
Tube requires five-contact socket. Heater volts
(ac/dc), 6.3; amperes, 0.3. Characteristics as
class A1 amplifier: plate and grid-No.2 volts, 250
max; grid-No.l volts, —25; plate ma., 22; grid-
No.2 ma., 3.8; plate resistance, 0.1 megohm;
transconductance, 1200 umhos; load resistance,
16000 ohms; output watts, 2.5. This type is used
principally for renewsl purposes.
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REMOTE-CUTOFF PENTODE

Glass type used as rf or if araplifier in radio
receivers, particularly those employing ave.
Outline 27, OUTLINES SECTION. Tube re-
39 44 quires five-contact socket. Heater volts (ac/dc),
6.3; amperes, 0.3. Characteristics as class A; am~
plifier: plate volts, 250 maz; grid-No.2 volts, 90
mazx; grid-No.1 volts, -8 min; plate ma., 5.8; " W
grid-No.2 ma., 1.4; plate resistance, 1.0 meg-
ohm; transconductance, 1050 umhos; transconductance at grid-No.l bias of —42.5 volts, 2 umhos. This
type is used principally for renewal purposes.

MEDIUM-MU TRIODE

Glass type used as resistance-coupled or P G
impedance-coupled amplifier in battery-oper- ) (>
ated receivers. Qutline 29, OUTLINES SEC-

TION. Filament volts (dc), 5; amperes, 0.25.

40 Characteristics as class A; amplifier: plate-sup-~
ply volts, 180; load resistance, 250000 ohms;
grid voits, --3; plate ma., 0.2; plate resistance, o*o
150000 ohms; amplification factor, 80; trans- F F
conductance, 200 ymhos. This is a DISCON-
TINUED type listed for reference only.

POWER PENTODE NG
Glass type used in output stage \
4] of radio receivers. Qutline 25, OUT- ¢ (58,
LINES SECTION. Tube requires six-
contact socket. Heater volts (ac/de), e
6.3; amperes, 0.4. This type is elec- o 2
trically identical with type 6K6-GT. "
POWER PENTODE ¢ 3
Glass type used in audio output \
stage of ave receivers. QOutline 29, . OFN
42 OUTLINES SECTION. Tube re-
quires six-contact socket. Heater volts e
(ac/de), 6.3; amperes, 0.7, This typeis H

electrically identical with type 6F6.

POWER PENTODE

Glass type used in audio output

43 stage of ac/de receivers. Outline 29,
OUTLINESSECTION. Tuberequires

six-contact socket. Heater volts

(ac/dc), 25; amperes, 0.3. This type

is electrically identical with type 25A6.

POWER TRIODE

Glass type used in output stage @) (3
of radio receivers. Outline 29, OUT-
45 LINES SECTION. Tube requires four-
contact socket and should be mounted
in vertical position. Horizontal oper- o*
ation is permissible if pins 1 and 4
are in vertical plane.
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FILAMENT VOLTAGE (AC/DC) . - oot v iie i it ie e [N 2.5 volts
FILAMENT CURRENT . . ..ottt etanetenee e iaaeeie e an e inaanannnn 1.5 amperes
Typical Operation: CLASS A; AMPLIFIER

Plate Voltage (275 volts max) . . vvevvennnn.... 180 250 275 volts
Grid Voltage*. . ....... ... .. .. ciivriinr.nn -31.5 -50 -56 volts
Cathode-Bias Resistor. . . ..................... 1020 1470 1550 ohms
PlateCurrent. .............coienrunniannn... 31 34 36 ma
Plate Resistance. . ..............c.oovvunn, ., 1650 1610 1700 ohms
Amplification Factor. . ........................ 3.5 3.5 3.5
Transconductance. . .............c.oouvuuin.n. 2125 2175 2050 umhos
Load Resistance. ............................ 2700 3900 4600 ohms
Undistorted Power Qutput. .. ................. G.825 1.6 2.0 watts

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

PUSH-PULL CLASS AB; AMPLIFIER

Typical Operation {Values are for two tubes): Fixed Bias Cathode Bias

Plate Voltage (275 volts max)}. .. ......coveiinennennnnn, 275 275 volts
Grid Voltage. . .. ........... . . -68 - volts
Cathode-Bias Resistor . - 775 obms
Average Driving Power (Gri . 656 460 mw
Zero-Signal Plate Current. .. ......... . .. 28 36 ma
Maximum-Signal Plate Current 138 90 ma
Effective Load Resistance (Plate-to-plate).................. 3200 5060 ohms
Total Harmonic Distortion. . .. ........ . ...t inrnnanns 5 5 per cent
Maximum-Signal Power Output. .. ................cvununn, 18 12 watts

« N HALF-WAVE VACUUM
OMRO) RECTIFIER

Yo Xo° Miniature type used in power sup-
ply of small, portable, ac/dc/battery

RO, yﬂ n  receivers where small size and low heat 4 523
0 dissipation are important. Qutline 10,
W OUTLINES SECTION. Tube re-
quires miniature seven-contact socket
and may be mounted in any position.

HEATER VOLTAGE (AC/DC) ...t it ittt ettt 45 volts
HEATER CURRENT. .. ...t vitietninnennnananns O 0.075 ampere
Maximum Ratings: HALF-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE. . .. ...ttt tiitniiinenae ey 350 max volts
PEAK PLATE CURRENT. ... ..\ ittt tiiiiiaae e iniaeanaeas 390 max ma
DC OUTPUT CURRENT. . ...ttt tie it iit et eie e iae e ieeenan 65 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode...................ccivinvinnn. 175 mazx volts
Heater positive with respect tocathode. . ........... ... ..., ..c0u.un. . 175 max volits

Typical Operation (With Capacitor-Input Filter):

AC Plate Voltage (RMS) . . .. ... . i ittt itiiarniaesnan 117 volts
Filter-Input Capacitor. ... .. ... ... ... . . . . . .. ... e 16 uuf
Minimum Total Effective Plate-Supply Impedance. ....................... 15 ohms
DC Output Current. . . .. ... i it aaaan 65 ma
DC Qutput Voltage at Input to Filter (Approx.):

At half-load current (32,5 ma.)... .. .. .. ... ... . . i 132 volts

At full-load current (65 ma.)............ ... . L. i e, 112 volts
Voltage Regulation (Approx.):

Half-load to full-load current. ......... ... ... iiiiiiieiaans N 20 volts

-3
(5) HALF-WAVE VACUUM RECTIFIER

HL Glass octal type used in power supply

o of ac/de receivers. The heater is provided

with a tap for operation of a panel lamp. Out-
line 17, OUTLINES SECTION. Tube requires 4525 -GT
Wﬂ octal socket. Except for difference in heater

0 ° voltage, this type has the same ratings and
typical operation values as glass-octal type
NC K 35Z5-GT.
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HRATER VOLTAGE (AC/DC): * Fk
ENTIRE HEATER (PINS2 AND 7). ... .0ivvvnnennennnenn 45 42
PANEL LAMP SECTIONS (PINS2AND 8).................. 7.5 5.5

HEATER CURRENT:

BETWEENPINS2 AND 7. . ... ... . ... .o n, 0.15 -
BETWEEN PINS3AND 7.. ... ... ... iiiiiiieannn, - 0.15

* Without panel lamp. ** With No. 40 or N0.47 panel lamp.

DUAL-GRID POWER AMPLIFIER

Glass type used as class A; or class B am-

plifier in radio equipment. Outline 34, OUT-

LINES SECTION. Tube requires five-con-

46 tact socket. Filament volts (ac/de), 2.5;
amperes, 1.75. Typical operation as class A

amplifier (grid No.2 connected to plate at

socket): plate volts, 250 maz; grid volts, -33;

plate ma., 22; plate resistance, 2380 ohms; am-

volts
volts

ampere
ampere

plification factor, 5.6; transconductance, 2350 umhos; load resistance for maximum undistorted power

output, 6400 ohms; undistorted output watts, 1.25.

PUSH-PULL CLASS B AMPLIFIER
{Grids No.1 and No.2 connected together at socket)
Maximum Ratings:

PLATE VOLTAGE. . . ..ottt ittt ettt et st etiitiae et initee e 400 max
PEAK PLATE CURRENT. . .. o\t iittttit it tiieeensetraannannsaneenaanas 200 max
AVERAGE PLATE DISSIPATION. .. ............. PN 10 max

Typical Operation (Values are for two tubes):

Plate Voltage. . ... ...t i it eii i iinnraan 300 400
Grid Voltage. . .. ... ... i e i 0 0
Peak AF Grid-to-Grid Voltage........................... 113 116
Zero-Signal Plate Current. .. ....... .. .. ............... 8 12
Effective Load Resistance (Plate-to-plate)................. 5200 5800
Maximum-Signal Power Output (Approx.)................ 161 204

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

G

volts
ma
watts

volts
volts
volts
ma
ohms
watts

POWER PENTODE (3
Glass type used in audio output NG \ o

47 stage of radio receivers. Outline 34,
OUTLINESSECTION. Tuberequires A
five-contact socket and should be (1)
F F

mounted in vertical position. Horizon-

tal operation is permissible if pins 1 and 5 are in vertical plane. Filament volts

(ac/dc), 2.5; amperes, 1.75.

CLASS A; AMPLIFIER

Characteristics:
Plate Voltage (250 volts maz) . .. ... ... .. ittt ittt 250
Grid-No.2 (Screen) Voltage (250 volts max). .. ......ooir e, 250
Grid-No.1 Voltage (Control-Grid)f. ... .ot i it e i -16.5
Cathode-Bias Resistor. . ...... ... ... . . . i 450
Plate CUITenE. . . . ... e et et e 31
Grid-No.2 Current. . . ... .. i e s 6
Plate Resislance. .. ... ..ot it i i e e e 60000
Transconductance. ... ... i et e 2500
Load Resistance. . ... ... .. i i i i et i iy 7000
2.7

Power OULDUL. . . ottt i et ettt e e e

volts
volts
volts
ohms
ma
ma
ohms
umhos
ohms
watts

 If filament is operated on de, the grid bias should be -15.8 volts. The de resistance in the grid circuit

should not exceed 0.5 megohm with cathode bias, or 100000 ohms with fixed bias.
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POWER TETRODE

Glass type used in audio output stage of
radio receivers degigned to operate from de
power lines. Outline 34, OUTLINES SECTION
Heater volts (dc), 30; amperes, 0.4. Typical
operation as class A: amplifier: plate volts, 48
125 mazx; grid-No.2 volts, 100 maz; grid-No.1
volts, —20; plate ma., 56; grid-No.2 ma., 9.5;
transconductance, 3900 umhos; load resistance,
1500 ohms; output watts, 2.5. This is a DIS-
CONTINUED type listed for reference only.

DUAL-GRID POWER AMPLIFIER

Glass type used in output stage of battery-
operated receivers. Outline 29, OUTLINES
SECTION. Tube requires five-contact socket.
Filament volts (de), 2.0; amperes, 0.12, Typical
operation as class A; amplifier (grid No.2 con- 49
nected to plate at socket): plate volts, 135 max;
grid volts, —20; plate ma., 6; piate resistance,
4175 ohms; amplification factor, 4.7; transcon-
ductance, 1125 umhos; load resistance, 11000
ohms; output watts (approx.), 0.17. This type
is used principally for renewal purposes.

PUSH-PULL CLASS B AMPLIFIER
{Grids No.} and No.2 connected together at socket.)

Maximum Ratings:
PLATE VOLTAGE. .. .\ tiyrencer ot insaaasanonesaesstiecatnanioneeinans 180 mazx volts
PEAK PLATE CURRENT. . ..ot viiieivnineraeetannetnnsnenneseinnennsnis 50 mazx ma

Typical Operation (Values are for two tubes):

Plate Voltage. . ... ieriit i iier i eiareeiaan s 135 180 volts
Grid Voltage. . .. ... o 0 0 volts
Zero-Signal Plate Current. . .. ... ... ... ... . il 2.6 4 ma
Effective Load Resistance (Plate-to-plate). .. ............... 8000 12000 ohms
Power Qutput (APPIOX.). . oo v vveineiinnrenaennnaeennns 2.3 3.5 watts

POWER TRIODE

'S G Glass type used in output stage of af am-
) (3 plifiers employing transformer input coupling.
Outline 36, OUTLINES SECTION. Tube re-
quires four-contactsocketandshould bemounted
in vertical position with base down. Filament 50
volts (ac/de), 7.5; amperes, 1.25. Characteristics
0*0 as class A amplifier: plate volts, 450 max; grid
3 volts, —84; cathode resistor, 1530 ohms; plate
ma., 55; plate resistance, 1800 ohms; amplifica=
tion factor, 8.8; transconductance, 2100 umhos;
load resistance, 4350 ohms; output watts, 4.6. Resistance in grid-coupling circuit should not exceed
10000 ohms. This type is used principally for renewal purposes.

BEAM POWER AMPLIFIER
Glass lock-in type used in output stage of
ac/dc receivers. Outline 15, OUTLINES SEC- 50A5
TION. Tube requires lock-in socket. Heater
volts (ac/de), 50; amperes, 0.15. For ratings
and data, refer to glass-octal type 50L6-GT.
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H P
O,
BEAM POWER AMPLIFIER "G > o
5 OB 5 Miniature type used in output \l
stage of compact ac/dc receivers. Be-
cause of its high power sensitivity at £ c"
plate and screen voltages available in

ac/de receivers, it is capable of pro-
viding a relatively high power output. Within its maximum ratings, type 50B5 is
equivalent in performance to glass-octal type 50L6-GT.

HEATER VOLTS (AC/DC) . o v vttt titete ittt it e iiii e e invaannns 50 volts
HEATER CURRENT. .. ..t vneet e tnnnneane e tanseonnrsennaronsns 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):*
Grid No.l toPlate. .. ... i i it iiieieniananns 0.5 puf
D Y ¢ L PR 13 ppf
L6 333 43 L 6.5 upf

* With no external shield.

Maximum Ratings:

PLATE VOLTAGE. . .. .ttt it iiiiietiase et enaaeainstoeencasnsnns 117 max volts
‘GRID-NO.2 (SCREEN) VOLTAGE. . .« ...ttt iitinvrtainrttsennraaanan 117 mazx volts
PLATE DISSIPATION . . ..ottt ittt iiar st tasseraanannesonsnsenneons 5.5 max watts
GRID~NO.Z DISSIPATION. . ...ttt ittt iiitattenreneneesssscsasnssnns 1.25 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. ..............ccovvienunens. 150 maz volts
Heater positive with respect tocathode. . ......... .. ... . i, 150 max volts

Typical Operation:

Plate Voltage. . ... .. ittt ittt it ettt tiaenetranensnanans 110 volts
Grid-No. 2 Voltage. . . ...ttt i it ittt e tentearaananes 110 volts
Grid-No.1 (Control-Grid) Voltage. . ......... ... iiriiiiniinneenennss -7.5 volts
Peak AF Grid-No.1 Voltage. . ...... ...ttt nans 7.5 volts
Zero-Signal Plate Current. . . . ... ... ... .. . i i i 49 ma
Maximum-Signal Plate Current. .. ... ... ... .. ittt 50 ma
Zero-Signal Grid-No.2 Current (APProX.). . .....ciiriiiinnnennnanens 4 ma
Maximum-Signal Grid-No.2 Current (ADPProx.)..........c.c.oiiiviinvinnenn 8.5 ma
Plate Resistance (APProX.) . .. ... ... ittt inananns 10000 ohms
TransconducCtance. . .. ... ... .ttt e et 7500 pmhos
Load ResiStance. . ... ... ... . .. it i e e 2500 ohms
Total Harmonie Distortion. ... ... ... ... .. ... .. .. .. . iiiiiaininn. 9 per cent
Maximum-Signal Power Qutput. .. ....... ... ... .00t iiiriinrnnnnn.n 1.9 watts

INSTALLATION AND APPLICATION

Type 50B5 requires miniature seven-contact socket and may be mounted in
any position. Outline 13, OUTLINES SECTION.

The 50-volt heater is designed to operate under the normal conditions of line-
voltage variation without materially affecting the performance or serviceability
of the 50B5. For operation of the 50B5 in series with other types having 0.15-
ampere rating, the current in the heater circuit should be adjusted to 0.15 ampere
for the normal supply voltage.

In a series-heater circuit of the de power line’” type employing several 0.15-
ampere types and one or two 50B5's, the heater(s) of the 50B5('s) should be placed
on the positive side of the line. Under these conditions, heater-cathode voltage of
the 50B5 must not exceed the value given under maximum ratings. In a series-
heater circuit of the “universal” type employing rectifier tube 35W4, one or two
50B5's, and several 0.15-ampere types, it is recommended that the heater(s) of the
50B5's be placed in the circuit so that the higher values of heater-cathode bias will
be impressed on the 50B5('s) rather than on the other 0.15-ampere types. This is
accomplished by arranging the 50B5(’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
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voltage supply. Between this side of the line and the 50B5(’s), any necessary
auxiliary resistance and the heater of the 35W4 are connected in series.

As a power amplifier (class A,), the 50B5 is recommended for use either singly
or in push-pull combination in the power-output stage of ac/de” receivers. The
operating values shown under typical operation 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 devices are recommended.

When the tube is operated at maximum rated conditions, the grid circuit
should have a dc resistance not higher than 0.1 megohm for fixed bias; for higher
values, cathode bias is required. With cathode bias, the grid circuit may have a de
resistance as high as, but not higher than, 0.5 megohm.

AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION

200 T T T
TYPE 5085
€p=50 VOLTS
175}— GRID-N$2 VOLTS =110
15 YT 30
- o
2 | .
g2y e 25 9
8 \ -2 E
2 100 I 20 %
Al - :
3 =
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.l ~N
s — I : 28 0%
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1
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PLATE VOLTS 92CM-6603T
. . BEAM POWER AMPLIFIER
() Glass octal type used in output
o/ stage of ac/dc radio receivers. Out-

line 17, OUTLINES SECTION. Tube
requires octal socket and may be 50L6—GT
" 6 \“/ 0 #  mounted in any position. Refer to min-

OMON iature type 50B5 for curves and install-
NC Gy ation and application information.

HEATER VOLTAGE (AC/DC) . o\ ittt eeitiie ittt ieinaiiiianeraarnne 50 volts
HEATER CURRENT. . . oottt intatae s s etaaacnaeeaneennannnasnns 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):t

Grid No.l to Plate. ... ... . i i i e e 0.8 puf

Input............ . 15 nupf

[027 19 471 AP 9.5 npf
{ With no external shield.
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. .. . ittt ittttan ettt tnaeatanaranr e eisesaassanes 200 max volts
GRID-NO.2 (SCREEN) VOLTAGE. . . .« .\ .ottt eitinnininaninarsnsasanes 117 maz volts
PLATE DISSIPATION . . .. ... it i i it taecnrssennnann 10 max watts
GRID-NG.2 DISSIPATION . . ..ot o v it iiitiannine v tcrenncsannsooaannanss 1.25 mex watts

PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to eathode 150 mazx volts
Heater positive with respect to cathode................00. 150 mazx volts
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Typical Operation:
Plate Voltage. ...........

Grid-No.2 Voltage. . . ......ccoiiiiiiiiiiinnnnnnn. 110
Grid-No.1 (Control-Grid) Voltage -7.5
Peak AF Grid-No.1 Voltage. . .. ..................... ... 7.6
Zero-Signal Plate Current .. .................ciiiininnnnn.n 49
Maximum-Signal Plate Current. .............. N 50
Zero-Signal Grid-No.2 Current (Approx.). ... 4
Maximum-Signal Grid-No.2 Current (Approx . 11
Plate Resistance (Approx.) T, . 13000
Transconductance. . . . . 9000
Load Resistance. . . ....... .. iiiiuiiiinanninieneninnnnn. 2000
Total Harmonic Distortion. . . ... 000000000 10
Maximum-Signal Power Output. .. ........................ 2.1

50Y6-GT

50Z7-G

\

VACUUM RECTIFIER-DOUBLER

Glass octal type used as half-wave rectifier
or voltage doubler in ac/de receivers. This type
is used particularly in “transformerless’’ re-
ceivers of either the ac/dc type or the voltage-
doubler type. Outline 17, QUTLINES SEC-
TION. Tube requires octal socket. Heater volts
(ac/de), 50; amperes, 0.15. Except for heater
rating, this type is electrically identical with
type 25Z6-GT.

VACUUM RECTIFIER-DOUBLER

Glass octal type used as half-wave rectifier
or voltage doubler in ac/dec receivers. Outline
24, OUTLINES SECTION. The heater is pro-
vided with a tap for operation of a panel lamp.
Without panel lamp, heater volts (ac/dc) of
entire heater (pins 2 and 7), 50; amperes, 0.15.
‘With panel lamp, heater volts (ac/dc) of panel-
lamp section (pins 6 and 7 with 0.15 ampere

between pins 2 and 7), 2. Maximum ratings as rectifier or doubler: peak inverse plate volts, 700 mazx;
peak plate ma. per plate, 400 max; dc output ma. per plate with panel lamp, 65 maxz; peak heater-
cathode volts, 350 mazx; panel lamp section volts (pins 6 and 7), 2.5 max. Thisis a DISCONTINUED
type listed for reference only.

53

55

56

HIGH-MU TWIN POWER TRIODE

Glass type used in output stage of ac-
operated receivers as a class B power amplifier.
Outline 29, OUTLINES SECTION. Tube re-
quires medium seven-contact (0.855-inch pin-
circle diameter) socket. Heater volts (ac/de),
2.5; amperes, 2.0. Except for heater rating, this
type is electrically identical with metal type
6N7. Type 53 is used principally for renewal
purposes.

TWIN DIODE—MEDIUM-MU TRIODE

Glass type used as a combined detector,
amplifier, and ave tube. Outline 27, OUTLINES
SECTION. Tube requires six-contact socket.
Heater volts (ac/dc), 2.5; amperes, 1.0. Except
for heater rating, this type is electrically iden-
tical with glass type 85. Type 55 is used princi-
pally for renewal purposes.

MEDIUM-MU TRIODE

Glass type used as detector, amplifier, or
oscillator in ac-operated receivers. Outline 25,
OUTLINES SECTION. Tube requires five-
contact socket. Heater volts (ac/de), 2.5; am-
peres, 1.0. Except for heater rating, this type is
electrically identical with glass type 76. Type
56 is used principally for renewal purposes.
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SHARP-CUTOFF PENTODE

Glass type used as biased detector in ac-
operated receivers. Qutline 31, OUTLINES
SECTION. Tube requires six-contact socket. 57
Heater volta (ac/dc), 2.5; amperes, 1.0. Except
for heater rating and capacitances, this type is
electrically identical with metal type 6J7. Type
57 is used principally {or renewal purposes.

REMOTE-CUTOFF PENTODE

Glass type used in rf and if stages of radio
receivers employing ave and as a mixer in super-
heterodyne circuits. Outline 31, OUTLINES
SECTION. Tube requires six-contact socket, 58
Heater volts (ac/dc), 2.5; amperes, 1.0, Except
for heater ratings, this type is electrically iden-
tical with glass-octal type 6U7-G. Type 58 is
used principally for renewal purposes.

TRIPLE-GRID POWER AMPLIFIER

Glass type used in audio output stage of
ac-operated receivers. Qutline 34, OUTLINES
SECTION. Tube requires medium seven-con-
tact (0.855-inch, pin-circle diameter) socket, 59
Heater volts (ac/dc), 2.5; amperes, 2.0. Typical
operation as class A; amplifier (triode connec-
tion; grids No.2 and No.3 tied to plate): plate
volts, 250 maz; grid volts, —28; plate ma., 26;
plate resistance, 2300 ohms; amplification factor, 6; transconductance, 2600; load resistance for maxi-
mum undistorted power output, 5600 ohms; undistorted output watts, 1.256. For typical operation as
class A, amplifier (pentode connection; grid No.3 tied to cathode at socket), refer to type 6F6 with
plate veltage of 260 volta. This type is used principally for renewal purposes.

Maximum Ratings: CLASS B AMPLIFIER—Triode Connection®

PLATE VOLTAGE . ........... .. 400 mazx volts
PEAK PLATE CURRENT . 200 maz ma
PLATE DISSIPATION. .. ... ...t .. 10 max watts
GRID DISSIPATION (GRIDEB NO.L AND NO.2). ... iiiviiinnnt, Cieereeaen 1.5 mazx watts
Typical Operation {Values are for two tubes)-

Plate VOltBRE. . . ... vii i iiiiieieniianess .- 300 400 volts
Grid Voltage. . ... .. .. it Ceeeneas 0 0 volts
Zero-Signal Plate Current. . ................. . 20 26 ma
Effective Load Resistance (Plate-to-plate) . 4600 6000 ohms
Power Output (Approx.)......... ..... 15 20 watts

* Grid No.3 tied to plate; grids No.1 and No.2 tied together.

RECTIFIER—BEAM POWER
AMPLIFIER

Glass octal type used as combined half-
wave rectifier and output amplifier in ac/de
receivers, Outline 21, OUTLINES SECTION. 7OL7-GT
Tube requires octal socket. Heater volts (ac/dc),
70; amperes, 0.15. Maximum ratings of rectifier
unit: peak inverse plate voits, 350; peak plate
ma., 420; dc output ma., 70; peak heater-
cathode volts, 175; minimum total effective
plate-supply impedance, 15 ohms. Typical operation and maximum ratings of beam power unit as class
A amplifier: plate and grid-No.2 voits, 110 (117 mazx); grid-No.1 volts, -7.5; plate ma., 40; grid-No.2
ma., 3; plate resistance, 15000 ohms; transconductance, 7500 umhos; load resistance, 2000 ohmas;
output watts, 1.8; plate dissipation, 5§ max watts; grid-No.2 dissipation, 1 maz watt,
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POWER TRIODE

. . c
Glass type used in output stage of audio- @) ©
frequency amplifiers. Outline 29, OUTLINES
SECTION. Tube requires four-contact socket.
7 ] —A Filament volts (ac/dc), 5.0; amperes, 0.25.
Characteristies as class Ai amplifier: plate volts, G ‘ o
F

180 mazx; grid volts, —40.5; cathode resistor,

2150 ohms; plate ma., 20; plate resistance, 1750 F

ohms; amplification factor, 3; transconductance,
1700 umhos; load resistance, 4800 ohms; undistorted output watts, 0.79. This type is used principally
for renewal purposes.

TWIN DIODE—HIGH-MU TRIODE Fe2 "o
Glass type used as combined detector, am- C'T
plifier, and ave tube in radio receivers. Qutline ‘
27, OUTLINES SECTION. Tube requires six- Py (2) (5) v
7 5 contact socket. Heater volts (ac/dc), 6.3; am-
peres, 0.3. Except for interelectrode capaci- ‘

tances and plate volts of 250 maz, this type is 0
identical electrically with metal type 6SQ7. "
. Type 75 is used principally for renewal purposes.

MEDIUM-MU TRIODE

Glass type used as voltage amplifier or

detector in radio receivers. Outline 25, OUT-

LINES SECTION. Tube requires five-contact

76 socket. Heater volts (ac/dc), 6.3; amperes, 0.3.

Characteristics as class A; amplifier: plate voits,

250 max; grid volts, ~13.5; plate ma., 5; plate

resistance, 9500 ohms; transconductance, 1450

pmhos. For typical operation as a resistance-

coupled amplifier, refer to Chart 23, RESISTANCE-COUPLED AMPLIFIER SECTION. This type
is used principally for renewal purposes.

SHARP-CUTOFF PENTODE

Glass type used as biased detector or high-
gain amplifier in radio receivers. Outline 27,
77 OUTLINES SECTION. Tube requires six-

contact socket. Heater volts (ac/de), 6.3; am-
peres, 0.3. Except for capacitances and grid-No.
2 rating of 100 max volts, type 77 is electrically
identical with metal type 6J7. This type is used
principally for renewal purposes.

REMOTE-CUTOFF PENTODE

Glass type used in rf and if stages of radio
receivers, particularly those employing ave.
Outline 27, OUTLINES SECTION. Tube re-
78 quires six-contact socket. Heater volts (ac/de),
6.3; amperes, 0.3. Except for capacitances, this
type is identical electrically with metal type
6K7. Type 78 is used principally for renewal
purposes.

HIGH-MU TWIN POWER TRIODE

Glass type used in output stage of radio

receivers as a class B power amplifier or a class

Ay driver. Outliie 27, OUTLINES SECTION.

79 Tube requires six-contact socket. Heater volts

(ac/dc), 6.3; amperes, 0.6. Maximum ratings

and typieal operation as class B power ampli-

fier: plate volts, 250 max; grid volts, 0; zero-

signal plate ma., 10.5; effective load resistance

(plate-to-plate), 14000 ohms; output watts (approx.), 8; peak plate ma. per plate, 90 maxz; average plate

dissipation, 11.5 watts max. For typical operation as a resistance-coupled amplifier, refer to Chart 24,

RESISTANCE-€OUPLED AMPLIFIER SECTION. This type is used principally for renewal
purposes.
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Pb2 Poy FULL-WAVE VACUUM -
@) ©, RECTIFIER
Glass type used in power supply
of radio equipment having moderate 80

0‘0 direct-current requirements. OQOutline
£ F 29, OUTLINES SECTION. Tube re-
quires four-contact socket and should
be mounted preferably in a vertical position. Horizontal mounting is permissible
if pins 1 and 4 are in a horizontal plane. Filament volts (ac), 5.0; amperes, 2.0.
For filament operation, refer to type 5U4-G. Type 80 is electrically identical with
glass-octal type 5Y3-GT.

HALF-WAVE VACUUM RECTIFIER

p NG Glass type used in power supply of radio
© ©) receivers. Outline 36, OUTLINES SECTION.,
Tube requires four-contact socket and should
be mounted preferably in a vertical position.
Horizontal mounting is permissible if pins 1 and 8‘
4 are in a vertical plane. Filament volts (ac), 7.5;
*o amperes, 1.25. Ratings as half-wave rectifier:
F F peak inverse plate volts, 2000 max; peak plate
ma., 500 mazx; dc output ma., 85 maz. This type
is used principally for renewal purposes.

FULL-WAVE MERCURY-VAPOR

Pp2 Ppy
5 © RECTIFIER
Gtlass types used to supply dc power of uni- 82
form voltage to receivers in which the rectified
current requirements are subject to considerable 8 3
‘ variation. Qutlines 29 and 34, respectively,
() (4)  OUTLINES SECTION. Tube requires four-
F F contact socket and should be mounted in verti-
cal position with base down.
Type 82 Type 83
FILAMENT VOLTAGE (AC). ..ottt i 2.5 5 volts
FILAMENT CURRENT . . ..o\ttt it e iit e et iaaeanns 3 3 amperes
Maximum Ratings: FULL-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE. . .. ..., i 1550 max 1550 max volts
PEAK PLATE CURRENT PER PLATE. . . .. .................... 0.6 max 1.0 mar ampere
DC OUTPUT CURRENT. .. .. oottt e e 115 max 225 max ma
CONDENSED-MERCURY TEMPERATURE RANGE. . .. ............ 24 to 60 20 to 60 °C
Typical Operation (With Capacitor-Input Filter):
AC Plate-to-Plate Supply Voltage (RMS) .................. 900 900 volts
Minimum Total Effective Plate-Supply Impedance
perPlatet... ... .. ... ... . ... 50 50 ohms
DCOutput Current........ ... i i 115 225 ma
Typical Operation (With Choke-Input Filter):
AC Plate-to-Plate Supply Voltage (RMS) .................. 1100 1100 voits
Minimum Filter-Input Choke........... . . 6 3 henries
DCOutput Current. . ............ ........ ... ... 115 225 ma

t+ When a filter-input capacitor larger than 40 uf is used, it may be necessary to use more plate-supply
impedance than the minimum value shown to limit the peak plate current to the rated value.

PD2 o
G) (3) : FULL-WAVE VACUUM RECTIFIER
Glass type used in power supply of radio
equipment having high de requirements. Out-
line 29, OUTLINES SECTION. Tube requires 8 3 —v
‘ four-contact socket. Heater volts (ac), 5.0; am-
0 K peres, 2. This type is identical electrically with
H H glass-octal type 5V4-G.
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FULL-WAVE VACUUM RECTIFIER

Glass type used in power supply of auto-
mobile and ac-operated radio receivers. Outline
25, OUTLINES SECTION. Tube requires five- £D2 e
84 6Z4 contact socket. Heater volts (ac/dc), 6.3; am-
peres, 0.5. Maximum ratings: peak inverse plate
volts, 1250 max; peak plate ma., 180 mazx; dc

output ma., 60 max; peak heater-cathode volts,

450 max. Typical operation with capacitor- H

H

input filter: ac plate-to-plate supply volts (RMS), 650; minimum total effective plate;supply impedance
per plate, 150 ohms; dc output ma., 60. Typical operation with choke-input filter: ac plate-to-plate
supply volts (RMS), 900; minimum filter-input choke, 10 henries; d¢ output ma., 60. This type is used

principally for renewal purposes.

TWIN DIODE—MEDIUM-MU TRIODE G)

Glass type used as a combined detector,
amplifier, and ave tube. Qutline 27, OUTLINES
SECTION. Tube requires six-contact socket. PT(2
85 Heater volts (ac/dc), 6.3; amperes, 0.3. Char-
acteristics of triode unit as class A: amplifier:

plate volts, 250 mazx; grid volts, —20; amplifica~ o °

tion factor, 8.3; transconductance, 1100 umhos; H
plate ma., 8.0; plate resistance, 7500 ochms; load

resistance, 20000 ohms; output watts, 0.35. For typical operation as a resistance-coupled amplifier, refer

to Chart 22, RESISTANCE-COUPLED AMPLIFIER SECTION. This type is used
renewal purposes.

TRIPLE-GRID POWER AMPLIFIER ¢z

Glass type used in output stage of radio
receivers. Qutline 27, OUTLINES SECTION.
Tube requires six-contact socket. Heater volts
89 (ac/dc), 6.3; amperes, 0.4. Maximum rating- as
class B amplifier (triode connection): plate
volts, 250 max; peak plate ma. per tube, 90 mar;
average grid dissipation of grids No.1 and No.2
tied together, 0.35 max watt. This type is used
principally for renewal purposes.

CLASS A; AMPLIFIER

principally for

Triode Pentode

Typical Operation: Connection* Connection**
Plate Voltage (250 maz) . v oo o v v v iviiiiiiiiiiinniiannann, 180 180 volts
Grid-No.2 (Screen) Voltage (250 maz) . . . ..o cvvvveennvinn. - 180 volts
Grid-No.1 (Control-Grid) Voltage. . . c.ovviiviinninn .. -22.5 -18 volts
Cathode Resistor. . . ... it iiiien i rennncnans 1125 785 ohms
Plate Current. . .. ... .. iuit it tiienoanensaoanrasnssens 20 20 ma
Grid-No.2 Current. .. ... oiier it iiiiiaiaeriaesnnerna. - 3 ma
Amplification Factor. . ........ooviiiiiiiineciiiaennnaan. 4.7 -
Plate Resistance. . . . ..ot vviininaerierrentaossnnenaans 3000 80000 ohms
Transconductance. . . ........oiiiiiiieinierenenacnannn, 1550 1550 pmhos
Load Resistance .. 6500% 8000 ohms
Power Qutput. ... ... .. ittt 0.4 1.5 watts
* Grids No.2 and No.3 tied to plate. ** Grid No.3 tied to cathode.
t Optimum for maximum undistorted power output of 0.4 watt.

CLASS B AMPLIFIER (Triode Connection)}
Typical Operation (Values are for two tubes):
Plate Voltage. . ... it it et e e e e e e e i 180 volts
Grid Voltage. . . . . it i i e e i e e e e e 0 volts
Peak AF Grid-to-Grid Voltage. . . ... it it iiiininannans 68 voits
Zero-Signal Plate Current. . . .. .. ... ..ttt i e 6 ma
Effective Load Resistance (Plate-to-plate) ........... ... .. ... ..viiiann 9400 ohms
Total Harmonic Bistortion. ... ... .. ... . . .. i 8 per cent
Power Output (ADPDroX.) . . .ttt i e i e 3.6 watts

1 Grids No.1 and No.2 tied together; grid No.3 tied to plate.
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DETECTOR AMPLIFIER TRIODE

Glass types used as detector or amplifier in
battery-operated receivers. Filament volts (dc),
3.0 to 3.3; amperes, 0.060 to 0.063. Character-
istics as class A; amplifier: plate volts, 90
max; grid volts, -4.5; amplification factor,
6.6; transconductance, 425 umhos; plate ma.,
2.5. Operation as grid-resistor detector: plate
volts, 45; grid resistor, 0.25 to 5 megohms; grid
capacitor, 250 puf; grid return to (+) filament.
Operation as biased detector: plate volts, 90
mazx; grid voits (approx.), ~10.5. These are
o*o DISCONTINUED types listed for reference
only.

-
-

DETECTOR AMPLIFIER TRIODE

Glass type used as detector or amplifier in
battery-operated receivers. QOutline 29, QUT-
LINES SECTION. Filament volts (dc), 5.0;
amperes, 0.25. Operation as class A1 amplifier:
plate volts, 180 maz; grid volts, —13.5; ampli-
fication factor, 8.5; transconductance, 1800
umhos; plate ma., 7.7; load resistance, 10650
ohms; output watts, 0.285. Operation as biased
detector: plate volts, 180; grid volts, —21. This
is a DISCONTINUED type listed for refer-
ence only.

G

RECTIFIER—BEAM POWER
AMPLIFIER

Glass octal type used as combined
half-wave rectifier and output ampli~
fier in ac/dc receivers. Outline 21,
OUTLINESSECTION. Tuberequires
octal socket. Heater volts (ac/de), 117;

V99

X99

112-A

n7Lz/

M7-GT

amperes, 0.09. For ratings and operation of rectifier unit, refer to type 117N7-GT.

Maximum Ratings: AMPLIFIER UNIT AS CLASS A; AMPLIFIER

PLATE VOLTAGE. .. ... ...ttt e e 117 mazx volts
GRID-NO.2 (SCREEN) VOLTAGE . . . . ot tvtttiniee i et neetiiiananaaeeeanns 117 - max volts
PLATE DISSIPATION. ... ittt ee it ittt e et e iieiiiaenes 6.0 max watts
GRID-NO.2 DISSIPATION . . ..o\ itttit ettt rtrertiaaninaraeesanns 1.0 max watt
Typical Operation:

PLATE VOLTAGE. . . . ... . ivirniinnnannnnnns et eia e iiataas et 105 volts
Grid-NO.2 Voltage. . . . ... i ittt eiieiiee e teetiiiarrannees 105 volts
Grid-No.l (Control~Grid) Voltage. . ... ....viintiniirn et irieeennnn, -5.2 volts
Peak AF Grid-No.l Voltage. . . ... ... iuiierie e eraeriiannnnn 5.2 volts
Zero-Signal Plate Current. . . .. e e e e s 43 ma
Maximum-Signal Plate Current 43 ma
Zero~Signal Grid-No.2 Current (APProX.). . .......ovoiieeiiuninninenann.s 4 ma
Maximum-Signal Grid-No.2 Current (Approx.). . ..............coovrunnn.. 5.6 ma
Plate Resistance (APProX.) . . .. ...ttt it et e 17000 ohms
Transconductance. . . ... .. ... .. .. 5300 pmhos
Load ReSistance. . . .. ... ... ... . . . tiiiiinn i 4000 ohms
Total Harmonic Distortion. . .. ... ... ... . ... . . .. iiiieiiierenianns 5 per cent
Maximum-Signal Power Qutput. . ... ... ... ... . iiiiiiieei e 0.85 watt
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RECTIFIER—BEAM POWER
AMPLIFIER

Glass octal type used as combined

]]7N 7—GT half-wave rectifier and output ampli-

fier in ac/de receivers. Outline 21,

OUTLINESSECTION. Tuberequires

octal socket and may be mounted in
any position. Heater volts (ac/dc), 117; amperes, 0.09. When the amplifier unit is
operated at maximum rated conditions, the grid circuit should have a de resistance
not higher than 0.25 megohm for fixed bias; for higher values, cathode bias is
required. With cathode bias, the grid circuit may have a dec resistance as high as,
but not higher than, 1.0 megohm.

. . RECTIFIER UNIT AS HALF-WAVE RECTIFIER
Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE. . ... ... ittt iiinnrenartnnnrannareoenes 850 max volts
PEAK PLATE CURRENT . . . ... ..ttt annsannnssanannancosans 450 max ma
DC OUTPUT CURRENT. . . . ottt ettt tans e arnsasronanonanns 75 mazx ma
PeAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. .............coiiiiiiiiianns 175 max volts

Typical Operation (Capacitor-Input Fiter):

AC Plate-Supply Voltage (RMS) . . ... ... .. ittt iiinraens 117 volts
Filter-Input Capacitor ... . ... .. ... . ittt ittt 40 uf
Minimum Total Effective Plate-Supply Impedancet...................... 15 ohms
DC Output CUrrent. . . . . oiuitt it iiiateneericieraerareonsorasaane 5 ma
DC Output Voltage at Input to Filter (Approx.)............ ... iiiunn. 122 volts

1 When a filter-input capacitor larger than 40 uf is used, it may be necessary to use more plate-supply im-
pedance than the minimum value shown to limit the peak plate current to the rated value.

AMPLIFIER UNIT AS CLASS A; AMPLIFIER

Maximum Ratings:

PLATE VOLTAGE. ...ttt ittt iie ittt tame i iia et iaaaniananseraes 117 maz volts
GRID-NO.2 (SCREEN) VOLTAGE . . . . . .t i ttititiieetnneariensonansnonnaos 117 maz volts
PLATE DISSIPATION . . . .ttt ettt et e e et iananaareansansaneaanass 5.5 max watts
GRID-NO.2 DISSIPATION. ¢ oot i ittt enaretnasearrornsecnasanecnsas 1.0 max watt

Typical Operation:

Plate Voltage. . . .. o i ittt ettt ieennoiassassannseseaennnn 100 volts
Grid-No.2 Voltage. . .. ... ittt i e na it iananaenans 100 volts
Grid-No.1 (Control-Grid) Voltage. .. ...t -6 volts
Peak AF Grid-No.1 Voltage. . . .. .. .ttt int it 6 volts
Zero-Signal Plate Current. . .. ... ... ... i e e 51 ma
Zero-Signal Grid-No.2 Current. . ... .. .. .. it 5 - ma
Plate Resistance (ADProx.) . .. ...ttt c e et 16000 ohms
TranscondUCtaNCE . . . . . ... ittt it e e 7000 umhos
Load ReSISEANCE. . . . ... it i e s 3000 ohms
Total Harmonic Distortion. . .. ... . ittt eraiiarnne 6 per cent
Maximum-Signal Power Qutput. .. ... ... ...ttt rinenanrinnensn 1.2 watts

RECTIFIER—BEAM POWER
AMPLIFIER
Glass octal type used as combined half-
]I7P7—GT wave rectifier and output tube. Outline 21,
OUTLINES SECTION. Tube requires octal
socket. Heater volts (ac/de), 117; amperes,

0.09. This tube is electrically identical with
glass-octal type 117L7/MT7-GT.
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H P
@G HALF-WAVE VACUUM
HGE) (O RECTIFIER
Miniature type used in power sup-
ne@ (Dne  Dly of ac/de/battery radio receivers. 117 23
D The heater is designed for operation
& directly across a 117-volt ac or de sup-
ply line.
HEATER VOLTAGE (AC/DC) 117 volts
HEATER CURRENT . 4 0 0vtessaursonrasocnonnarsonniosssssnsssnas .. 0.04 ampere
Moximum Ratings:
PEAK INVERSE PLATE VOLTAGE. ¢ e v vvinrerun i iiniiiiiroanenanannns 330 mazx volts
PEAK PLATE CURRENT . .« o vvurerveeecnnaennnsennresniecnssinseannnenns 540 max ma
DC OUTPUT CURRENT. . o it tvieraonunnnerornseenneeosesnaasonnannnens 90 mazx ma
Peak HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode...........c . iiiiivinnennnnn, 330 mazx volts
Heater positive with respect tocathode. . ......coooiiiiiiiiiiiinin.., 165 max volts
Typical Operation (Capacitor-Input to Filter):
AC Plate-Supply Voltage (RMS) . ... ittt ittt tiieeieinnnnenennnn 117 volts
Filter-Input Capacitor. . . . .. cuet ittt it ittt ieeeraarnennsnnns 40 uf
Minimum Total Effective Plate-Supply Impedancet...................... 15 ohms
DC Output Current. . . ..ttt ittt i it ittt 90 ma
DC Output Voltage at Input to Filter (Approx):
At half-load current (45 ma.) . . ... o v i i i e 120 volts
Atfull-load current (90 ma.) . ...vveun i i i e e 100 volts
Voltage Regulation (Approx.):
Half-load to full-load eurrent. . ... ... .. oo, 20 volts

1 When a filter-input capacitor larger than 40 4f is used, it may be necessary to use more plate-supply
impedance than the minimum value shown to limit the peak plate current to the rated value.

INSTALLATION AND APPLICATION

OPERATION CHARACTERISTICS

TYPENTZ3

Ef=N7VOLTS

PLATE VOLTS=II7RMS
TOTAL EFFECTIVE PLATE -
SUPPLY IMPEDANCE =150HMS
C=CAPACITOR INPUT TO FILTER

Type 117Z3 requires miniature seven-
contact socket and may be mounted in any posi- ,‘:"6
tion. Outline 13, OUTLINES SECTION. =
It is especially important that this tube, like 2,
other power-handling tubes, should be ade- ¢ \\ R=Cs40
quately ventilated. s N
Refer to the CIRCUITS SECTION for <° S
typical application of the 117Z3 as a half-wave §
rectifier in a portable 3-way superheterodyne $,
receiver. 5
=
3o
o [ 40 80 120
a DC LOAD MILLIAMPERES
92CM-6633T
KD i) VACUUM RECTIFIER-DOUBLER

Glass octal type used as half-wave
rectifier or voltage doubler in ac/dec

receivers. Outline 17, OUTLINES 117Z6-GT

" e"a w SECTION. Tube requires octal socket
DRIO and may be mounted in any position.

0.075.
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Maximum Ratings: HALF-WAVE RECTIFIER

PBAK INVERSE PLATE VOLTAGE. . . .. ..t titiiiiieiinteanerenioonanonnans 700 max volts
PEAK PLATE CURRENT PER PLATE. . ... ... . iitreniinrnennnsnnnnnnnans 360 max ma
DC OUTPUT CURRENT PER PLATE. . .. ... .. i ittt iiiiniinernnann 60 max ma
PEAK HEATER-CATHODE VOLTAGE. . . .. ..o ttiitiie i rnneornonennavnnn 350 max volts

Typical Operation (Capacitor-lnput Filter):°

AC Plate-Supply Voltage per Plate (RMS)...... 117 150 235 volts
Filter-Input Capacitor............covevuuannnn 40 40 40 uf
Minimum Total Effective Plate-Supply Impedance

per Platet. ......... ..ottt 15 40 100 ohms
DC Output Currentper Plate. . ............... 60 60 60 ma

VOLTAGE DOUBLER
Maximum Ratings:
{Same as for Half-Wave Rectifier)

Typical Operation: Half-Wave  Full-Ware

AC Plate-Supply Voltage per Plate (RMS).................. 117 117 volts
Filter-Input Capacitor. ... ... ..ottt iiinennnnns 40 40 uf
Minimum Total Effective Plate-Supply Impedance per Platet. . 30 15 ohms
DCOutput Current. . .. ....cciuniiiiiiiiiaaiiaenn.s 60 60 ma

¢ In half-wave rectifier service, the two units may be used separately or in paraliel.
+ When a filter-input capacitor larger than 40uf is used, it may be necessary to use more plate-supply
impedance than the minimum value shown to limit the peak plate current to the rated value.

POWER TRIODE

Glass type used in output stage of radio re- 4 G
ceivers. Outline 29, OUTLINES SECTION. @) (3
Filament volts (ac/de), 5.0; amperes, 1.25.

183 / 483 Characteristics: plate voits, 250; grid volts, —60;
plate ma., 30; amplification factor, 3; plate re-
sistance, 1750 ohms; transconductance, 1700
umhos; load resistance, 5000 ohms; output o*o
watts, 1.8. This is a DISCONTINUED type F F
listed for reference only.

DETECTOR AMPLIFIER TRIODE

Glass type used as detector or class Ai am-
plifier in radio receivers. Outline 25, OUT-
LINES SECTION. Heater volts (ac/dc), 3;am-
485 peres, 1.25. Characteristics: plate volts, 180;
grid volts, —9; amplification factor, 12.5; plate
resistance, 8900 ohms; transconductance, 1400
umhos; plate ma., 5.8. This is a DISCON-
TINUED type listed for reference only.

CURRENT REGULATORS

Constant-current regulating devices (bal-
last tubes) used in radio receivers. Bases fit the

876 standard mogul screw socket and tubes may be
mounted in any position. Tubes operate at high
88 6 bulb temperature. They must be surrounded by
a protective metal ventilating stack. Operating

conditions: voltage range, 40 to 60 volts; am-
bient temperature, 150°F; operating current for
the 876, 1.7 amperes; for the 886, 2.05 amperes.
These are DISCONTINUED types listed for
reference only.
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1 — Metal Envelope
2 — Spacer Shield
3 —Insulating Spacer
4 — Mount Support
5 — Control Grid
6 — Coated Cathode
7 —Screen
8 — Heater
9 — Suppressor
10 —Plate
11 — Batalum Getter
12 — Conical Stem Shield
13 —Header
14 — Glass Seal
15—Header Insert
16 — Glass-Button Stem Seal
17 — Cylindrical Base Shield
18 — Header Skirt
19 —Lead Wire
20 — Crimped Lock
21 — Octal Base
22 — Exhaust Tube
23 —Base Pin

1% times actual size

24 —Exhavst Tip
25— Aligning Key
26 —Solder

27 — Aligning Plug

Structure of a Metal Tube
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Electron Tube Testing

The electron tube user—service man, experimenter, or 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 capa-
bilities 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 values established as standard for that type. Tubes which read abnor-
mally 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 Jaboratery 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 virtu-
ally 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 ex-
pedient 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 unsatisfaetory is judged from the test result of this single character-
istie. Consequently, it is very desirable that the characteristic selected for the test
be pne which is truly representative of the tube’s overall condition.

The followmg ‘information and circuits are given to describe and illustrate
general theoretical and practical tube-tester considerations and not to provide
information on the construction of a home-made tube tester. In addition to the
problem of determining what tube charaecteristic is most representative of perform-
ance capabilities'in all types of receivers, the designer of a home-made tester faces
the difficult problem of determining satisfactory limits for his particular tester.
The obtaining of information of this nature, if it is to be accurate and useful, is a
tremendous job. It requires the testing of a large number of tubes of each type,
the testing of many types, and the correlation of these readings with performance
in many kinds of equipment.

SHORT CIRCUIT TEST

The fundamental circuit of a short-circuit
tester is shown in Fig. 74. Although this cir-
cuit is suitable for tetrodes and types having
less than four electrodes, tubes of more elec-
trodes may be tested by adding more indicator
lamps to the circuit. Voltages are applied be-
tween the various electrodes with lamps in series
with the electrode leads. The value of the volt-
ages applied will depend on the type of tube
being tested. Any two shorted electrodes com-
plete 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
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tube at its operating temperature during the short-circuit test, because short-cir-
cuits in a tube may sometimes occur only when the electrodes are heated.

SELECTION OF A SUITABLE CHARACTERISTIC FOR TEST

Some charcteristics of a tube are far more important in determining its op-
erating worth than are others. The cost of building a device to measure any one
of the more important characteristics may be considerably higher than that of a
device which measures a less representative characteristic. Consequently, three
methods of test will be discussed, ranging from relatively simple and inexpensive
equipment to more elaborate, more accurate, and more costly devices.

An emission test is perhaps the simplest méthod of indicating a tube’s condi-
tion. (Refer to Diodes, in ELECTRONS, ELECTRODES, AND ELECTRON
TUBES SECTION, for a discussion of electron emission.) Since emission falls
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. .

DIRECT-
CURRENT
METER °

Fig. 75 shows the fundamental circuit diagram for an
emission test. All of the electrodes 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 temperature, a low positive voltage is applied to
the plate and the electron 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 elec-
trons has been so reduced that the tube is no longer able
to function properly.

liithlib
Fig. 75

A transconductance test takes into account a fundamental operating principle
of the tube. (This will be seen from the definition of transconductance in the Section
on ELECTRON TUBE CHARACTERISTICS.) 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. 76 giving a fundamental circuit with a
tetrode under test), appropriate operating voltages are applied to the electrodes
of the tube. A plate current depending upon the electrode voltages, will then be
indicated by the meter. If the bias on the grid is then shifted by the application of
a different grid voltage, a new plate-current reading is obtained. The difference
between the two plate-current readings is indicative of the transconductance of the
tube. This 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. 77 gives a fundamental
circuit with a tetrode under test. This method is superior to the static transcon-
ductance test in that ac voltage is applied to the grid. Thus, the tube is tested
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DIRECT-
Q@ Slnhent
METER

under conditions which approximate actual operating conditions. The alternating
component of the plate current is read by means of an ac ammeter of the dynamo-
meter type. The transconductance of the tube is equal to the ac plate current
divided by the input-signal voltage. If a one-volt RMS signal is applied to the
grid, the plate-current-meter reading in milliamperes multiplied by one thousand
is the value of 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. 78 shows the fundamental circuit of a power-output test for class A opera-
tion of tubes. The diagram illustrates the method for a pentode. The ac output
voltage developed across the plate-load impedance (L) is indicated by the current
meter. The current meter is isolated as far as the dec plate current is concerned by
the capacitor (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. 79 shows the fundamental circuit of a power-output test for class B opera-
tion of tubes. With ac voltage applied to the grid of the tube, the current in the
plate circuit is read on a de milliammeter. The power output of the tube is approx-
imately equal to:

ati 23 1 . .
Power output (watts) = (de current in amperesg 4)(;5 oad resistance in ohms
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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 ac operated, a line-voltage control
permits the supply of 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 test 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 per-
formance 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.
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Resistance-Coupled Amplifiers

Type Chart No.
114 1
1S5 2
1U4 3
1U5 2
2A6 4
2B7 5
6A6 6
6AQ6 7
6AT6 7
6AU6 8
6B6-G 4
6B7 5
6B8(G) 5
6BF6 -9
6C4 10
6C5(GT) 11
T 11
6C6 z P 14
6C8-G 12
6F5(GT) 18
6F8-G 13
6J5(GT) 13
T 11
6J7(G,GT) i P14
6L5-G 15
6N7(GT) 6
6Q7(G,GT) 7
6R7(GT) 9
6S7(G) 16
6SC7 17
6SF5(GT) 18
6SF7 19
6SHT7 8
6SJ7(GT) 20
6SL7-GT 7

6SN7-GT 13

Type Chart No.
6SQT(GT) 4
6SR7 9
6ST7 9
6SZ7 7
6T7-G 7
T 11
6W7—G3P i
6Z7-G 21
12AT6 7
12AU6 8
12AU7 10
12AX7 25
12C8 - 5
12F5-GT 18
12J5-GT 13
T11

12J7-GT 3 b1
12Q7-GT 7
12SC7 17
12SF5 18
12SF7 19
12SH7 8
12SJ7(GT) 20
12SL7-GT 7
12SN7-GT 13
12SQ7(GT) 4
12SR7 9
53 6
55 22
56 23
T 11
573P 14
75 4
76 23
79 24
85 22

T=Triode Connection
P=Pentode Connection

KEY TO CHARTS

Resistance-coupled, audio-frequency
voltage amplifiers utilize simple compo-

nents and are capable of providing essenti-

ally uniform amplification over arelatively
wide frequency range.

Suitable Tubes

In this section, data are given for
some 80 types of tubes suitable for use
in resistance-coupled circuits. These types
include low- and high-mu triodes, twin
triodes, triode-connected pentodes, and
pentodes. The accompanying key to tube
types will assist in locating the appro-
priate data chart.

Circuit Advantages

For most of the types shown, the
data pertain to operation with cathode
bias; for all of the pentodes, the data
pertain to operation with series screen
resistor. The use of a cathode-bias resistor
where feasible and a series screen resistor
where applicable offer several advantages
over fixed-voltage operation.

The advantages are: (1) effects of
possible tube differences are minimized;
(2) operation over a wide range of plate-
supply voltages without appreciable
change in gain is feasible; (3) the low
frequency at which the amplifier cuts off
is easily changed; and (4) tendency to-
ward motorboating is minimized.

Number of Stages

These advantages can be enhanced
by the addition of suitable decoupling
filters in the plate supply of each stage
of a multi-stage amplifier. With proper
filters, three or more amplifier stages can
be operated from a single power-supply
unit of conventional design without en-
countering any difficulties due to coupling
through the power unit. When decoupling
filters are not used, not more than two
stages should be operated from a single
power-supply unit,
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SYMBOLS USED IN RESISTANCE-COUPLED AMPLIFIER CHARTS

C =Blocking Capacitor (uf). V.G.=Voltage Gain. At 5 volts (RMS)
Cx =Cathode Bypass Capacitor (uf). output unless otherwise specified.
Cgz =Screen Bypass Capacitor (uf). :

Epp =Plate-Supply Voltage (volts). Eo =Peq.k Output_ Voltage (volts).
Voltage at plate equals plate- This voltage 1s obtained across
supply voltage minus drop in R, Rg (for following stage) at any
and Rx. See Note 1 below. frequency within the flat region

of the output vs frequency curve,

Ry =Cathode Resistor (ohms). and is for the condition where the

Ry =Screen Resistor (megohms). signal level is adequate to swing

Rg =Grid Resistor (megohms) the grid of the resistance-coupled
for following stage. amplifier tube to the point where

R, =Plate Resistor (megohms). its grid starts to draw current.

Note 1: For other supply voltages differing by as much as 50 per cent from those listed, the values of
resistors, capacitors, and voltage gain are approximately correct. The value of voltage output,
however, for any of these other supply voltages, equals the listed voltage output multiplied by
the new plate-supply voltage divided by the plate-supply voltage corresponding to the listed
voltage output.

GENERAL CIRCUIT CONSIDERATIONS

In the discussions which follow, the fre-
T
/}/ [
£

quency (f,) is that value at which the high-
frequency response begins to fall off. The fre-

420~ f2
FREQUENCY ——»

quency (f;) is that value at which the low-
frequency response drops below a satisfactory
value, as discussed below. Decoupling filters
are not necessary for two stages or less. A
variation of 10 per cent in values of resistors
and capacitors has only slight effect on per-
formance. One-half-watt resistors are usually
suitable for Rg, Re, Rp, and Rx resistors.
Capacitors C and Cg; should have a working
voltage equal to or greater than Eypp. Capacitor Cx may have a low working voltage
in the order of 10 to 25 volts. Peak Input Voltage is equal to the Peak Output
Voltage divided by the Voltage Gain.

PEAK QUTPUT VOLTS

Triode (Heater-Cathode Type} Amplifier

Capacitors C and Cx have been chosen to give an
output voltage equal to 0.8 E, for a frequency (f;) of
100 cycles. For any other value of f;, multiply values
e  of C and Cx by 100/f,. In the case of capacitor Cy, the
values shown in the charts are for an amplifier with de
heater excitation; when ac is used, depending on the
character of the associated circuit, the gain, and the
value of f;, it may be necessary to increase the value of
Cyk to minimize hum- disturbances. It may be desirable
to operate the heater at a positive voltage of from 15
to 40 volts with respect to the cathode. The voltage
output at fj of ‘‘n’’ like stages equals (0.8)"E, where
E, is the peak output voltage of final stage. For an-amplifier of typical construction,
the value of £, is well above the audio-frequency range for any value of Ry.
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Pentode {Filament-Type) Amplifier

Capacitors C and Cg,; have been chosen
— to give an output voltage equal to 0.8 E, for a
frequency (f;) of 100 cycles. For any other
value of f,, multiply values of C and Cg: by
€, 100/fi. The voltage output at f, for ‘‘n’’ like
stages equals (0.8)"E, where E, is peak output
voltage of final stage. For an amplifier of
typical construction, and for Ry, values of 0.1,
0.25, and 0.5 megohm, approximate values of
f2 are 20000, 10000, and 5000 cps, respectively.
Note: The values of input-coupling capacitor
in microfarads and of grid resistor in megohms
should be such that their product lies between 0.02 and 0.1. Values commonly
used are 0.005 uf and 10 megohms.

Diagram No. 2

Pentode (Heater-Cathode Type) Amplifier

Capacitors C, Ck, and Cg have been
chosen to give an output voltage equal to 0.7
E, for a frequency (f;) of 100 cycles. For any
other value of f;, multiply values of C,Cy,and
Cg: by 100/f,. In the case of capacitor Cg, the
values shown in the charts are for an ampli-
fier with de heater excitation; when acis used,
depending on the character of the associated
circuits, the voltage gain, and the value of f;,
it may be necessary to increase the value of
Cx to minimize hum disturbances. It may be
desirable to operate the heater at a positive
voltage of from 15 to 40 volts with respect to the cathode. The voltage output at
f, for ‘‘n’’ like stages equals (0.7)"E, where E, is peak output voltage of final stage.
For an amplifier of typical construction, and for Ry, values of 0.1, 0.25, and 0.5
megohm, approximate values of f, are 20000, 10000, and 5000 cps, respectively.

= = Ebb -

Diagram No. 3

Phase Inverters

Information given for triode amplifiers,
in general, applies to this case. Capacitors C
have been chosen to give an output voltage
equal to 0.9 E, for a frequency (f)) of 100
cycles. For any other value of f,, multiply
values of C by 100/f,. The signal input is
applied to grid of triode unit A. Grid of triode
unit B obtains its signal from a tap (P) on the
grid resistor (Rg) in the output circuit of unit
A. The tap is chosen so as to make the voltage
output of unit B equal to that of unit A. Its
location is determined by the voltage gain
values given in the charts For example, if V.G. is 20 (from the charts), P is chosen
so as to supply 1/20 of the voltage across Rg to the grid of unit B. For phase-in-
verter service, the cathode resistor may be left unbypassed unless a bypass capaci-
tor is necessary to minimize hum; omission of the bypass capacitor assists in bal-
ancing the output stages. The value of Rk is specified on the basis that both units
are operating simultaneously at the same values of plate load and plate voltage.
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(See page 195 for explanation of symbols)
[Bsb [Rp [Re [Re[Re [ Caa ] € [E |VG.|
022 | 024 | - | 0071 ] - | oon 16%
022 | 047 | 032 | - | 006 T | ooos | 14 23
10 | 039 | - {o0s6| - {o00035| 18] 30
047 | 057 | - | 0049 | - | 00052 | 14 22
45 | 047 | 10 | o064 | - | 0047 | -~ |oo003s | 17 30
22 (074 | - [o0044| - |ooo18 | 19| 33 1.4
10 | 11 -~ | 003 | - |o0028| 14 28
1.0 |22 [125{ - [o03as| - |ooo1s| 16 | 32
33 {145 | - ] oo032| - |ooo1s| 18| 38 See Circuit
022 | 0.4 - loos| - |oo1r | 26 28 Diagram 2
022 | 047 | 046 | - | o081 | - |oocss| 36 | 36
10 | 047 | - | oo8 - | 0.0035 | a2 e}
047 | 084 | - | 007 - |oo0ss | 30| 34
90 | 047 | 10 | 09 - | o059 ]| - {0003 | 38| 42
22 | 10 - | o062 | - | o001 | 40 50
10 | 20 - o665 | ~ [ooo2s| 30| as
10 |22 | 21 ~ 10045 | - |oo0018] 35 55
33 | 22 - | o044 | - |ooo12] 40 61
0.22 | 05 = | o.09 - Toonn | a2 34
022 | 047 | 063 | - | 0074 - |o000s5] s4 51
1.0 | 067 | - |oo72| - |o0003s| 57 60
047 | 11 ~ Joeon| - [ooos | 47| 4o
135 | 047 | 10 | 14 - | 006 - | 00028 ) 54 | 68
22 | 1s - | oost| - looo18| 60 | 87
1.0 | 2.1 - looss | - |oo002s| as 53
10 |22 | 24 - Joosal - |oooms | s7 88
33 | 27 - | oo | ~ |oo01z{ 6 91
022 | 026 | - | 0042] - |o0013 | 14 17
022 | 047 | 036 | - | o003s{ - |ooos | 17 24
1.0 | 04 - |oe3s| - |ooos | 18 28
047 | 082 | - | o0025] - |o0.0055 | 14 25
45 | 047 1 10 | 10 - |oo23| - [o0003 | 17| 33
22 | 1.1 - Joo22]| - o002 | 18 a8 185
10 | 19 - oo} - o003 | 14 3 1U5
1.0 | 22 | 20 - oo - |ooo2 | 17 38
33 | 22 - |oois| - |ooots | 18 43
022 | 05 - | o005 - loonn | a1 25 -
022 | 047 | 059 | - | o.0s - |ooos | 37 34 See Circuit
10 | 067 | - {oos2| - |ooos | 90| @ Diagram 2
047 | 12 = o035 | - |ooos | a1 37
90 | 047 | 10 | 14 - | o034 - |ooos | 36 | 47
22 | 1.6 - | o031 | - o002z | a0 | s7
1.0 | 25 - [oo026| - |oo03 | st 45
10 | 22 | 29 - loo2s| - [oo002 | 36| s8
33 | a1 - | o024 | - |oo012| 38 66
022 | 066 | - | 0o0s2] - |oot1 | 45 31
022 [ 647 { 071 | - |o00st] - fooos | 56 | 4
1.0 {08 [ - [o0039]{ - |o0003 | 60 54
047 | 145 | - | 0042 | - Jooos | 46 | a4
135 | 047 | 10 | 18 - ] 003| -~ |oo03 | s4{ e2
22 | 19 ~ Jo033] - Joooz | 60 7
10 | 31 - | 003 -~ {0003 | es ] s6
10 | 22 | 37 - (o029 - Jooors] saf s
33 | 43 - | 0026| ~ Jooore| 56 ] ms

* At 4 volts (RMS) output.
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(See page 195 for explanation of symbols)
| Evo]| Ro| Re [ Re| Re [ Ce [ & [ € [Eo] va.]

0.22 | 0.06 - Joos6| - {0011 | 11 | 23
0.22| 0.47| 0.07 - fo0045| - {0006 | 15| 33
10 | oo11| - | o004 - looos | 17| 39
047 | 034 | - |o025| - [o0005s | 13 | 34
45 | 047! 10 | 044 - o022 - |o0003 | 16 | a6
104 22 | 05 - Joo22| - |oo00o2 | 18| ss
1.0 | 1.0 - j{oo16| - |o0003 | 14 | 43
1.0 | 22 | 1.0 - {o0016] - {0002 | 17| s1
See Circuit 33 | 11 - loo1s5| - {oo01 | 17 | 60
Diagram 2 0.22 | 0.3 - |o0046| - | 0.1 27 | 37
0.22 | 0.47 | 036 - | o.04 - 10006 | 36 | 54
1.0 | 04 - |o0038] - [o0003 | 30| 63
047 | 0.9 - [o0027] - | 0.0045| 20 | 61
% | 047| 10 | 10 - |o023| - |o0003 | 35 | 82
22 | 11 - |o022f - o002 | 38 | 96
10 | 1.9 - | o.02 - | o025 | 30 | 77
1.0 | 22 | 20 - | 0.02 - |oooz | 35 | 98
33 | 2.2 - loo1sa| - |oo01 | 37 | 114
0.22 | 0.4 - Joos2| - loonn | 44 | 46
022 0.47 | 0.49 - {0037 | - |o0o00s | ss | n
1.0 | 0.52 - |o0034| -~ |o003 | 60 | &3
047 | 11 - |oo20 | - [oo004s| as | 77
135 | 047 1.0 | 13 - | 0023 - |o0003 | s3 | 106
22 | 14 - {o0022] - |o0002 | 59 | 123
1.0 | 23 - loo021 | - |o00025 | 45 | 104
10 | 22 | 25 - loo9 | ~ |ooo1s| s3 | 136
33 | 29 - |oos| - {0001 | 56 | 163
0.1 - t6300 | - |22 [o02 3| 238
01 | 025| - lesoo | - |17 |00 5 | 208
0.5 - | 6700 - |17 | 0006 6 | 3%
025 | - [i0000 - 1124001 5 | 34w
9 | 025 o5 - {11000 - | 1.07 | 0.006 7 | 0%
2A6 1.0 - |iso0 - o9 o003 | 10 | 40
6B6-G 0.5 - 16200 - | o5 | 0.00s 7| 39
05 | 1.0 ~ {16600 - {07 000 | 10 | a4
65Q7 2.0 - |17400 - |o6s5|000s| 13 | 48
6SQ7-GT 0.1 - | 2600 ~ 133 o025 [ 16 | 20
01 | o2s| - | 2000 - |29 {oo1s [ 22 | 36
125Q7 0.5 - 300 | - |27 |ooor | 23 | 37
125Q7-GT 025 | - | 4300 | - |21 |oo015 | 21 | 43
75 180 | 025 05 - | 4800 - |18 o007 | 28 [ 50
1.0 -~ |s300 | - |15 jooos | 33 | s3
0.5 - | 7000 — |13 |oo0o7 | 25 | s2
L. 05 | 10 - | 800 | - |11 |oo0s [ 33| s7
See Circuit 2.0 - | 8800 - 09 |o0.002 | 38 58
Diagram 1 0.1 - 1 1900 - |40 |o03 31 | 3
01 | 025 | - | 2200 - |35 joors | &1 | 39
0.5 - | 2300 - {30 |oooz | 45 | 42
025 | - | 3300 - |27 Joorts | 42 | 48
300 | 025 | 05 - |3%00 | - {20 |oooz | 51 | s3
1.0 - |a200 | - [1.8 |o00s | 60 | 56
0.5 - | 5300 - J16 Jooor | a7 | s
05 | 1.0 - | 6100 - 113|000 | 62| 60
2.0 - |7000 | - |12 |ooo2 |67 | 63

® At 2volta(RMS)output. B At 3 volta(RMS)output. X At4 volts(RMS)output
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(See page 195 for explanation of symbols)

(B[ ® [ R [ Ra & [Ca] & [ € [ [V6]

o1 | 037 | 2000 | 0.07 | 3.0 | 0.02 19 24
01 | 025 | 0.5 | 2200 | 0.07 { 3.0 | 0.02 28 33
05 | 0.6 | 2000 | 0.06 | 28 | 0.006 29 37
0.25 | 1.18 | 3500 | 0.04 | 1.9 | 0.008 26 43
9 | 025] 05 | 11 | 3500 | 0.04 | 2.1 | 0.007 33 s5
1.0 | 135 [ 3500 } 0.04 | 1.9 [ 0.003 32 65 287
05 | 26 | so00 | 004 | 1.5 | 0004 | 22 | 63 6B7
05 | 1.0 | 2.8 | o000 | 0.04 | 1.55] 0.003 29 85 6B8
20 | 29 | 6200 | 0.04 | 1.5 | 0.003 27 | 100
0.1 0.44 | 1000 | 0.08 | 44 | 0.02 30 30 6B8-G
01 | 025 ] o5 | 1200 | 0.08 | 4.4 | 0.015 52 41 12C8
05 | 0.6 | 1200 | 0.07 | 4.0 | 0.008 53 46
025 | 1.8 | 1900 { 0.05 | 2.7 | o.01 39 55
180 025 | 05 | 1.2 | 2100 | 0.06 | 3.2 | 0.007 55 69 L
10 | 1.5 | 2200 | 0.05 | 3.0 | 0.003 53 83 lS)eemCrrcuxt
m
05 | 2.6 [ 3300 | 0.04 | 2.1 | 0.005 47 81 gram 3
05 | 1.0 | .28 | 3500 | 0.04 { 2.0 | 0.003 55 | 115
20 | 30 | 3500 | 0.04 | 2.2 | 0.002 53 | 116
01 | o5 950 | 0.09 | 4.6 | 0.025 60 36
01 | 025 | 055 | 1100 | 0.09 | 5.0 | 0.015 89 47
0.5 | 0.6 900 | 0.08 | 4.8 | 0.000 86 54
025 | 1.2 | 1500 | 0.06 | 3.2 | o015 70 64
300 | 025 05 | 1.2 | 1600 | 0.06 | 3.5 | 0.008 | 100 79
1.0 | 1.5 | 1800 | 0.08 | 40 | 0.004 95 | 100
05 | 2.7 | 2400 | 0.05 [ 2.5 | 0.006 80 9
05 { 1.0 | 29 | 2500 | 0.05s | 2.3 | 0.003 | 120 | 150
20 { 3.4 [ 2800 (0.05 | 28 | 0.0025 | 90 | 145
0.1 - | 1900*| - - | 0.025 13 16
0.1 | 0.5 - | 2250*| - - 1o.01 19 19
0.5 - | 2500*] -~ ~ | 0.006 20 20
0.25 - | 4050*| - - |om 16 20
90 | o025 | os - | a9s0*| - - | 0.006 20 22
1.0 - | s400*| =~ - | 0.003 24 23 6A6 #
0.5 - 7000* | - -~ | 0.006 18 22 #
05 | 1.0 -~ | 8s00*| =~ - | 0.003 23 23 6N7 #
-1 200 - | 960" | - - looo1s | 26 | 23 | 6N7-GT
0.1 - | 1300 - - | o.03 35 19 53+#
01 | 025 - 1700* | -~ - | e.015 46 21
0.5 - | 1950} -~ - | 0.007 50 22
025 | - | 2950*| - - | o015 40 23 Circuit
180 | 0.25 | 0.5 - | 3800%| - - | o0.007 50 24 lS)ee c“4
1.0 - | 43000 - - looo3s | 57 | 24 lagram
0.5 ~ | s2s0¢| - -~ | 0.007 44 24
05 | 10 - | 6600*] -~ ~ [ 00035 | 54 25
2.0 - | 7650} =~ - | 0.002 61 25
0.1 - | 1150 - -~ | o.03 60 | 20
01 | 0.25 - 1500%| - - | o.015 83 22
0.5 - | 1750 = - | 0.007 86 23
0.25 - | 2650%| ~ - | o.015 75 23
300 | 0.25 | 0.5 - | 3400+ - - | 0.00s5 | 87 24
1.0 ~ | 4000*} - - | 0.003 | 100 24
0.5 - | esso*[ - -~ 1 0.0055 | 76 23
05 | 10 ~ | 6100*| - - | 0.003 94 24
2.0 - | nso*| - - | o.001s | 104 24

#The cathodes of the two units have a common terminal
*Values shown are for phase-inverter service.
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RCA RECEIVING TUBE MANUAL

(See page 195 for explanation of symbols)

[Bov | Ro | Re | R | Re [Caz [Ce | C | Eo | VG|

0.1 - | 4200 | - 25 | 0025 | 5.4 22
0.1 0.22 - 14600 | - 2.2 {0.014 | 75 270
0.47 - 4800 | -~ 2.0 | 0.0065 | 9.1 300
0.22 - [2000 | = 1.5 | 0013 | 7.3 300
90 | 0.22 | 0.47 - | 7800 | - 1.3 | 0.007 10 34
6AQ6 1.0 - | 8w0| - 1.1 | 0.0035 | 12 37%
6AT6 047 | - |12000| - | 0830006 | 10| a36®
6Q7 047 | 1.0 - 14000 | - |07 ]o0.0035 | 14 39%
2.2 - lis000 | - | 0.6 | 0.002 16 4%
6Q7-G 0.1 - 1900 | - |36 |0.027 19 30%
o o1 0.22 - | 220 - {31 [o0014 25 35
66501; 2_1'._ o 0.47 - | 2500 ] - 2.8 | 0.0065 | 32 37
- 0.22 - 3400 - 22 | 0.014 24 38
6SZ27 180 | 0.22 | 0.47 - | 4100 - 1.7 | 0.0065 | 34 42
617-G 1.0 - Ja600 | ~ 1.5 | 0.0035 | 33 44
0.47 - Jes00 | - 1.1 | 0.0065 | 29 44
12AT6 047 | 10 - |sw0o| - |o9 |oo003s| 38| 45
12Q7-GT 2.2 - {9100 | - |08 |o0.002 43 47
‘ 23'-7'GT. 0.1 - 1500 - 4.4 0.027 40 34
01 | 022 - 1800 | -~ |3.6 |o0.014 54 38
*(One Triode 0.47 - |2100 | - |30 {00065 | 63 41
Unit# #) 022 | - (2600 | - |25 o013 | s1 42
300 | 0.22 | 0.47 - {320 | - 1.9 |0.0065 | 65 46
0.1 - {3700 | - 1.6 [0.0035 [ 77 48
. 047 | - [s200 [ - 1.2 | 0.006 61 48
See Circuit | 047 | 1.0 - 6300 - 1.0 |0.0035 | 74 50
Diagram 1 2.2 -~ {7200 | = 0.9 [o0.002 85 51
01 |o0.07 !1so0 lo.a1 9.0 |0.021 25 52
01 | o022 |0.09 |[2100 |01 8.2 |{0.012 32 72
0.47 | 0.096 | 2100 |o0.1 8.0 |o0.0065 | 37 88
022 [0.25 |3100 |o.08 6.2 | 0.009 25 72
9 | 0.22 | 047 | 026 |3200 |0.078 | 5.8 |0.0055 | 32 99
6AU6 1.0 | 035 |3700 [0.085 | 5.1 |0.003 34 | 125
6SH7 0.47 | 0.75 | 6300 |0.042 | 3.4 [00035 | 27 | 102
047 | 1.0 | 075 | 6500 |0.042 | 3.3 |0.0027 | 32 | 126
12AU6 22 |os8 6700 | 0.04 3.2 |0.0018 | 36 | 152
12SH7 0.1 0.12 800 |0.15 14.1 | 0.021 57 74
01 | 022|015 900 |0.126 | 14.0 | 0.012 82 | 116
0.47 | 0.19 | 1000 {o.1 12.5 | 0.006 81 | 141
. 0.22 | 0.38 | 1500 |0.09 9.6 | 0.009 59 | 130
See Circuit 180 | 0.22 | 047 {043 | 1700 |008 | 87 (0005 | 67 | 17
Diagram 3 1.0 0.6 1900 | 0.066 8.1 | 0.003 n 200
0.47 | 0.9 3100 |o0.06 5.7 [ 0.0045 | s4¢ | 172
047 { 1.0 | 10 3400 | 0.05 5.4 | 0.0028 | 65 | 232
22 |11 3600 | 0.04 3.6 | 0.0019 | 74 | 272
01 | 0.2 500 | 0.13 | 18.0 [ 0.019 76 | 109
0.1 0.22 | 0.24 600 {0.11 | 164 [ 0011 | 103 | 145
0.47 | 0.26 700 {011 | 153 | 0.006 | 129 | 168
0.22 | 0.42 | 1000 | 0.1 12.4 | 0.009 92 | 164
300 | 0.22 | 0.47 | 05 1000 | 0.098 | 12.0 | 0.007 | 108 | 230
1.0 | 0.ss | 1100 0.09 | 11.0 | 0.003 | 122 | 262
0.47 | 1.0 1800 | 0.075 | 8.0 | 00045 | 04 | 248
047 | 1.0 | 11 1900 | 0.065 | 7.6 | 0.0028 | 105 | 318
22 | 1.2 2100 | 0.06 7.3 | 0.0018 | 122 | 371

@ At 2volts (RMS)output. B At 3 volta (RMS) output. & At4volts(RMS)output
# #The cathodes of the two units have separate terminals.
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RCA RECEIVING TUBE MANUAL

(See page 195 for explanation of symbols)

[Ewb| Ro | Re [Ra2 [Re JCz [ o | ¢ [ Eo [Vaa.]

0.047 | - 2200 | - | 2.5 | 0.063 14 9
0.047 | 0.1 - 2800 | - | 2.0 {o0.033 18 10
0.22 - 3200 | - | 1.7 |o.o1s | 20 10
0.1 - 4100 | - | 14 |ow032 | 13 10
9% |01 [o022 - 5400 | - | 1.0 |oo013 20 11
0.47 - | 6400 | - | 09 |0007 | 24 1 6BF6
0.22 - 8500 | - | 0.67 | 0.015 18 1 6R7
0.22 | 0.47 - 12000 | - | o5 |oo0065| 23 11
1.0 - {14000 | - [ 043 [o0003s{ 27 | 11 6R7-GT
0.047 | - 2000 | - | 29 |oo62 | 32 10 6SR7
0.047 | 0.1 - 2500 | - | 22 |0033 | 42 10
0.22 - f3000]| - | 19 [oo016 | 47 11 6SSTR77
0.1 - 3800 | - | 1.5 |0.033 | 36 11 12
180 |01 [0.22 - sto0 | - | 1.1 (oo1s | 47 1t
0.47 - 6200 | - | 09 |o0co7 | s5 12
0.22 - 8000 | -~ 0.73 | 0.015 41 12 See Circuit
0.22 | 0.47 - 11000 | - 0.5 | 0.007 54 12 Diagram 1
1.0 - |13000 [ - | 04 [o00035] 60 12
0047 | - 1800 | - | 3.0 | 0.063 | 58 10
0.047 | 0.1 - 2400 | - | 24 [o0033 | 74 1
0.22 - 200 ] - | 20 |0016 | 85 n
0.1 — | 3600 | - | 1.6 |0033 | 65 12
300 | 01 | o022 - 5000 [ - | 1.2 {0015 | 85 12
0.47 - 6200 | - | e95] 0007 | 96 12
0.22 - 7800 | - | 073 [ 0015 | 74 12
0.22 | 0.47 - J1o0e| - | 05 {0007 | os 12
1.0 - |13000| - | 043] 00035 106 12
0.047 | - 1600 | - | 32 |o.061 9 108
0.047 | 0.1 - 1800 ) - | 25 o003 | 11 1%
0.22 - 2000 | - | 20 |oos | 14 1
0.1 - 3000 | - | 1.6 {0032 [ 10 1%
% |01 |o22 - | 380 | - | 11 |oots | 15 1
0.47 - 4500 { - | 1.0 |0007 | 18 1 6C4
0.22 - 6800 | - | 0.7 |0.015 | 14 11 °
0.22 | 0.47 - | 9500 | - | o5 |o0.0065| 20 11 12AU7
1.0 - 11500 - 0.43 | 0.0035 | 24 11 '(One Triode
0.047 | - 90| - | 39 [o0062 | 20 1n Unit# #)
0.047 | 0.1 - 1200] - | 29 |o03z | 26 12
0.22 - 100 | - | 25 {0016 | 29 12
0.1 - 2000 | - | 1.9 [o0032 | 24 12 o
180 | 01 | o022 - 28600 | - | 1.4 |oo016 | 33 12 See Circuit
0.47 - | 3600 - | 11 {0007 { %0 12 Diagram 1
0.22 - |'s30] - | 08 |oo1s | a1 12
0.22 | 0.47 - 8300 | - | 056 {0007 | a4 12
1.0 - 10000 | - | 0.48 | 0.003s]| s4 12
0.047 | - 870 | - | 41 | o065 | 38 12
0.047 | 0.1 - 1200 | - | 3.0 |0034 | 52 12
0.22 - 1500 | - | 2.4 |o.016 | 68 12
0.1 - 1900 | - | 1.9 [o0032 | 44 12
300 | 01 | 022 - | 300 - | 13 |o016 | 68 12
0.47 - | 4000 - [ 11 [o0007 | s0 12
0.22 - I's30] - | 09 Joo01s | s7 12
0.22 | 0.47 - 8800 | -~ | o.52 | 0.007 | 82 12
1.0 - J1o00 { - | 046 ) 00035 | 92 12

® At 3 volta (RMS) output. % At 4 volts (RMS) output.
# # The cathodes of the two units have separate terminals,
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RCA RECEIVING TUBE MANUAL
(See page 195 for explanation of symbols)
[Evb | Rp [Re [Re2 [ Re [C2 [ [ € [Eo [ ViG]
005 | - 2800 | - | 20 [o.s 14 9
0.05 | 0.1 - 3400 | - | 162 [002s | 17 9
035 | -~ 3800 | - 13 |o.01 20 10
| oa - | 4800 | - | 112 |0.025 | 16 10
% |01 |o2s]| - 6400 | -~ | 0.3¢ | 0.01 22 n
6C5 0.5 - 7500 | - | 0.66 |0.005 | 23 12
6C5-GT 025 | -~ 1400 | - [ os2 {001 18 12
- 0.25 | 0.5 ~ l14s00 | = | 04 |o0o006 | 23 12
6Cé6 1.0 - {17300 | - | 033 |0.004 | 26 13
6J7° 005 | - 2200 | - | 2.2 |o0.055 | 34 10
637-G* 0.05 | 0. - 2700 | - | 21 [o0.03 as 1t
- 0.25 - 3100 - 1.85 | 0.015 54 11
@
6J7-GT 0.1 - 3900 - 1.7 | 0.035 41 12
6W7-G* 180 [ 01 | 025 5300 | - 1.25 | 0.015 | s4 12
0.5 - 6200 | - | 1.2 | o008 | 55 13
L
12J7-GT 0.25 - 9500 - 0.74 | 0.015 44 13
57¢ 025 | 05 -~ 12300 | -~ | 0.55 {0.008 [ 52 13
1.0 - |1a700 | - | 047 | 0004 | 50 13
. .

As Triode 005 | - 2100 | - | 3.16 | 0.075 | 57 11
0.05 | 0.1 - 2600 | - | 23 |o.04 70 1
025 | - 3100 | - 22 [o0015 | 83 12
See Circuit 0.1 - 3800 | - 1.7 | 0.035 65 12
Diagram 1 300 | 0.1 0.25 - 5300 | -~ 1.3 | 0.015 84 13
0.5 - 6000 | - 117 | 0.008 | 88 13
025 | - 9600 | — | 09 {0015 | 73 13
0.25 | 05 - |123e0 | - | o059 |o0.008 | 85 14
1.0 ~ |14000 | - | 037 {0.003 | 97 14
0.1 - 3040 | - | 234 |0.028 | 13 18
o1 |o25| - 3700 | - 148 | 0.0115 | 17 20
0.5 - 4520 | - 1.29 | 0.006 | 19 21
025 | - 6770 | - | 0.95 {0011 | 15 21
% | 025 | 05 - 7870 | - | 0.81 | 0.0065 | 19 23
6C8-G 1.0 - 8830 - 0.69 | 0.0035 | 21 23
. 0:s - 12400 | - | 0.51 {0.006 | 16 22
(One‘Trlode 05 | 10 - {1s00 { - | 043 |oo03s| 20 | 25
Unit# #) 2.0 - |16s00 | - | 038 [0.0015 | 25 24
0.1 - 2420 | - | 2.34 |0.028 | 30 20
o1 jo2s| - 3080 | - 1.84 |0.012 | 40 22
See Circuit 0.5 - 3560 | — 1.6 |0.0065 | 45 23
Diagram 1 025 | - | si70 | -~ | 1.25 |0o01z | 35 | 24
180 | 025 | 0.5 - 6560 [ - | 095 [0.007 | 45 25
1.0 - 7550 | - | 0.85 |o0.0035 | 50 26
0.5 - 9840 | ~ | 0.66 |0.007 | 38 |. 25
05 | 10 - 12500 | - | 05 [0004 | 44 | 26
2.0 - |1s600 | - | 0.4 |o0.0015 | s1 26
0.1 - 2120 | - | 393 0037 | s5 | 22
01 | 025 - 2840 | - | 201 0013 | 73 | 23
0.5 - 3250 | - 1.79 |0.007 | 80 25
025 | - 4750 | - 1.29 [0.013 | 64 25
300 | 0.25 | 0.5 - 6100 | - | 0.96 |{0.0065 | 80 26
1.0 - 7100 | - | 0.77 |c.004 | 90 27
0.5 - 9000 | ~ | 0.67 |0.007 | 67 27
05 | 10 - {11500 | - | 048 |o.004 | 83 27
2.0 - J1ss00 { - | 0.37 |0.002 | 96 28

# #The cathodes of the two units have separate terminals.
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RCA RECEIVING TUBE MANUAL

(See page 195 for explanation of symbols)

[Eto [ Ro | Re | Rz | Re [Ca2a] & | € [ Eo [VG. |

005 | - 1650 | ~ | 2.80 | 0.06 n 1
0.05 | 0.1 - 2070 - | 2.66 |0.020 | 14 12
025 | - 2380 - 1.95 0012 | 17 13
0.1 - 3470 - 1.85 | 0.035 12 13
9 | 04 | o025 | - i940| -~ 129 | 0012 | 17 13
05 - | aa20] - | 10 |ooo7 | 19 | 13 6F8-G*
025 | - | 7860] - | 073 |oo0135] 14 | 13 6J5
025 | 0.5 - 9760 - | 0.55 {0007 | 18 13 .
1.0 - l1we6s0{ - | 047 |000s | 20 13 6J5-GT .
0.05 - 1m0 | - 3.27 { 0.06 24 13 6SN7-GT
ow &L 2| M) C|a|om x| 8 | 12iseT
I S RN Bl 12SN7-GT*
0.1 - 2330 [ - 2.19 {0.038 | 26 14 |e Triod
180 | 00 | o2s | ~ | 280| - | 135 |oo12 | 34 14 | (One Triode
0.5 - 3230 - 1.15 | 0.006 38 14 Unit# #)
025 | - 5560 | - | 0.81 {0.013 | 28 14
0.25 | 0.5 - 7000 | - | 0.62 |0.007 | 36 14
1.0 - s1i0| - | 0.5 |o0.004 4? 14 See Circuit
0.05 - 1020 - 3.56 {0.06 41 13 Diagram 1
0.05 | o.1 - 1270 - 296 |0.034 | 52 14
025 | - 1500 |~ 2.15 {0012 | 60 14
0.1 - 1900 -~ | 231 |o.035 | 43 14
300 | 01 | o2s5 | - 2440 | -~ 142 | 00125 | s6 14
0.5 - 2700 | - 1.2 {0.0065 | 64 14
025 | - 4500 -~ | 0.87 [0.013 | 46 14
025 | o5 - s770| ~ | 064 |o.0075 | 57 14
1.0 - 6950 | -~ | 054 {0.004 | 64 14
01 | 037 | 1200 {005 | 52 |0.02 17 41
01 | 025} 044 | 1100 |0.05 | 53 {o.01 22 55
05 | 044 | 1300 {005 | 43 |oo0s | 33 66
025 | 1.1 | 2400 | 0.03 | 3.7 |o0.008 23 70
9 | 025 | o5 | 118 | 2600 {0.03 | 3.2 {o.005 32 85
1.0 1.4 | 3600 | 0.025| 2.5 |0.003 a3 92 | As Pentodes
05 | 218 | 4700 | 0.02 | 23 |o0.005 28 | o3 6C6
05 | 1.0 | 26 | ss00 Jo.0s | 2.0 |eoo2s [ 290 | 120 6J7
2.0 | 2.7 | 5500 [0.02 | 20 loo0015| 27 | 140
01 | 044 [ 1000 [ 005 | 6.5 [0.02 42 51 6J7-G
01 | 025 | 058 750 | 0.05 | 6.7 [o0.01 52 69 6J7-GT
05 | 05 800 | 0.05 | 6.7 }|0.006 59 83 6W7-G
025 | 1.1 | 1200 | 0.0 | 5.2 ]o.008 4 03
180 | 025 | 05 | 1.18 | 1600 { 0.04 |- 43 [oo00s | 60 | 118 1237-GT
1.0 | 1.4 | 2000 |0.04 | 338 [0.0035| 60 | 140 57
0.5, | 245 | 2600 [ 003 | 3.2 |0.00s as | 135
o5 |10 | 29 | 3100 {0025 25 (60025 56 | 165
20 | 27 | 3500 | 002 | 2.8 [0.0015| 60 | 165
[ 0.1 044 | 500 | 007 | 85 [0.02 55 61 See cf.:;“g
01 Joa2s | os 450 | 0.07 | 83 lom 81 82 Diag
05 | 053 | coo | 0.06 [ 80 |0.006 96 94
025 | 1.18 | 1100 [ 0.04 | 5.5 |o0.008 81 | 104
300 | 025 | 05 | 118 | 1200 | 0.04 | 5.4 looos | 104 | 140
1.0 | 1.45 | 1300 | 0.05 | 58 Jooos | 110 | 185
0.5 | 245 | 1700 | 0.04 | 4.2 [o0.005 75 | 161
05 | 1.0 | 29 | 2200 [0.04 | 41 [o.c03 97 | 200
2.0 | 295 | 2300 | 004 | 4.0 |o0.0025 | 100 | 230

# #The cathodes of the two units have separate terminals.
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RCA RECEIVING TUBE MANUAL

| ——
(See page 195 for explanation of symbols)

[Ew | Rp [ Re [Re2 [ R |Caa [ [ c¢ | Eo [V.aY

005 | - 2120 - |23 |oo0s 14 | 93

0.05 | 0.1 - 2500 | ~ 1.86 | 0.03 18 10

025 | - 2000| - | 1650014 | 21 1

0.1 - 3s10 | - 136 | 0.03 16 11

9 | 01 | 025 | -~ 4620 | - 1.08 [ 0.015 | 22 12

6L5-G 05 - | s2e0] - | 1o [oooss| 25 | 12
1 0.25 - 8050 [ - | 061 {00125 18 12

025 | o5 - J10300] - | 049 |0.0085 | 22 12

See Circuit 1.0 - 12100 | - | 0.42 |o0.0055| 24 12
Diagram 1 005 | - 1810 | - | 29 |o.06 32 10
0.05 | 0.1 - 2240 | - 2.2 | o003 ) 1

025 | - 2660 | - 1.8 | 0014 | 46 12

0.1 - 3180 | - 1.46 | 0.03 36 12

180 | 01 | 025 | - 4200 | - 1.1 {00145 | 46 12

0.5 - 4790 | - 1.0 |0.009 | so 12

0.25 - 7100 | - |07 {0014 | 38 12

0.25 | 0.5 - 9200 | ~ | 0.54 | 0.009 | 46 12

1.0 ~ lrwese | - | 04600055} s2 13

0.05 - 1740 | - 2,91 | 0.06 56 1n

0.05 | 0.1 - 2160 | - 2.18 | 0.032 | 68 12

02 | - 2600 [ - 1.82 [ 0.015 | 79 12

0.1 - 3070 | - 1.64 | 0.032 | 60 12

300 | 01 | 025 | -~ 4140 | - 11 |oo014 | 79 13

0.5 - 4700 | - { 0.8 | 0.0075 | 89 13

025 | - 6900 | - | 0.57 ] 0.013 | 64 13

025 | 0.5 - 9100 | - | 0.46 | 0.0075 | 80 13

1.0 - J1o750 | - |04 |ooos | a8 13

01 | 0591 870 {0.065 | 5.1 |oo01s | 16 33

01 | 025 | 065 | 900 |0.061 | 5.0 |00 21 47

05 | 0.7 910 | 0.057 | 4.58 | 0.007 | 23 54

025 | 1.5 | 1440 [o0.044 | 338 [0.007 | 14 56

90 | 025 | 05 | 1.6 | 1520 |0.044 | 3.23 | 0.0055 | 18 66

6S7 10 | 1.7 | 1560 | 0.043 | 3.22 { 0.004 | 19 77
657_6 0.5 3.2 2620 | 0.029 | 2.04 | 0.004 12 70
05 | 1.0 | 35 | 2800 |0.03 |} 1.95 | 0.0026 | 15 84

20 | 37 | 3000 |0.031 | 1.92 | 0.002¢4 | 16 94

L 01 | o058 | 530 [0073 |72 [0017 | 33 47
See Circuit 01 | 025 | 068 | 540 {0.07 | 69 |o0.01 43 66
Diagram 3 0.5 0.71 540 |0.065 | 6.6 | 0.0063 | 48 75
025 | 1.6 850 {0.05 | 4.6 |o00071 | 33 79

180 [ 025 | 05 | 1.8 890 |0.044 | 47 |o0.005s | 40 | 104

10 | 19 950 |0.046 | 4.4 | 00037 | 44 | 118

05 | 33 | 1410 [o0.041 [ 3.5 Jo0o00¢1 | 30 | 100

0.5 10 | 36 | 1520 |0.037 | 3.0 [0003 | 38 | 134

20 | 38 | 1600 |0.031 | 29 |o0.0024 | 42 147

0.1 | 059 [ 430 [0.007 | 85 |0.0167 | 57 57

o1 | 025 | 067 | 440 o071 | 80 |o0.01 75 78

05 | 071 | 440 {0071 | 80 | 0.0066 | 82 89

025 | 1.7 620 |0.058 | 6.0 |0.0071 | 54 98

300 | 0.25 | 0.5 195 | 650 |0.057 | 5.8 [0.005 | 66 | 122

1.0 | 21 700 |o0.055 | 5.2 |0.0036 | 76 136

05 | 36 | 1000 {004 | 41 [o00037]| 52 136

05 | 10 | 39 | 1080 |oo041 |39 |o0029| 66 | 162

20 | 41 | 1120 {0.043 | 3.8 ]o0.0023 | 73 174

%* At 4 voits (RMS) output.
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RCA RECEIVING TUBE MANUAL

(See page 195 for explanation of symbols)

[Eww [ Ro [ Re [Raz | Re |Caz| Cc | C | Eo | V.G.|

0.1 ~ 1850% | - 0.028 4.1 13e
0.1 0.25 - 1960* | - - lo.012 59 | 238
0.5 - 2050* | - - looo65| 69 | 25
0.25 - 3400* | - - lo.o1t 6.2 | 26%
9 | 025 | 0.5 - 3750% | - - 10.006 86 | 30
, 1.0 - | 3900 | - - ]o.003 10] 33 6SC7 #
0.5 - 5500% | - - jo.008 74| 31 128C7 #
0.5 1.0 - 6300% | - - 1{0.003 10| 33
2.0 - 7450 | ~ - Jowoo1s| 12| 36
0.1 - 960% | - - |o.031 17| 25 .
o1 |o025 | - | 070¢] - - lo.012 24 | 29 See Circuit
0.5 - | 1220¢ | - - loooes| 27| 33 Diagram 4
0.25 - 1850% | - - Jo.on 21 35
180 | 0.25 | 0.5 - 2150% | - - |o0.006 28 | 39
1.0 - 2400% | - -~ | o.003 32| @
0.5 - 3050+ | - - 10.006 24 | 40
0.5 1.0 - 3420% | - -~ {0.003 32 43
2.0 - 3800% | - - |o0.002 36 | 45
0.1 - 750% | - - |o.033 35| 29
0.1 0.25 - 030% | - - lo.o4 s0 ] 34
0.25 - 1040+ | - - | 0.007 s4 | 36
0.25 - 1400 | - - |o.012 45 | 39
300 | 0.25 | 0.5 - 1680+ | - - | 0.006 55 | 42
1.0 - 1840% | - -~ 10.003 64 | 45
0.5 - 2330% | - - |o.006 50 | 4s
0.5 1.0 - 2080% | - -~ ]o.003 62| 48
2.0 - 3280% | - - |o.002 72 | 49
0.1 - 4400 | - 2.5 [0.02 4 | 280
0.1 0.25 - 4800 | - 21 [0.01 5| 34m
0.5 - S000 | - 1.8 {0.005 6 | 35%
0.25 - 8000 | - 1.33 |o.01 6| 39w
90 | o025 |os - 8800 | - 1.18 |0.005 7| 43k
1.0 - 9000 | - | 09 [0.003 10 | 44 6F5
05 - 12200 | - | 026 |o.005 8| 43 6F5-GT
0.5 1.0 - {13500 | - 0.67 |0.003 10| 46 SF5
2.0 - | 18700 | - 0.58 [0.0015| 12 | 48 6
0.1 - 1800 - 44 10.025 16 37 6SF 5-6GT
0.1 0.25 - 2000 | - 33 |0.015 23 | 44 |
0.5 - 2200 | - 2.9 |0.006 25 | 46 12F5-GT
0.25 - 3500 | - 23 |o.01 21 48 125F5
180 [ 0.25 { 0.5 - 4100 | - 1.8 {0.006 26 | s3
1.0 - 4500 | - 1.7 |o0.004 32 57
0.5 - 6100 | - 1.3 {0.006 24 83 See Circuit
0.5 1.0 - 6900 | - 0.9 |0.003 33 63 Diagram 1
2.0 - 7700 | - 083 (00015 37| 66
. 0.1 - 1300 | - 5.0 {0.025 33! 4
0.1 0.25 - 1600 | - 3.7 }o.01 43| 49
0.5 - 1700 | - 3.2 |0.006 48 | s2
0.25 - 2600 | - 25 |o.01 a 56
300 | 025 | 05 - 320 | - 21 |0.007 54| 63
1.0 - 3500 | - 2.0 |0.004 63| 67
0.5 - 4500 | - 1.5 {0.006 so| 65
0.5 1.0 - 5400 { - 1.2 |o0.004 62 70
2.0 - 6100 | - 0.93 | 0.002 70| 70

@At 2 volta(RMS)output. 8 At 3 volts (RMS)output. # At 4 voits (RMS) output,
#The cathodes of the two units have a common terminal.
*Values are for phase-inverter service.
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RCA RECEIVING TUBE MANUAL

(See page 195 for explanation of symbols)
[Eww] Ro ] Re [Re2 [Re [Caz [Cx| C | Eo |VG.]

0.1 0.26 1500 | 0.11 4.8 0.02 21 21
0.1 0.22 0.3 1600 | 0.1 4.4 0.012 26 29
0.47 0.35 1900 | 0.09 4.2 0.006 28 3z

0.22 0.64 | 2400 | 0.09 3.4 0.009 21 33
90 0.22 0.47 0.7 2500 | 0.09 3.2 0.0055, 26 40

6SF7 10 | 084 | 2600 | 0084 | 3.0 | 0.0035| 29 | s2
12SF7 047 | 1.5 | 4200 | 006 | 2.1 | 00045 | 21 | 50
047 | 10 | 16 | 4400 |006 | 10 | 0003 | 26 | 59

22 | 17 | 4800 {o0s8| 16 | 0.002 | 20 | o4

See Circui 01 | 033 | 1000 013 | 6.7 | 0.02 32 | 33
Diagram ; 01 | 022 | o5 | 1200 {012 |58 |oonn | 37 | 45
gr 047 | 0.6 | 1300 |011 | 55 | 0006 | 43 | 52
022 | 076 | 1700 |0.11 | 4.5 | 0.0095 | 37 | 47

180 | 022 | 047 | 0.0 | 1700 |01 | a5 | oooss| 44 | 68

1.0 | 1.0 | 1800 o1 | 42 | o003 | 47 | 82

047 | 1.8 | 3300 | 0.09 | 29 | 00045 | 38 | 70

0471 10 | 20 | 3800 |008 | 24 | 0003 | so | 85

. 22 | 21 | a000 |007 | 23 {0002 | 57 | 98

0.1 0.32 750 | 0.19 8.0 0.021 62 39
0.1 0.22 0.36 850 | 0.18 7.7 0.012 80 46
0.47 0.37 900 | 0.18 7.7 0.006 93 57

0.22 0.8 1150 | 0.13 6 0.01 63 62
300 0.22 0.47 0.94 | 1300 | 0.12 0.0055 78 88
1.0 0.98 1500 | 0.11 0.0035 99 97

5.7
5.0
0.47 1.7 2300 { 0.1 3.5 0.0045 71 82
35
3.1

0.47 1.0 1.9 2500 | 0.1 0.003 89 109
2.2 2.0 2800 | 0.09 0.002 105 125

0.1 0.29 820 | 0.09 8.8 0.02 18 41
0.1 0.25 0.29 880 { 0.085 | 7.4 0.016 23 68
0.5 0.31 1000 | 0.075 | 6.6 0.007 28 70

0.25 | 0.69 | 1680 | 0.06 | 5.0 | 0012 | 16 | 75

o0 | 02s| o5 | 092 | 1700 | 0.045 | 45 | 0005 | 18 | o3

6SJ7 10 | 082 | 1300 | 004 | 40 | 0003 | 22 | 104
6SJ7-GT 05 | 1.5 | 3600 | 0.045 | 24 | 0003 | 18 | o
12847 o5 | 10 | 17 | 3800 [ 003 | 24 | 0002 | 22 | 119
28 20 | 1.9 | 4050 | 0,028 | 2.35| 00015 | 24 | 130
128J7-GT 01 | 020 | 760 {010 | 91 | 0019 | 49 | ss

0.1 0.25 0.31 800 | 0.09 8.0 0.015 60 82
0.5 0.37 860 | 0.09 7.8 0.007 62 91

See Circuit 0.25 | 0.83 | 1050 | 0.06 | 6.8 | 0.001 38 | 100
i 180 | 025 | 05 | 094 | 1060 |0.06 | 6.6 | 0.004 | 47 | 131
Diagram 3 1.0 | 094 | 1100 [0.07 | 61 | e.003 54 | 161

0.5 1.85 2000 | 0.05 4.0 0.003 37 151
0.5 1.0 2.2 2180 | 0.04 3.8 0.002 44 192
2.0 2.4 2410 | 0.035 | 3.6 0.0015 54 208

0.1 0.35 500 | 0.10 11.6 { 0.019 72 67
0.1 0.25 0.37 530 | 0.09 10.9 | 0.016 96 98
0.5 0.47 590 | 0.09 9.9 0.007 101 104

0.25 0.89 850 | 0.07 8.5 0.011 79 139
300 0.25 0.5 1.10 860 | 0.06 74 0.004 88 167
1.0 1.18 910 | 0.06 6.9 0.003 98 185

0.5 2.0 1300 | 0.06 6.0 | 0.004 64 200
0.5 1.0 2.2 1410 | 0.05 5.8 | 0.002 79 238
2.0 2.5 1530 | 0.04 5.2 | 0.0015 89 263
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RCA RECEIVING TUBE MANUAL

(See page 195 for explanation of symbols)

[Ew]| Ro [Re [Re2| RefCma|[ o | € | Eo [va.]

0.1 ~ | 14sos] -7 265 0025 | 8 | 2
o1 | o2s | - | wmeor| - | 202 |oon1s| 11 | 25
0.5 - | 1030¢f - [ 17 [oo0ss| 14 | 26
025 | - | 3c0or| - | 136 |om 12 | 28
9 | 025 | os - | 33e0x| -~ | 11 Jooos | 15 | 30
1.0 - | 3670¢| - |} 08 Jooo03s| 18 | 33 627-G#
0.5 T | ss00¢| - | o065 |o000ss| 14 | a1
os | 10 - | 6osox| - | o61 |0003 | 18 | 33
2.0 - ! 6700¢| - | 045 |o001s| 20 | 35 See Circuit
0.1 - 930%| - 3.4 |o0.028 18 26 Diagram 4
o1 | o025 | - | 100%| - | 26 |oons| 28 | a1
0.5 - | 1motl - | 232 o007 | 33 | 32
025 | - | 1820¢] - | 171 o012 | 28 | 35
180 | 025 | 05 - | amor! - | 138 |o007 | 34 | 38
1.0 - | 2900¢] - | 11 |oooas| @1 | 30
05 — | 320t - | 09 |o0w006 | 32 | a0
05 | 10 ~ | 3s00¢[ - | 0.703{00035] 38 | 40
2.0 - | a30t] - | 0553}oo00z | 44 | a
0.1 - 670¢| - | 381 |oo028 | 38 | =
o1 | o025 | - oso*| - | 2563 |oo1z | s2 | 34
0s - | 10s0¢[ - | 234 {0007 | 60 | 36
025 | - | t430%| - | 187 |o012 | so | 38
300 | 0.25 | 0.5 - | 1680%{ - | 146 |0006 | 50 | a0
1.0 - | 1930x| - | 1.19 [co0035| 66 | 43
0.5 ~ | 2s40¢] - [ 097 |o0w006 | s5 | a2
05 | 10 -~ | anox| - | 072 |oo003s| 70 | 44
2.0 - | 3s60+] - | 056 |o0002 | 75 | as
005 | - | 3e00| - | 14 loos | 16 | as
0.05 | o1 -~ | aso0| - | 11 |oo3 19 | 49
025 | - | se0| - | oss |oo1s | 23 | sh
0.1 - | 6620 ~ | 07 |o.04 17 | 51
9 | o1 |o2s| - | 9000 | - | oss |oos | 22 | s4
0.5 - |10300| - [ 05 [o0007 | 25 | 55 55
025 | -~ |1sie0| - | o031 [oous | 18 | s3 85
025 | os - 20500 | - | o025 |ooo7 | 23 | 55
1.0 - |24300| - | 02 |ow004 | 26 | s
00s | ~ [ 3200 - [ 18 [o006 | 33 | 49 -
005 | 01 - | 60| - | 16 Jooss | 4a | s2 See Circuit
025 | - | so00| - {12 [ooz | 49 | 53 Diagram 1
0.1 - | ew0| - [ oo Joos | 37 | 53
180 | o0 |o2s| - | sr00| - |07 f[oois | 47 | 55
05 - |10000 | - | 057 {0008 | s0 | 55
025 | - |14s00| - | 043 [oo1s | 40 | s6
025 | 05 - 20000 | - | 029 |o0008 | 48 | 57
0.1 - |2e000 | - | 024 o004 | 53 | 57
005 | - | 3200| - |19 Joos | so | s2
0.05 | 0.1 - | aw00] - |15 |ooas | 74 | 55
025 ] - | sw0| - {12 [oos | & | s6
0.1 - | s900f - [o08 J003 | 64 | 55
300 | o1 |o2s| - | s300| - | o054 oo1s | 82 | 57
0.5 - | 9600 | - | 043 |o006 | 88 | 58
025 | - |14300| - | 03 |o.01 71| 57
025 | 05 - |1o400 | - | 022 o006 | 84 | s7
1.0 - {23600 | - |02 |oo0os | o4 | s8

% At 4 volts (RMS) output. *Values are for phase-inverter service.
#The cathodes of the two units have a common terminal.
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RCA RECEIVING TUBE MANUAL

(See page 195 for explanation of symbols)
[Evo | Ro [ Rg [Rez [ Re [Coe| @ [ ¢ [E, [va.]

005 | - 2500 | - | 2.0 |[o.06 16 | 7.0
0.05 | 0.1 - 3200 | - | 1.6 |03 n |77
025 | - 3800 | - | 1.25 {0015 | 23 | &1
0.1 - 4500 | - | 105 [0.03 19 | 8.1
90 [ 01 | o025 | - 6500 | - | 082 (0015 | 23 | 89
56 0.5 - | 7500 - | o068 |0007 | 25 |93
76 025 | - [1m00]| - | 048 ]o0.015 21 | 94
025 | 05 - |1s100 | - | o036 |0007 | 24 | 97
1.0 ~ 18300 | - | 032 00035 | 28 | o8
N 005 | - 2400 | - | 2.5 |0.06 36 | 7.7
SDC." C“'c“‘{ 0.05 | o1 - 3000 | - 19 |oo03s | 48 | 82
lagram 025 | - [ 3700 | - | 165 0015 | 55 | 9.0
0.1 - 4500 { - | 145 [0.035 | a5 | 93
180 | 01 | o025 | - 6500 | - | 097 joo15 | 55 | o5
0.5 - 7600 | - | 08 {0008 | S7 | 98
025 [ - |90 | - | 06 o015 | 49 |97
0.25 | 0.5 - |14700 | ~ | 045 0007 | s9 | 10
1.0 - Ji7700 | - | 04 |o.o04s | 64 | 10
005 | - 2000 | - | 2.8 [o0.08 65 |83
0.05 | 0.1 - 3100 | - | 22 |oo04s | 80 | 89
025 | - 3800 { - | 1.8 |0.02 95 | 94
0.1 - 4500 | - | 1.6 |o.04 74 |95
300 | 02 | o025 | - 6400 | - | 1.2 |o.02 95 | 10
0.5 - 7500 | -~ | 0.98 {0009 | 104 | 10
025 | - fioo | - | o.69 |o0.02 82 | 10
025 | 05 - |15200 | -~ | 05 lowo00 | 96 | 10
1.0 - {18300 | - | 04 {0005 | 108 | 10
0.1 - laos0* | - - o4 58 | 23m
01 | o025 | - |2200°| - - loois | 84 | 20%
0.5 - | 2350* | - - |o009 | 95 | 29
025 | - | ao00*| - - leo1s | 71 | 31
9 | 025 | os - | 4250 | - - lowo0os | 9.7 | 33
79+# 1.0 - | ass50* | - - |o.004 12 | 35
0.5 - |e1s0* | - - |ewoos | 38 | 34
05 | 1.0 - |essor| - - |o.004 12 | 38
2.0 - |7s00* | - - o0z 15 | 40
See Circuit 0.1 - {10s0* | - - Jo.os 21 | 27
Diagram 4 01 | 0.25 - 1250 | - - Jo.02 27 | 31
0.5 - | 13s0* | - - ]o.00e 31 | 34
025 | -~ [ 20s0* | - - Jo.02 26 | 37
180 | 0.5 | 05 - | 2450* | - - |oo1 34 | 41
1.0 - {a7s0* | - - |o.00s 40 | 42
0.5 - l3as0* | - -~ |o.009 30 | 42
05 |10 - | 4100* | - - j0.0035 | 39 | 44
2.0 - Jaeso* | - - |o.002 44 | as
0.1 - s00* | - - o025 20 | 290
01 |o25 | - {1000* | - - oo s7 | 34
0.5 - |1o0* | - - |o.006 60 | 36
025 | -~ |1650* | - - |o.on 56 | 39
300 | 0.25 | 05 - |a0s0* | - - |oo00ss | 66 | 42
1.0 - | 2350 | - - |o.003 77 | 43
0.5 - | 2850 | - -~ loooss | 61 | 44
05 | 1.0 - | 3600 | - - |o.003 75 | 46
2.0 - | a4s0* | - - Jo.o01s | 82 | 46
= At 3 volts (RMS) output. % At 4 volts (RMS) output.

*Values are for phase-inverter service. .
# The cathodes of the two units have a common terminal.
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RCA RECEIVING TUBE MANUAL

(See page 195 for explanation of symbois)

[Esb |Rp |Re |Re2 [ R |Gz [Ck | € [Eo [VG. ]

0.1 - 4400 | - 2.7 |0.023 | 5 | 200
01 |o0.22 | - |a70 | - 2.4 |0.013| 6 | 350
0.7 | - 4800 | - 2.3 |0.007 | 8 | 418
0.22 | - 7000 | - 1.6 {0.001 | 6 | 39
90 |0.22 [0.47 | - 7400 | - 1.4 [0.006 | 9 | 458
1.0 -~ | 7600 | - |13 |o00s | 11 | 4sx | T2AX7
0.47 | - 12000 | - 0.9 |0.006 | o | 4z2 [(One Triode
0.47 | 1.0 - |13000 | - 0.8 |0.003 | 11 52% s
2.2 - 14000 | - 0.7 | 0.002 | 13 | ss5% Unit# #)
0.1 - 1800 | - 4.0 [0.025 | 18 | 40
01 |o0.22| - 2000 | - 3.5 | 0.013 | 25 | 47 L.
0.47] - | 2200 - | 3.1 |o0.006 | 32 | 52 See Circuit
Diagram 1
0.22 | - 3000 | - 2.4 | 0.012 | 24 | 53
180 | 0.22 |0.47] - | 3500 | - 2.1 | 0.006 | 3¢ | s0
1.0 - | 3900 | - 1.8 {0.003 | 30 | 63
0.47 | - 5800 | - 1.3 | 0.006 | 30 | 62
0.47 | 1.0 - 6700 | - 1.1 | 0.003 | 39 | 66
2.2 - 7400 | - 1.0 | 0.002 | 45 | 68
0.1 - 1300 | - 4.6 |0.027 | 43 | 45
01 |o0.22| - 1500 | - | 4.0 Jo.013 | 57 | s2
0.47 | - 1700 | - 3.6 | 0.006 | 66 | s7
0.22| - 2200 | - 3.0 [0.013 | 54 | 59
300 |0.22 |o0.47 | - 2800 | - 2.3 [ 0.006 | 69 | 65
1.0 - 3100 | - 2.1 | 0.003 | 79 | 68
0.7 | - | 4300 | - 1.6 | 0.006 | 62 | 69
0.47 | 1.0 - s200 | - 1.3 10003 [ 77 | 73
2.2 - 5900 | - 1.1 | 0.002 | 92 | 75

® At 2 volts (RMS)output. ® At 3 volts (RMS)output. k& At4 volts (RMS)output
# #The cathodes of the two units have separate terminals.
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MATERIALS USED IN RCA ELECTRON TUBES

ACETIC ACID — ACETONE ACETYLENE GAS — ALUMINA
ALUMINUM — ALUMINUM NITRATE — AMMONIUM CHLORIDE — AMMONIUM HYDROXIDE
AMYL ACETATE —— ANTIMONY — ANTIMONY TRICHLORIDE — ARGON — BAKELITE — BARIUM
BARIUM CARBONATE — BARIUM NITRATE — BARIUM STRONTIUM TITANATE — BARIUM SUL-
PHATE — BENTONITE — BENZENE — BERYLLIUM — BERYLLIUM OXIDE — BISMUTH — BORIC
ACID — BORON — BUTYL ACETATE — BUTYL ALCOHOL — BUTYL CARBITOL — BUTYL CAR-
BITOL ACETATE — CADMIUM — CESIUM — CESIUM CHROMATE — CALCIUM — CALCIUM
CARBONATE — CALCIUM NITRATE — CALCIUM OXIDE — CAMPHOR — CARBON — CARBON
BLACK — CARBON DIOXIDE — CARBON TETRACHLORIDE — CASTOR OIL — CHLORINE
CHROMIC ACID — CHROMIUM — CLAY — COBALT — COPPER — DIACETONE ALCOHOL
DIATOL — DIETHYL OXALATE — DISTILLED WATER — ETHER — ETHYL ALCOHOL — FERRIC
OXIDE — FERRO TITANIUM — GLASS — GLYCERINE — GOLD — GRAPHITE — HELIUM GAS
HYDROCHLORIC ACID — HYDROFLUORIC ACID — HYDROGEN GAS — HYDROGEN PEROX-
iDE — ILLUMINATING GAS — IRIDIUM — IRON — [SOLANTITE — ISOPROPANOL — LAVA
LEAD — LEAD BORATE — LEAD OXIDE — MAGNESIA — MAGNESIUM — MAGNESIUM NITRATE
MALACHITE GREEN — MANGANESE — MARBLE DUST — MERCURY — METHANOL — MICA
MISCH METAL — MOLYBDENUM — MONEL — NATURAL GAS — NEON — NICKEL — NICKEL
CHLORIDE — NICKEL OXIDE — NICKEL SULPHATE — NITRIC ACID — NITROCELLULOSE
NITROGEN — OXALIC ACID — OXYGEN — PALLADIUM — PALMITIC ACID — PETROLEUM
JELLY — PHOSPHORIC ACID — PHOSPHORUS — PLATINUM — POTASSIUM — POTASSIUM
CARBONATE — POTASSIUM FELDSPAR — POTASSIUM NITRATE — PORCELAIN — RADIUM
RARE EARTHS — RESIN (synthetlc) — ROSIN — RUBIDIUM — RUBIDIUM DICHROMATE — SHEL-
LAC — SILICA — SILICON — SILVER — SILVER OXIDE — SODIUM — SODIUM CARBONATE
STANNIC OXIDE — STEEL — STRONTIUM -— STRONTIUM CARBONATE — STRONTIUM NITRATE
SULPHUR — SULPHURIC ACID — TALC — TANTALUM — THALLIUM — THORIUM — THORIUM
NITRATE — TIN — TITANIUM — TITANIUM DIOXIDE — TRICHLORETHYLENE — TUNGSTEN
WAX — WHEAT FLOUR — WOOD FIBER — XENON — ZINC — ZIRCONIUM HYDRIDE
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Circuits

The circuit diagrams in this Manual have been conservatively designed to
illustrate some of the more important applications of receiving tubes and are not
necessarily representative of commercial practice.

The circuits for receivers and amplifiers are capable of good response, but the
fidelity obtained depends as much on the quality of the components used as on the
circuits themselves. The quality of loud-speakers, transformers, chokes, and input
sources is especially important.

Electrical specifications have been given for the circuit components to assist
those interested in home construction. Details for mechanical layout have been
omitted because they vary widely with the requirements of the individual set
builder and are dependent upon the size, shape, and quality of the commercial
components selected. For the various rf, if, and oscillator coils, commereial units
are recommended. These can be purchased through your local dealer by specifying
the tuning range, size of tuning capacitors, intermediate frequency, type of con-
verter tube, and type of oscillator coil. The voltage ratings of the capacitors
specified in these circuits are the dc working voltages. The wattage ratings of the
resistors specified assume provisions for adequate ventilation; for compact instal-
lations having poor ventilation, higher-wattage resistors may be required.

Information on the characteristics and the application features of each tube
will be found in the TUBE TYPES SECTION. This information will prove of
asgistance in understanding and utilizing the circuits.

The following circuits will be found in the subsequent pages:

Circuit No.

Portable Superheterodyne Receiver . . . . . . . . . . 15-1
Portable 3-Way Superheterodyne Receiver . . . . . . . . 15-2
AC-Operated Superheterodyne Receiver e e e e e e 15-3
AC/DC Superheterodyne Receiver . . . . . . ., ., ... 15-4
Automobile Receiver . . . . . . . . . . . . . ., 15-5
Superregenerative Receiver . . . . . . . . . . . . 15-6
FM Tuner . . e e e e 15-7
AC-Operated Regeneratlve Short—Wave Recelver C e e e e 15-8
Battery-Operated Short-Wave Receiver e e e e e e 15-9
High-Power Audio Amplifier . . . . . . . . . . . . 15-10
Class B Amplifier for Mobile Use -~ . . . . . . . . . . 15-11
Class A, Audio Amplifier . . . . . . . . . . . . . 15-12
Two-Channel Audio Mixer . . Ce e e e 15-13
Non-Motorboating Resmtance-Coupled Amphﬁer e e e 15-14
Code Practice Oscillator . . Coe . 15-15
AF Voltage Amplifier with Signal Mlxer, Master Mlxer, and

Compressor-Expander . . e e e e e 15-16
Microphone and Phonograph Amphﬁer e e e e e e 15-17
Intercommunicaton Set . . . . . . . . . . . . . 15-18
Electronic Volt-Ohm Meter . . . . . . . . . . .+ . 15-19
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MANUAL

(15-1)

PORTABLE SUPERHETERODYNE RECEIVER

PENTAGRID
CONVERTER
Ly TYPE IRS

I AMPLIFIER
TYPE T4

DIODE DETECTOR AVC

YPE U5

AUDIO AMPLIFIER

POWER AMPLIFIER
TYPE 354

e

i ¥ 'q

Ci1 Cy=Ganged tuning eapaci-
tors: Cl, 10-274 puf; Cy,
7.5-122.5 uuf

C:Cs = Trimmer capacitors,
2-15 pu

C3 =56 ppf, ceramic

Cs C1 Cl(l Cu =Trimmer ca-

Cs—O 05 uf, tubular, 400 v,

Co Crs=0.02 uf, tubular, 100 v.
C12=82 uuf, ce

CisCis=0. 002 uf, tubu!ar, 150 v.
Cue=33 uuf, ceramic

C1z=10 pf, electrolytie, 60 v.
Cis=0.005 puf, tubuiar, 600 v.
L1 =Loop antenna, 650-1600 kc
R1=0.1 megohm, 0.25 watt
R:=15000 onms, 0.25 watt
Rs3 Re=23.3 megohms, 0.25 watt
R4=68000 ohms, 0.25 watt
Rs=Volume control, potenti-
ometer, 2 megohms
Rs=10 megohms, 0.25 watt
R7=4.7 megohms, 0.25 watt
Rs=1 megohm, 0.25 watt

212

Ris =820 ohms, 0.25 watt

81 =S8witch, double-pole, single«
throw

T1 = Oscillator coil, tapped; for
use with tuning capacitor of
7.5-122.5 upf, and 455 ke if
transformer

T2 Ta= Intermediate-frequency
transformers, 455 ke

Ts=Output transformer for
matching impedance of voice
coil to 5000-chm tube load
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EIVING

TUBE

MANUAL

(15-2)

PORTABLE 3-WAY SUPERHETERODYNE RECEIVER

PENTAGRID
RF AMPLIFIER CONVERTER 1F AMPLIFIER
L TYPE (T4 TYPE IRS TYPE (T4

DIODE DETECTOR, AVC.
AUDIO AMPLIFIER

POWER AMPLIFIER
TYPE 3va

< Caz
4 C29
RC24 SRi6  Cas7F 3Ri7 LA E Rig
RECTIFIER
TYPE 1723 C‘iz RZO%
17V
2335 AC OR DC 21 ~
> 1o
¢ 1
L T '%4 [o]

CHASSIS - DO NOT

CONNECT TO GROUND

C1 C1 Cs=Ganged tuning ca-
pacitors, 20-450 uuf

C2C5 C7 Cu Cuz Cu st =Trim-
mer capacitors

C3 Cio C1s C17=100 puf, ceramic

Cs=82 uuf, ceramic

Co =560 uuf, ceramic

Cis=0.01 uf, tubular, 400 v.

Cxl gln 0.002 uf, tubular.

Cio =270 puf, ceramic
Cae=0.02 ui, tubular, 400 v.
Cz Cg=0.005 uf, tubular,

400 v,
Ca= 0.1 uf, 400 v.
Ca=0.05 uf, 200 v.
Css Cus Cz1 Cn= 005 uf, 400 v.
Cn=40 uf, 25 v,

Cs =160 uf, 25 v.
Ca Cs3=20 uf, 150 v.

Li=Loop antenna, 540-1600 ke

R: R2 Ri1=4.7 megohms, 0.25
watt
R;=2.2 megohms, 0.25 watt
R¢=0.10 megohm, 0.25 watt
Ri=5.6 megohms, 0.25 watt
Rs=0.027 megohm, 0.25 watt
Ry=10.068 megohm, 0.25 watt
Rs=3.3 megohms, 0.25 watt
Ry = Volume control, potenti-
ometer, I megohm
Rio=10 megohms, 0.25 watt
Riz=0.220 megohm, 0.25 watt
Ris=1 megohm, 0.25 watt
R Ris=1800 ohms, 0.256 watt
R = 0.220 megohm, 0.6 watt
Ri7=1000 ochms, 0.25 watt
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Ris=2700 ohms, 0.25 watt

Riy=1500 ohms, 0.25 watt

R20=1800 ohms, 10 watts

Rz = 2300 ohms, 10 watts

S1 =Switeh, 4-pole double-
throw

S:=Switch, double-pole, single-
throw

Tx: RF transformer, 540-1600

c

T:=Oscillator coil for use with
a 560-uuf padder, 20-450 uuf
tuning capacitor, and 465 kc
if transformer

Tz T« =Intermediate-frequency
transformers, 455 kc

Ts=0Qutput transformer for
matching impedance of voice
coil to 10000-ohm tube load
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AC-OPERATED SUPERHETERODYNE RECEIVER

RF AMPLIFIER

PENTAGRID MIXER

1IF AMPLIFIER
TYPE 65K7

AF AMPLIFIER
TYPE 6J5

TYPE 65K7 TYPE 6L.7
‘:tlc'

Ci = 50 to 200 uuf

Cz C¢ Cia = Ganged tuning
capacitors, 365 uuf

Ca C7 Cis Cas C2s Czs = 0.05 uf,

paper

C4 Co Cro = 0.25 uf, paper

Cs Cs C10 Cy7 C20 = 0.1 uf paper

Cn Cx = 100 puf

Cia = Oscillator padding ca-
pacitor—foliow oscillator-coil
manufacturer's recommen-
dation

Cus Cos = 0.01 uf

Cis Cat = 50 uuf

Cis Cat Cuz Css = 8 uf electro-
lytie, 500 v.

Ca1 = 10 puf, electrolytice, 25 v.

Cas = 1 pf, paper, 400 v.

Ca = 0.5 uf, paper, 400 v.

Cao = 25 uf, electrolytie, 25 v,

OSCILLATOR
TYPE 625

INDICATOR
TYPE 6US/6GS

SPEAKER

RECTlNER
TYPE 5Y3-GT

: Rzel R2s
* c;. L ca3 3
j b c;z
Lz

L: = 20 henries, 100 ohms,
120

ma.

Lz = Speaker field, 500 ohms,
8 watts

R: Rz Rio = 100000 ohms, 0.5

watt
Rz Ru = 2000 ohms, 0.5 watt
R4 = 260 ohms, 0.5 watt
Rs = 3300 ohms, 0.5 watt
RéR7 Rit = 50000 ohms, 0.5 watt
Rs Re = 20000 ohms, 0.5 watt
Ri2 = 2 megohms, 0.5 watt
Rais Ris Riz = 1 megohm, 0.5
watt
Rus = 200000 ohms, 0.5 watt
Ris = 27000 ohms, 0.5 watt
Ris = Volume control, potenti-
ometer, 1 megohm with tap
at 250000 ohms for tone com-
pensation
R20 = 900 ohms, 0.5 watt
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Ra = 2000 ohms, 0.5 watt

Rz = 90000 ohms, 0.5 watt

Roa == 10000 ohms, 0.5 watt

Ra = 170 ohms, 2 watts

Ras = 20000 ohms, 5 watts

Ras = 25 ohms, 0.5 watt

T; T2 = RF transformers, 540-
1600 ke

TiTa= Intermedlate—frequency
transformers, 455 k

Ts = Oscillator coil for use with
365-puf tuning capacitor,and
455 ke if transformer

Ts = Power transformer, 350-
0-350 volts RMS, 120 ma. de

T7 = Output transformer for
matching impedance of voice
coil to a 2500-ohm tube load

Ts = Interstage transformer for
matching a 6J5 to a single
6L6 as class A; amplifier
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AC/DC SUPERHETERODYNE RECEIVER

g

PENTAGRID DIODE DETECTOR,AVC, POWER
CONVERTER IF AMPLIFIER AUDIO AMPLIFIER AMPLIFIER
EE TYPE 12SA7 TYPE 12SK7 TYPE 125Q7 ‘ ___TYPE 50L6-GT
FAET| VT
# =
T3 P T4
T TC")Jq
g Ts
_[_//7 cs L a C' I Rs
P
/;Ca Ce Ra 3 '[ ° Cu T
T, L
o fo Em T A
-LC4 R PM
T 3 SPEAKER

RECTIFIER
TYPE 35Z5-GT

L

* tITC” 2

Ry = 0.5 megohm, 0.5 watt

l PANEL LAMP L
N2 40 0R 47 Cie TCia
n7-v
AC
LINE TYPE TYPE TYPE TYPE
125Q7 12S5A7  125K7 50L6-GT
AN N AN
C1 = 500 uuf Cis = 0.01 pf, paper
C2 Cs = Ganged tuning capaci- Ci1s = 0.025 uf Ru = 150 ohms, 1 watt
tors, 865 uuf . 40 uf, electrolytic,

3
Cs Cu Cis = 0.1 uf, paper
= 0.25 uf, paper

Cs = 50 upuf

Cs = Oscillator padding capaci-
tor—follow oscillator-coil
manufacturer’s recomenda-

.05
9= 0.05 pf, paper

Cro Cu = 250 uuf

Ciz = 0.005 uf

Ca

Ciy Cis =
150 v.

L1 = Filter choke, 200 chms, in-
ductance as large as practical

R: Rs = 250000 ohms, 0.5 watt

Rz = 20000 ohms, 0.5 watt

Ra = 260 ohms, 0.5 watt

R4 = 2 megohms, 0.5 watt

Rs Ry = 50000 ohms, 0.5 watt

Rs = Volume control, potenti-
ometer, 250000 ohms

Ri;= 10 megohms, 0.5 watt
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T|k= RF transformer, 540-1600

c

T2 = Oscillator coil, tapped, for
use with 365-uuf tuning ca~
pacitor, and 455 ke if trans-
former

T3 Ts= Intermediate-frequency
transformers, 455 ke

Ts = QOutput transformer for
matching impedance of voice
coil to 2500-chm tube load
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AUTOMOBILE RECEIVER

DIODE DETECTOR,AVC, POWER
RF AMPLIFIER CONVERTER IF AMPLIFIER AUDIO AMPLIFIER AMPLIFIER
TYPE 6BA6 TYPE 6BE6 TYPE 6BA6 TYPE 6ATE TYPE6AQS

Ti

At
pif
£

Ci1 Ci Cu= Ganged tuning
capacitors, 365 uuf

Cz Ce Ci2=Trimmer capacitors,
4-30 puf

C3 Cs=220 uuf, mica

Cs=0.05 ui, paper, 50 v.

Cs=10.05 uf, paper, 300 v.

Cy=47T uuf, mica

Cio=Oscillator padding ca-
pacitor—follow oscillator-coil
manufacturer’s recommen-
dation

Cis Cus Ci5 Cis=Trimmer ca-
pacitors for if transformers

Crz Cis=100 puf, mica

Cig=0.01 uf, paper, 50 v.

C20=120 puf, mica

Ca=0.005 uf, paper, 300 v.

Cn=0.005 uf, paper, 450 v.

VIBRATOR

C23=20 pf, electrolytic, 25 v.

Cu C2=0.5 uf, paper, 50 v.

C2=470 uuf, mica

Cz=0.006 uf, paper, 1500 v.

Cas Cz9==20 uf, electrolytic,
450 v.

F=Fuse, 10a.

L1 =0scillator coil, tapped, for
use with 365-uuf tuning ca-
pacitor, and 455 ke if trans-
former

L: L3 Ly=RF choke, 10 a.

Ri Ri=1 megohm, 0.5 watt

R:=150 ohms, 0.5 watt

Ra=12000 ohms, 2 watts

Rs=22000 ohms, 0.5 watt

Rs=100 ohms, 0.5 watt

R7=47000 ohms, 0.5 watt

Rs=Volume control, potenti-
ometer, 1 megohm
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RECTIFIER
TYPE 6X4

6.3V 0C
TO ALL HEATERS

Ro=10 megohms, 0.5 watt
Rio=0.27 megohm, 0.5 watt
Ri1=0.47 megohm, 0.5 watt
R12=390 ohms, 2 watts
Ri3=2.2 megohms, 0.5 watt
Ris =220 ohms, 0.5 watt
Ris=1500 ohms, 1 watt
T T:=RF transformers, 540-
1600 ke
T3 T4=Intermediate-frequency
transformers, 455 ke
Ts=Output transformer for
matching impedance of voice
coil to 5000-ohm tube load
Ts=Vibrator transformer,
Stancor P-4062, or equivalent
Vibrator = Mallory Type No.
859, or equivalent
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SUPERREGENERATIVE RECEIVER

ANTENNA SYSTEM SUPERREGENERATIVE

DETECT POWER
TYPE AF_AMPLIF IER AMPLIFIER T2
JYPE 6ATE TYPE 6AQ5
RECTIFIER
TYPE 6X4
Ci1 Co= 0.1 uf, paper, 400 v. La = Antennatpickup loop Rs= 270 ohms, 1 watt
C3 Cy4= 100 upf, mica, 500 v. L2 =4 turns of No. 12 copper Rs = Volume control, potenti-
Cs Cs C 20 uf, electrolytic, wire on a 35” 1.D. form ometer, 500000 ohms
(144 Mec): adjust spacing to  Rio= 4.7 megohms, 0.5 watt
Cs = 25 yf electrolytic, 50 v. set band RFC; =0ne-quarter wavelength
Co = 25 uf, electrolytic, 25 v. Lj = Speaker field or filter choke, of No. 23 Enam. close wound
Cio= 0.002 nf, paper, 600 v. 12 henries, 70 ma. on a Y’ form (144 Mec)
Cn = 0.01 uf, paper, 400 v. Ri = Potentiometer, 47000 RFC: = RF choke, 8 mh.
Ci2= 0.005 pf, paper, 400 v. ohms, 1 watt, wire wound T) = Power transformer,
Cta= 50 upf, mica, 300 v. Rz Ry = 47000 ohms, 1 watt 300-0-300 volts RMS, 70 ma.
Ci4 =10 upf max. per section R4 = 27000 ohms, 0.5 watt T2 = Output transformer for
Cis = 0,006 upuf, mica, 300 v. Ry = 2700 ohms, 1 watt matching impedance of voice
Cie = 8-80 puf, ceramic or mrieg: Re Rr= 0.1 megohm, 0.5 watt coil to 5000-ohm tube load

J1 = Jack for earphones
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(15-7)

FM TUNER
RF AMPLIFIER MIXER IF AMPLIFIER IF AMPLIFIER
TYPE 6BAG TYPE 6BE6 TYPE 6BAS TYPE 6BA6 RATIO DETECTOR
(88-108 M (B8-108 Mc) 07 M) (0.7 Mc) TYPE GALS

X 4

Rag

4=l
Caq

ISCRIMINATOR
OSCILLATOR X T3 TYPE 6ALS
TYPE 6C4
(987 TO BT Mc) Csr

TO USE LIMITER & DISCRIMINATOR
IN PLACE OF RATIO DETECTOR,CON-
NECT LEADS X,Y & Z TO CORRES-
PONDING POINTS MARKED ON CIR-
CUIT ABOVE.

R3I

N
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C1 Cs Cis= Ganged tuning ca-
pacitors, 7.5 — 20 puf

C2 Cuo Ci9= Trimmer ca-
pacitors, 1.5 — 5.0 puf

C3=10.01 uf, mica, 200 v.

C4 C1s Cou Cz2 Car Cys Css Cos =
1500 uuf, mica, 200 v.

Cs C7 Ci5 C17 C22 Cos C Cu Co
Cs2=1500 upf, mica, 400 v,

Ce=0.1 uf, paper, 400 v.

Ca=33 uuf, mica, 400 v.

Cu=8 uuf, mica, 200 v.

Ciz C2s Caz Cas Cos=0.01 pf,
paper, 200 v.

Ci13=0.01 uf, paper, 200 v.

Cus Ca Cos Cao Cas Cas Cus Cao

Cso Css Cs7="Trimmer

capacitors, 22-50 uuf, mieca,
usually part of if transformer

Cr0=33 uuf, mica, 200 v.

C2 =100 puf, mica, 200 v.

Ca» Cao=330 ppuf, mica, 200 v.

Ca =0.05 uf, paper, 200 v.

Caz Ca=0.005 uf, paper, 200 v.

FM TUNER (Cont’d)

Cu =10 uf, electrolytic, 200 v.
Cus Cas=250 ypf mica, 200 v.
Ca=0.1 uf, mica, 200 v.

Ce =500 puf, mica, 400 v.

L;=1 turn of No. 14 Enam.
wound on a 34’ diam. coil
form

L;=2.5 turns of No.14 Enam.
spaced 1 wire diameter wound
on same form as L, with the
ground end of L2 spaced 14
from L,

Ls L4 L7 Ls Lo Lo Lns = Choke, 1
uh (approx.), 25 turns of
No.24 Enam. close-wound
on resistor (47000 ohms, 0.5
watt), connected in parallel
with resistor.

Ls=2.5 turns of No.14 Enam.
spaced 1 wire diameter,
wound on 3{’’ form.

Le=2 turns of No.14 Enam.
spaced 1 wire diameter,
wound on 34’ form, tapped

at 14 turn from ground end
Li»= Choke, 2.5 mh.
Ri Rs=50 ohms, 0.5 watt
R2 Rlz Ris=0.04 megohm, 0.5
watt
Rs R7 Ris Ri7=500 ohms, 0.5
wat

t
Ru R.u=0.01 megohm, 0.5 watt
Rs=0.03 megohm, 1 watt
Rs=0.05 megohm, 0.5 watt
Rs=0.005 megohm, 1 watt
Rio Ri« Rz =0.2 megohm, 0.5

watt
Riu Ris Rw=68 ohms, 0.5 watt
Ris=56 ohms, 0.5 watt
Ris Ror= Volume controls,
potentiometers, 1 megohm
R =0.015 megohm, 0.5 watt
Ra =820 ohms, 0.5 watt
Rz =560 ohms, 0.5 watt
R Ra =2 megohms, 0.5 watt
Rezs Rz Ros=0.100 megohm
0.5 watt
R =0.15 megohm, 1 watt

Fig. 15-7 illustrates the circuit for an FM tuner. The basic circuit has been

arranged to show the use of a ratio detector, but the limiter/discriminator circuit
shewn in the lower right-hand corner of the diagram can be substituted as described
above.

A word of caution is necessary in connection with this circuit. Because it works
at very high frequencies and is required to handle a very wide bandwidth, its con-
struction requires more than ordinary skill and equipment. Placement of com-
ponent parts is quite critical in a receiver of this nature and requires careful
experimentation. All rf leads to components including bypass capacitors must be
kept short and must be properly dressed to minimize intercoupling and capacitance
effects. The minimum equipment required for circuit alignment and oscillator
tracking calls for a frequency-modulated signal generator and a high-impedance
vacuum-tube voltmeter. Unless the builder has the necessary equipment and has
had considerable experience with broad-band, high-frequency circuits, he should
not undertake the construction of this circuit.
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AC-OPERATED REGENERATIVE SHORT-WAVE RECEIVER

RF AMPLIFIER
TYPE 6SK7

DETECTOR
TYPE 6SK7

AF AMPLIFIER
TYPE 6C5 TYPE

POWER AMPLIFIER
6F6

il
W

C1 C2 = 85 uuf

Cs Cv= Midget tuning capacis
tors, 140 puf

Cs Cs C7 == 0.05 uf

Cs = 0.01 uf, 400 v.

Cy Cio = 0.00025 uf, mica

Cu = 1 uf, 200 v.

Cie = 8 uf, electrolytic, 25 v.

Ciz = 16 uf, electrolytic, 25 v.

L: = RF choke, 8 mh.

L2 = AF choke, 300-500 h.

Ri1= 250 ohms, 0.5 watt

R: = Potentiometer, 10000
ohms, wire wound

Rs = 100000 ohms, 1 watt

R = 60000 ohms, 1 watt

Rs = 2 to 5 megohms, 0.5 watt

Rs = 250000 ohms, 1 watt

R7 = 1 megohm, 0.5 watt

Rs = 1000 ohms, 1 watt

Rs = 15000 ohms, 5 watts

Rio = Regeneration control, po-
tentiometer, 500000 ohms

Ru = 5000 ohms, 1 watt

Riz = Volume control, potenti-
ometer, 500000 ohms

Riz = 670 ohms, 1 watt

S1 = Switch, single-pele, single-
throw

Ti1 = RF coil of the 4-prong,

220

St
3

B-

Rtt= 5000 OHMS, | WATT

plug-in type for use with a
140-uuf tuning capacitor

T2 = Regenerative detector coil
of the 5-prong, 2-winding,
plug-in type with tapped grid
winding for electron-coupled
circuit

T: = Interstage transformer for
matching a 6C5 to a single
6F6 as a triode-connected
class Ay amplifier

T4 = Output transformer for
matching impedance of voice
coil to a 4000-ohm tube load

X-X = Insert double-circuit
‘phone jack here
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BATTERY-OPERATED SHORT-WAVE RECEIVER
1.4-Volt Types

RF  AMPLIFIER OETECTOR POWER AMPLIFIER
TYPE U4 T2 TYPE U4 TYPE 3va

ANTENNA
SYSTEM

T

C: Ce = Midget tuning capaci- R: = 100000 ohms, 0.5 watt Ti = RF coil of the 4-prong, 2-
tors, 140 uuf R2 = 2 - 5 megohms, 0.5 watt winding, plug-in type for use
C: C1 = 85 uuf Rs = 0.25 megohm, 0.5 watts with 140-uuf tuning capacitor
Cs Ci Cs Cy = 0.05 uf R4 = Volume control, potenti- T: = Regenerative detector coil
Ce Cio = 0.00025 uf ometer, 0.5 megohm of the 6-prong, 8-winding,
Co= 1 uf Rs Rr = Potentiometers, 50000 plug-in type for use with 140-
Ci2 = 0.002 pf ohms ppf tuning capacitor
Cis = 8 uf, electrolytic, 100 v, Rs = 470 ohms, 0056 watt Ts = Output transformer for
Li L2 = RF chokes, 8 mh, Rs = 30000 ohms, 0.5 watt matching impedance of voice
Lz = AF choke, 300-500 h. S1 S: = Ganged switch, doubie- coil to 9000-ohm tube load

pole, single-throw
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HIGH-POWER AUDIO-AMPLIFIER
Class AB2 6L6’s, Output 45 Watts

TYPE 6F6

i

]

SIGNAL |

360 V.

-—-I

&

e —————

-

C1 Ce= 25 uf, electrolytic, 25 v,

Caz = 0.035 uf, 1000 v.

Cs = 16 uf, electrolytic, 450 v.

C4 Cs = 8 uf, electrolytic, 450 v.

Ia = Filter choke, 5 henries at
220 ma., 50 ohms or less

Lz = Filter choke, 20 henries at
150 ma., 100 ohms or less

Ri = 0.5 megohm, 0.5 watt

(15-11)

R2 = 650 ohms, 0.5 watt

Rs = 5000 ohms, 20 watts

R4 = 50000 ohms, 5 watts

Rs = 3500 ohms, 30 watts

Rs = 200 ohms, 5 watts

T = Interstage transformer for
matching a single 6F6 to push-
gull 6L.6°s as class AB; ampli-

ers

T, = Qutput transformer for
matching the impedance of
voice coil to a 3800-ohm plate-
to-plate tube load

T = Power transformer, 440-
0-440 volts RMS, 175 ma. de

Ts = Power transformer, 3156~
0-8156 volts RMS, 150 ma. de

CLASS B AMPLIFIER FOR MOBILE USE

vl

Cy = 5 uf, electrolytic, 25 v.

C2 =4 pf, electrolytic, 250 v.

Cs = 0.025 uf

Cu= 25 uf, electrolytie, 25 v.

M = Microphone, double-button

Ri: = Potentiometer, 500 ohms,
wire wound

TYPE_65F%

Power Output 10 Watis*

DRIVER
TYRE 6N7

CLASS B
AMPLIFIER
TYPE 6N7

R3= 1300 ohms, 0.5 watt

R4 = 100000 ohms, 0.5 watt

Rs = 50000 ohms, 0.5 watt

Rs = 100000 ohms, 0.5 watt

R7= 900 ohms, 0.5 watt

S = Microphone and heater
switch

to a single grid

Ta= Inﬁut transformer for
matching parallel-connected
6N7 to a 6N7 class B
amplifier

T; = Output transformer for
matching impedance of voice

coil to 8000-ohm plate-to-
plate tube load

T: = Transformer for matching

Rz = Volume control, potenti-
a double-button microphone

ometer, 500000 ohms
* Peak signal-input voltage to 6SF5 grid is 0.15 volt for full power output
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CLASS A, AUDIO AMPLIFIER
For Use On DC Power Line—Power Output, 4 Waits*

PHASE INVERTER BEAM POWER
to TVPE 125C7 TaMPLIFIER
‘gt
. c,zj__ SPEAKER
- 4
Rg
T
L2
8 aeam POWER '
YPE cr
 Fuse Lo
(65 Ve T TTaY R SOLECT SOEGT 1257
"o’cv 'J:Cs LCy
P
< T ®
€ FnAA—]
o
CHASSIS DO NOT CON-
NECT TO GROUND
Ci1 Cz = 0.006 uf L: = Speaker field, 115 voltsde  Rv7= 500000 ohms, 0.5 watt
Cs = 25 uf, electrolytic, 25 v. R: = Volume control, potenti- Rs = 70 ohms, 1 watt
Cye = 0.035 uf ometer, 500000 ohms Rs = 4000 ohms, 2 watts

Cs = 0.1 uf, paper, 150 v.

Cs = 2 uf, electrolytic, 150 v.

Cr = 4 uf, electrolytic, 150 v.

Li = Filter choke, 10 henries at
125 ma., 60 ohms

Rs: = 4000 ohms, 0.5 watt

Rs R« R 250000 ohms, 0.5
watt

Rs = 4756000 ohms, 0.5 watt

Rs = 16000 ohms, 0.5 watt

# Signal voltage input for full poweroutput= 0.25 volt peak

(15-13)

Rio = 33 ohms, 1.0 watt

T = Output transformer for
matching the impedance of
voice coil to 3000-ohm plate-
to-plate tube load

TWO-CHANNEL AUDIO MIXER
Voltage Gain From Each Grid of 6SC7 to Output is Approximately 15

TYPE 6SC7

INPUT N2

INPUT Ne22

Cy1 = 8 uf, electrolytie, 25 v.
Cs = 0.005 uf, paper, 400 v.

ouTPUT TO
c GRID OF
2 NEXT STAGE
R4 R
Rg
Rz R3
+ Ry
4 +250V.

Ri = 2000 ohms, 0.5 watt
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R: Rs = 250000 ohms, 0.5 watt
R« Rs Re = 1 megohm, 0.5 watt
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NON-MOTORBOATING RESISTANCE-COUPLED AMPLIFIER
Voltage Gain, 9000

TYPE 6J7 1t TYPE 6547 I
&
T0
POWER
AMPLIFIER
O +150 TO 450 V.
C1 Cu= 8 uf, electrolytic, 25 v. Ri = Volume control, potenti- R4 Rs= 100000 ohms, 0.5 watt
C2 Cs = 0.06 uf, voltage rating ometer R; = Volume control, potenti-
as high as voltage supply Rz Rs= 600 ohms, 0.5 watt ometer, 0.5 megohm, ganged
C3 Cs= 0.006 nf, voltage rating Ris Rz Re = 500000 ohms, 0.5 with Ri
as high as voltage suppiy watt F = Decoupling filter

NOTE: Values of resistance and capacitance shown in this circuit are taken from Charts 14 and 20 in
the RESISTANCE-COUPLED AMPLIFIER SECTION. The values are chosen to give a sharp low-
frequency cutoff and, thus, to minimize tendency of multiple stages to motorboat. Three or more stages,
including power stage, operated from a common B-supply may require a decoupling filter in the plate-
supply lead of one or more of the voltage amplifier stages. The constants of decoupling filters depend
on the design requirements of the amplifier.

(15-15)

CODE PRACTICE OSCILLATOR

TYPE
3525-G67

§
» .
CONNECT TO ONLY ONE SIDE GROUNE’_]_AC RETURN
QF AC LINE =
Ci C2 = 0.001 pf, mica, 300 v, Ri = 27000 ohms, 0.5 watt Rs = Volume control, potenti-
Cs = 0.01 puf, paper, 400 v. Rz = 0.27 megohm, 0.5 watt ometer, 0.1 megohm
Ca= 0.002 uf, mica, 300 v. Rs = 0.22 megohm, 0.5 watt Re= 2.2 megchms, 0.5 watt
Cs = 0.003 uf, paper, 400 v. R4 = Potentiometer, 1.0 meg- R7= 47000 ol.ms, 0.5 watt
Ce = 20 uf, electrolytic, 250 v. ohm, carbon Rs= 470 ohms, 25 watts
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AF VOLTAGE AMPLIFIER WITH SIGNAL MIXER, MASTER MIXER
AND COMPRESSOR-EXPANDER

INPUT MIXER
TYPE 617 OR 1612
i

AF
INPUT

QUTPUT Of OTHER
rlNPUT MIXERS
1t

TO
PHONO
PICKUP

MASTER MIXER
TYPE 6L7 OR 1612

C1 Ci Cs C1o Cut Cuy Cis Cre Cry
Cis C20 Cn=_0.05 pf

Ca Cg= 0.25 pf

C3 C71Co Cr2=8 uf

Cs=0.0015 pf

Cia= 0.5 pf

Cio=4 uf

Cr= 0.1 uf

R1 = 50000 ohms, 0.5 watt

Rz Ri2= 1.2 megohms, 0.5 watt

Rs3 Ris = 820000 ochms, 0.5 watt

Rs Ru = Potentiometers,
250000 ohms

Rs Ris = 1000 ohms, 0.5 watt

Rs Rz Ris Ri7= 30000 ohms,
0.5 watt

Rs Ris= 150000 ohms, 1 watt

Ro Ris Ru = 300000 ohms, 0.6
watt

Rio Reo = 50000 ohms, 0.5 watt

Ru Ras = 100000 ohms, 0.5
watt

Ra = 150000 ohms, 0.5 watt

Raz = 500 ohms, 0.5 watt

Roz = 40000 ohms, 0.5 watt

Rzs = Potentiometer, 1 megohm

L_ {
COMPRESS
TYPE 6L7 OR 1612 "
— TYPE -
+ §H6 L c\q
COMPRESSOR- - T
EXPANDER —
= R26
<7
6.3V +
Lca s0-60v.| R28 t t
= (o 1
A lczz l,c 18
27 mm
. l o "y V. :
- -8 +300V. AC

R27 = Bleeder resistor, tapped
at 50 to 60 volts to provide
heater-circuit bias

Ras= 100000 ohms, 0.5 watt

Rz = 5000 ohms, 0.5 watt

81 = Switch, music-speech,
single-pole, single-throw

S; = Switch, expand-compress,
double-pole, double-throw

S3= Switch, phonograph; close
when phonograph is not in
use

T = Transformer, microphone
input

NOTE 1: Potentiometer Rq controls the bias on grid No.1 of the input mixer stage and thus controls the
gain of this stage. When the contact is at the cathode end of R4, gain is at maximum. Because the leads
to R« do not carry af voltage, R« can be connected to the circuit through a long cable for remote control.
Potentiometer Ru controls the no-signal gain of the master mixer stage. When the circuit is to be used
as a volume expander, the contact should be set at the ground end of Ru; when it is to be used as a
compressor, the contact should be set at the cathode end of Ru. The degree of expansion or compression
can be controllied by Rzxs. Maximum expansion or compression is obtained with the contact at the posi-
tive end. Ru and Ras can also be connected to the circuit through cables for remote control.

NOTE 2: Volume expander circuits are discussed on pages 27 and 28 of the ELECTRON TUBE AP-

PLICATIONS SECTION.
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(15-17)

MICROPHONE AND PHONOGRAPH AMPLIFIER
With Phase Inverter and Yacuum-Tube Mixer*

Power Output, 10 Waltts

TYPE 2A3

TO
SPEANRER
VOICE
cow.

TYPE 2A3

Ci1 =10 uf, electrolytic, 25v.
Ca= 0.1 uf, paper, 400 v.
Cs = 0.005 uf, paper, 600 v.
C4 Cu =8 uf, electrolytic,

054(5‘,0 ~'0.01 4, 600

s = 0.01 uf, paper, v.

Cr= 50 uf, electrolytic, 100 v.

Cs= 16 uf, electrolytic, 600 v.

Cio= 8 uf, electrolytic, 475 v.

Ciz =25 uf, electrolytic, 25 v.

J1 = Jack for high-impedance
crystal microphone input,
0.023 volt peak

Jz= Jack for high-impedance

=Cn
+

crystal phono-pickup input,
0.6 volt peak

Ly = Filter choke, 12 henries,
120 ohms, 100 ma.

Lz = Speaker field, 1000 ohms,
10 watts

Ri= Potentiometer, 1 megohm

Rz:= 0.5 megohm, 0.5 watt

Rs= Potentiometer, 20000
ohms

R = 800 ohms, 0.5 watt

Rs= 1.2 megohms, 0.5 watt

Rs = 0.25 megohm, 0.5 watt

R7= 50000 ohms, 0.5 watt

Rs= Volume control, potenti-
ometer, 1 megohm

Re = 1500 ohms, 0.5 watt

Rio Rt = 0.1 megohm, 0.5 watt

Riz Rus= 0.27 megohm, 0.5 watt

Ria= 12000 ohms, 0.5 watt

Ris = T80 ohms, 10 watts

Ris = 20000 ohms, 15 watts

T: = Power transformer,
400-0-400 v. RMS, 100 ma.

Tz = Output transformer for
matching impedance of voice
coil to 5000-ohm plate-to-
plate tube load

* Voltage gain of microphone channel up to 2A3 grid is better than 2700,

226



RCA

RECEIVING

TUBE

MANUAL

(15-18)

INTERCOMMUNICATION SET
With Master Unit and Six Remote Units

TALK-LISTEN SWITCH
SHOWN IN LISTEN POSITION
LOCKIN TALK TALK

f
TO ANY
TERMINAL * TO #6 [

ONE OF

Peovace

51X REMOTE
UNITS

T

PUSHBUTTON l l
SWITCHES
NO.{ DEPRESSED ]?[PIPI?IC)]

LISTEN

AUDIO AMPLIFIER
TYPE 6SL7-GT
—

POWER AMPLIFIER
TYPE 6v6-GT

Ry

Rio

C1=10.0025 uf, 400 v.
Cz=470 uuf, 500 v.
Ca=3830 uuf, 500 v.
C4=0.01 pf, 600 v.

Cs=0.1 uf, 400 v.

Ce= 5600 uuf, 500 v.

C7 Coe=20 uf, 350 v.
Ri1=12 ohms, 0.5 watt
R2=10.47 megohm, 0.6 watt

|
g
|
0
|
niv i
AC H
q
I
|
|
)

RECTIFIER
TYPE 6X5-GT
Ri2

|

It

Ul
~

1

=L
@

1k
IF

63V
i ;

Rz =10 megohms, 0.5 watt

R4+=330 ohms, 0.5 watt

Rs= 56000 ohms, 0.5 watt

Re= Volume control, potenti-
ometer, 0.5 megohm

Rz Rs Rio=0.33 megohm, 0.5
watt

Roe=282000 ohms, 0.5 watt

Rui =270 ohms, 0.5 watt

227

Ri2=470 ohms, 2 watts

81 Sy =Speakers, permanent-
magnet

T, =Input transformer, pri-
mary to secondary turns
ratio 1:47.56

T:=Output transformer for
matching impedance of voice
coil to 5000-ohm tube load
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(15-19)

ELECTRONIC VOLT-OHM METER

o
2ERO CENKER

ACVOLTS
(100 Fler ===
MAX] R

Ci1 C3=0.05 pf, oil-filled, 600 v,
C2=47 uuf, ceramic

Cq Cs Cs=38300 uuf, mica
C1=0.25 uf, tubular, 400 v.
R1=82 ohms, 0.5 watt

R2=2.4 ohms, 1 watt

Ra R13=38.9 megohms, 0.5 watt
Ri=1 megohm, ;0.5 watt
Rs=10.12 megohm, 0.5 watt
Rs=10.27 megohm, 0.5 watt
R7=10.91 megohm, 0.5 watt
Rs=23.3 megohms, 0.5 watt
R9=9.9 megohms =+ 1, 0.5

watt

R10=90000 ohms == 1%, 0.5
watt

R =9000 ohms == 1%, 0.5
watt

Ri12=900 ohms = 1%, 0.5 watt

Ria=90 ohms =+ 19,, 0.6 watt
Ru=9.5 ochms == 1%, 0.6 watt

ac rd
" /
v

'~

-V,
< OFFO

ZERO
4,—_165/N1<’)ER
JoHMS

LS /
/

<

"W

2

Ty

EZERO ADJ.

Rao Rai

Ris=10.121 megohm == 1%, 0.5
watt

Rie=C.290 megohm =+ 1%, 0.5
watt

Ri17=0.830 megohm == 19, 0.5
watt

Ris=3.12 megohms =+ 19, 0.5
watt

R2="7 megohms (two 3.5-
megohm == 19, 2-watt re-
sistors in series)

Rxn =2 megohms == 1%, 1 watt

R2:=0.70 megohm == 1%, 0.5
watt

R2:=0.20 megohm =+ 1%, 0.5
watt

R24=70000 ohms == 1%, 0.6

watt
R2=30000 ohms == 1%, 0.6
watt
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5TV |¢, SRad]

Ras

57V RMS
E TO ALL HEATERS

e o

Ras=8.2 megohms, 0.5 watt

Ra7= Potentiometer, 20 ohms,
5 watts

Ros Rs2= 3.3 megohms, 0.5 watt

Rae Rat = 3000 ohms, 0.5 watt

Raio= 39000 ohms, 0.5 watt

Raz=3300 ohms, 0.5 watt

Ra Rai= 18000 ohms, 0.5 watt

R3; = Potentiometer, 30000
ohms, 2 watts

Ris R = Potentiometers, 7000
ohms, 2 watts

Ra Ry Ry = Potentiometers,
8000 ohms, 2 watts

Ry;=5.6 megohms, 1 watt

R = 6200 ohms, 0.5 watt

R4 =15000 ohms, 0.5 watt

Rus= 20000 ohms, 0.5 watt

Ti=Power transformer, 100-0-
100 volts RMS, dc load cur-
rent less than 5 ma.
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"
l._% MAX.
N\ ‘ L4
i 3/4” AN ! I/Z
MAX 154 38” MAX.
E Y

SMALL -BUTTON
MINIATURE 7-PIN

_8_
-~ e T MAX.
I 15,0
“ g # i6
2 Ye %6 max.
MAX. | T 6l 13/32
SMALL -BUTTON
NOVAL 9-PIN
-11 -
—1 1 3 Max.
[ "
To 2 7>
MAX,
3he
i6
MAX.

R

| INTERMEDIATE-
SHELL OCTAL

T9

V Yas
- MAaxZ.'J

-17_

INTERMEDIATE="
SHELL OCTAL

GLASS TUBES—Outlines 8-19

.

1% MAx.r

T9 i
I ¥ ~
4 2%,
MAX. Max.
| 935 | INTERMEDIATE~
= "Max. 1 SHELL OCTAL
—9_
-Il 3/|gMAx.r-—
h 21:/'
4 »
T9 max 22%2
MAX.
®)
1 %¢ | 'LOCK-IN
A TYPE
—Ix Y6 MAX.
25"
To 8
MAX

3.7
Lt ~6

LOCK=IN
MAX. TYPE
—15_
| 3,  SKIRTED
! Y6, MINIATURE
MAX. |~ CAP
T 2%
2% g
3 Ve
MAX.
E h

2
L1 e
MAX.

_18_

SMALL -WAFER
OCTAL, SLEEVE

I

SMALL-BUTTON
MINIATURE 7-PIN

_10 -
3
.‘.] r 4 MAX.

. 2 3
2% "2*  MaAx.
MAX. +¥35

'

SMALL -BUTTON
MINIATURE 7-PIN

_13_

| 3,7 SKIRTED
16 oy MINIATURE
MAX. | _~

TO

R

| %55 | INTERMEDIATE-

A X, T SHELL OCTAL
- 16 -
—Il e MAX,
B
23,
T9 4
MAX. Y
3 Y
MAX.

1} %g  |SMALL-WAFER
F— A, —TOCTAL, SLEEVE

=19~

MEASURED FROM BAS;: SEAT TO BULB-TOP LINE AS DETERMINED BY RING GAUGE OF 7/I6” 1.0.
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-
GLASS TUBES—Outlines 20-28
1 %g ., SMALL
[ max. ] _~car
B 137
1Yg _, i6
rMAx r-MAx.
T9 2I3,I6' T9 2 7,8" T9 3%
" MAX. " “
MAX- 33y 3%g * Ve aly
MAX. MAX. °,
+ Vg
1 95, | INTERMEDIATE- 1 935 | INTERMEDIATE- | 923 |rolORT
MA3><2."‘ SHELL OCTAL MAiZ SHELL OCTAL MA3)(2._- g’:ﬁfﬁ”%%ﬁi
-20- -21- -22-~
9/,5 MAX. | 9/.5"MAx.-—I
t % ‘1 r

q’
3%
3"
+ g
T -
® 4%
MAX.
1
|t %e_| smaLL-sHeLL
MAX. ) SMALL 6-PIN
_23 -
% MAX.
: 6 SKIRTED
1 ¥g MAX.

-26-

MINIATURE
~ CAP

SMALL-SHELL!
OCTAL

f

I

—-1 136 Max.
T— [

sTi2

I

SMALL-SHELL
ocTAL

_24—

1 Yg MAX.
1 Yg'max.
L
2

L

sTi2

SMALL
|- cap

a2

3
=

4

"
1 Y Max.

S
_25—

r—l '3/.5 MAX
1 Yig MAX.

t I3/3é'

-28~

MALL SHELL
SMALL 4,56,
OR 7-PIN

+%g

- %

“MEDIUM-
SHELL
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| %6 MAX. 1 Y6 MAX.
1136 max. 3'?' SINTATURE . M
13, “MAX. jo| MINIATU t 3% “MAX. ALL
1 g Max. ot ML cap Hgmax | SR
_|— ]
7 A
13,5 r
32 ” ”
3% ! ¥g Yie
3,2 a %5 L a¥g
+Yg 32 %6
- " "
sTia - % sTi2 t 32 t
H, ~
4 e 47 4 'Yg
MAX MAX MAX.
X MEDHJM - SHELL X :
N ] SMALL=-SHELL SMALL-SHELL
SMALL 4.5.0R 6-PIN’ ¥
H Dok ) ocTaL | SMALL 6.0R 7-PIN |
-29-~ ~30- -31-
g ) #
2 Y6 MAX. 2 Ve MAX.
A
r-l e MAx.—»I 1% MAX.~ 1 %6 MAX
7 SMALL Tl < 7 <~
1 Vg MAX. 1o CAR |
. B
' %6 ' %e
13, J_
V3 9, ¥ o o
L 4732 4% 4 Ve
L A ,,
78 sTI6 t g t %
5k 5 5 53
MAX, MAX. MAX.
_3 N
MEDIUM - SHELL MEDIUM = AMEGTUM - SHELL
. SMALL 4.5.0R 6-PIN
SMALL 4,0R 5-PIN SHECL OCTALY U otoR ot
-32- -33- -34-
2 g MAX.
M
2 Y%g MAX. r-' %6 MAX~'\
SMALL I—— — | = |
[} 9/|5”MA><. ~CAP
|
.
o 1 I3/.5
% I
437 s e
+%; +¥%¢
sTIs 517, sT19 6%
£53 MAX.
MEDIUM-SHELL AMEDIUM-SHELL
OCTAL SMALL 4-PIN
-35.-

- 36 -
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GLASS TYPES—Outline 37

OPTICAL w, " HiIGH -VOLTAGE
QUALITY CIRCLE 57 g

T EXTERNAL
2 Yg" MIN. R.— . CONDUCTIVE COATING
s |17y 3, | SONNECTED TO CAP
CRZEl-lZN” RADIUS 155" 2 %6 |/ 3, 73,
Va MIN.—H_ i — ¥ AT ; 6
T ——— 7
7.255"t.200" f~ \J . \\\/j— 2278
O R —h— Y 3 274
7.100".200" ¥ . i
g " I-R. '—_——J 1‘250 \
4 7o ANODE -N¢ 2
,, RECESSED SMALL
t Y6 EXTERNAL : S/ caviTy cap
INSULATING 4 (NOTE 1) a7
COATING , s N3,
, ; 3 ”
o l/e”_‘»l Z = .950"MAX. + %
DIA. -
” \
REFERENCE 4 1"
LINE £ 3 EFFECTIVE N
R ”
(NOTE 2) 6 § CENTER OF + Y
EXTERNA - DEFLECTION
L
CONDUCTIVE- L
COATING .
(NOTE 4) — ~—1%e 1 e
SMALL-SHELL
SEE NOTE 3 DUODECAL
7-PIN BASE
5TP4

NOTE 1: The plane through the tube axis and vacant pin position No.3 may vary
from the plane through the tube axis and anode-No.2 terminal by an
angular tolerance (measured about the tube axis) of 10°. Anode-No.2
terminal is on same side as vacant pin position No.3.

NOTE 2: Reference line is determined by position where hinged gauge 1.500''4-
.003""—.000" 1.D. and 2"’ long will rest on bulb cone.

NOTE 3: Socket for this base should not be rigidly mounted; it should have
flexible leads and be allowed to move freely.

NOTE 4: External conductive coating must be grounded.
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GLASS TYPES—Outiine 38

” 1” FOR
SCREEN 3,0, "
RADIUS 7%t TuBE supp”om’"
37 MIN. [ w” 13,7,
" e, | [/
7‘ »”
AN
77 Ll
6 3 P7X 7 g Z
. 24"R / S[E&L
3 " \ ) .’
0 MAX. % 250_4 5"a Ty
» EXTERNALY R. MAR,

s %% CONDUCTIVE
= COATING

+%g ( NOTE 4) X ANODE N22

RECESSED SMALL

”
4 CAVITY CAP
1"(NOTE 8) L__-{'__ (NOTE 1) 14 '/,t-:
e ¥ T v o w s
REFERENCE |_ , _ , h 3lp"2 " 01A. + Y
LINE E7RXY
4*7e 950" MAX.
(NOTE 2) - i .,
EFFECTIVE 13 Yg
“ CEN OF >
aly"MIN. (SNZ":I_;"”SN)' DEFLECTION + Y
(NOTE 8)
?:L_-_?
1 ! 77,0, "
i ~— 1 %6 %%
R
SEE NOTE 7 L
g SMALL-SHELL
Vbt DUODECAL
A 7-PIN BASE

(NOTE 3)
7DP4 TE@T

NOTE 1: The plane through the tube axis and vacant pin position No.3 may vary
from the plane through the tube axis and anode-No.2 terminal by an
angular tolerance (measured about the tube axis) of 10°. Anode-No.2
terminal is on same side as vacant pin position No.3.

NOTE 2: Reference line is determined by position where hinged gauge 1.500"+
.003""—.000"” I.D. and 2" long will rest on bulb cone.

NOTE 3: Socket for this base should not be rigidly mounted; it should have
flexible leads and be allowed to move freely. Bottom circumference of base
shell will fall within 174"-diameter circle concentric with bulb axis.

NOTE 4: External conductive coating must be grounded.

NOTE 5: Distance to internal pole pieces. Plane through pin No.6 and tube axis
passes through line joining centers of pole pieces. Direction of principal
field of ion-trap magnet should be such that north pole is adjacent to pin
No.6 and south pole to pin No.12.

NOTE 6: Location of deflecting yoke must be within this space.

NOTE 7: Keep this space clear for ion-trap magnet.

NOTE 8: For tube support which must not cover specified clear area around
anode cap.
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GLASS TYPES—Outline 39

sy "
3” MIN. e
r ”
1.134

2.237"

" 13178 | 133,

MAX. + Yy

#

—] —4—2”t |/|6”

MEDIUM-SHELL
DIHEPTAL
12-PIN BASE \

7JP4

Center line of bulb will not deviate more than 2° in any direction from the
perpendicular erected at the center of bottom of the base.

The plane through the tube axis and pin No.5 may vary from the trace
produced by DJ1 and DJ2 by an angular tolerance (measared about the tube axis)
of 10°. Angle between DJ1—DJ2 trace and DJ3—DJ4 trace is 90° =3°.

DJ1 and DJ2 are nearer the screen; DJ3 and DJ4 are nearer the base. With
DJ1 positive with respect to DJ2, the spot will be deflected toward pin No.5; like-
wise, with DJ3 positive with respect to DJ4, the spot will be deflected toward
pin No.2.
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GLASS TYPES—Outline 40

I ”
1Y, FoOR
s ” ” 2
RADIUS CRPERA TUBE SUPPORT
" p
4 l/2 MlN.T—* e 3/8”R' /2 '/2”3‘. |/41
| L. I SEAL DIA ® VT/'
7 . .
278 g5 242" 10 55" MAX. - .,
3 ” ) ‘\ H I "
% MAX: Fake, 20,,R/ te
9 %e 2"RY o] ' Y
3 " 25 \(\41/”&'/”
+ Y16 EXTERNAL i 4t i
CONDUCTIVE 40 DIA. 17 5,
(]
%OATIN% 34 ANODE 3.
NOTE 8 ” )
—X%s 2167 /RecesseD smaLL | 7B
1”(NOTE 9)~] %6 . CAVITY CAP
T = i I (NOTE 1)
REFLE,'?\,EENCE 31 " W _£T~.950" MAX.
/. )
(NOTE 2) (NOTE 4) EFFECTIVE 17 Yy
” CENTER OF ”
42" MiN. 3,7 3
4 5 94 MIN. ! DEFLECTION 9
(NOTE &) (NOTE ) S
SEE NOTE 7 K SMALL-SHELL
i DUODECAL
1 i 7-PIN BASE
(NOTE 3)

10BP4

NOTE: 1: The plane through the tube axis and vacant pin position No.3 may vary
from the plane through the tube axis and anode terminal by an angular
tolerance (measured about the tube axis) of 10°. Anode terminal is on same
side as vacant pin position No.3.

NOTE 2: Reference line is determined by position where hinged gauge 1.500"+
.003"’—.000" I.D. and 2" long will rest on bulb cone.

NOTE 3: Socket for this base should not be rigidly mounted; it should have flexible
leads and be allowed to move freely. Bottom circumference of base shell
will fall within 174"-diameter circle concentric with bulb axis.

NOTE 4: Approximate distance to center of focusing-coil air gap.

NOTE 5: Distance to internal pole pieces. Plane through pin No.6 and tube axis
passes through line joining centers of pole pieces. Direction of principal
field of ion-trap magnet should be such that north pole is adjacent to pin
No.6 and south pole to pin No.12.

NOTE 6: Location of deflecting yoke and focusing-coil air gap must be within
this space.

NOTE 7: Keep this space clear for ion-trap magnet.
NOTE 8: External conductive coating must be grounded.

NOTE 9: For tube support which must not cover specified clear area around
anode cap.
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portable 8-way superheterodyne

receiver (15-2) . .............0hil 213
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Recently Added RCA Tube Types

This section contains technical descriptions of tubes that have been recently
added to the RCA line. It includes both new types and older types which have
applications in AM, FM, and television broadcast receivers.

HALF-WAVE GAS RECTIFIER

Metal type used primarily in vibrator-type
B-supply units of automobile receivers. Utilizes
a starter anode and an ionically heated cathode.
Starter anode permits operation of OY4 direct-. 0Y4
ly from 117-voit ac line. Qutline 3, ®UT-
LINES SECTION. Tube requires octal socket.
Pins 7 and 8 must be tied together at socket.
RF filter circuits placed close to socket terminals
are required to reduce rectifier noise. Ratings as
half-wave rectifier with capacitor-input filter: peak inverse anode volts, 300 max; peak anode ma., 500
maz; de output ma., 75 mazx, 40 min; series anode resistance (117-volt line operation), 50 min ohms;
tube voltage drop (approx.), 12 volts; minimum ac starting voltage when starter anode is connected to
anode through a 10-megohm resistor bypassed with a 0.002-uf capacitor, 100 volts RMS. This type is
used principally for renewal purposes.

REMOTE-CUTOFF PENTODE

Lock-in type used as rf or if amplifier in
battery-operated receivers. Outline 12, OUT-
LINESSECTION. Tube requires lock-in socket.
Filament volts (dc), 1.4; amperes, 0.05. Typical ]LGS
operation and maximum ratings as class A
amplifier: plate volts, 90 (110 max): grid-No.2
volts, 45 (110 maz); grid-No.1 volts, 0; plate
resistance (approx.), 1 megohm; transconduct-
ance, 800 umhos; plate ma., 1.7; grid-No.2 ma.,
0.4; grid-No.1 voltage for transconductance of 10 umhos, 10 volts.

N G

GAS TRIODE

[OMO
P Glass octal type used in relay-control equip-
o ment such as motor-controlled tuning mechan-
isms of radio receivers. It is a grid-controlled 2A4 G
gaseous-discharge tube. Outline 24, OUTLINES -
F+ w F= SECTION. Tube requires octal socket and may
° e be mounted in any position. Filament volts
NC NC

(ac/dc), 2.5; amperes, 2.5. Filament voltage

should be applied for 2 seconds before start of
tube conduction. Characteristics: peak inverse anode volts, 200 maz; peak forward anode volts, 200
mazx; peak volts between any two electrodes, 250 max; peak anode amperes, 1.25 mazx; average anode
amperes (over any 45-second period), 0.10 max; anode voltage drop, 15 volts. This type is used princi-
pally for renewal purposes.

FULL-WAVE VACUUM RECTIFIER

Lock-in type used in power supply of radio
equipment having moderate dec requirements. 5AZ4
Outline 15, OUTLINES SECTION. Tube re-
quires lock-in socket. Filament volts, 5; am-
peres, 2. For maximum ratings, typical opera-
tion,and curves, refer toglass-octaltype5Y3-GT.
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ELECTRON-RAY TUBE

Glass octal type used to indicate

6AI- 7 - GT visually on a pair of rectangular fluo-

rescent patterns the effects of changes

in voltages applied to its grid and three

deflecting electrodes. It is especially

useful in meeting the requirements for accurate tuning in FM receivers. Outline 14,

OUTLINES SECTION. Tube requires octal socket. Heater volts (ac/dc), 6.3;
amperes, 0.15.

Maximum Ratings: INDICATOR SERVICE

: 366 maxr volts
TARGET VOLTAGE. . ..ttt cruvrieraonaensssnsscoorasarecasassonnossas { 220 min volts
PEAx HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode .. .......ocvveneerinrecaness 90 max volts
Heater positive with respect to cathode . ...vvivvrrinensveeancnenrnns 90 max volts
Typical Operation:
Target Voltage. . . ... . .itiitiiiiiiiietaensroroesseonssnssnossesenns 315 volts
Deflecting-Electrode-No.1 Voltage. .. ......oiiiiiiviiieereesinnnrsnnss 0 volts
Deflecting-Electrode-No.2 Voltage. .. ......oviviiiiiiniirnniseeanennns 0 volts
Deflecting-Electrode-No.3 Voltage. .. .. ... ...ttt trenrvesaanns 0 volts
Cathode Resistor (APDIoX.) . .. ... . iiiiiinritninreearsseonsnnonenns 3300 ohms
Deflection Sensitivity (ApPProX.)#. .. oottt iiiertianasonsonnsns 1 mm/volt
Grid Voltage for Fluorescence Cutoff (Approx.)*. . ... ... ..c.ccveiivnnns -6 volts

#For first millimeter of unbalance in FM application.
*The grid should be connected to the cathode when not used for fluorescence control,

GT Py

OmO

TWIN DIODE—HIGH-MU TRIODE . © o4

6 AQ7 GT Gla.ssi1 oct::(aili type 1lx_sgd as FM d:
- tector and audio amplifier in circuits «p
which require diode and triode units KDla % OF
with separate cathodes. Outline 17, ORIO
OUTLINES SECTION.Tuberequires oz L
octal socket. Heater volts (ac/dec), 6.3; amperes, 0.3. Ratings and characteristics of
triode unit as class A; amplifier: plate volts, 250 maz; grid volts, -2; amplification
factor, 70; plate resistance (approx.), 44000 ohms; transconductance, 1600 ymhos;
plate ma., 2.3.

POWER PENTODE

6 AR 5 Miniature type used as output
tube primarily in automobile receivers

and ac-operated receivers. Qutline 13,

OUTLINES SECTION.Tube requires

miniature seven-contact socket and
may be mounted in any position. For heater and cathode considerations, refer to
miniature type 6AQ5. Within its maximum ratings, type 6ARS5 is equivalent in per-
formanee to glass-octal type 6K6-GT. Refer to type 6K6-GT for characteristic
curves.

HEATER VOLTAGE (AC/DC) . v vveeivereeanoecssansoonssonssssscnsasnns 6.3 volts
HEATER CURBENT . 5.0 cotereterssnnnsccsassssscrarasnssvesnonsssosns 0.4 ampere
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Maximum Ratings: CLASS A, AMPLIFIER

PLATE VOLTAGE. . ... ..itiititrunnnnrnaneseeessinnsnveaionsnannns 250 max volts
GRID-NO.2 (SCREEN) VOLTAGE. . o\ o ieiiiiit st tnnuncunrnnenineeenns 250 maex volts
PLATE DISSIPATION . .. ..ottt iieiinr i tieteranrararannneraans vesrs  8.5max watts
GRID-NO.2 DISSIPATION . . . ..ottt titiin it ivaenranaensonnsnsoassnons 2.5 max watts
PrAK HEATER~-CATHODE VOLTAGE:

Heater negative with respect tocathode .. ....................... N 90 mazn volts

Heater positive with respect to cathode . ......... eeeerncenteay 90 max volts
Typical Operation and Characteristics:
Plate Voltage. . . ........ ... .. iiiiiieiiiienns [ 250 250 volts
Grid-No.2 Voltage. . ... ... .......iiiiiiiiiiuiinans eereaana 250 250 volts
Grid-No.l (Control-Grid) Voltage. ................ e -16.5 -18 volts
Peak AF Grid-Na.l Voltage. . ...........coiiiiiiiiiiien., 16.5 18 volts
Zero-Signal Plate Current. . ................. 000t [P 34 32 ma
Maximum-Signal Plate Current. ... ................c.00eueen 35 33 msa
Zero-Signal Grid-No.2 Current. .. ............iiiirenrnnaas. 5.7 5.5 ma
Maximum-Signal Grid-No2 Current .. ........ ... .oievens 10 10 ma
Plate Resistance (APProX.). .. .......ccueriunieennnnennnenns 65000 68000 ohms
Transconductance. . ... ... ... ittt 2400 2300 pmbhos
Load Registance. . ... ... ... ... iuuierninrnnernnceannsen 7000 7600 ohms
Total Harmonic Distortion. . ................cooiiiiiinnnn. 7 11 per cent
Maximum-Signal Power Qutput......................... ..., 3.2 3.4 watts

Maximum Circuit Values (For maximum rated conditions):

. oo . Fixed Bias............ . 0.5 max megohm
Grid-No.1-Circuit Resistance Cathode Bias . 0.1 maz megohm

BEAM POWER AMPLIFIER

Miniature type used as output
ampllﬁer primarily in automobile and
in ac-operated receivers. Outline 183,
OUTLINES SECTION. Tube re- 6AS5
quires miniature seven-contact socket
and may be mounted in any position.
For heater and cathode considera-
tions, refer to type 6AQ5. For curves,

refer to type 35B5.
HEATER VOLTAGE (AC/DC). ..... P .. 6.8 volts
HEATER CURRENT. . . o it iiseonnsteeeanninsseosonunennosessrosanaens 0.8 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):°
Grid No.1 to Plate...... Ceterieeecreeinbeneonn et 0.6 puf
. 12 puf
6.2 puf
¢ With no external shield,
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. . .. ....... 150 max volts
GRID-N .2 (SCREEN) VOLTAGE 117 max volts
PLATE DISSIPATION. . ... 5.5 max watts
GRID-N 0.2 DISSIPATION 1.0 max watt
PrAK HEATER-CATHODE VOLTAGE:
Heater negative with reapeet to cathode. 90 mazx volts
Heater positive with respect to eathode.......... 90 max volts
Buls TEMPERATURE (At bottest point on bulb surface). . . 250 mazx ‘
Typical Operation:
Plate Voltage. . . .. ..ot ittt ittt ierissiseasnrannnssnen eee.. 150 volts
Grid-No.2Voltage. . .. ... ... ciiiiiieriiiteerarrarennctasiaaans PPN 110 volts
Grid-No.1 (Control-Grid) Voltage ................ PN P -8.5 vaolte
Peak AF Grid-No.d Voltage. . ......covitiiiiiiiiiiineretenenneeransnnns 8.5 volts
Zero-Signal Plate Current. ... .........ciiuiiirntrueeranrreennonnnens .. 35 ma
Maximum Signal Plate Current.................. e heeee i e 36 ma
Zero-Signal Grid-No.2 Current (APProx.). ... i vivicivirvrernnansnrnnoan 2 ma
Maximum-Signal Grid-No.2 Current (Approx.)..... Chserentaceeasans [ N ma
Transconductance. .. ...... ...t ene pmhos
Load Resistance. . .........cociiiineiiininnninanns e iarreaie et ohms
Total Harmonie Distortion........ ... ... oo iiiiiiiiiiiiiiiiiinne, per cent
Maximum-Signal Power OQutput. ... ....cooeirivrarrriienccerseennseanns . watts
Maximum Circuit Vaives (For maximum rated conditions):
. P . Fixed Biasg...... e reeeaas viieese  0.5max megohm
Grid-No.1-Circuit Resistance { Cathode Bias ....covvvvennnennnn v 0.1 max megohm
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TWIN DIODE—
HIGH-MU TRIODE

Miniature type used as combined

6 AV6 detector, amplifier, and avc tube in

automobile and ac-operated radio re-

ceivers. Qutline 10, OUTLINES SEC-

TION. Tube requires miniature seven-

contact socket and may be mounted

in any position. For typical operation

as resistance-coupled amplifier, refer to Chart 25, RESISTANCE-COUPLED
AMPLIFIER SECTION. For heater considerations, refer to type 6ATS.

HEATER VOLTAGE (AC/DC) . .ot i tiinie et iiieneeieeetannnnncearaneannns 6.3 volts
HEATER CURRENT . . . ottt ittt reeanenneraseeseunssonnnennanenn 0.3 ampere
Maximum Ratings: TRIODE UNIT AS CLASS A; AMPLIFIER
PLATE VOLTAGE. . . . ottt ittt enenaronnensosesoessanns . 3800 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. ..................cciii e, 90 max volts
Heater positive with respect tocathode. .. ... .......ciuivvinennnnnns 90 max volts
Characteristics:
Plate Voltage. . ... ...ttt iierionannienrennneenns 100 250 volts
Grid Voltage. . .. ...ttt ettt iiennenaeareareonnannnen -1 -2 volts
Amplification Factor. . ... . ... iiiiiiriiii it 100 100
Plate Resistance. . ... ... .. ittt ittt 80000 62500 ohms
Trangeonductance. . .. ..o.viuiniienrinnn i eeiinrnneaainns 1250 1600 wsmhos
PlateCurrent. . ......coveieieanennnnn e e 0.50 1.2 ma

DIODE UNITS

The two diode plates are placed around a cathode, the sleeve of which is common to the triode
unit. Each diode plate has its own base pin. Diode biasing of the triode unit is not recommended. For
diode operation curves, refer to type 6SQ7.

PENTAGRID CONVERTER

Miniature type used as converter

6BA7 in superheterodyne circuits especially

those for the FM broadcast band. Ex-

cept for overall length of 2%% inches

and seated height of 234 inches, the

dimensions of type 6BAT are given by Outline 11, OUTLINES SECTION. Tube

requires noval nine-contact socket and may be mounted in any position. Its

characteristics are similar to those of metal type 6SB7-Y. For heater and cathode
considerations, refer to type 6ATS6.

HEATER VOLTAGE (AC/DC) . .. \ttirtiieteennianianineraasatosoanns 6.3 volts

HEATER CURRENT. . ...ttt titntineaanineeenananaaaneanannnn 0.3 ampere

DIRECT INTERELECTRODE CAPACITANCES (Without shield):
Grid No.3 to All Other Electrodes (RF Input).....c.ovvevunnnnns 9.6 puf
Plate to All Other Electrodes (Mixer Qutput)..................... 8.3 upf
Grid No.1 to All Other Electrodes {Oscillator Input)............... 6.7 wuf
Grid NoB3toPlate. ... ... ... ittt ineerannes 0.19 max puf
Grid No.1 to Grid No.3. .. 0.1 max wul
Grid No.ltoPlate............................ . .. 0.05 max puf
Grid No.1 to All Other Electrodes Except Cathode. ............... 3.4 uuf
Grid No.ltoCathode. . ... ... ...t iirniiireiiiieranannnnns 3.3 uuf
Cathode to All Other Electrodes Except Grid No.1...,............ 4.0 unf
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Maximum Ratings: CONVERTER SERVICE
PLATE VOLTAGE. .. ...ttt eieiinainnennn volts
GRID-N0.5-AND-INTERNAL-SHIELD VOLTAGEA . .. volts
GRIDS-N0.2-AND-NO.4 VOLTAGE. ............. volts
GRIDB8-N0.2-AND-N0.4 SUPPLY VOLTAGE. . volts
PLATE DISSIPATION . . .\ oo\t ieeivnevnenanrnns b watts
GRIDS-N0.2-AND-N0.4 DISSIPATION. . .. ...ccovvunn... . R watts
TOTAL CATHODE CURRENT .. ......ouinerenrornnrernsnsonnennnnen SN ma
GRID-N0.83 VOLTAGE:

Negative bias voltage volts

Positive bias voltage . . ... ... ... oo iiiiiiniiiiiiiiiiniee., .. volts
PeEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode volts

Heater positive with respect to cathode volta
Characteristics {Separate Excitation):*
Plate Voltage . . .................. . 100 250 volts
Grid No.5 and Internal Shield A .. Connected directly to ground
Grids-No.2-and-No.4 (Screen) Voltage . ... ................... 100 100 volts
Grid-No.3 (Control-Grid) Voltage . . . ...............cciuiuu.. -1.0 -~-1.0 volt
Grid-No.1 (Oscillator-Grid) Resistor........ 20000 20000 ohms
Plate Resistance (Approx.) .......... 0.5 1.0 megohm
Conversion Transconductance 900 950 pmhos
Conversion Transconductance (Approx.)** 3.5 3.5 pmhos
Plate Current . ............. ... .. ..., .. 3.6 3.8 ma
Grids-No.2-and-No.4 Current . . . 10.2 10 ma
Grid-No.1 Current ... ......... . 0.835 0.35 ma
Total Cathode Current....................iiieiiiiiina.. 14.2  14.2 ma

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate (not oscil-
lating) is approximately 8000 xmhos under the following conditions: signal applied to grid No.1 at zero
bias; grids No.2 and No.4 and plate at 100 volts; grid No.3 grounded Under the same conditions, the
plate current is 32 milliamperes, and the amplification factor is 16.5.

*The characteristics shown with separate excitation correspond very closely with those obtained in a
self-excited oscillator circuit operating with zero bias.

*With grid-No.3 bias of —20 volts.
AlInternal Shield (pins No.6 and No.8) connected directly to ground.

NOTE ON CURVES: In the 6BA7 operation characteristics with self-excitation,
Ey is the voltage across the oscillator-coil section between cathode and ground; Eg
is the oscillator voltage between cathode and grid.

OPERATION CHARACTERISTICS
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SHARP-CUTOFF PENTODE

Miniature type used as rf ampli-

fier particularly in ac/dc receivers and

6BH6 in mobile equipment where low heater-

current drain is important. It is par-

ticularly useful in high-frequency,

wide-band applications. Outline 10,

OUTLINES SECTION. Tube re-

quires miniature seven-contact socket and may be mounted in any position. For
heater and cathode considerations, refer to type 6ATS.

HEATER VOLTAGE (AC/DC) . & ot v vttt ii it ettt et e it e e 6.3 volts
HEATER CURRENT. . ..ot ittt ottt it tiiieitne e iaenennnn, 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Grid NoltoPlate. .. ....ooiii i i i i i e 0.0035 max puf
TN U, i e e e e 5.4 nuf
Output,........... reasshasetraaan ettt et e e 4.4 uuf

Maximum Ratings:

PLATE VOLTAGE. ........ P Feteereneineen RPN Ciieereiie i, 330 mazx volts
GRID-NO.2 (SCREEN) VOLTAGE . ... c.0ivinneennnennnn e b et 150 max volts
GRID-NO.2 SUPPLY VOLTAGE. . ... ..ooiviiiavannnnenn S N 300 maz volts
PLATE DISSIPATION. . . vt vviniievieiiinenrnesnaeneas Weveeseranraneneens 3 maz watts
GRID-NO.2 DISSIPATION. .t L. ittt ittintteetaeetentarananneesonenannenns 0.5 max watt
GRID-NoO.1 (CONTROL-GRID) VOLTAGE:

Negativebiasvalue. .................coiiiuannn et ean .. 50 mazx volts

Positive bias value. .. ................ccoviiuins o ebeereee e o 0 max volts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............ Cieeeeraeasis e 90 max voits

Heater positive with respect to cathode.......... Cesescrnennann PPN 90 maz volts

Typical Operation and Characteristics:

Plate Voltage. ... .. u ittt ittt arnaaanes .. 100 250 volte
Grid-No0.3 (SUPPressor). . .c.uvuvervieneneneeennncinennnn Connected to cathode at socket

Grid-No.2 Voltage. ...... e et i e 100 150 volts
Grid-No.l Voltage. . .. ..o it it cie i eean -1 -1 volt
Plate Resistance (APPIroX.) ... .o in i iin e iiinaranenannas 0.7 1.4 megohms
TransconduCtanee. ... ... ..t iiiet v et 3400 4600 pmhos
Grid-No.1 Bias for platecurrentof 10 ua . .. ... .. ... ............. -5 -7.7 volts
Plate Current. . ... ... ... 3.6 7.4 ma
Grid-No.2 Current. . ........... ... o JE N 1.4 2.9 ma

AVERAGE PLATE CHARACTERISTICS
1

&

TYPE 6BHE
€¢=86.3VOLTS
GRID-N22 VOL TS =150
GRID-N23I VOLTS=0
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TRIPLE DIODE—HIGH-MU
TRIODE

Miniature type used as combined
audio amplifier, AM detector, and FM
detector in AM /FM radio receivers.
Diode unit No.1 is used for AM de-
tection, and diode units No.2 and No.3

678

are used for FM detection. Outline 11, OUTLINES SECTION. Tube requires
noval nine-contact socket and may be mounted in any position. For heater and

cathode considerations, refer to type 6AQ5.

HEATER VOLTAGE (AC/DC) 4 st v v et ettt e te et et et eaite e snananranns

HEATER CURRENT. & o vttt ettt ittt etivenneanaenrnsrasnnanananns ..

DIRECT INTERELECTRODE CAPACITANCES:*
Triode Grid to Plate . ...vuutn ittt e i iiinanans .
Triode Grid to Cathode and Heater L
Triode Plate to Cathode and Heater . . ..............ocvvveennnnnn.. ees
Diode-No.1 Plate to Cathode and Heater . .....................v0vuun..
Diode-No.2 Plate to Cathode and Heater . . . ...........coveuniraen,. .,
Diode-No.3 Plate to Cathode and Heater . ............c.c.covvierennnnn.

Triode Grid to Any Diode Plate . ... ........cccviiiirenennnanenn, FAN
*No external shield. Approximate values.

Maximum Ratings: TRIODE UNIT AS CLASS A, AMPLIFIER

PLATE VOLTAGE
PLATE DISSIPATION . .. ......coiitiiienienann
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode .. ........c...ciiviiiiieiannn..
Heater positive with respect to cathode ............... e taeccenereaaas

Characteristics:

Plate Voltage. . . ...ttt ittt iiiee s itarairereraanans 100
Grid Voltage. . . ... ... i iiiienrenearctsnoanetnnennens -1
Amplification Factor. . ... ... ... . . i e 70
Plate ResiBtaNCe. . ... ... ittt 54000
TransconduUCtBNCR. . . .. viveiitenerreeiirrannnerenrsaesnoneerenes 1300
Plate Current

DIODE UNITS
Diode unita No.1 and No.3 have a common cathode. Diode unit No.2 has a separate cathode.

AVERAGE PLATE CHARACTERISTICS
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HALF-WAVE )

VACUUM RECTIFIER K

6W 4 GT Glass octal type used as damper
- diode in magnetic deflection circuit of G)
television receivers and as a rectifierin  nc

conventional power-supply applica- OO
C

tions. Dimensions of type 6W4-GT are N

given by Outline 17, OUTLINES SECTION, but the 6W4-GT has a short inter-
mediate-shell octal 6-pin base. Tube requires octal socket and may be mounted in
any position. It is especially important that this tube, like other power-handling

tubes, should be adequately ventilated.

Maximum Ratings: DAMPER SERVICE
PEAK INVERSE PLATE VOLTAGE. . .0 vtt vttt iiinieit et anainneresionnnans 2000* max
PEAK PLATE CURRENT. .. ...ttt ttinenennuneesoseasaranoooaasans s 600 max
DC PLATE CURRENT. . .1 ottt it et iiiittennesanaaenerssnenrsonanernnns 125 max
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode . .........coovvriivnenennnan. 450 max
Heater positive with respect toeathode . .............................. 100 max

volts
ma
ma

volts
volts

*Applicable when duty cycle of voltage pulse does not exceed 15 per cent of one scanning cycle, and

its duration is limited to 10 microseconds.

Maximum Ratings: RECTIFIER SERVICE
PRAK INVERSE PLATE VOLTAGE. . . oottt et einnannnas 1250 max
PEAK PLATE CURRENT. . ..ttt tttttiiiiat e e ety 600 max
HoT-SWITCHING TRANSIENT PLATE CURRENT (For duration of 0.2 second max) 3.5 max
DC OUTPUT CURRENT . . . ..ottt ittt ittt et e e e e 125 maz
PeAK HEATER-CATHODE VOLTAGE!:

Heater negative with respect tocathode . ...........0................. 450 mazx

Heater positive with respect tocathode . ................. ... ...vu.. 100 max

Half-Wave Full-Wave
. . Rectifier Rectifier
Typical Operation {Capacitor-Input Filter) : (One Tube) (Two Tubes)
AC Plate-to-Plate Supply Voltage (RMS). ................... — 700
AC Plate-Supply Voltage (RMS). .. ............cvvrienennns 350 —
Filter-Input Capacitor. . .. ....... ... ... ................. 20 20
Minimum Total Effective Plate-Supply Impedance per Plate. . 145 145
DCOutput Current. ............. ... ... . .. .. ureunann. 125 150
DC Qutput Voltage at Input to Filter (Approx.):
62.56ma.......... ..., 390 —
At balt-load current of { 25103 oo _ 395
126ma . ... .o 335 —_

At fulldoad current of { 20 8 -+ o - 850
Voltage Regulation (Approx.):

Half-load to full-load current...................c0unnnnn 55 45

POWER PENTODE

Lo.ck~in type used in output stage of video

amplifier of television receivers. Outline 15,

7 AD7 OUTLINES SECTION. Tube requires lock-in
socket. Heater volts (ac/de), 6.3; amperes, 0.6.

Typical operation and ratings as class A, video

amplifier: plate volts, 300 maz,; grid-No.2 volts,

150 max; plate dissipation, 10 max watts; grid-

No.2 dissipation, 1.2 max watts; cathode re-

volts
ma
amperes
ma

volts
volts

volts
volts
nf
ohms
ma

volts
volts
volts
volts

volts

resistor, 68 ohms; plate ma., 28; grid-No.2 ms., 7; plate resistance ,3 ohms; tra
9500 umbos.
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MEDIUM-MU TWIN TRIODE

Glass lock-in type used as voltage amplifier
or phase inverter in radio equipment. Outline
12, OUTLINES SECTION. Tube requires lock-
in socket. Heater volts (ac/dc), 6.3; amperes, 7AF7
0.3. Ratings and characteristics as class Ai
amplifier (each section): plate volts, 250 (300
mazx); cathode resistor, 1100 ohms; plate ma.,
9; transconductance, 2100 ymhos; amplification
factor, 16; plate resistance, 7600 ohms.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf amplifier in
ac/dc receivers or in mobile equipment where
low heater-current drain is important. Qutline
12, OUTLINES SECTION. Tube requires 7AG7
lock-in socket, Heater volts (ac/dc), 6.3; am-
peres, 0.15. Maximum ratings and character-
istics as class A, amplifier: plate and grid-No.2
volts, 250 (300 max); plate dissipation, 2 max
watts; grid-No.2 dissipation, 0.75 max watt;
grid-No.1 volts, —2; grid No.8 and internal shield connected to cathode at socket; plate resistance
(approx.), 0.75 megohm; transconductance, 4200 umhos; grid-No.1 volts for plate current of 10 ua, —10;
plate ma., 6; grid-No.2 ma., 2. The application of this type is similar to that of miniature type 6BHS6.,

s REMOTE-CUTOFF PENTODE

Glass lock-in type used as rf amplifier in
high-frequency and wide-band applications.
Outline 12, OUTLINES SECTION. Tube re-
quires jock-in socket. Heater volts (ac/dc), 6.3; 7 AH 7
amperes, 0.15. Maximum ratings and character-
K jstics as class A; amplifier: plate and grid-No.2

volts, 250 (300 max): plate dissipation, 2 mazx

watts; grid-No.2 dissipation, 0.7 max watt; bias

8s resistor, 250 ohms; grid No.3 and internal shield

connected to cathode at socket; plate resistance (approx.), 1 megohm; transconductance, 3300 umhoss
grid-No.1 volts for transconductance of 35 pmhos, 20 volts; plate ma., 6.8; grid-No.2 ma., 1.9, The
application of this type is similar to that of miniature type 6BJ6.

TWIN DIODE—HIGH-MU TRIODE

Glass lock-in type used as FM detector and
audio amplifier in circuits which require diode
and triode units with separate cathodes. Qutline 7K7
12, OUTLINES SECTION. Tube requires lock=
in socket. Heater volts (ac/dc), 6.3; amperes,
0.3. For ratings and typical operation, refer to
glass-octal type 6AQ7-GT.

TWIN DIODE—HIGH-MU TRIODE

Glass lock-in type used as combined de-
tector, amplifier, and ave tube in circuits which
require diodes with separate cathodes. Outline
15, OUTLINES SECTION. Tube requires lock-
in socket. Heater volts (ac/dc), 6.3; amperes, 7 x7
0.3. Ratings and characteristics of triode unit as
class A1 amplifier: plate volts, 250 (300 max);
grid volts, —1; amplification factor, 100; plate
resistance, 67000 ohms; transconductance, 1500
pmhos; plate ma., 1.9.
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HIGH-MU TWIN TRIODE

]2 A-I- 7 Miniature type used as grounded-

grid amplifier or frequency converter

in the FM and television broadcast

bands. Outline 11, @UTLINES SEC-

TION. Tube requires noval nine-con-~

tact socket and may be mounted in any position. Each triode unit is independent
of the other except for the common heater.

HEATER ARRANGEMENT Series  Parallel

HEATER VOLTAGE (AC/DC) . ... itvvtteiitiniaernnnernnrananaas .. 12.6 6.3 volts
HEATER CURRENT 0.15 0.3 ampere
DiRECT INTERELECTRODE CAPACITANCES (No external shield):

Grounded-Cathode Operation

Grid to Plate (Each Unit) ........ ... iiieeitiineinnnnnas . 1.45 uunf
Grid to Heater and Cathode (Each Unit) . .................... . 2.5 upf
Plate to Heater and Cathode (Unit No.1) ,.............. Cevees 0.45 puf
Plate to Heater and Cathode (Unit No.2) .. i 0.35 puf
Gridto Grid . ..............ciiiiiinnn. PN 0.005 max puf
Plate to Plate . . ... ... ittt iniaiinieeaas .. 0.4 maz [
Heater to Cathode (Each Unit) ..............c0viennens [ 2.5 wuf
Grounded-Grid Operation
Plate to Cathode (Each Unit) ..................... e 0.15 wnf
Cathode to Heater and Grid (Each Unit) . ... 5.0 upf
Plate to Heater and Grid (Unit No.1}) ........ 1.6 ppf
Plate to Heater and Grid (Unit No.2) ... vverennvnnnnnnnnnnn, 1.5 puuf
Maximum Ratings: CLASS A, AMPLIFIER {Each Unit}
PLATE VOLTAGE. . . ottt ittt ettt e eeie it eeeennnacreraaansennas 300 volts
PLATE DISSIPATION. - ...ttt ieetesnonnnearnaaaannnnes 2.5 watts
PEAK HRATER-CATHODE VOLTAGE:
Heater negative with respect to cathode ......... ettt e 90 volts
Heater positive with respect to cathode ... .. NP 90 volts
Characteristics:
Plate Voltage........ e iseeereaniea it et trsataans .. 100 180 250 volts
Grid Voltage. . ....... et ettt i ieaeaaa -1 -1 -2 volts
Amplification Factor.......... 54 62 55
Plate Resistance (Approx.)...... . 13500 9400 10000 ohms
Transconductance. . ...........cc.ccuvinennnen.. L 4000 6600 5500 umhos
PlateCurrent. . ... i 3.7 11 10 ma
AVERAGE PLATE CHARACTERISTICS
FOR EACH UNIT
L] T T T T
TYPE 12AT7
E¢=12.6 VOLTS
SERIES HEATER ARR ot
”
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TWIN DIODE—
HIGH-MU TRIODE

Miniature type used as combined ]2AV6

detector, amplifier, and ave tube in

automobile and ac-operated receivers.

Outline 10, OUTLINES SECTION.

Heater volts (ac/dc), 12.6; amperes, 0.15. Except for heater rating, this type
is identical with miniature type 6AV6.

PENTAGRID CONVERTER

Miniature type used as converter
in ac/dc superheterodyne circuits espe- ]28A7
cially those for the FM broadcast
band. Except for overall length of 254
inches and seated height of 234 inches,
the dimensions of type 12BA7 are given by Outline 11, OUTLINES SECTION.
Heater volts (ac/dc), 12.6; amperes, 0.15. Except for heater rating, this type is
identical with miniature type 6BA7.

MEDIUM-MU TWIN TRIODE
Glass lock-in type used as voltage amplifier
or phase inverter in radio equipment. Outline
12, OUTLINES SECTION. Tube requires lock- I'4AF7
in socket. Heater volts (ac/dc), 12.6; amperes,

0.15. Except for heater ratings, this type is elec-
trically identical with lock-in type TAF7.

BEAM POWER AMPLIFIER

Glass lock-in type used as output amplifier
in ac/de radio receivers. Qutline 15, OUT-
LINES SECTION. Tube requires lock-in " 4C 5
socket. Heater volts (ac/de}, 12.6; amperes,
0 225. Except for heater rating, this type is
electrically identical with lock-in type 7C5 and
metal type 6V6.

TWIN DIODE—REMOTE-CUTOFF
PENTODE

Glass lock-in type used as combined de-
tector, amplifier, and ave tube in ac/dc re- 'I 4E7
ceivers. Outline 12, OUTLINES SECTION.
Tube. requires lock-in socket. Heater volta
(ac/dc), 12 6; amperes, 0.15. Except for heater
rating, this type is electrically identical with
lock-in type TE7.

MEDIUM-MU TWIN TRIODE

Glass lock-in type used as amplifier or
oscillator in ac/de radio equipment. Except for
overall length of 2-9/82 inches and seated height
of 134 inches, the dimensions of type 14F8 are ]4F8
given by Outline 12, OUTLINES SECTION.
Tube requires lock-in socket. Heater volts
(ac/dc), 12.6; amperes, 0.15. Except for heater
rating, this type is electrically identical with
lock-in type 7F8.
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MEDIUM-MU TWIN TRIODE

-l 9 J 6 Miniature type used for converter

service in ac/de AM and FM receivers

and as oscillator, amplifier, or mixer in

television receivers of the ‘“‘transform-

erless” type. Outline 10, OUTLINES

SECTION. Tube requires miniature seven-contact socket and may be mounted in

any position. For direct interelectrode capacitances, ratings, and typical operation
as a class A, amplifier, and curves, refer to type 6J6.

HFATER VOLTAGE (AC/DC) . vttt vntertunneerneseocossncnserasssssans 18.9 volts
HEATER CURRENT. . .0 tvtisttresanensonensroerosnonooscsecensns eene 0.15 ampere

MIXER SERVICE
Values are for each unit.

Maximum Ratings:

PLATE VOLTAGE. . o ot v it iinensnesessnsnssnascosonsanoaasssosansssn 300 maz volts
PLATE DISSIPATION. . . .. .. it iiitiernrersensasantincasassassoncnns . 1.5 maz watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. ........... .. .ciiiaaa, 90 max volts
Heater positive with respect tocathode. ..........c.ciiiiiiiiiaines 90 max volts

Typical Operation and Characteristics:

Plate Voltage. .. ... ... i ittt ittt iaeenoerenssassnssoonans .o 150 volts
Cathode-Bias Resistor*. .. .......... . .0ciiivennns 810 ohms
Peak Oscillator Voltage. . ...............0.0ann 3 volts
Plate Resistance. . .. ......... ... iiieininiinnnn - . 10200 ohms
Conversion Transconductance 1900 pmhos
Plate Current. . ... .. ... i i e e e s 4.8 ma

* Under maximum rated conditions, the resistance in the grid circuit should not exceed 0.5 megohm
with cathode bias. Operation with fixed bias is not recommended.

TRIPLE DIODE—HIGH-MU H
TRIODE «
.
Miniature type used as combined { :23'
19T8 audio amplifier, AM detector, and FM ‘ 3

detector in AM /FM receivers of the ro;

ac/dc or “transformerless” type. Out- ®

line 11, OUTLINES SECTION. Tube F53 P
requires noval nine-contact socket and may be mounted in any position. Heater
volts (ac/dc), 18.9; amperes, 0.15. Except for heater rating, this type is identical
with miniature type 67T8.

BEAM POWER AMPLIFIER

Miniature type used in output

stage of compact, ac/de radio receiv-

3 5C 5 ers. Because of its high power sensi-

tivity and high efficiency at plate and

screen voltages available in ac/dc re-

ceivers, the35C5is eapable of providing

a relatively high power output. Outline

13, OUTLINES SECTION. Tube requires miniature seven-contact socket and may

be mounted in any position. Except for terminal connections and slightly higher

ratings, type 35C5 is equivalent in performance to miniature type 35B5 and, within

its maximum ratings, to glass-octal type 35L6-GT. The basing arrangement of the

385C5 simplifies the problem of meeting Underwriters’ Laboratories requirements

in the design of ac/de receivers. Refer to type 35B5 for installation and applica-
tion considerations and curves.
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HEATER VOLTAGE (AC/DC) .+ v v vt ronsasossonnsoronasssssasssannsssans 35 volts
HEATER CURRENT. . ......... trseerasnena T I8 £ ampere

DIRECT INTERELECTRODE CAPACITANCES (Approx.):°

Grid No.l1toPlate . ......covvveiiiinonerennens erriensesseseanensss 0,87 put
Input.................. s ees s e et sis e nss o nsarnbbaaserebasanrnasen 12 apf
Output.............0eenun ereesaeseaienes reseeseann vereracecnssas. 6.2 nuf

° With no external shield.

Maximum Ratings:

PLATE VOLTAGE. . ........... P 135 mazx volts
GRID-N0.2 (SCREEN) VOLTAGE. ... . 117 maxz volts
PLATE DISSIPATION. . . . ....... 4.5 max watts
GRID-NO.2 DISSIPATION. ..., 1.0 maz watt
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode........... tecrirecsertaanoennen 180 mazx volts

Heater positive with respect to cathode. ............ tesesecseersssnnena 180 max volts
BuLs TEMPERATURE (At hottest point on bulb surface).....ccvevease 250 max °C
Typical Operation:
Plate Voltage. . .. ... ..o, Wieesieensenvasensaetaressnnonn 110 volts
Grid-No.Z Voltage. . . ... ittt iiitienirenrsneninsssssessnann .. 110 volts
Peak AF Grid-No.l Voltage. . ... ccvviiiireenisenereonnrnseeensoreness 7.5 volts
Zero-Signal Plate Current. ... ... ... ... iiiiiiirarianennnens ene 40 ma
Maximum-Signal Plate Current. .. ............ 41 ma
Zero-Signal Grid-No.2 Current (Approx.)...... . 3 ma
Maximum-Signal Grid-No.2 Current (APProX.). . ...c.ovvieercrsrnnncrsnase T ma
TranscondUuCtanCe. . . .. .. oottt ittt iieraeaaranotasaannssnassanans 5800 wpmhos
Load Resistance. ... ... v iuiiiitiiiiinennaseneeesannnans eeeaaeses 2500 ohms
Total Harmonie Distortion. . ... ... ... cciiiiiiiiinnannss ceesrsesenne 10 per cent
Maximum-Signal Power Output.............c..c... Cheeisesrssnceesannn 1.5 watts
Maximum Circuit Values (For maximum rated conditions):
Grid-No.1-Cireuit Resistance { FECREEGS 77 NI Qe medobm

BEAM POWER AMPLIFIER

Miniature type used in output
stage of compact, ac/de radio receiv-
ers. Because of its high power sensi- soc 5
tivity and high efficiency at plate and
screen voltages available in ac/dc re-
ceivers, the 50C5his capableof providing
a relatively high power output. Outline
13, OUTLINES SECTION. Tube requires miniature seven-contact socket and may
be mounted in any position. Except for terminal connections and slightly higher rat-
ings, type 50C5 is equivalent in performance to miniature type 50B5 and, within
its maximum ratings, to glass-octal type 50L6-GT. The basing arrangement of the
50C5 simplifies the problem of meeting Underwriters’ Laboratories requirements
in the design of ac/de receivers. Refer to type 50B5 for installation and application
considerations and curves.

HEATER VOLTAGE (AG/DC). .. cvvvveneennnann vererarenan 50 volts
HEATER CURRENT. . . ..o iiievntericneneissonconsnsnass erviveaarenes 0,15 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx ):°
Grid No.ltoPlate . . .....v v ineineennnnerenanns Cereanaes veevenee. 0.64 puf
DU . . ot i ittt e tas e e e ere e P 13 upf
Qutput.............. et etesesetninsannnn O 1 § wuf

© With no external shield.
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Maximum Ratings: CLASS A; AMPLIFIER

PLATE VOLTAGE. .t 4t vt tvtivivrennnreansorosenansstsesesosesanstonoas . 185 max volts
GRID-NO.2 (SCREEN) VOLTAGE. . ... .0.ttieteettanianaeeereananannnons 117 maz volts
PLATE DISSIPATION. . . ..ttt iiiiriiietaeieninneseseetnssnananns e 6.5 maz watts
GRID-NO.2 DISSIPATION. . s a0 vs et ttetanutannnansearerorsenatonsansass 1.25 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respecttocathode . .. ........... ... iivinenn... 180 max volts

Heater positive with respect tocathode . .............. ... ...cuvvvnn.s 180 max volts
BuLB TEMPERATURE (At hottest point on bulb surface).................... 250 max °C
Typical Operation:
Plate Voltage. . ... ..ottt i i it e s aariareecnranatnann 110 volts
Grid-No. 2 Voltage. . . . .. . ittt ittt eretennrenseenonnarananens 110 volts
Grid-No.1 (Control-Grid) Voltage. .. ... .. .coiiii it innnann ~7.5 volts
Peak AF Grid-No.l Voltage. . ... ... ittt it iinisanann 7.5 volts
Zero-Signal Plate Current. ... ... .ottt i i e 49 ma
Maximum-Signal Plate Current. ........ ... ...ttt innnennnnn.. 50 ma
Zero-Signal Grid-No.2 Current (ADPProX.). . ... vvivnranennenerereannennans 4 ma
Maximum-Signal Grid-No.2 Current (AppProxX.). .. .....ovvveivirennennnnn.. 8.6 ma
Plate Resistance (APProX.) . ... .vuiiiiiieiinrintneinarennnoriroanaesenas 10000 ohms
TransSCONAUCLRICE, ¢ 4 s oo v v ot ev e et tar e iiesrsaoasotoasoasnarnssnnen 7500 pmhos
Load ReSiStance. .o cuuvi ettt niriet i rosenonvononnennenannann 2500 ohms
Total Harmonic Distortion. .. ... .ooviiiiiiiiiiiiiiiiinn it iinnnnennans 9 per cent
Maximum-Signal Power Qutput. . . . ..o vt iiniiiiiiiiiieiniieneaannan. 1.9 watts

Maximum Circuit Values (For maximum rated conditions):

Grid-No.1-Cireuit Resistance { GREPEZ®% - 2oy §imer mekohm

VACUUM RECTIFIER-DOUBLER

Lock-in type used as half-wave rectifier or
voltage doubler in ac/de receivers. Outline 15,
OUTLINES SECTION. Tube requires lock-in
SOX6 socket. Heater volts (ac/dc), 50; amperes, 0.15.
This type is electrically identical with glass-
octal type 50Y6-GT and, except for heater
rating, with glass-octal type 25Z6-GT. Refer to
type 25Z6-GT for maximum ratings, typical
operation, and curves.

HALF-WAVE VACUUM RECTIFIER P

Glass octal type used in power supply of

ac/de/battery radio receivers. Dimensions: NC

maximum overall length, 38 inches; maximum 9
l]7z4-GT seated height, 234 inches; maximum diameter,

1-5/16 inches; T-9 bulb; intermediate-shell

octal 7-pin base. Tube requires octal socket. H e "o

Heater volts (ac/dc), 117; amperes, 0.04. Maxi- o o

mum ratings as half-wave rectifier: peak inverse NC K

plate volts, 3560 mazx; peak plate ma., 540 max;
peak heater-cathode volts, 178 maz. Typical operation with capacitor-input filter: ac plate supply volts
(RMS), 117; minimum total effective plate-supply impedance, 30 ohms; dc output ma., 90.
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Technical Publications on RCA Tubes

Copies of the publications listed below may be obtained from your RCA Tube Distributor, or direct from
Commercial Engineering, Tube Department, Radio Corporation of America, Harrison, New Jersey.

o TUBE HANDBOOK—ALL TYPES HB-3 (7-34" x 5). The bible of the industry—contains over 2000
pages of loose-leaf data and curves on all RCA receiving tubes, power tubes, cathode-ray tubes, photo-
tubes, and special tubes. Three deluxe 4-prong binders imprinted in gold. Available on subscription
basis. Price $10.00* including service for first year. Write to Commercial Engineering for descriptive
folder and order form.

o RECEIVING TUBE MANUAL—RC-15 (834" x 5-14")—256 pages. Supersedes RC-14. Completely
revised and brought up to date. Contains the latest receiving tubes, including miniature types and
kinescopes. Features tube theory written for the layman, application data and circuits for both AM and
FM equipment, and an expanded Resistance-Coupled Amplifier Section. Price 35 cents.*

o PHOTOTUBES BOOKLET—PT-20R1 (11’ x 8-34"") —16 pages. Phototube theory, data on 15 types,
curves and circuits for light-operated relays, light measurements, and sound reproduction. Single copy
free on request.

o RADIOTRON DESIGNER'S HANDBOOK—(9"" x 6')—356 pages. Edited by E. Langford Smith of
Amalgamated Wireless Valve Company Pty. Ltd. in Australia. Of value to anyone interested in funda-
mental principles of practical circuit design. Copiously illustrated. Price $1.25.*

e POWER AND GAS TUBES FOR RADIO AND INDUSTRY—Bulletin PG-101 (11" x 8-34")—16
pages. Technical information on air-and-water-cooled transmitting tubes, rectifiers, thyratrons, ig-
nitrons, and voltage regulators. Includes terminal connections. Price 10 cents.*

o PHOTOTUBES, CATHODE-RAY AND SPECIAL TYPES—Bulletin CRPS-102 (11" x8-14"")-—16 pages.
Technical information on gas- and vacuum-type phototubes, cathode-ray tubes, camera tubes, low-
microphonic types, acorn types, and other small tubes for special applications. Includes termmal
connections. Price 10 cents.*

o RECEIVING TUBES FOR AM, FM, AND TELEVISION BROADCAST—Bulletin 1275-D—24 pages.
Completely rev:sed and brought up to date. Contains characteristics for all RCA receiving tubes includ-
ing ki tion diagrams arranged for quick and easy reference. Price 10 cents.*

o INSTRUCTION BOOKLETS—Complete authorized information on RCA non-receiving types. Be sure
to mention tube-type booklet desired. Single copy on any type free on request.

® AIR-COOLED TRANSMITTING TUBES MANUAL—TT3 (8-34"' x 5-34"') —192 pages. Published several
years ago, this book still retains popularity for instruction purposes. It contains basic information on
generic tube types, tube parts and materials, tube ratings, tube installation and application, transmitter-
design considerations, rectifiers and filters, as well as data on many of the older tube types. Price 35 cents.*

@ QUICK-REFERENCE CHART, MINIATURE TUBES—Bulletin MNT-30A (11" x 8-14")—4 pages.
Contains characteristics, socket connections, and descriptions for RCA miniature tubes. Shows equiva-
lent metal and GT types. Single copy free on request.

o HEADLINERS FOR HAMS—Bulletin HAM-103 (11" x 8-14"")—4 pages. Technical information,
terminal connections, and prices on RCA “HAM’” PREFERENCE TYPES: class B modulators, class
C amplifiers and oscillators, frequency doublers, rectifiers, thyratrons, and voltage regulators. Single
copy free on request.

@ RCA PREFERRED TYPES LIST—Bulletin PTL-501 (11" x 8-34")—4 pages. Lists RCA Preferred Tube
Types, both receiving and non-receiving, by function. An aid to equipment designers in the selection
of tube types for new equipment design. Single copy free on request.

® QUICK SELECTION GUIDE, NON-RECEIVING TYPES—Bulletin 2F403 (11" x 8-14")—4 pages.
Contains brief identifying technical data on over 260 non-receiving types: vacuum power tubes, rectifier
tubes, thyratrons, ignitrons, voltage regulators, phototubes, cathode-ray tubes and special types.
Single copy free on request.

*Prices shown apply in U.S.A. and are subject to change without notice.
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Reading List

The following list of references gives texts of both elementary and advanced
character. Obviously, the list is not inclusive, but it will guide the reader to other
references.

ALBERT, A. L. Fundamental Electronics and Vacuum Tubes. The MacMillan Co.
CHAFFEE, E. L. Theory of Thermionic Vacuum Tubes. M cGraw-Hill Book Co., Inc.
CHUTE, G. M. Electronics in Industry. McGraw-Hill Book Co., Inc.

Co0KE, N. M. Mathematics for Electricians and Radiomen. MecGraw-Hill Book
Co., Inc.

Dow, W. G. Fundamenials of Engineering Electronics. John Wiley and Sons, Inec.
EAsSTMAN, A. V. Fundamentals of Vacuum Tubes. McGraw-Hill Book Co., Inc.
EveRrITT, W. L. Communication Engineering. McGraw-Hill Book Co., Inc.
FINK, D. G. Engineering Electronics. McGraw-Hill Book Co., Inc.

FINK, D. G. Principles of Television Engineering. McGraw-Hill Book Co., Inec.
GHIRARDI, A. A. Modern Radio Servicing. Radio and Technical Publishing Co., Inec.
HexNEY, KErtH Radio Engineering Handbook McGraw-Hill Book Co., Inc.
Hoag, J. B. Basic Eadio. D. Van Nostrand Co., Inc.

KoLLER, L. R. Physics of Electron tubes. McGraw-Hill Book Co., Inec.

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

MCILWAIN AND BRAINERD. High-Frequency Alternating Currents. John Wiley and
Sons, Inec.

M.I.T. ELECTRICAL ENGINEERING STAFF. Applied Electronics. John Wiley and
Sons, Inc.

MOYER AND WOSTREL. Radio Receiving and Television Tubes. McGraw-Hill Book
Co., Inc.

PENDER, DELMAR, AND McILWAIN. Handbook for Electrical Engineers—Communi-
cations and Electronics. John Wiley and Sons, Inc.

PREISMAN, A. Graphical Constructions for Vacuum Tube Circuits. McGraw-Hill
Book Co., Inc.

Proceedings of the Institute of Radio Engineers (a monthly publication).

REeicH, H. J. Theory and Applications of Eleciron Tubes. MeGraw-Hill Book
Co., Inc.

RICHTER, WALTHER. Fundamenials of Industrial Electronic Circuits. McGraw-Hill
Book Co., Inc.

TERMAN, F. E. Fundamentals of Radio. MeGraw-Hill Book Co., Inc.
TERMAN, F. E. Radio Engineering. McGraw-Hill Book Co., Inc.

TERMAN, F. E. Radio Engineers Handbook. McGraw-Hill Book Co., Ine.

The Radio Amateurs Handbook. American Radio Relay League.

VAN DER BuL, H. J. Thermionic Vacuum Tubes. McGraw-Hill Book Co., Inc.

ZWORYKIN AND MORTON. Television: The Electronics of I'mage Transmission. John
Wiley and Sons, Inc.
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RCA Receiving Types NOT Recommended
For New Equipment Design

Certain receiving tube types should be avoided in the design of
new equipment because they are approaching obsolescence or have
limited or dwindling demand. Such RCA Types are listed below:

*

0Z4-G 2A5* 6D8-G . 19 A

1A4-P 2A6 6F7* 24-A 49
1A6 2AT 6J7-G 25A6* 50
1B4-P 2B7 . . 6J8-G 25Z6* 53
1B5/258 2E5 6K5-GT 26 55
1Cé 3A8-GT 6K7-G 27 : 56
1C7-G 5T4* 6K8-G 30 57
1D5-GP 5W4* 6L5-G 31 . © 58
1D7-G 5X4-G* 6L7-G 32 59
‘1E5-GP 5Y4-G* 6P5-GT 32L7-GT 71-A*
1E7-G 6A3 6Q7-G 33 75 .
1F4 6A4/LA 6S7-G 34 76
1F5-G 6A6 6T7-G 35 it

1F6 6AT 6U7T-G 3524-GT* 78

" 1F7-G 6A8-G 6W7-G 36 79
1G5-G 6AC5-GT 6X5* 37 : 81
1H4-G 6B5 6Z7-G 38 82*
1H6-G 6B6-G 9AP4* 39/44 83-v*
1J5-G 6B7 10 41* - 84 /674
1J6-GT* 6B8-G 12A7 42* 85
1Q5-GT* 6C6 12AP4* 43* 89
2A4-G* 6D6 15 46* -

*Recently added to this list.

RCA Preferred Types List

A list of preferred tube types is available to assist equipment
designers and manufacturers in formulating their plans for future
production of electronic equipment. This list is based on periodie
surveys of the needs of the engineering and manufacturing fields and
keeps abreast of technological advances in tube design and appli-
cation.

A copy of this list will be gladly furnished on request. Write to
Commercial Engineering, Tube Department, Radio Corporation of
America, Harrison, N. J.






