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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 revised to
keep abreast of the technological advances in electronic 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. Con-
sequently, in the Tube Types Section, the presentation on the older
types has been limited to essential basic data while detailed informa-
tion 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:

CATHODE-RAY TUBES POWER TUBES
Special-Purpose Transmitting and
Kinescopes and Industrial Types
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TELEVISION CAMERA TUBES
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and Image Orthicons

THYRATRONS & IGNITRONS

SPECIAL TYPES
Acorn Types, Lighthouse
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Single-Unit, Twin-Unit, and Specralized-
and Multiplier Types Application Types
For Sales Information For Technical Information
on RCA Tubes, write to on RCA Tubes, write to
Sales Division Commercial Engineering

TUBE DEPARTMENT
RADIO CORPORATION OF AMERICA
Harrison, N. J.
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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 essential 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.
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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
700~750°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
3 0en 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 sleeve is a heater which is insulated from the sleeve. The ™jZi3ic®
heater is made of tungsten or tungsten-alloy wire and isused 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
plate potential, electrons flow from the cathode
to the plate and return through the external
plate-battery circuit to the cathode, thus com-
pleting the circuit. This flow of electrons is
known as the plate current, and may be meas-
ured by a sensitive current meter.

If a negative potential is applied to the

plate, the free electrons in the space surrounding the cathode will be forced back
to the cathode and no plate current will flow. Thus, electrons can flow from the
o 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
k9 negative. Plate current flows only during the time
f RecTIFiED outpyt When the plate is positive. Hence the current
YN~ N~ T~~~ through the tube flows in one direction and is

QUTPUT

{ said to be rectified. See Fig. 4. Diode rectifiers
} are used in ac receivers to convert ac to de
I 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-

{q | VOLTAGE INPUT current cycle. When two plates and one or more

' b 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 electrons to remain in the space-charge
region and repel others. This effect may be noted by applying increasingly higher
plate voltages to a tube operating at a fixed heater or filament voltage. Under these
conditions, the maximum number of available electrons is fixed, but increasingly
higher plate voltages will succeed in attracting a greater proportion of the free
electrons.

Beyond a certain plate voltage, however, additional plate voltage has little
effect in increasing the plate current. The reason is that all of the electrons emitted
by the cathode are already being drawn to the plate. This maximum current is
called saturation current (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,
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urement of their emission current but it is generally
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 an inch. Another method
of reducing spacecharge 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 ijonization due to bombardment of mercury atoms by electrons leaving the
cathode oceurs, the space-charge is neutralized by the positive mercury ions so that
increased numbers of electrons are made available. A mercury-vapor rectifier hasa
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 isinstantaneously positive and the cathode. Under
normal operating voltages, ionization does not take place between the anode that
is negative 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 cathode and
plate, the tube is known as a triode, the family name for a three-electrode tube.

6
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masm—

The grid usually is a winding of wire extending the length of the cathode. The
spaces between turns are comparatively large so that the passage of electrons from
cathode to plate is practically unobstructed by the turns of the grid. 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 /fiow O

of the grid and plate polarities. When the | pLATE

plate is positive, as is normal, and the CURRENT

de grid voltage is made more and more
negative, the plate is less able to attract
electrons to it and plate current decreases. iNPUTS WEATER
When the grid is made less and less nega- %

QUTPUT

P S c 3 8
tive (more and more positive), the plate 5_4[.1.5 [~ g]|t||||1
more readily attracts electrons to it and B * - *
plate current increases, Ilence, when the Fig. 6

voltage on the grid is varied in accordance

with a signal, the plate current varies with the signal. Because a small voltage
applied to the grid can control a comparatively large amount of plate current, the
signal is amplified by the tube. Typical three-electrode tube types are the 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 bétween
the input circuit. the circuit between grid and cathode, and the output circuit, the
circuit between plate and cathode. This coupling is undesirable in an amplifier
because it may cause instability and unsatisfactory performance.

TETRODES

The capacitance between grid and plate can be made small by mounting an
additional electrode, called the screen (grid No. 2), in the tube. With the addition
of the sereen, the tube has four electrodes
and is, accordingly, called a tetrode. The ELECTRON
screen is mounted between the grid and FLow

the plate and acts as an electrostatic A

shield between them, thus reducing the CURRENT
grid-to-plate capacitance. The effective- oL

ness of this shielding action is increased ouTPUT
by connecting a bypass capacitor between | oyr3 Rearer

screen and cathode. By means of the

screen and this bypass capacitor, the it 2 e

grid-plate capacitance of a tetrode is 2 sl ¥

made very small. In practice, the grid- Fig. 7
plate capacitance is reduced from several
micromicrofarads (uuf) for a triode to 0.01 puf 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
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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 cathode.
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
FLOwW

()

\B)

PLATE

SUPPRESSOR CURRENT
]

EOUTPUT

>

INPUT

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 6BAS6.

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-
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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
SCREEN TYPE 6L6

BEAM POWER
TUBE

N 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 50C5.

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 a 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 areintended 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, 617, 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 tais 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 6SQ7, 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 117TN7-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 6U5,6E5, 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 6SAT.
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.

KINESCOPES

The kinescope is a multi-electrode tube used principally in television receivers
for picture display. It consists essentially of an electron gun, a glass or metal-and-
glass envelope and face-plate combination, and a fluorescent screen.

REFERENCE METAL

LINE CONE w
FOCUSING g 7
coiL y 7
{ON-TRAP /7 P
MAGNET COVER A
GLASS 7
NECK SECTION g
// pld
BASE e
/2
= 24" DEFLECTED
=] ECECTRON —”| ELECTRON BEAM
1 -— - JBEAM ___—=7~
L = ION BEAM
v CONDUCTIVE
CATHODE: COATING
GRID GRID
N Ne3
GRID '
Ne2 DEFLECTING
YOKE
GLASS BULB
Fig. 10

10



RCA RECEIVING TUBE MANUAL

The electron gun includes a cathode for the production of free electrons, an
electron ‘“lens” system for accelerating the electrons and forming or focusing
them into a very narrow beam, and, optionally, a device for “‘trapping”’ unwanted
ions out of the electron beam.

Deflection of the beam is accomplished either electrostatically by means of
deflecting electrodes within the envelope of the tube, or electromagnetically by
means of a deflecting yoke placed on the neck of the tube. Fig. 10 shows the struc-
ture of the gun section of a kinescope and illustrates how the electron beam is
formed, how the ions are separated from the electron beam by means of the tilted-
gun and ion-trap-magnet arrangement, and how the beam is deflected by means
of an electromagnetic deflecting yoke.

The screen is a white-fluorescing phosphor (No. 4) of either the silicate or the
sulfide type. The spectral distribution of the energy emitted by the silicate type is
shown by the curve in the TUBE TYPES SECTION under type 5TP4, and that
for the sulfide type in the same section under type 12L.P4-A. The persistence of
the phosphorescence exhibited by either type of the phosphor No. 4 is such that its
brightness does not exceed 7 per cent of the peak value in 33 milliseconds after
excitation is removed.

Complete classification of tubes by services and filament or heater 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 dc 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 characteristics, 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
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is obtained by varying plate voltage and measuring plate current for different
control-grid bias voltages, while the transfer-characteristic curve is obtained by
varying control-grid bias voltage and measuring plate current for different plate
voltages. A plate-characteristic family of curves is illustrated by Fig. 11. Fig. 12
gives the transfer characteristic family of curves for the same tube.

Dynamic characteristics 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 4, 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 a
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 (g¢) 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-
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 dec plate voltage and dc plate current at
full signal, or

power output watts
average dc¢ plate volts X average dc plate amperes

X 100

Plate efficiency (%) =
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

12

Power sensitivity (mhos) =
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The input capacitance of an electron tube is the capacitance between the in-
put electrode and all other electrodes, except the output electrode, connected
together. When input capacitance measurements are made, it is usual practice
to ground the output electrode and to connect such elements as the heater and
shields together with the other electrodes.

The output capacitance of an electron tube is the capacitance between the
output electrode and all other electrodes, except the input electrode, connected
together. When output capacitance measurements are made, it is usual practice
to ground the input electrode and to connect such elements as the heater and
shields together with the other electrodes.

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 a 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 cutoffvalue 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 6f the class identification. The suffix 2 may be used to denote
that grid current flows during some part of the cycle.

For radio-frequency amplifiers which operate into a selective tuned circuit, as
in radio transmitter applications, or under requirements where distortion is not an
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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. 13 gives a graphical illustration of this method of ampii-
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. 14 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
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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 + plate resistance

Voltage amplification = , or

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. 15 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-
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

14
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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 all 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 bhias is used,
a loss in bias due to grid-emission effects is nearly compietely 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.
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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 (3) 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 1mpedance is high even at the ultra-high radio frequenc1es Input
admittance is the reciprocal of input impedance.

A remote-cutoff amplifier tube is a modified construction of a pentode or a
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
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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
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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. 16 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 cathodeemission and tube characteristics is essentially the sameas foruni-
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. 17 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 orid-bias voltages, the plate current of the remote-cutoff tube dreps 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 distortiop. 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.

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.
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Power tubes connected in either parallel or push-pull may be employed as
class A amplifiers to obtain increased output. The parallel connection (Fig. 18)
provides twice the output 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. 19), 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
de 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.

INPUT

i

@ AC FILAMENT SUPPLY &
Fig. 18

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. 20 for given conditions. The procedure is as
follows: (1) Locate the zero-signal bias point P by determining the zero-signal bias
Ec, from the formula:

Zero-signal bias (Eco) = ~(0.68 X Eb)/u

where Ej; is the chosen value in volts of dc 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. (§) Draw a straight line XY through
X and P.

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 (Emax ~ Emin) divided
by (Imax — Imin), where E is in volts and I is in amperes.
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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 dec plate voltage E, and the zero-signal dc plate current L. 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 calculations.

RCA-2A3
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Irig. 29

For power output calculations, it is assumed that the peak alternating grid
voltage is sufficient (1) to swing the grid from the zero-signal bias value Ec, to zero
bias (E. = 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 Emay and Inin; during the positive swing,
they reach values of Emin and Imax. Since power is the product of voltage and cur-
rent, the power output as shown by a wattmeter is given by

(Imax — Imin)  (Emax — Emin)
8

Power output =

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

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 _ Io

2

Imax — Imin X 100

% 2nd-harmonic distortion =

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. 20. The tube is to be operated at 250
volts on the plate.

Procedure: For a first approximation, determine the operating point P from the
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
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(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 dc 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. Enax, Emin, and Inm are then found from the
curves. Substituting these values in the power output formula, we obtain

.12 ~ 0. 365 — 1
Power output = 01290 012)8 (365 9%) = 8.52 watts

The resistance represented by load line XY is

(365 - 105) _
(———-0 12 - 0.012) 2410 ohma
If now the values from the curves are substituted in the distortion formula,
we obtain 012+ 0.012 o

2
% 2nd-harmonic distortion = T 01z2-0012 X 100 = 5.5%,

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 discussed 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. 21), intersecting the
E. = 0 curve at the point Img. Then, Imax is determined from the curve for use in
the formula

Power output = (Imax X Eo)/5
If Iinax is expressed in amperes and E, in volts, power output is in watts.
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The method for determining the proper load resistance for triodes in push-pull
is as follows: Draw a load line through Im.x on the zero-bias curve and through the
E, 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 {oad (Rpp) = 4 x (Eo - 0.6Eo)/Imax
E, is expressed in volts, Imaz in amperes, and Ryp in ohms.

Example: Assume that the plate voltage (E;) is to be 800 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¢ = 0 is Imux
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 (Rpp) = 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. 22.

PLATE MILLIAMPERES

*V is the Negative Control-Grid Bias Voltage at the Operating Point
Fig. 22

From a point A just above the knee of the zero-bias curve, draw arbitrarily
selected load lines to intersect 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 AOQ,. On the same line, lay off an
equal distance 0.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
be met with one line, as is the case for the line first chosen, then, another should be
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chosen. When the most satisfactory line has been selected, its resistance may be
determined by the following formula:

Emax — Emin

Load resistance (Rp) = Tmax — Imin

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

— - 2
Power output = [Imax — Imin+ 1.41 (Ix - Iy}]?Rp

32

In both of these formulas, I is in amperes, E is in volts, Rp is in ochms, 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 Ec,=V + 0.707V=1.707V, respectively.

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

Imax + Imin — 2 Io
Imax — Imin 4+ 1.41 (Ix - Iy)

Imax — Imin — 1.4} (Ix — Iy)
Imax — Imin 4 1.41 (Ix - Iy)

% total {2nd and 3rd) harmonic distortion = {%2nd)Z - (%sraii

% 2nd-harmonic distortion = X 100

%%, 3rd-harmonic distortion = X 100

The conversion curves given in Fig. 23 apply to electron tubes in general
but are particularly useful for power tubes. These curves can be used for
calculating approximate operating conditions for a plate voltage which is
not included in the published data on oper- 04 o6 os io 15 20 25
ating conditions. For instance, suppose it is I
desired to operate two 6L6’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 volts. The operating conditions a
for the new plate voltage can be determined /
as follows: First compute the ratio of the new 3 7!

g

8
7
6
-1

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 N e ]
the published values for 250-volt operation in NN L~
order to obtain the new values of grid bias NN

and screen voltage. This gives a grid bias of

-16 X 0.8 = —12.8 volts, and a screen voltage of e /j

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 /
on the chart as corresponding to the voltage ~o.a 7
conversion factor of 0.8. In this chart,

o o0 90
> > 9 ®

CONVERSION FACTORS Fy, Fp,FrsFgm
(=]

Fi applies to plate current and to screen
current,

F,, applies to power output

F; applies to load resistance and plate
resistance,

Fem applies to transconductance.

0.1

0.4 0.6 0.8 1.0 5 2.0 25
Thus, to find the power output for the new VOLTAGE CONVERSION FACTOR (Fg)
conditions, determine the value of F; for a Fig. 23

21



RCA RECEIVING TUBE MANUAL

voltage conversion factor of 0.8. The chart shows that this value of Fy, 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 outptit 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 E,, 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. 24. 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 a 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. 24, the plate-to-plate load
resistance in ohms of a push-pull amplifier is Rpp = 4Eo/1’, 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, Rpp = 4(Eo— 0.6Eo) /Imax, but is more general. Power
output = (Imax/+2)? 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/x or 0.636 Imax; the maximum-signal average
power input is 0.686 Imax Eo.

Tt 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, Inay is in amperes, Ry is in ohms, 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. 24 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 I, = 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 I.«)
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 tuhes which is 834.2 watts. Half of this
value, 17 waitts, 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 Ry,
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/ 2 )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, 0.6361m,x, is 0.127 ampere, and the maximum-signal average power
input is 38.1 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. 25 is a
curve of instantaneous values of plate current and dc grid-bias voltages taken from
Fig. 24. Values of grid bias are read from each of the grid-bias curves of Fig. 24
along the load line and are transferred to Fig. 25 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. 24). 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) — (—80) = —30-volt bias curve and read the plate current at this
intersection which is 0.167 ampere; likewise, at the intersection of a vertical line
at 300 4+ 40 = 340 volts and the (-60) + (-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. 24. 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 Io.; and the peak plate cur-
rent, Imax, are used in the following formula to find peak value of the third-har-
monic component of the plate current.

Ih: = (2Ie.5 — Imax)/8

In the example, where I;.; is 0.097 ampere and Iy 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. In; 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; = 2/3 (Imax + Io.s)

In the example: I, = 2/3 (0.2 + 0.097) = 0.198 ampere. Then, the percentage of
third-harmoniec distortion is (Ins/In) 100 = (0.0602/0.198)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 new 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 load 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 classAB; 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 constani-voltage type and the constant-current type,

The application of the constant-
vohiage type of inverse feedback to a
power output stage using a single
beam power tube is illustrated by
Fig. 26. In this circuit, Ry, R;, and C
are connected across the output of
the 6L6 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 de plate voltage from the grid.

= +8

- However, a portion of the tube’s af

Fig. 26 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. 27.

Consider first the amplifier without the use of inverse feedback. Suppose that
when a signal voltage es is applied to the grid the af plate current i’, 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’,. 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, p]ate voltage goes down; when plate current
goes down, plate voltage goes up.
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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 e’p, the
feedback voltage appearing on the grid is as shown by e’g. This voltage applied
to the grid produces a component of plate current i’ps. 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 ip. The dotted curve shown by i’y is the
component of plate current due to the feedback voltage on the grid. The dotted
curve shown by i’p is the component of plate current due to the signal voltage on
the grid. The 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 i, 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. 28. The circuit is conventional except that a feedback resistor, R;, 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
circuit in Fig. 26 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. 28

C- B5Ct 8+

Inverse feedback is not generally ap-
plied to a triode power amplifier, such as the 2A3, 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.

Another important application of inverse feedback is in the cathode follower
circuit, an example of which is given in Fig. 29. In this application, there is no load
resistance in the plate circuit; the output is taken from the load resistance in the
cathode circuit. The voltage amplification of a cathode follower may be expressed
by the following convenient formulas.

For a triode:
amplification factor X load resistance
plate resistance + load resistance X (amplification factor + 1)

Voltage amplification =

For a pentode:

Voltage amplification = transconductance X load resistance

1 + (transconductance X load resistance)

Resistance values are in ohms; transconductance values are in mhos. From
these formulas it can be seen that the voltage amplification is always less than unity.

>—0
OUTPUT
VOLTAGE

f

Fig. 29

In addition to having a wide frequency response, the cathode follower has the
features of high input impedance and low output impedance. These features permit
the cathode follower to be used to match a high-impedance source to a low-im-
pedance load. Typical applications would be the connection of a high-impedance
crystal phonograph pickup to a low-impedance transmission line, or the connection
of a wide-band, high-impedance, video signal source to a low-impedance trans-
mission line. In audio applications, however, the use of an unbypassed cathode
resistor, as required by a cathode-follower stage, is not recommended unless the
signal level of the stage is fairly high and the gain of the succeeding stages is moderate.

Selection of a suitable tube and its operating conditions for use in a cathode-
follower circuit having a specified output impedance can be made, in most practical
cases, by the use of the following formula to determine the required tube trans-
conductance.

Required transconductance (micromhos) = 1,000,000

output impedance (ohms)

Once the required transconductance is obtained, a suitable tube and its oper-
ating conditions may be determined from the TECHNICAL DATA SECTION.
The conversion curves given in Fig. 23 may be used for calculating operating
conditions for values of transconductance not included in the tabulated data. After
the operating conditions have been determined, the value of the required cathode
load resistance may be calculated from the following formula.
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For triode:

Cathode load resistance = output impedance X plate resistance

plate resistance — output impedance (1 + amplification factor)

For pentode:

Cathode load resistance = output impedance

1 — (transconductance X output impedance)

Resistance and impedance values are in ohms; transconductance values are

in mhos.
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If the value of the cathode load resistance caleulated to give the required output
impedance does not give the required operating bias, the basic cathode-follower
circuit can be modified in a number of ways. Two of the more common modifica-
tions are given in Figs. 30 and 31. In Fig. 30 the bias is increased by adding a
bypassed resistance between the cathode and the unbypassed load resistance and
returning the grid to the low end of the load resistance. In Fig. 31 the bias is re-
duced by adding a bypassed resistance between the cathode and the unbypassed
load resistance but, in this case, the grid is returned to the junction of the two
cathode resistors so that the bias voltage is only the dec voltage drop across the
added resistance. The size of the bypass capacitor should be large enough so that
it presents negligible reactance at the lowest frequency to be handled. In both
cases the B-supply should be increased to make up for the voltage taken for
biasing. Example: Select a suitable tube and determine the operating conditions
and circuit components for a cathode-follower circuit having an output impedance
that will match a 500-ohm transmission line. Procedure: First, determine the
approximate transconductance required.

Required transconductance =L9—(5)%*6(m= 2000 micromhos

A survey of the tubes that have a transconductance in this order of magnitude
shows that type 12AX7 is among the tubes to be considered. Referring to the
characteristics given in the technical data section for one triode unit of high-mu
twin triode 12AX7, we find that for a plate voltage of 250 volts and a bias of —2
volts, the transconductance is 1600 micromhos, the plate resistance is 62500 ohms,
the amplification factor is 100, and the plate current is 0.0012 ampere. When these
values are used in the expression for determining the cathode load resistance, we
obtain

. 500 X 62500 _
Cathode load resistance = g5=65—£00 oo F iy~ 2600 ohms

The voltage across this resistor when the plate current of 0.0012 ampere flows
is 2600 X 0.0012 = 3.12 volts. Since the required bias voltage is only -2 volts, the
circuit arrangement given in Fig. 31 is employed. The bias is furnished by a
resistance that will have a voltage drop of 2 volts when it carries a current of 0.0012
ampere. The required bias resistance, therefore, is 2/0.0012 = 1670 ohms. If 60
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cycles per second is the lowest frequency to be passed, 20 microfarads is a suitable
value for the bypass capacitor. The B-supply, of course, is increased by the voltage
drop across the cathode resistance which, in this example, is approximately 5 volts.
The B-supply, therefore, is 250 + 5 = 255 volts.

Since it is desirable to eliminate, if possible, the bias resistor and bypass
capacitor, it is worthwhile to try other tubes and other operating conditions to
obtain a value of cathode load resistance which will also provide the required bias.
If the triode section of twin diode—high-mu triode 6AT6 is operated under the
conditions given in the technical data section with a plate voltage of 100 volts
and a bias of -1 volt, it will have an amplification factor of 70, a plate resistance
of 54000 ohms, a transconductance of 1300 micromhos, and a plate current of
0.0008 ampere.

Then,

500 X 54000
54000 — 500 (70 + 1)

The bias voltage obtained across this resistance is 1460 X 0.0008 = 1.17 voits.
Since this value is for all practical purposes close enough to the required bias, no
additional bias resistance will be required and the grid may be returned directly
to ground. There is no need to adjust the B-supply voltage to make up for the
drop in the cathode resistor. The voltage amplification for the cathode-follower
circuit utilizing the triode section of type 6AT6 is

Cathode load resistance = = 1460 ohms

Voltage amplification = 51000 7_0 1>/<16104(2’(7)0 FO o 0.65

For applications in which the cathode follower is used to isolate two circuits—
for example, when it is used between a circuit being tested and the input stage of
an oscilloscope or a vacuum-tube voltmeter —voltage output and not impedance
matching is the primary consideration. In such applications it is desirable to use a
relatively high value of cathode load resistance, such as 50,000 ohms, in order to
get the maximum voltage output. In order to obtain proper bias, a circuit such as
that of Fig. 31 should be used. With a high value of cathode resistance, the voltage
amplification will approximate unity.

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 of the
output voltage across the primary of the output transformer: first, when a 400-
cycle signal is applied to the input, and second, when a 1000-cycle signal of the same
voltage as the 400-cycle signal is applied to the input. The correct value of 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.
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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
passages and thus can restore to the music reproduced from the record the volume
range of the original.

= _

AF QUTPUT Ci, Cs, Cs = 0.1 uf

Co, Cy, Cs = 0.5 uf

Ri1 = 1-Megohm Potentiometer
(Volume Control)

R:= 1 Megohm

Rs, Rs = 100,000 ohms, 1 watt

Rs = 1-Megohm Potentiometer
(Expansion Control)

10,000 ohms, 0.1 watt

R 100,000 ohms, 0.1 watt
Rs = 250,000 ohms, 0.1 watt
Rs = 500,000 ohms, 0.1 watt

' Rs

o

Fig. 32

A volume expander circuit is shown in Fig. 32. In this circuit, the gain of the
6L7 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 6J5, is amplified by the 6J5, and
is rectified by the 6H6. The rectified voltage developed across R;, the load resistor
of the 616, is applied as a positive bias voltage to grid No. 3 of the 6L7. Then,
when the amplitude of the signal input increases, the voltage across Rs increases,
and the bias on grid No. 3 of the 6L.7 is made less negative. Because this reduction
in bias increases the gain of the 6L7, the gain of the amplifier increases with increase
in signal amplitude and thus produces volume expansion of the signal. The 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 voltageis 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. 3 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 contact 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 616 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
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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. 33 shows a push-pull power amplifier, resistance-coupled by means of a
phase-inverter circuit to a singlestage triode T,. Phase inversion in this circuit
is provided by triode T.. The output voltage of T, is applied to the grid of T;. 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
cutput 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 P
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 Ep,
(Rs+Rs)/ Rsshould equal the volt-
age gain of T,. Under the conditions
where a twin-type tube or two Fig. 83
tubes having the same characteristics are used at T, and T, R, should be equal to
the sum of R; and Rs. The ratio of R:4¥R; to R 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:; Rs is equal to Ry
minus R;. Values of R;, Rs, R; plus R, and R, 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
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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
kilocycles, 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. 34. 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 circuit are shown in Fig. 35. 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

0 TRANSTORMER plate is positive with respect to the cathode. In the
wusse full-wave eireuit, current flows to the filter on every
half-cycle, through plate No. 1 on one half-cycle

*’A AN AN when plate No. 1 is positive with respect to the
g cathode, and through plate No. 2 on the next half-
_r \/ \/ \}ac;fﬂmgmz cycle when plate No. 2 is positive with respect to the

cathode. Because the current flow to the filter is
M %W more uniform in the full-wave circuit than in the
o rateswiaz - half-wave circuit, the output of the full-wave circuit
pwomedvl- pequires less filtering. Rectifier operating informa-
wAade  tion and circuits are given under each rectifier tube
oc vomce type and in the CIRCUIT SECTION, respectively.

AVAILABLE FOR

1 ‘5

RADORECEIVER Parallel operation of rectifier tubes furnishes
FULL-WAVE RECTIFICATION  an output current greater than that obtainable
Fig. 34 with the use of one tube. For example, when two

full-wave rectifier tubes are connected in parallel,
the plates of each tube are connected together and each tube acts as a half-wave
rectifier. The allowable voltage and load conditions per tube are the same as for
full-wave service but the total load-handling capability of the complete rectifier
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is approximately doubled. When mercury-vapor rectifier tubes are connected
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 mercury-vapor rectifier tubes are connected
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. 36. 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.
_— Yy The action of a voltage doubler is briefly as

T follows. On the positive half-cycle of the ac

0C
° 1. outeut input, that is, when the upper side of the ac
3 input line is positive with respect to the lower
—, side, the upper diode passes current and feeds

Ti,T2 = SEPARATE FILAMENT a positive charge into the upper capacitor. As
TRANSFORMER WINDINGS positive charge accumulates on the upper plate
Fig. 86 of the capacitor, a positive voltage builds up

across the capacitor. On the next half-cycle of
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 de 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 capacitors. The arrangement shown
in Fig. 36 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. 37 and 38.

With the full-wave voltage-doubler circuit in Fig. 37, it will be noted that the
de load circuit can 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. 38 overcomes this difficulty by making
one side of the ac line common with the negative side of the de 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
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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.

VOLTAGE~-DOUBLER CIRCUIT VOLTAGE -OOUBLER CIRCUIT
FULL ~WAVE HALF-WaAVE

Tl ET%as1] |

nIv.
RMS Ry

oC bC
INPUT outeur  'NPUT = ouTPuT

Fw i B |

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

Fig. 87 rig. 38
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 component 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
from the modulated rf wave. The receiver stage in which this function is performed
is called the demodulator or detector stage.

s

UNMODULATED AF MODULATING
RF CARRIER WAVE AMPLITUDE - MODULATED
RF wWaAvE

Fig. 39

The effect of amplitude modulation on the waveform of the rf wave is shown
in Fig. 39. There are three different basic circuits 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. 40. The action of this circuit when a
modulated rf wave is applied is illustrated by Fig. 41. 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 half-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
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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

13
INPUT

Fig. 40

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. 41, 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,
the de 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 circuit similar to a full-wave rectifier to give
full-wave detection. However, in practice, -the advantages of this connection
generally do not justify the extra circuit complication.

The diode method of detection has the advantage over other methods in that it
produces less distortion. The reason is that 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. 42, Both diodes are connected together. R, is the diode load resistor. A por-
tion of the af voltage developed across this resistor is applied to the triode grid
through the volume control R;. 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 dc 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.
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Another diode-detector circuit, called a diode-biased circuit, is shown in
Fig. 43. 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
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OF NEXT
AUDIO
STAGE

IF
AF INPUT
OUTRYT

Fig. 43

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. 42 is that
the diode-biased circuit 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 ot 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
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 avc 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 6BF6 or
6ST7 having a medium-mu triode. Tube types having a high-mu triode or a
pentode should not be used in a diode-biased circuit.
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A grid-bias detector circuit is shown in Fig. 44. 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-capacitor method, illustrated by Fig. 45, is somewhat
more sensitive than the grid-bias method and gives its best results on weak signals.
In this circuit, there is no negative dec 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. 46, In this type of transmission, the frequency of the rf wave deviates from
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 translate those
deviations into a voltage whose amplitude va-
ries at audio frequencies. Since the deviations
occur at an audio frequency, the process is one
of demodulation, and the degree of frequency
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. 47. With modulation,
the frequency swings between B and C, and

Fig. 46 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 is very

short, the voltage developed is low. Because of these limitations, this cireuit is not
commonly used but it serves to illustrate the principle.

FREQUENCY-MODULATED RF WAVE.

The faults of the simple circuit are overcome in a push-pull arrangement,
sometimes called a discriminator circuit, such as that shown in Fig. 48. Because
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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

VOLTAGE

FREQUENCY
Fig. 47

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
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

Fig. 48

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. 49.

+

QUTPUT
VOLTAGE

CARRIER
FREQUENCY

Fig. 49

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. 50) and is, therefore, insensitive to changes in the differences in the
voltages due to amplitude modulation of the rf carrier.
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The basic ratio detector is given in Fig. 50. 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 {
k
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c
;CZ 5 AF
~ OUTPUT R2
Cq
DT
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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-cyecle. The rectified current. through R.: causes a negative voltage to
appear at the plate of diode 1. Because C; 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
across Cs. 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.

T
OIODE 2 —TL

Fig. 50

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
“Fact 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.

OUTPUT
OF LAST
IF STAGE

AVC
BIAS
VOLTAGE

TQ
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Fig. 51

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. 51. On each positive half-cycle of
tl}e 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
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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 avc. 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 o2
voltage from varying at audio frequency.
The filter is necessary because the voltage
drop across R; varies with the modulation  of casv

of the carrier being received. If ave volt- ‘7 ™€

age were taken directly from R, without

filtering, the audio variations in ave volt- 1 MEC. —

age would vary the receiver’s gain so as to oave N T

smooth out the modulation of the carrier. —3VI(MIN) T

To avoid this effect, the ave voltage is Czl [._, A

taken from the capacitor C. Because of =

the resistance R, in series with C, the ca- Fig. 52

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
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. 51, 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 avce 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. 52. In this circuit, the diode section D,
of the 6H6 acts as detector and avc 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 -3 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 Ry, 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 3 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
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gain for strong signals, but permits the gain to stay constant at a maximum value
for weak signals.

It can be seen in Fig. 52 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 changein controlling voltage. One application of them is as
tuning indicators in radio receivers. Types such as the 6U5, 6E5, and the 6AB5/6N5

contain two main parts: (1) a triode

CATHODE FLUORESCENT : :
lonT — _— FCOATING which operates as a dq ampllﬁel: an_d
SHIELD (2) an electron-ray indicator which is

_REVESORIREY  located in the bulb as shown in Fig. 53.
The target is operated at a positive
| —FRIORE voltage and therefore attracts elec-
trons from the cathode. When the elec-
trons strike the target they produce a
glow on the fluorescent coating of the
target. Under these conditions, the
target appears as a ring of light.

TRIODE __
GRID

Fig. 53

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
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. 64. 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.

“TYPE 6KY H6AFE-G
TRIODE
CONNECTED R
ELECTRON-
RAY TUBE
AVC =
VOLTAGE
1 MEG.,
~—AAAAA L e+
TO CONTROLLING -
VOLTAGE B R:TYPICAL VALUE 15 0.5 MEGOHM

Fig. 54 Fig. 65

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
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of the cathode and connected to individual base pins. It employs an external de
amplifier. See Fig. 55. 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 Ry Foae
1 MEG. .
AN ‘\ZVV\. / pePTITa The choice between electron-ray
tubes depends on the ave characteristic
0 ! of the receiver.The 6 E5 containsasharp-
A R, cutoff triode which closes the shadow

b angle on a comparatively low value of

CONTROLLING _1' ave voltage. The 6AB5/6N5 and
VOLTAGE

125 v,

Ra l

6U5 each have a remote-cutoff tri-
ode which closes the shadow on a larger
value of ave voltage than the 6E5. The
o 6AF6-G may be used in conjunction

1. with de amplifier tubes having either

R+ R2 = 16700 OHMS o g
1rre Fig. 56 remote- or sharp-cutoff characteristics.

The sensitivity indication of electron-ray tubes can be increased by using a
separate de 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. 56.

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. 57 and 58) 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

8= A- B 8- BEATER 6+

TRANSFORMER
Fig. 57 Fig. 58

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
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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.

Fig. 59

Fig. 59 is a basic multivibrator circuit of the free-running type. In this circuit,
oscillations are maintained by the alternate shifting of conduction 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. 60,

RADIO
INTERMEDIATE .
"“0“5:“ FREQUENCY | _FREQUENCY two voltages of different frequency, the
Mixer ouTPUT 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,
within the mixer tube to produce a
Fig. 60 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.

OSCILLATOR

FREQUENCY CONVERTER

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.
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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. 61. 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
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 func-

TYPE 6BE6
RF RF
INPUT OuUTPUT

GRID N2 3 RID N2 5
(RF SIGNAL} (SUPPRESSOR)

IGRIDS N2 244

GRID N21
(OSCILLATOR GRID) (SCREEN)

OSCILLATOR CATHODE
CIRCUIT

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-
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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 ave 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.
62; the 6BE6 may also be used with separate excitation. A complete circuit is
shown in the CIRCUIT SECTION.

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 6K 8 and a top view of its electrode arrangement is shown in Fig. 63.
The cathode, triode grid No. 1, and triode plate form the oscillator unit of the tube.

The cathode, hexode mixer grid

HEXODE GRID N4 (grid No. 1), hexode double-
{MIXER SCREEN SECTION} screen (grids Nos. 2 and 4)'
INTERNAL SHIELD hexode mixer grid (grid No. 8),

HEXODE { MIXER) PLATE

HEXODE (SIGNAL)
GRID N23

INTERNAL SHIELD sHELL and hexode plate constitute the
HEXODE GRID N2 TRIODE (0SC.) PLATE mixer unit. The internal shields
IMIXER SCREEN SECTION TRIODE (05C.)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 triode unit, (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. 8. The 6KS8 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.

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
oscillator tube. RF signal voltage is ap-
plied to one of the control grids and os- ___ TYPE 6L7
cillator voltage is applied to the other. |O3SiATR GRID N2
It follows, therefore, that the variations SEPARGTE (supPreSSOR) [ IF

TuBE

. . OUTPUT
in plate current are due to the combina-

m:xom: (wxeﬁ)

o1 CATHODE

Fig. 63

CIRCUIT

tion of the oscillator and signal frequencies. (oSCILL AT aR) GRIDS NE2 24
The arrangement of electrodes in a penta- (SCREEN)
grid-mixer tube is shown in Fig. 64. The T HEATER

tube contains a heater cathode, five grids, CIRCUIT | cadip =i~ CATHODE

and a plate. Grids Nos. 1 and 38 are o

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

plied to grid No. 1. This grid has a remote- Fig. 64

cutoff characteristic and is suited for con-

trol by avc 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 (afc) circuit provides a means of correcting
automatically the intermediate frequency of a superheterodymne receiver if, for any
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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 afc 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. 48 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 dc control voltage is used to control the grid bias
of an electron tube which comprises the variable reactance section (Fig. 65). The

! OC CONTROL
VOLTAGE

FAOM FREQ.
DETECTOR

T!

.[“__)

3

Fig. 656

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.

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. .
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The filament or heater voltage supply may be a direct-current source (a battery
or a de 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 dec 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 de 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 1.25-volt filament
subminiatures are operated from a single 1.5-volt flashlight-type dry-cell, when the
2-volt filament type tubes are operated from a single storage cell, or when the 6.3-
volt series are opéerated 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
Obm’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
(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 tubes are operated
in series, the resistor value is calculated by the following formula, also derived
from Ohm’s law.
supply volts — total rated volts of tubes

rated amperes of tubes

Thus, if a receiver having one 6SA7, one 6SK7, one 6SF7, one 25L6-GT, and one
257Z6-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.
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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-
! 111
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

Heater shunt resistance = , or 12.6 ohms

6.3
0.8 ~ 0.3
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/de 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. 66.

AUDIO T 1 CON- —4 AND IF POWER recTi- || O e
DETECTOR [T suupiirien VERTER STAGES AMPLIFIER FIER RESISTOR
—._]_T— 1, 17w &
i ACOR DC
Fig. 66

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 acline fluctuations should be very carefully noted. Some radio sets are equipped
with a line-voltage switch which permits adjustment of the power transformer
primary to the line voltage. When this switch is properly adjusted, the series-
resistor or booster-transformer method of controlling line voltage is seldom required.
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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
de power line or by the ac power line through a rectifier.

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 dec 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
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be obtained from a fixed source such as a separate C-battery or a tap on the voltage
divider of the high-voltage dc supply, from the voltage drop across a resistor in the
cathode circuit, or from the voltage drop across a resistor in the grid circuit. The
first method is called “fixed bias;” the second is called “cathode bias” or “self
bias;” the third is called “grid-resistor bias” and is sometimes incorrectly referred
to in receiving-tube practice as ‘‘zero-bias operation.” In any case, the ob-
ject 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. 67. The cathode current is, of course, equal to
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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

Resistance (ohms) =

Thus, the resistance required to produce 9 volts bias for a triode which operates
at 3 milliamperes plate current is 9 X 1000/3 = 3000 ohms. If the cathode current
of more 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 nf) 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
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high values of transconductance, such as the 6BA6, 12AW6, and 6AC7, 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-bigs resistor
unbypassed. In order to minimize feedback when this method is used, the external
grid-plate (wiring) capacitances should be kept to a mirimum, 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.

The grid-resistor biasing method is also a self-bias method because it
utilizes the voltage drop across the grid resistor produced by small amounts of
grid current flowing in the grid-cathode circuit. This current is due to (1) an
electromotive potential difference between the materials comprising the grid and
cathode and (2) grid rectification when the grid is driven positive. A large value
of grid resistor is required in order to limit this current to a very small value and
to avoid undesirable loading effects on the preceding stage. Examples of this
method of bias are given in circuits 16-1 and 16-4 in the CIRCUIT SECTION.
In both of these circuits, the audio amplifier type 1U5 or 12AV6 has a 10-megohm
resistor between the grid and the negative filament or cathode to furnish the
required bias which is usually less than 1 volt. This method of biasing is used
principally in the early voltage amplifier stages (usually employing high-mu
triodes) of audio amplifier circuits, where the tube dissipation will not be excessive
under zero-signal conditions.

A grid resistor is also used in many oscillator circuits for obtaining the required
bias. In these circuits, the grid voltage is relatively constant and its magnitude is
usually in the order of 5 volts or more. Consequently, the bias voltage is obtained
only through grid rectification. A relatively low value of resistor, 0.1 megohm or
less, is used. Oscillator circuits employing this method of bias are given in circuits
16-1 and 164 in the CIRCUIT SECTION.

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. 68 and 69; (2) from a bleeder circuit by means of a potentiometer as shown
in Fig. 70; 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. 51.

L

- 34 8- 8¢
Fig. 69

In all cases it is important that the control be arranged so that at no time will the
bias be less thanthe recommended minimum grid-bias voltage forthe particulartubes
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.
Where receiver gain is controlled by grid-bias variation, it is advisable to have the
control voltages extend over a wide range in order to minimize cross-modulation
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and modulation-distortion. A remote-cutoff type of tube should, therefore, be
used in the controlled stages.

SCREEN VOLTAGE 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
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. 71 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

O
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Fig. 71

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. 72 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 screen 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.

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. 71. 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.
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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.
Baffle 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 all
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 attention to lead
dress becomes increasingly important.

In high-gain audio amplifiers, these same precautions 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
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Fig. 73
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. 73 illustrates
several forms of filter circuits. Capacitor C forms the low-impedance path, while
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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
de 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.

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
resistor at that frequency. Better resulits 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. 74.

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
[% [N L
P o o
RECTIFIER ¢ T ovTeut RECTIFIER “T-¢ o OVTPUT RECTIFIER Tt OuTPOT.

TUBE T TuBE TUBE

[ x 0 o3 -0 [ . *

L=FILTER CHOKE € FILTER CAPACITOR
Fig. 74

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 dc 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
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. 75. 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
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Fig. 75

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 de 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 j €= 2-6pf
PLATE ' )
O INPUT 10-30H
INPUT < 8+ CHOKE 4 ouDSPEAKER
LOUDSPEAKER
83+ Q CATHODE ?
TRANSFORMER METHOD CHOKE-COIL METHOD

Fig. 76

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. 76. Examples of transformers for push-pull
stages are shown in several of the circuits given in the CIRCUIT SECTION.

HIGH -VOLTAGE CONSIDERATIONS FOR KINESCOPES

Like other high-voltage devices, kinescopes require that certain precautions
be observed to minimize the possibility of failure caused by humidity, dust, and
corona.

Humidity Considerations. When humidity is high, a continuous film
of moisture may form on the glass bulb immediately surrounding the anode
cavity cap of all-glass kinescopes or on the glass part of the cone of metal kine-
scopes. This film may permit sparking to take place over the glass surface to the
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external conductive coating or to the metal cone. Such sparking may introduce
noise into the receiver. To prevent such a possibility, the uncoated bulb surface
around the cap and the glass part of the cone of metal kinescopes should be kept
clean and dry.

Dust Considerations. The accumulation of dust on the uncoated area of the
bulb around the anode cap of all-glass kinescopes or on the glass part of the cone
or insulating supports for metal kinescopes will decrease the insulating qualities
of these parts. The dust usually consists of fibrous materials and may contain
soluble salts. The fibers absorb and retain moisture; the soluble salts provide
electrical leakage paths that increase in conductivity as the humidity increases.
The resulting high leakage currents may overload the high-voltage power supply.
It is recommended, therefore, that the uncoated bulb surface of all-glass kinescopes
and the coated glass surface and insulating supports for metal kinescopes be kept
clean and free from dust or other contamination such as finger-prints. The coated
glass surface of the metal kinescopes may be cleaned with a soapless detergent,
such as Dreft, then rinsed with clean water, and immediately dried.

Corona Considerations. A high-voltage system may be subject to corona,
especially when the humidity is high, unless suitable precautions are taken. Corona,
which is an electrical discharge appearing on the surface of a conductor when the
voltage gradient exceeds the breakdown value of air, causes deterioration of organic
insulating materials through formation of ozone, and induces arc-over at points
and sharp edges. Sharp points or other irregularities on any part of the high-voltage
system may increase the possibility of corona and should be avoided. In the metal-
cone kinescopes, the metal lip at the maximum diameter has rounded edges to
nrevent corona. Adequate spacing between the lip and any grounded element in
the receiver, or between the small end of the metal cone and any grounded element,
should be provided to preclude the possibility of corona. Such spacing should not
be less than 1 inch of air. Similarly, an air space of 1 inch, or equivalent, should be
provided around the body of the metal cone. As a further precaution to prevent
corona, the deflecting-yoke surface on the end adjacent to the cone should present
a smooth electrical surface with respect to the small end of the metal cone or the
anode terminal of all-glass tubes. For metal kinescopes, the end of the yoke should
not touch the glass part of the cone above the Reference Line (see Kinescope Out-
line Drawings in OUTLINES SECTION), but can follow the glass contour,
departing gradually from it. For all-glass kinescopes, the yoke should touch the bulb
cone near the Reference Line, and should follow the cone contour, departing
gradually from it.

KINESCOPE SAFETY CONSIDERATIONS

Tube Handling. Breakage of kinescopes, which contain a high vacuum, may
result in injury from flying glass. Do not strike or scratch the tube or subject it
to more than moderate pressure when installing it in or removing it from electronic
equipment.

High-Voltage Precautions. In the use of kinescopes, it should always be re-
membered that high voltages may appear at normally low-potential points in the
circuit because of capacitor breakdown or incorrect circuit connections. There-
fore, before any part of the circuit is touched the power-supply switch should be
turned off, the power plug disconnected, and both terminals of any capacitors
grounded.

X-Ray Radiation Precautions. All types of picture tubes may be operated at
voltages (if ratings permit) up to 16 kilovolts without producing harmful x-ray
radiation and without danger of personal injury on prolonged exposure at close
range. Above 16 kilovolts, special x-ray shielding precautions may be necessary.
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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.

Grid-No. 2 (Screen) Input is the power applied to the grid-No. 2 electrode and
consists essentially of the power dissipated in the form of heat by grid No. 2as 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 voltage 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. 77, 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. 77
input voltage, and dc 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
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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 de¢ 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
involving a rapidly repeating duty cycle (steady load), the average plate current
may be measured with a de meter.

Typical Operation Values. Values for typical operation are given for many
types in 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 in 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
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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 flament 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.

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 currents 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-supply 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, etc. 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 Aj 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.
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c. Converters—The maximum plate dissipation occurs at the ‘‘Zero-Signal’’
condition and the frequency at which the oscillator-developed bias is & minimum.
The screen dissipation for any reasonable variation in signal voltage must never
exceed the rated value by more than 10%,.

d. Screen 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.
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RCA Receiving Tube Classification Chart

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

A—Kinescopes
KINESCOPES
Approx. Bulb Diameter (Inches) 33 7 9 10 12 16 (Metal) | 19 (Meta
Focusing Method [DeRlection Method
B elecrrossatic slecwostatic 3KP4 P4
Viewed elechostatic magnetic TDP4 9AP4 12AP4
mognetic magnetic 10BpeA | 1apea | JEARAA | ioapen

Projection electrostatic magnetic 5TP4

B—Rectifiers, Detectors, Power and Voltage Amplifiers, Converters and Mixers, Electron-Ray Tubes

Types having similar characteristics and the same filamen! or heater voliege are bracketed.

Filament ar Heater Voits 1.95—1.4 20—5.0 6.3~117.0
Sub- | Minio-
miniature | ture Other Octol Other | Miniature Octol Otber
RECTIFIERS (For rectifiors with amplifier vaits, see POWER AMPLIFIERS).
Peak Invene Volts
3IW4 6WAGT
Hall- () eLrn A 3szs.c1"5 o
vacuum Below 1500 Wz
Wave II7Z¢CT Y4 358
Above 1500 1V2 1X24]1B3.CT 8
(5Y3.G 5424 524) {6X4{6X5,6X5-GT)
Below 1500 Y3GT. 5Y4-G{80) oﬁAZ)%%r 71;:
vacuum {5v4.G, 5W4 j83.v) 84/624
Foll- Above 1500 [mi,{%‘c )
Wave
ercury-
m m‘;;", Above 1500 g 8
: Cold-Cathade
g Below 1500 Types
0Y4024,024G
2526, 2526GT | 2525)
Dovble | vacum | Betow 1500 %‘ﬁﬂ saxs
11726G
DIODE DETECTORS (For diode detectrs with amplifier units, see YOLTAGE AMPLIFIERS ond olso POWER AMPLIFIERS).
One Diode 1A3
6ALS {6H6, SHO.GT,
Two Diodes 12413 Sen) 2N
POWER AMPLIFIERS with and without Rectifiers, Diode Detecton, and Voltage Amplifiers.
lowmv | single unit PR s o
single vnit GACS.CT
Tdodw | pighmu (13657 [19) {67, GN7.GT | 6A8)
twin unit 1C6CT 53 wz;-c'r 627.G »
direct-coupled anangement 6B5
6ASS SAUSCT 6Bo6GI L6 } | A5 1AS
66T CDB.C 16 1Cs
ingle unit 105-GT Mgs ]
single uni T Fsas, Bes) | [svicr) evec wc 35A8
11567 (5085, 50C3, 50A5
B'-m. 3LF4* 19BG6.C 008G NLELT
gt
MIC
with rectifies [mu 4:1-]
nmu:T
154 ASGT 1F4 IF3.G) {8AKé | 656G 785 JAD?
. . 1C3.GT lcs.é lm wsclm‘r 4 k]
single unit 1ACS ';?‘ 1LA4 BaIH GARS 6KO.GT 41, (]
2 iLB4 (2546 |3
Pentodes | _ with medium-mu triode 6AD7.C
with diode and tiode IDS.CT
with sectifies a7
Twin unit 18267
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are grouped in brackets. For more complete data on these types, refer to the TUBE
TYPES SECTION. When choosing a tube type, refer to information on Preferred
Types and the listing of Types Not Recommended for New Equipment Design on the
inside back cover.

Filament or Heater Volts 1.25—1.4 2050 6.3—111.0
Sub- | Minla-
miniotore | ture Other Octal Other Miniature Octaf Other
CONVERTERS & MIXERS (For other types used as Mixers, ses VOLTAGE AMPLIFIERS).
{6BES } 63A7 [w.wx.
6SATGT)  (SABCT. 6DB.G| 6A7,
id e | ow || ISENGD i
- W) i )
Converters 11BA7 (6BA7{65B7.Y) ~ 12A8CT
triode-hexode (6K8, 6K8-G) 12K8
triode-heptode 6J8.G Pz 7
octode 7A8
Misers pentagrid (617, 67G)
JELECTRON-RAY TUBES
with remote—cutofl tricde 6ABS/E6NS 6U5
Single
with sharp-cutoff triode 2E5 6ES
Twin without triode GAF6.G
Triple with friode . 6ALIGT
VOLTAGE AMPLIFIERS with and without Diode Detectors;
TRIODE, TETRODE, AND PENTODE DETECTORS, OSGLLATORS.
1 'ff‘xfsT (Hec| 30) 77 56f ecr 654 | ()5 sjgﬁjﬂfij T A 1A
l it 3
single unif P b ‘; "
with o
oo o7
with
pemode. 6ADIC
medivm-mu  {with
N IDSCT
ond diode JAscT
6R7, 6RI-GT TE6 4ES"
o (e | 257
1H6.G | 185, 68F6 |65R7, 6ST7 &
diodes ¢ i 13SR7
6J6 196  [(6FB.C. 6SN7. 1ISNZ.GT {7AF7  14AF7
Tedodes twin vt T mm AHICT | 778 148
(6FS, 6F3.G 12F3.GT
single unit GAB4 mm’?} 6KS.CT ™
12565 25ACS.CT
with diode oT
124T6 {6AT6 | 607, 6Q7-G 127.GT
Mgh-my with two [m)s %c’gm] 2%; 7BS 1486
diodes W5 nAve [uwc ceoz.esmcr] [ lmr] L I ]
6B6.C 125Q7.GT)
ith theoe
il e 6T3, 1978 6S3GT, 1258GT
12ATP 657, 125C7 [T
fein unlt 124X 6SLICT, 15L7.6T ©x w
T remote-cutoff »
odes sharp-cutoff UA R %
(6BDS 1 65K7. 6SK7.GT) _ (6K, 6KI1.G
T 1LC5 (oscp| 1a48) u(aw ¢ .n.sxmn[ 116(%1. ﬂ]u&:;
i 3}
single unit IPSCT 3% cists | oo 87 [ &7 | 7AWy 787
%6 6AB7 6SS7 651G, /4
remote-cutoll “with miode oF7
with diode 6SF7, 125F7
with two 287 1208 688 7E7 4ET
Pontodes diodes [GB&G 6BiJ TR
(6AGS. 6AKS5) [r6s, 12517 ] 6ACT
w | ue i ) (S5 L) 8
unglewnit | 1aps | M N (iescP ms) ﬁm o d . A wm M
shom <utol émus usm} [ * 68, 6WIG 77] w
with diode 1T6 1S5 US| ILDS
ith twi
with o wic | 1

* Filament arranged for cither 1.4 2.8-volt operation. ® Heater arranged for eithes 6.3-or 12.6-vokt operation.
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214 times actual size

1 — Glass Envelope
2 — Internal Shield
3 — Plate
4 — Grid No. 3 (Suppressor)
5 — Grid No. 2 (Screen)
6 — Grid No. 1 {Control Grid)
7 — Cathode
8 — Heater
9 — Exhaust Tip
10 - Getter
11 — Spacer Shield Header
12 — Insulating Spacer
13 — Spacer Shield
14 — Inter-Pin Shield
15 — Glass Button-Stem Seal
16 — Lead Wire
17 — Base Pin
18 — Glass-to-Metal Seal

Structure of a Miniature Tube



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 Rec-
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.

DETECTOR AMPLIFIER TRIODE

Storage-battery triode used as detector or
3) amplifier. Outline 36, OUTLINES SECTION.
Operating conditions as grid-resistor detector
are: plate volts, 45 maxz; grid resistor, 2 to 3 meg-
ohms; grid capacitor, 2560 uuf; grid return to
(+) filament. As biased detector, type 01-A has 01 "A
* plate volts of 135 max; bias of approximately
o o -13.5 volts. As amplifier, it has plate volts of
F 4 185 maz; bias of -9 volts. Filament volts, 5;
amperes, 0.25. This is a DISCONTINUED
type listed for reference only.

o
[2]

HALF-WAVE GAS RECTIFIER

.

Metal type used primarily in vibrator-type
B-supply units of automobile receivers. Utilizes
a starter electrode and an ionically heated cath-
ode. Starter anode permits operation of 0Y4 di- 0Y4
rectly from 117-volt ac line. Outline 3, OUT-
LINES SECTION, Tube requires octal socket.
Pins 7 and 8 must be tied together at socket.
RPF 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 maz; peak anode ma., 500
maz; dc output ma., 75 max, 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 eapacitor, 100 voits rms. This type is
used principally for renewal purposes.

FULL-WAVE GAS RECTIFIER

Metal type OZ4 and glass octal type OZ4-G
are used in vibrator-type, B-supply units. Both
have ionically heated cathodes, require octal
sockets, and may be mounted in any position. OZ4
QZ4 Outline 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. Base of OZ4-G
0Z4-G has no pin No. 2. Shell of OZ4 and ex-
ternal shield of OZ4-G should be grounded.
Filters may be necessary to eliminate objection-
able noise. These types are used principally for
renewal purposes.
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FULL-WAVE RECTIFIER

Maximum Ratings:

PEAK STARTING SUPPLY VOLTAGE PER PLATE. . ......................
PEAK PLATE-TO-PLATE VOLTAGE. . .. ...ciivinerrnneennnnnan PN
PEAK PLATE CURRENT. . «...vivnnnnnennnes Cereraenaa fetieersesenan
DC OutPUT CURRENT........... PN
DC OUTPUT VOLTAGE. .. ..ot e viiniecian st vanrenns teecesacsenanns
AVERAGE DyNaMIic TUBE VOLTAGE DROFP. . ... e Ceeraaeeaan
HF DIODE

Miniature type used as detector tube in porta-

ble FM receivers and in portable high-frequency

IA3 mesasuring equipment. Outline 12, OUTLINES

SECTION. Tube requires miniature seven-con-
tact socket. Heater volts (ac/de), 1.4; amperes,

0.15.
Maximum Ratings: HALF-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE. .. ... .tvuinenerecancrnnnsssonnorans
PRAK PLATE CURRENT . . . .0.iiiveiieantvannnninnes erenan ..
DC OUTPUT CURRENT. . ... vceinniiinnneeeanaosannaans PN
PEAK HEATER-CATHODE VOLTAGE. . . ....cvuivtvininnncnnsans N

Typical Operation {With Capacitor-Input Filter):

AC Plate-Supply Voltage (rms) .................... Cererssssnsannna
Filter-Input Capacitor. . ........c.civinininivnaennnans tetveseecsnen
Minimum Total Effective Plate-Supply Impedance........coovvvvnnne

REMOTE-CUTOFF PENTODE

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

.IA4_P erating data, refer to type 1D5-GP. Outline 34,
OUTLINES SECTION. Tube requires four-
contactsocket. Filament volts (dc), 2.0; amperes,
0.06. This type is used principally for renewal

purposes.

POWER PENTODE

Glass octal type used in output

GT stage of battery-operated receivers.
.IA5- Outline 22, OUTLINES SECTION.

Tube requires octal socket and may

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

volts
volts

volts
volts

330 max volts
6 max ma
0.5 maz ma
140 maz volts
117 voits
2 wuf
0 ohms
Gt o2
[ (]
% ©
OO,

r+ w

: M ces [

be mounted in any position. For fila- OO 3

ment considerations, refer to 1U4. N NG
FILAMENT VOLTAGE (DC)evvvvenecnsnnnosran 1.4 voits
FILAMENT CURRENT. ..... Ceevericesiea it feerearerrarens vee.. 0.06 ampere
Maximum Ratings: CLASS A, AMPLIFER
PLATE VOLTAGE.......... e reereraic e hresseneianenaens 110 max volts
GRID-NO.2 (S8CREEN) VOLTAGR . ... .cvvvineenrnnnnas Ceeenane veavssesenens 110 max volis
TOTAL ZERO-SIGNAL CATHODE CURBENT. ... .....cco0eenn 6 max ma
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———— —

Typical Operation:

Plate Voltage. . .. ....iiiiiiitiie ittt inneitirnnasnnans 85
Grid-No.2 Voltage................ P 85
Grid-No.1 (Control-Grid) Voltage. .. .......ovvirninennneennnn. 4.6
Peak AF Grid-No.1 Voltage. ... ... .. ..o it iniinnnnann. 4.5
Zero-Signal Plate Current. . .. ... ... ... .. iiireriinrnnnnnnn 3.5
Maximum-Signal Plate Current. ...............c00eiinnne reea 8.5
Zero-Signal Grid-No.2 Current...........couuiiinennnnunannenns 0.7
Maximum-Signal Grid-No.2 Current..........c..cooeiivieinnn., 1.0
Plate Resistance (ApPProX.). . ....c.cvveeeecnnnernacnecennannnnn 0.3
TranecondUCLADCe. . .. ... ovviitt it PP 800
Load Resistance. . ................... e i eeee ity . 25000
Total Harmonic Distortion............. Chiresenees ereereaeaas 10
Maximum-Signal Power Output.. ... veeeeceieeeencerennansones 100

PENTAGRID CONVERTER

Glass type used in battery-operated re-
ceivers. Type 1AS6 is identical electrically with
type 1D7-G, except for interelectrode capaci-
tances. Qutline 34, OUTLINES SECTION.
Tube requires six~contact socket. Filament volts
(dey, 2.0: amperes, 0.06. This type is used prin-
cipally for renewal purposes.

PENTAGRID CONVERTER

Glass octal type used in superhet-
erodyne circuits having battery power
supplies. Qutline 23, OUTLINES SEC-
TION. Tube requires octal socket and
may be mounted in any position. For
filament considerations, refer to 1U4.

FILAMENT VOLTAGE (DC). . o .0 vieiineierenesonenennnnennenes PN
FILAMENT CURRENT . .......iceneucnonnns PN

Maximum Rafirigs: CONVERTER SERVICE

PLATE VOLTAGE. .. .. cvvviernrrrernnnnronnnannsns Cerenveresenasras
GRIDS8-N0.3-AND-N0.5 (BCREEN) VOLTAGE. ¢ s vvrvevrannsennnen eeans
GRIDS-N0.3-AND-N 0.5 SUPPLY VOLTAGE. cevreorvnncnoaesns ceseaceene
GRID-NO.2 (ANODE-GRID) VOLTAGE. ......

ToTAL ZERO-SIGNAL CATHODE CURRENT. . o, covievsocsnrnososnsnons

Typical Operation:

Plate Voltage. . . .......c..ciiieieinninans PR faresseeerrasennans
Grids-No.8-and-No.b Voltage* . . ... ...iiiiiiiinnenieereniannnes .
Grid-No.2 Voltage ...........ccoiiiiinanennnns .

Grid-No.4 (Control-Grid) Voltage®*. . .,
Grid-No.1 (Oscillator-Grid) Resistor
Plate Resistance. .. .............oinones
Conversion Transconductance
Conversion Transconductance with grid-No.4 bias of ~8 volts (Approx.)

Plate Current. ............couve Ceesereseaereerinaianan Cesasneens
G1rids-No.3-and-No.5 Current . . e veeevnorecrserreeieainioreasencnans
Grid-No.2 Current. . .. oeuiereoniann ettt
Grid-No.l Current. . .. ... i iieniiiieerianiaaiineeenrnsasesoonnens
Total Cathode Current............. Y Ceveaeaee

————
90 volta
90 volts
4.5 volts
4.5 volta
4.0 ma
4.0 ma
0.8 ma
1.1 ma
0.3 megohm
850 umhos
25000 ohms
K per cent
115 mw

1A6

110 max
60 max
110 maz
110 max
6 max

*Qbtained preferably by using a bypused 45000- to 75000-ohm voltage-dropping resistor in serles with

the 90-volt supply.

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

Subminiature type used in output

'I AC 5 stage of small, compact, battery-oper-
ated receivers for the standard AM

broadcast band. Itis capable of moderate

power output with a very small input

voltage. The 1AC5 and the other RCA subminiature types 1ADS5, 1ES8, and 1T6
comprise a complete tube complement for lightweight portable radio receivers

having extremely low battery drain.

FILAMENT VOLTAGE (DC) . . vt ivtinetnneteuniirsonnoennoacssnsansssnes
FILAMENT CURRENT. . ... ...00vuivvsnsn et e ar e e

Maximum Ratings:

PLATE VOLTAGE. ... ..ttt tntnnetneseonnanetonsnsinnsncannsss
GRID-NO.2 (SCREEN) VOLTAGE. .« t it ttrineeinnenrourannnnrsocnrses
TOTAL CATHODE CURRENT. . .. ittt tttntncnnnsesnnseroonsorsnasaasnsan

Typical Operatian:

Plate Voltage. . . ....... ... i iitiiiinnnennne 30
Grid-No.2 Voltage. .. ..........oviiiinninnnss 30
Grid-No.1 (Control-Grid) Voltage............. -2
Peak AF Grid-No.1 Voltage. . ................ 2
Zero-Signal Plate Current. .. ................. 0.5
Zero-Signal Grid-No.2 Current................ 0.1
Plate Resistance. . ...........cciivunnunnnnns 0.2
Transconductance. . ..........covvveneernnnss 450
Load Resistance. ... .........coovvivnnnnennan 50000
Total Harmonic Distortion................... 10
Maximum-Signal Power Qutput............... 6

INSTALLATION AND APPLICATION

Type 1AC5 rgquires a subminiature eight-contact socket and may be mounted
in any position. Do not attempt to solder the base pins to any circuit element be-
cause the heat of the soldering operation may crack the glass seal. Although the
base pins are sturdy, they can be bent. It is essential, therefore, that the pins be

AVERAGE PLATE CHARACTERISTICS

TYPe 1ACS
Ee3125 VOLTS OC

}F GRID-N22 VOLTS & 87.5

8.0

”
)
«
-
o
b 3
<
3
d
z
~
Je °
Y oLTS €CiT
o ﬁ,ﬂ'.\/' -\
5
z _b@ L1 2
g “ 3
Y EC1Z -
@ L L~
) A /] sananitli -
2 X,
v 20 3 e — -5
3
< . -
& .—/‘//r~\__ 6
T = ECI1=0 -7
1 1 £Ci=-8
$ 1 |
[ 20 40 60 [ 100 120 40 160
PLATE VOLTS
V2CM~-T724TT

volts
ampere

volts
volts
ma

volta
volta
volts
volts

ma
megohm
pmhos
ohms
per cent
mw

straight before they are inserted into the socket. Insertion will be facilitated if pins
1 and 8 are first aligned with their respective socket holes and the tube then gently
pressed into the socket. Qutline 8, OUTLINES SECTION.
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The filament of the 1AC5 may be connected directly across a dry-cell battery
rated at a terminal potential of 1.5 volts. In no case should the voltage across the
filament ever exceed 1.6 volts. For additional filament considerations, refer to
ELECTRON TUBE INSTALLATION SECTION.

G & SHARP-CUTOFF PENTODE

Subminiature type used as rf or if
amplifier in stages not controlled by
avcinsmall,compact,battery-operated ]ADS
receivers for the standard AM broad-
cast band. Because of internal shield-
ing feature, an external bulb shield is not needed, but socket shielding is essential
if minimum grid-No.1-to-plate capacitance is to be obtained. The 1AD5 and the
other RCA subminiature types 1AC5, 1E8, and 1T6 comprise a complete tube
complement for lightweight portable radio receivers having extremely low battery
drain. Outline 8, OUTLINES SECTION. Tube requires subminiature eight-con-
tact socket and may be mounted in any position. For installation and application
considerations, refer to type 1AC5.

FILAMENT VOLTAGE (DC) . v 4ot vvnvetiesteeenasaeroeeaeennnannnenaannn 1.25 volts
FILAMENT CURRENT . . . o ettt itteneneatoniansane s aeereannannnnns 0.04 ampere
DIRECT INTERELECTRODE CAPACITANCES ( No external shields):

Grid No.l to Plate puf
1«11 L Gt . nuf
L8 1514 43§ O . upf
Maximum Ratings:
PLATE VOLTAGE . .. .. \tttt ittt iniittsaniteiaaatesoetrnanenaes . volts
GRID-NO.2 (SCREEN) VOLTAGE. . v oo ivtvrenntiieronnnnrssosannannsen 67.5 mazx volts
TOTAL CATHODE CURRENT. . . ..t tttintieneetnernnsanassssnansannenn 4.0 max ma
Typical Operation:
Plate Voltage. . . ....ocvvt i e vnconsans 30 45 67.6 volts
Grid-No.2 Voltage. ............cciiinnnnnenns 30 46 67.5 volts
Grid-No.1 (Control-Grid) Voltage. . ........... (1] 0 0 volts
Plate Resistance (APProX.)...vseeveveeeevnnen 0.7 0.7 0.7 megohm
TransconductBnee. .. ....vivvnvvanssersnoanss 430 680 735 pmhos
Grid-No.1 Bias (Approx.) for plate current of 103 -3 —4 -6 volts
Plate Current. .........ooiiiiiiiianiinnnanen 0.45 0.9 1.86 ma
Grid-No.2 Current. ...ovvnviinvn v ennnans 0.16 0.35 0.75 ma
28 AVERAGE PLATE CHARACTERISTICS
1 rtvee 1ADS
- E¢ T 125 VOLTS OC
2 | cAD-Nz2 vOLTS = 673
5 2 ECy30
< "
~ 52 o
0.5
3] A
Ay
; \Y ( / -1.0
i
el
g, L RID-N2I VOLTS ECIZ-L5
S 'O / < i
§ y \/"/ AN €Ci= -2.0
a / Ve |
s L1 -2.5
H 03 ‘;'//
3 —"T1e 220
e J/" -3.8
=40
° 20 2% 80 80 100 120 145 160
PLATE VOLTS
92CM ~ 72527
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HALF-WAVE VACUUM p IC

RECTIFIER o AR
Glassoctaltypeused in high-voltage, oﬁ
- low-current applications such as the
1B3-GT A

rectifier in a high-voltage, rf-operated s
power supply or as a rectifier of high- OMO
voltage pulses produced in television 1C ic

scanning systems. When used as an rf rectifier, one 1B3-GT in a half-wave circuit
is capable of delivering a maximum dc output voltage of about 16000 volts. In a
voltage-doubler circuit, two tubes will give about 30000 volts; and in a voltage-
tripler circuit, three 1B3-GT’s will deliver 45000 volts approximately.

FILAMENT VOLTAGE (AC) 1.26 volta
FILAMENT CURRENT. . ... it tttttteeeennnnnnnroearerasesnsnsennnns 0.2 ampere
DIRECT INTERELECTRODE CAPACITANCE (No external shield):

Plate to Filament (APProX.) .. ... i.oiuiieirieiiiariierenensnsennnas 1.6 sl
Moximum Rotings: HALF-WAVE RECTIFIER

PEAK INVERSE PLATB VOLTAGE. . ... ittt iicreniiiannenannnnnnn., 30000 max volte
PEAK PLATE CURRENT. . ... ittttttttnnensonnneearoennsnnnnnneeeeennn. 17 max ma
AVERAGE PLATE CURRENT. ... ...t ttunenunnnnneeeootnnrsnnnnansneonanss 2 mazx ms
FREQUENCY OF SUPPLY VOLTAGE. .. .. ..iitetttninerneeenneennnnsanannnn 300 max Ke

INSTALLATION AND APPLICATION

Type 1B3-GT requires an octal socket and may be mounted in any position.
Plate connection is cap at top of bulb. Internal connections are made to pins 1, 3, 5,
and 8. These pins may be connected to pin 7, otherwise, they should not be used.
Outline 29, OUTLINES SECTION.

When the filament is to be operated on rf, it is recommended that the filament
be connected first to a dec 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 roam 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 dc 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 de 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.

When used in television receivers and other equipment operating at 16000
volts or above, the 1B3-GT will produce X-rays which can constitute a health
hazard unless the tube is adequately shielded.
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SHARP-CUTOFF PENTODE

Glass type used as rf amplifier or detector
in battery-operated receivers. Qutline 34, OUT-
LINES SECTION. Tube requires four-contact
socket. For typical operating conditions and
maximum ratings as a class A: amplifier, refer
to type 1E5-GP. Filament volts (de¢), 2.0; am~
peres, 0.06. This type is used principally for re-
newal purposes.

TWIN DIODE —MEDIUM-MU TRIODE

Glass type used as combined detector, am-
pilfier, and ave tube in battery-operated re-
ceivers. Outline 32, OUTLINES SECTION.
Tube requires six-contact socket. Filament volts
(dc), 2.0; ampcres, 0.06. Typical operation as
class A: amplifier: plate volts, 135 mazx; 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. QOutline
23, OUTLINES SECTION. Filament volts (d¢),
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. Outline 22, OUT-
LINES SECTION. Tube requires octal socket
and may be mounted in any position. For fila-
ment considerations, refer to 1U4. Type 1C5-
GT is used principally for renewal purposes.

NC
FILAMENT VOLTAGE (DC). . ot vvvviinnreeosanunnnnennnsons Cevesenees
FILAMENT CURRENT. . 4 v v ivesnnconnnnnscnoeivenonneannnnns PP

Maximum Ratings:

PLATE VOLTAGE. . .......
GRID-NO.2(SCREEN) VOLTAGE. . ... ivvrvnernnsrenonasanns vees
ToOTAL ZERO-SIGNAL CATHODE CURRENT......... Ceereean

Typical Operation:

Plate Voltage. . .........
Grid-No.2 Voltage. ... ...

CLASS A, AMPLIFIER

secavesrenne

Grid-No.1 (Control-Grid) Voltage . . .................
Peak AF Grid-No.1 Voltage . . ......................

Zero-Signal Plate Current

Maximum-Signal Plate Current . ....................
Zero-Signal Grig-No.2 Current. ....................

Maximum-Signal Grid-No.2 Current
Plate Resistance (APProx.). .. .........couveriurnennnsacnnas
Transconductance. . . ...,

Load Resistance ........

Total Harmonic Distortion .. ..................0....

Maximum-Signal Power Qutput

MANUAL

1B4-P

1B5/25S

187-GT

1.4 volts
0.1 ampere
110 max  volts
110 max  volts
12 max ma
90 volts
90 volts
~7.5 volts
7.5 volts
7.5 ma
7.8 ma
1.6 ma
3.6 ma
115000 ohms
1550 umhos
8000 ohms
10 per cent
240 mw
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PENTAGRID CONVERTER c e
2 1
Glass type used in battery-operated re- G) (@
ceivers. Similar electrically to type 1C7-G ex- °4
cept for interelectrode capacitances. Qutline 34, , “
] C6 OUTLINES SECTION. Tube requires six-con- p @) s) gg

tact socket. Filament volts (dc), 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.

PENTAGRID CONVERTER

Glass octal type used in battery-operated

receivers. Outline 33, 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 mazx; grids-No.3-and-No.5

(screen) volts, 67.5 maz; grid-No.2 (anode

grid) supply 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., 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 33, QUT-
LINES SECTION. Tube requires octal socket.

l D 5 -GP Filament volts (dc), 2.0; amperes, 0.06. Typical
operation as class A; amplifier: plate volts, 180
mazx; grid-No.2 (screen) volts, 67.5 maz; grid-
No.1 volts, -8 min; plate ma., 2.3; grid-No.2
ma., 0.8; plate resistance (approx.), 1.0 megohm;
transconductance, 750 umhos; transconductance
at bias of —15 volts, 15 yumhos. This type is used
principally for renewal purposes.

REMOTE-CUTOFF TETRODE

Glass octal type used in battery-operated
receivers as rf or if amplifier. Qutline 33, OUT-
le-GT LINES SECTION. Filament volts (de), 2.0;
amperes, 0.06. This isa DISCONTINUED type
listed for reference only. It can be replaced by
type 1D5-GP.

PENTAGRID CONVERTER

Gliass octal type used in battery-operated
receivers. Outline 33, OUTLINES SECTION.
Tube requires octal socket. Filament volta (de),
D 2.0; amperes, 0.06. Typical operation as conver-
l 7- 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
1D8 GT or ave tube, triode as first audio amplifier, and P
- pentode as power output tube. Outline 20, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (de), 1.4; amperes, 0.1. Maxi-
mum plate volts of triode as well as maximum
plate and grid-No.2 volts of pentode, 110.
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Typical Operation {Pentode Unit): CLASS A, AMPLIFIER
Plate Voltage. . . ... ... it tiiiieeniiinaanns 45 67.5 90 volts
Grid-No.2 (Screen) Voltage...........cooviiviennnns 45 67.5 90 volts
Grid-No.1 (Control-Grid) Voltage. . ................. -4.5 -6 -9 volts
Plate Current. . ... ... . ... .. it e 1.6 3.8 5 ma
Grid-No.2 Current............ 0.3 0.8 1.0 ma
Transconductance. ........... 650 875 925 pmhos
Load Resistance. .. .........ocenenciesancnnsoones . 20000 16000 12000 ohms
Total Harmonic Distortion 10 10 10  per cent
Power Output............. P Crererananenns 35 100 200 mw
Typical Operation (Triode Unit):
Plate Voltage. . . ... . . ioiiiiiiriinensnrannanans . 45 67.6 90 volts
Grid Voltage. . . ....... it et i 0 0 0 volts
Amplification Factor. ..........c.iiiiiieeenieenenes 25 25 25
Plate Resistance (APProX.). ... ....ccvvievecosnansen . 77000 655500 43500 ohms
Transconduct@nee. . .. ..c.vvvereirusrncensnnsaonosas 325 450 575 pmhos
Plate Current ....... PR feeeieaeens Chrsesanens 0.3 0.6 1.1 ma
c2 c SHARP-CUTOFF PENTODE
P ‘ HG1 Glass octal type used as rf amplifier or de-
o tector in battery-operated receivers. Outline 33,

OUTLINES SECTION. Tube requires octal
socket. Filament volts (dc), 2.0; amperes, 0.06.

r+ v F- Typical operation as class A; amplifier: plate
: G3  volts, 180 maz; grid-No.2 (screen) volts, 67.5

NC NC mazx; grid-No.1 volts, —8; plate ma., 1.7; grid-

No.2 ma., 0.6; plate resistance, 1.5 megohms;

transconductance, 650 umhos; 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 22,
OUTLINES SECTION. Tube requires octal
socket. Filament volts (de), 2.0; amperes, 0.24.
Typical operation as push-pull class A1 ampli-
fier: plate and grid-No.2 volts, 135 maz; 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.

PENTAGRID CONVERTER

Subminiature type used in small,
compact, battery-operated receivers
for the standard AM broadcast band.
The 1E8 and the other RCA submini-
ature types 1AC5, 1ADS6, and 1T6

1E5-GP

1E7-GT

1E8

comprise a complete tube complement for lightweight portable radio receivers
having extremely low battery drain. Outline 8, OUTLINES SECTION. Tube
requires subminiature eight-contact socket and may be mounted in any position.
For general discussion of pentagrid types, see Frequency Conversion in ELEC-
TRON TUBE APPLICATIONS SECTION. For instaliation and application con-

siderations, refer to type 1ACS5.
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FILAMENT VOLTAGE (DC). . ..ttt eaet e iiinneteeenannneensonanns 1.26 volts
FILAMENT CURRENT. . . .. ....iitnanrrnnnnnnnnsn 0.04 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Grid No.3 to All Other Electrodes (RF Input)........covvivnvineann. 6.0 wel
Plate to All Other Electrodes (Mixer Input)......... v 5.0 upf
Grid No.1 to All Other Electrodes (Oscillator Input) 2.4 upl
Grid No3toPlate. ...........ciievininnnnnnns . 0.4 max pol
Grid No3 to Grid No.1. .. .. .iiiiiiiinn i ineennnan 0.2 max el
Maxi N CONVERTER SERVICE
aximum Ratings:
PLATE VOLTAGE. ... ... . ittt enrarannnns caes 67.6 maz volts
GRIDS-N0.2 AND No.4 (SCREEN) VOLTAGE 45 max volts
GRIDS-N0.2 AND No0.4 SUPPLY VOLTAGE. .. 67.5 max volts
TOTAL CATHODE CURRENT. .. ............. 4.0 max ma
Characteristics (Separate Excitation): #
Plate Voltage. . ................ ... iviiiu.. 45 67.5 volts
Grids-No.2 and No.4 Supply Voltage. 45 67.5 volts
Grids-No.2 and No.4 Resistor........ . 16000 20000 ohms
Grid-No.3 (Control-Grid) Voltage . 0 0 volts
Grid-No.1 (Oscillator-Grid) Resistor........ . 0.1 0.1 megohm
Plate Resistance (Approx.)................ .. 0.3 0.4 0.4 megohm
Conversion Transconductance. ............... 115 140 160 pmhos
Grid-No.3 Voltage for Conversion Transconduct~
ance of 5 umhos (Approx.) ................. -7 -8 -9 volts
0.3 0.6 1.0 ma
0.8 1.1 1.5 ma
30 50 70 ua
1.1 1.7 2.5 ma

NOTE: The transconductance between grid No.l and grids No.2 and No.4 connected to plate (not
oscillating) is approximately 730 umhos under the following conditions: signal applied to grid No.l at
zero bias; grids No.2 and No.4 and plate at 30 volts; and grid-No.8 grounded. Under the same condi-
tions, the total cathode current is 8 milliamperes and the amplification factor is 3.9.

#The characteristics shown under separate excitation approximate those obtained in a self-excited
oscillator operating with zero bias.

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
WITH SEPARATE OSCILLATOR EXCITATION WITH_SEPARATE OSCILLATOR EXCITATION
TYre |E8 E£=125 VOLTS OC TyPe IE8 E:'I25 VOLIS DC
IGRI N22 A N2 4 RIDS N2,
eare DS N T ENE R T Crniat 1 LATE
(CURVE | voLTs [SupeLy uig Eszs;a MECona CURVE|voL TS| SUPPLY uég';";gn 33 w
gi D | 675 | 675 | 20000 1 e T 1 ) g
T :f 33 45 :Zugg I € Ters [ &7 | 20000 01 [ 70
z e 130 120 | le000 1 0ol N [ 0BTAINED BY ADJUSTMENT OF OSCILLATOR I
2 e ooy SERIES RESISTOR OF GRJDAVOLTM'ZATOGIVE INDICATED VALUES 2
Y200 RECOMMENDED MINIMUM ] [T SHEO a2y SCRUES RESISTOR OF 1200 3
b VALUE OF I, A 2
~ Iv]
O \ 3
n
~ 180 N 160 !
w J / “
s = z
5 120 :'; / I 120 §
21200 3 A a
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w o £ ut
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GRID-N2) MICROAMPERES (Ic) GRID-N2 3 (CONTROL - GRID) VOLTS

92CM-7165T 92CM ~TI66T
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POWER PENTODE

Glass type used in output stage of battery-
operated receivers. Outline 86, OUTLINES
SECTION. Tube requires fivecontact socket. 1F4
Filament volts (dc), 2.0; amperes, 0.12, Type
1F4 is similar electrically to type 1F5-G. This
type is used principaily for renewal purposes.

POWER PENTODE

<
o o Glasas octal type used in output stage of
battery-operated receivers. Outline 35, OUT-
A LINES SECTION, Tube requires octal socket.
Filament volts (dc), 2.0; amperes, 0.12. Typi-
cal operation as class A: amplifier: plate and IFS-G
(2 S AAD- grid-No.2 (screen) volts, 135 (180 maz); grid-

63 No.l volts, —4.5; plate ma., 8; grid-No.2 ma.,

0 o 2.4; cathode resistor, 432 ohms; output watts,
NC NC 0.81. This type is used principally for renewal
purposes.

TWIN DIODE—
SHARP-CUTOFF PENTODE

Glass type used as combined detector, am-~
plifier, and ave tube in battery-operated re-
ceivers. Outline 84, OUTLINES SECTION. ]F6
Tube requires six-contact socket. Filament volts
(dc), 2.0; amperes, 0.06. This type is similar
electrically to type 1F7-G, except for inter-
electrode capacitances. Typical operation of
pentode unit as class A1 amplifier: plate volts,
180 mazx; grid-No.2 (screen) volts, 67.56 maz; grid-No.l volts, ~1.5; plate ma., 2.2; grid-No.2 ma.,
0.7. This type is used principally for renewal purposes.

TWIN DIODE—
SHARP-CUTOFF PENTODE
Glass octal type used as combined detector,

amplifier, and ave tube in battery-operated re- ‘F7_G
ceivers. QOutline 33, OUTLINES SECTION.
Tube requires octal socket. Filament volts (dc),
2.0; amperes, 0.06. Similar electrically to type
1F6 except for interelectrode capacitances. This
type is used principally for renewal purposes.

Ne ¢ MEDIUM-MU TRIODE

° E) Glass octal type used in battery-operated
P receivers ag detector or voltage amplifier. Out-
() line 22, OUTLINES SECTION. Tube requires
octal socket. Filament volts (dc), 1.4; amperes,

0.06. Typical operation and characteristics as IG4-GT
r r class A; amplifier: plate volts, 90 (110 mazx);
grid volts, —6; plate ma., 2.3; plate resistance,
° ° 10700 ohms; amplification factor, 8.8; trans.
C N conductance, 825 umhos. This type has been

used as a driver for type 1G6-GT.

Glass octal type used in output stage of
battery-operated receivers. Qutline 36, OUT-
LINES SECTION. Tube requires octal socket.
e Filament volts (de), 2.0; amperes, 0.12. Typical l Gs _G

F+ w 2‘ operation as class A amplifier: plate and grid-
No.2 (screen) volts, 135 maz; grid-No.1 volts,

-18.5; plate ma., 9.7; output watts, 0.66.. This
type is used principally for renewal purposes.
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HIGH-MU TWIN POWER TRIODE or
Glass octal type used in output stage of 2
battery-operated receivers. Outline 22, OUT- o
'I Gb GT LINES SECTION. Tube requires octal socket. py, / \Q
- 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 o

N

P‘.

volts, 48; effective grid-circuit impedance per € * ¢
unit, 2530 ohms; plate ma. (zero signal), 2; o o
plate ma. (maximum signal), 11; peak grid ma. NC NG

per unit, 6; output watts (approx.), 0.35.

MEDIUM-MU TRIODE NC G

Glass octal type used as detector or voltage ° 9
amplifier in battery-operated receivers. Outline |4
31, OUTLINES SECTION. Tube requires octal e
]H4-G socket. Filament volts (dc), 2.0; amperes, 0.06.
Typical operation as class A: amplifier: plate
voits, 180 mazx; grid volts, —18.5; amplification F e v o L4
NC NC

factor, 9.3; plate resistance, 10300 ohms; trans-

conductance, 300 umhos; plate ma., 3.1. 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 princi-
pally for renewal purposes.

DIODE—HIGH-MU TRIODE

Glass octal type used as combined detector
and amplifier in battery-operated receivers. Out-
{ine 23, OUTLINES SECTION. Tube requires
] H S-GT octal socket. Filament volts (dc), 1.4; amperes,
0.05. Characteristics of triode unit as class A
amplifier: plate volts, 90 (110 max) ; grid volts, 0;
plate ma., 0.15; plate resistance, 240000 ohms;
amplification factor, 65; transconductance, 276
pmhos. Diode is located at negative end of fila-
ment,

TWIN DIODE—MEDIUM-MU TRIODE

IS
Glass octal type used as combined detector, T £ .o
amplifier, and ave tube in battery-operated re-

"H6_G ceivers. Outline 31, OUTLINES SECTION.

Tube requires octal socket. Filament volts (dc), r1, o Fe
2.0; amperes, 0.06. Type 1H6-G is similar elec- W

trically to type 1B5/25S. This type is used OO
principally for renewal purposes. NC NC

POWER PENTODE

Glass octal type used in output stage of ° e
battery-operated receivers. Outline 35, OUT-
LINES SECTION. Tube requires octal socket. @ G) /[
Filament volts (dc), 2.0; amperes, 0.12. Typical
'IJS_G operation as class A; amplifier: plate and grid-
No.2 (screen) volts, 135 max; grid-No.1 volts,

—~16.5; plate ma., 7.0; grid-No.2 ma., 2.0; plate 7* w o 2;

resistance, 105000 ohms; load resistance, 13500 o o
ohms; output watts, 0.46. This is a DISCON- N NC
TINUED type listed for reference only.

HIGH-MU TWIN POWER TRIODE eTy °n

Glass octal types used in output stage of ° o Py
.IJ6-G battery-operated receivers. Type 1J6-G, Out- PTa \ 6) !
line 31; type 1J6-GT, Outline 26, OUTLINES
SECTION. Tubes require octal socket. Fila-
]Jb_GT ment volts (de), 2.0; amperes, 0.24. Typical e*o
operation as class B power amplifier: plate volts,
135 mazx; peak plate ma. per plate, 50 max; 0 o
grid volts, 0; zero-signal plate ma. per plate, NC NC
5; effective plate-to-plate load resistance, 10000
ohms; average input watts, 0.17; output watts, 2.1. Type 1J6-G is a DISCONTINUED type listed for
reference only; type 1J6-GT is used principally for renewal purposes.
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SHARP-CUTOFF PENTODE

Miniature type used as rf or if am-
plifier in portable, battery-operated re- ."..4
f+ ceivers particularly those not utilizing
ave.Outline 12,0UTLINESSECTION.
Tube requires miniature seven-contact
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-Ne.1-to-
plate capacitance is required. For typieal operation as a resistance-coupled ampli-
fier, refer to Chart 1, RESISTANCE-COUPLED AMPLIFIER SECTION. For
filament considerations, refer to type 1U4.

FILAMENT VOLTAGE (DC) ... ouvvvenerneeeennssnsiosnonannnncnns . 14 volts
FILAMENT CURRENT . . . . ... vttinnieniaeannarinnennsssisscnne . 0.05 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Grid No.1 to Plate. ... .oiuiernvieennennonennnnesennecans . 0.01 maz pul
INPUL. . oetvtteerneronennessioeaeanenencsasosnesnnsans ves 3.6 upl
OULPUL. .« oo i vvisaereeansotasoenssnssasseosnnanansnnos ‘oo 7.6 ppf

Maximum Ratings:
PLATB VOLTAGE. ..t iiituieinnsscereeennninnnosnsrsecaannons 110 maz volts

GRID-NO.2 (8CREEN) VOLTAG 90 maz volts
GRID-NO.? SUPPLY VOLTAGE 110 maz volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Vailue 0 max volts
TOTAL CATHODE CURRENT. . ... ovttuitnieeraronrresnecrsssnossanns 6.5 max ma
Typical Operation:

Plate VOltBO. . . .. ovvvitinneinrnaonsvesorcsoseonsssrsnnananasns 90 90 volts
Grid-No.2 Voltage. . . €7.5 90 volts
Grid-No.1 Voltage. .. .. 0 0 volts
Plate Resistance.................cciiiiiiiiiinnnnnnan, .. 0.6 0.26 megohm
TranscondUCtBNCe. . . ... v vvvtivtinr it e 926 1025 umhos
Grid-No. 1 Bias for platecurrentof 10 pa. ... .......vviiieoian. -6 -10 volts
Plate Current. .. ... ... .. ittt iiiiiarensrrenonssironsnns 2.9 4.6 ma
Grid-No. 2 Current. . ... cooviiieecrersoennererascsorssnnrcaannas 1.2 2.0 ma

AVERAGE PLATE CHARACTERISTICS

* |
oriD-NeLYOLTS ECIZO l |
|1 TYPE IL4
e E¢=1.4VOLTS DC
4 PR—
Ve GRID-N22 VOLTS =90
-t
L
S 4
L 1/
33
& / -2
2 e
H /
L ed -
<* =3
H ]
L
1 -
Ecy2-8
L~
-6
0 28 S0 75 50

100 125 175 200
PLATE VOLTS T 92CM-8382T
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1LA4

1ILA6

1LB4

ILC5

1ILC6

1LDS

POWER PENTODE

Glass lock-in type used in output stage of
battery-operated receivers. Qutline 14, OUT-
LINES SECTION. Tube requireslock-in socket.
Filament volts (dc¢), 1.4; amperes, 0.06. For
electrical characteristics and typical operation,
refer to glass-octal type 1A5-GT.

PENTAGRID CONVERTER

Glass lock-in type used in battery-operated
receivers. Qutline 14, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts
(dc), 1.4; amperes, 0.06. 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. QOutline 14, OUT-
LINESSECTION. Tube requireslock-in socket.
Filament volts (dc), 1.4; amperes, 0.05. For elec-
trical characteristics, refer to pentode unit of
glass-octal type 1D8-GT.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in battery-operated receivers. Outline 14, OUT-
LINESSECTION. Tube requires lock-in socket.
Filament volts (dc), 1.4; amperes, 0.06. Typical
operation as class A1 amplifier: plate volts, 90
(110 max); grid-No.2 (screen) volts, 45 max;
grid-No.1 volts, 0; plate resistance (approx.),
greater than 1 megohm; transconductance, 776
umhos; plate ma., 1.15; grid-No.2 ma., 0.3.

PENTAGRID CONVERTER

Glass lock-in type used in battery-operated
receivers. Outline 14, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts
(de), 1.4; amperes, 0.05. Typical operation as
converter: plate volts, 90 (110 max) ; grids-No.3-
and-No.5 volts, 35 (45 mazx); 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 umhos.

DIODE—SHARP-CUTOFF PENTODE

Glass lock-in type used as combined detec- ¢
tor and af voltage amplifier in battery-operated
receivers. Outline 14, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts
(dc), 1.4; amperes, 0.05. Characteristics of pen-
tode unit: plate volts, 90 (110 maz); grid-No.2
volts, 46; grid-No.1 volts, 0; plate ma., 0.6;
grid-No.2 ma., 0.1; plate resistance, 0.76 meg-
ohm; transconductance, 575 umhos.
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NC Ic
(2) MEDIUM-MU TRIODE
NC G Glas.a loc_k-in type used as detect.or or volt-
Q o age amplifier in battery-operated receivers. Out-

line 14, OUTLINES SECTION. Tube requires
o lock-in socket. Filament volts (dc), 1.4; amperes,
P ‘ NC  0.05. Typical operation as class A amplifier:
o L o plate volts, 90 (110 max); grid volts, —-3; piate
& ma., 1.4; plate resistance, 19000 ohms; trans-
conductance, 760 ymhos; amplification factor,

14.5.

REMOTE-CUTOFF PENTODE

Lock-in type used as rf or if amplifier in
battery-operated receivers. Outline 14, OUT-
LINES SECTION. Tube requires lock-in socket.
Filament volts (de), 1.4; amperes, 0.05. Typical
operation and maximum ratings as class Ai
amplifier: plate volts, 90 (110 mazx); grid-No.2
volts, 45 (110 mazx); grid-No.1 volts, 0; plate
resistance (approx.), greater than 1 megohm;
transconductance, 800 umhos; plate ma., 1.7;
grid-No.2 ma., 0.4; grid-No.1 voltage for trans-
conductance of 10 umhos, —10 volts.

DIODE—HIGH-MU TRIODE

Glass lock-in type used as combined detec-
tor and amplifier in battery-operated receivers.
Outline 14, OUTLINES SECTION. Tube re-
quires lock-in Bocket. Filament volts (dc), 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. Qutline 14, OUT-
LINESSECTION. Tube requireslock-insocket.
Filament volts (dc), 1.4; amperes, 0.05. Typical
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 pmhos.

SHARP-CUTOFF PENTODE

Glass octal type used as rf or if am-
© plifier in battery-operated receivers.

&;Outline 23, OUTLINES SECTION.
Tube requires octal socket and may be
mounted in any position. When used

1LE3

LG5

1LH4

1ILNS

INS-GT

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

FILAMENT VOLTAGB (DC) . « . e v cvvieinennnnn veres
FILAMENT CUBRENT. . .. o0vivnnnnnirenenes veves
DiRECT INTERELECTRODE CAPACITANCES:*
Grid No.1 to Plate............. [
Input.......... .
OULPUL. . v v veinererencninennnninenns

* With external shield oonnected to negative ﬁlament terminal.
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Typical Operation: CLASS A, AMPLIFIER

Plate Voltage (110 volts max, .......... ... iiiiiiniiaainens 90 volts
Grig;Mo.2 (Screen) Voltage (1 .0 volts LT3 I 90 volts
Grid-No.l Voltage. . . ..ottt e e eanaeraas .. 0 volts
Plate Resistance (APPIOX.). ... covunnirimmaoi it aanns 1.5 megohms
TranscondUCtance. . ... ..ot 750 pmhos
Grid-No.1 Bias (Approx.) for transconductance of 5 umhos. . ...... . -4 volts
Plate CUITent. .. . .v ittt it ie i e e arianane . 1.2 ma
Grid-No.2 CUrrent.....coviuniiinnroniniiieiiaaenaaasanaaons . 0.3 ma

DIODE—POWER PENTODE ez &

Glass octal type used as combined detec-
tor and power output tube in battery-operated
receivers. Filament volts (dc), 1.4; amperes, © e‘ ‘e fo

] Nb—G 0.05. Typical operation of pentode unit as class
Ai amplifier: plate and grid-No.2 (screen) volts,
90 (110 maz); grid-No.1 voits, ~4.5; plate ma., f, eva ca
3.1; grid-No.2 ma. (zero-signal), 0.6; plate re- F-
gistance (approx.), 0.3 megohm; transconduct- o 0
ance, 800 umhos; load resistance, 25000 ohms; NC NC
output watts, 0.1. This is a DISCONTINUED
type listed for reference only.

REMOTE-CUTOFF PENTODE . NC
Glass octal type used as rf or if amplifier in ¢
battery-operated receivers. Outline 23, OUT- ¢ ‘ %
LINES SECTION. Tube requires octal socket. o
l PS-GT Filament volts (dc), 1.4; amperes, 0.05. Typical

operation as class A amplifier: plate volts, 90 .
(110 maz); grid-No.2 (screen) volts, 90 (110 F+ ‘ .’ -
maz); grid-No.l voits, 0; plate resistance o o ¢
(approx.), 0.8 megohm; transconductance, 750

NC
umhos; transconductance (approx.) with -12 ec
volts on grid-No.1, 10 ymhos; plate ma., 2.3;
grid-No.2 ma., 0.7.
G2 Gy

BEAM POWER AMPLIFIER

Glass octal type used in the output stage
of battery-operated receivers. Outline 22, OUT-

.I Q 5_GT LINES SECTION. Tube requires octal socket.

Filament volta (dc), 1.4; amperes, 0.1. For elec-
trical characteristics and ratings, refer to type
8Q5-GT with parallel filament arrangement.
This type is used principally for renewal pur-
poses.

PENTAGRID CONVERTER

Miniature type used in lightweight,

] R5 portable, compact, battery-operated re-

ceivers. Outline 12, OUTLINES SEC-

TION. Tube requires miniature seven-

contact socket and may be mounted in

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) 1.4 volta

FILAMENT CURRENT. ., .\t ttiuninineen it seanoeenaenns 0.05 ampere

DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Grid No.3 to All Other Electrodes (RF Input). . ............ . 7.0 puul
Plate to All Other Electrodes (Mixer Output). ................. 7.6 uuf
Grid No.l1 to AH Other Electrodes (Osc. Input). . .............. 3.8 puuf
Grid No3toPlate. . ....ooiiuiiiiiiiiiniiiiiiiiiiiiaanaans 0.4 maz puuf
Grd No.83to Grid NoL. ... iuniereiireeeeanaanneesiannnnns 0.2 maz pul
Grid No.l to Plate. . ... .. vitiiiiiiiiiininiieinnacecnannons 0.1 max uuf
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Maximum Ratings: CONVERTER SERVICE
PLATE VOLTAGE. .. ...ttt ittt inaitnnereannsaanas .. 90 max volts
GRIDS-N0.2-AND~-N0.4 (SCREEN) VOLTAGE . . .e 67.5 max volts
GRIDS-N0.2-AND-N 0.4 SUPPLY VOLTAGE............... .o 90 mazx volts
GRID~-N0.3 (CONTROL-GRID) VOLTAGE, Positive Bms Value wee 0 mazx volts
TOTAL ZERO-SIGNAL CATHODE CURRENT. ... ........... .. 5.5 max ma
Typical Operation:
Plate Voltage. . ................. Ceiererena . 45 67.5 90 90 volts
Grids-No. 2-and No.4 Voltage . . 456 67.5 45 67.5 volts
Grid-No.3 Voltage. 0 0 0 0 volts
Grid-No.1 Resistor 0.1 0.1 0.1 0.1 megohm
Plate Resistance (Approx.)............ .. 0.6 0.5 0.8 0.6 megohm
Conversion Transconductance................. 235 280 250 300 pmhos
Grid-No.3 Bias for conversion trans-

conductance of approx. 5 umhos.,.......... -9 -14 -9 -14 volts
Plate Current. .. ..................... 0.7 1.4 0.8 1.6 ma
Grids-No.2-and-No.4 Current. ......... 1.9 3.2 1.9 3.2 ma
Grid-No.1 Current.................... 0.16 0.25 0.15 0.256 ma
Total Cathode Current....................... 2.76 5 2.75 ] ma

NOTE: The transconductance between gnd No.1 and grids No.2 and No.4 tied to plate (not oscillating)

is approximately 1400 umhos under the
and No.4 and plate at 67.5 volts,

OPERATION CHARACTERISTICS

TYPE IRS
E =14 VOLTS DC

PLATE VOLTS{ 90
675 oa 90-+ee
GRD-N23 VOLTS*
GRIDS N!ZlN:a V0|EJS =675
lc,-ooz MA. (RECOMMENDED MIN.)
GRID-N®I CUR. VARIED BY ADJUSTMENT
OF 0SC VOLTAGE

) ~MICROMHOS

ILLATOR VA
0sC. VOLTSONGRIDS N22 & N24 AON —]
FILAMENT=0

T

s :
©300 (¥
o] T w
g : R g
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L ot 42
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% 100 2T
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o.f gz 0.3 [-X
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92CM-6098TI

-ié =12 =<8 =4
GRID-N23 (CONTROL-GRID) VOLTS

ollowing conditions: grids No.1 and No.3 at 0 volts; grids No.2

OPERATION CHARACTERISTICS

L —
TYPE IRS
£31.4 VOUTS DC

GRID- IGRID-TGRID-
HEREAIIANS ¢

.
B VOLTSMEC %—"} 200 L
Al 45 | 45 1 01 | 150 o
B{ 90 | 45 | o1 | 150 «
c| 61z |15 | o) | 250 ’ Q
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92CM-6097Ti

POWER PENTODE

Miniature type used in output stage of
lightweight, compact, portable, battery-oper-
ated equipment. Types 1S4 and 354 are identi-
cal except for filament arrangement. Qutline 12,
OUTLINES SECTION. Type 1S4 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 eon-

154

siderations, refer to type 1U4 and ELECTRON TUBE INSTALLATION SECTION. Filament volts
(dc), 1.4; amperes, 0.1. This type is used principally for renewal purposes.
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DIODE— e &
SHARP-CUTOFF PENTODE PoG) OM
Miniature type used in light-
weight, compact, portable, battery-op- nc@ N OFR
erated receivers as combined detector E"
3p

and af voltage amplifier. Outline 12,

OUTLINES SECTION. Filament volts (dc), 1.4; amperes, 0.06. Tube requires
miniature seven-contact socket and may be mounted in any position. For elec-
trical characteristics, curves, and application, refer to type 1Ub.

1T4

REMOTE-CUTOFF PENTODE

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,

-
S3(1)
1S

but socket shielding is essential if minimum grid-No.1-to-plate capacitance is to be
obtained. Outline 12, OUTLINES SECTION. Tube requires miniature seven-con-
tact socket and may be mounted in any position. For curve of average plate char-
acteristics, see next page. For filament considerations, refer to type 1U4.

FILAMENT VOLTAGE (DC). .4t vvtrvvannescrrnsarsscsnsasncossane

FILAMENT CURRENT

DIRECT INTERELECTRODE CAPACITANCES:¥
Grid No.l to Plate......... g ety

* With close-fitting shield connected to negative filament terminal,

Maximum Ratings:
PLATE VOLTAGE. ...

GRID-N0.2 (SCREEN) VOLTAGE

CLASS A, AMPLIFIER

GBID—NO.ZSU‘PPL‘IVOLTAGE..............‘........... ....... .
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value..........
TOTAL CATHODE CURBENT. ...t vevtirncnranrnenaronccnsossnanson

Typical Operation:

Plate Voltage......
Grid-No.2 Voltage, .
Grid-No.1 Voltage. .
Plate Resgistance (Approx.)........c..cocevueen..

Transconductance. .

Grid-No.1 Bias for transconductence of 10 umhos.

Plate Current.
Grid-No.2 Current..

115-GT

......................... 45 67.5 9v
......................... 45 67.5 45
......................... 0 0 0
0.36 0.26 0.8

......................... 700 876 750
-10 -16 -10

1.7 3.4 1.8

0.7 1.5 0.65

BEAM POWER AMPLIFIER

Glass octal type used in output stage of
battery-operated receivers. Outline 22, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (de), 1.4; amperes, 0.05. For
filament considerations, refer to type 1U4. Typi-
cal operation as class A: amplifier with fixed
bias: plate and grid-No.2 (screen) volts, 90 (110
mazx); grid-No.l volts, —6; peak af grid-No.l
volts, 6; plate ma. (maximum or zero-signal),

1.4 voits
0.056 ampere
0.01 maz wal

3.6 upf

7.6 unf

90 mazx volts
67.5 max volts
90 max volts

0 max volts
6.5 max ma
90 volts
67.5 volts
0 volts

0.6 megohm

900 umhos

-16 volts

3.5 ma

1.4 msa

P o /)

r+ 0 Fe
5g. s

NC NC

6.5; grid-No.2 ma.(zero-signal), 0.8; grid-No.2 ma. (maximum signal), 1.5; plate resistance, 0.25 meg-
ohm; transeonductance, 1160 umhos; load resxatance, 14000 ohms; total harmonic distortion, 7.6 per
cent; output watts, 0.17.
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AVERAGE PLATE CHARACTERISTICS
T T

a
l TYPE IT4
'Y E_c‘so Cf =1.4 VOLTS D C
YL GRID-N22 VOLTS = 67.5
o

~0.9

PLATE MILLIAMPERES
~N

A
/]
// =1.5
~
]
o

{~2.0
/A
% £ am2.0
¥ —-3.5
l"4.0
~5.0
~ 6.0
~8.0
° “ o0 oLare voLre” 200 92CM-6IOITI
DIODE—SHARP-CUTOFF
PENTODE
Subminiature type used as com- -'-I-6
bined detector and audio amplifier in

small, compact, battery-operated re-

ceivers for the standard AM broad-

cast band. The 1T6 and the other RCA

subminiature types 1AC5, 1ADS, and 1E8 comprise a complete tube complement
for lightweight portable radio receivers having extremely low battery drain. Qut-
line 8, OUTLINES SECTION. Tube requires subminiature eight-contact socket
and may be mounted in any position. For installation and application considera-
tions, refer to type 1ACS5.

FILAMENT VOLTAGE (DC) . . ... ottt ittt ittt reno s ananienns 1.25 volts
FILAMENT CURRENT . . . .ottt ttttitonin et ente e nanareesnnns 0.04 ampere

Maximum Ratings:

PLATE VOLTAGE. .. ..t vitttit it ia e ieiar it ttetanecnsrvannsoanans 67.5 max volts
GRID-NO.2 (SCREEN) VOLTAGE. . .« v ottt inttinenaenncsneannnenannaen 67.5 max volts
TOTAL CATHODE CURRENT. . . . ...ttt iin i rnanenannnes 2.0 max ma

Typical Operation:

Plate Voltage. . . . ........ ottt 30 45 67.5 volts
Grid-No.2 (Screen) Voltage. ........c.cocveivnnnnin . 30 45 67.5 volts
Grid-No.1 (Control-Grid) Voltage. . . . 0 1] 0 velts
Plate Resistance (Approx.)........... P .. 0.5 0.5 0.4 megohm
TransconductBNeR. . . ... oottt iii ittt e 330 475 600 umhos
Plate Current. ....... ... iitiiiiiiianieiinainn ., 0.33 0.75 1.6 ma
Grid-No.2 Current. .. .........ooiiiuiiiniinniennian. 0.10 0.21 0.4 ma

PLATE CURRENT . . . ..ottt inttnanrrnnetsinneensoeioesnossonsasonssans 0.26 max ma
Diode unit is loeated at negative end of filament and is independent of the pentode unit except for the
common filament,
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AVERAGE PLATE CHARACTERISTICS

TvPeE IT6
N Eg=12% VOLTS DC
3 GRID-N22 VOLTS =673 |
S I
% 20
<
o
2
z €c1=0
~ _—
Ss P
e 1 -08
o v "
z
é 10 .'\\ 4/ GRID-N21 VOLTS EC'=J;;
LT
\
~ LY
& | Tl | =
w 08 3 ~<Z[_Ecyvo
e L~ L SRS S NS S A
< S - - o ey
& (P~ _ -—-.--]L-' 3
P T T o) S M
e 1 ) )
-] 20 40 60 80 100 20 140
PLATE VOLTS
02CM - 72567
SHARP-CUTOFF PENTODE
Miniature type used as rf or if
IU4 amplifier in stages not controlled by

ave 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) . . o 4o iveiietiirninnnnnessssaseansnoans
FILAMENT CURRENT

* External shield connected to negative filament terminal.

CLASS A, AMPLIRER
Maximum Ratings:

PLATR VOLTAGE. .. ...ttt iiiiiiiieeiieranerainannnes cees
GRID-NO.2 (BCREEN) VOLTAGE. . . .« .0 ivviienserccnsannnnans savee
GRID-NO.1 (CONTROL-GRID) VOLTAGE:
Negative biagsvalue . ... ... ...t iviiiiiiiicrennnnnans vess
Positive bias value ........ ... iiiiiieniniiiiieinines cisen
TOTAL CATHODE CURRENT. .. .0ivviretinsonnosassssananns ceensen

Typical Operation:

Plate Voltage. . . .oiiiiiiniiiiiiiiiiiieiieiiieiineinansasnes .
Grid-No.2 Voltage. . .. oouiiiie i iiiieariiiiivereneanrannnnnns
Grid-No.l Voltage. ......oiviiiiieiiiniiinniiniierineaenssenns
Plate Resistance (APProX.). . .....uuurn e iorinrnienainenesnnas
Transconductanee. . . .oovurer it irin st tinaasirtaaes
Grid-No.1 Bias for transconductance of 10 umhos. ...
PlateCurrent. ... ...ooovinniiiiinnn i eranannns ..
Grid-No.2 Current. ... ...ocoverieieneannncroeseinrrecanns wrresese
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110 max
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INSTALLATION AND APPLICATION

Type 1U4 requires a miniature seven-contact socket and may be mounted in
any position. Outline 12, 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 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. Refer to
ELECTRON TUBE INSTALLATION SECTION for additional filament con-
siderations,

AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION

L / TYPE U4 !
£ £=1.4VOLTS DC
14 GRID-N22 VOLTS5 =90
(-]
&/ -0.5
12}
o/
Tool ) L
i/
'i L —
"o V4
/ -2.0
"
0.2 (/ GAID-N®I VOLTS ECy=-2.5
+ t X
o 40 80 120 180 200
PLATE VOLTS 92CM-6880T
DIODE-—SHARP-CUTOFF
PENTODE
Miniature type used in light- -IUS
weight, compact, portable, battery-op-

erated receivers as combined detector
and af voltage amplifier. The 1U5 is
similar to the 185 but utilizes an im-
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proved 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.” OQOutline 12, QUTLINES SECTION. Tube requires miniature
seven-contact socket and may be mounted in any pesition. For typical operation
as a resistance-coupled amplifier, refer to Chart 2, RESISTANCE-COUPLED
AMPLIFIER SECTION. For filament consideration, refer to type 1U4.

FILAMENT VOLTAGE (DC) . . . .. ii it ieiiiiiiieesannnnnnnnnnss 1.4 volts
FILAMENT CURRENT. . o0 i 0tttinnnieseassnncsanssseencensnanonnnn 0.05 ampere

Maximum Ratings:

PLATE VOLTAGE. ...\ .ottt tttiniininnetonaeranenanserecnsaaans 90 mazx volts
GRID-NO.2 (BOREEN) VOLTAGE. . . ... covvnninininanieicasenannns 90 mazx volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Negativebiasvalue . . ... .. ... ... ittt 50 max volts

Positive biags value ....... ... .o ittt it 0 mazx volts
TOTAL CATHODE CUBRRENT. . .0t iuueenrasennsasoesronasonssnanns 8 mazx: ma
Charuacteristics:
Plate Voltage. .. ......... . RN s .. 7.5 volts
Grid-No.2 Voltage. . ... iiiiiiiininenrineesriacoansrrosecrasans 67.5 volte
Grid-No.1 Voltage 0 volts
Plate Resistance. .. ... ... .ovtiiiiiniinseitrsesoncronncsonasns 0.6 megohm
TransconductBnee. .. ... ..iuiveineiorensoannsasonesarasaasanns 6256 umhos
Grid-No.1 Bias for platecurrent of 10u@.......coiniviiievvrvnans -5 volts
Plate Current. . . ......viiiiniiiieiiineceiiesonsssasaoncnsnsas 1.6 ma
Grid-No.2 Current. ... oo ivii it ineirieneneiresncernnsonseasans 0.4 ma

Maximum Rating:
PLATB CURRENT. . ..ot tttinnnntiitteraaninanensaenaeseenaens 0.26 max ma

Diode unit is located at negative end of filament and is independent of the pentode except for the
common filament.

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT

2.5 1 T
TYPE 1US
[ E¢=1.4 VOLTS DC
GRID-N22 VOLTS =67.5
2.9
‘° vs €ci=0
W GRID-NE} VO LA
@ s
Qs =
g / -0.5
)
)
z -1.0
3 / // '
W 4.0 | o
s =2
[Y
/ —-2.0
o /|
0.5, Ecy=-2.5
/-/ =3.0
s -
—alo
1
o 20 a0 60 120 4

80 100 140
PLATE VOLTS P2CM-6158T1
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HALF-WAVE VACUUM RECTIFIER

e ©) Glass type used in ac/de or automobile
receivers. Outline 32, OUTLINES SECTION.

Tube requires four-contact socket. For heater

considerations, refer to type 6AT6. Heater volts ]

(ac/dc), 6.3; amperes, 0.3. Maximum ratings as -V

o*o half-wave rectifier: peak inverse plate volts,

1000; peak plate ma., 270; peak heater-cathode
volts, 500; dec output ma., 45. This type is used
principally for renewal purposes.

HALF-WAVE VACUUM RECTIFIER

Miniature type used in high-volt-
age, low-current applications such as ]V2

the rectifier in high-voltage, pulse-op-

erated voltage-doubling power supplies

for kinescopes. The very low power

required by the filament permits the use of a rectifier transformer having small
size and light weight.

FILAMENT VOLTAGE (AC) . vttt vuveresnonannsossrnseacoossssasens PRI 0.625 volt
FILAMENT CURRENT. . . .0 vuurinuintnneeornsiooenacesosssassssaansasones 0.3 ampere
DIRECT INTERELECTRODE (CAPACITANCE (No external shield):

Plate to Filament (APProX.). ... ....oovieisreererorscrsssscssasnssse . 0.8 wuf

HALF-WAVE RECTIFIER
Pulsed Rectifier Service
Maximum Ratings:

PEAK INVERBE PLATE VOLTAGE . s s cevrsecsectsssoocacarcarosescssonss vees 7500 maz volts
PBAK PLATEB CURRENT. . . ... cicivrerenercstacacsncseccsssscsssncsnsant . 10 maz ma
AVERAGE PLATE CURRBNT. .. .cvvvncteassovneseronecarsossne serarseenaes 0.5 maz ma

INSTALLATION AND APPLICATION

Type 1V2 requires a noval nine-contact socket and may be mounted in any
position. The socket should be made of material having low leakage and should
have adequate insulation between its filament and plate terminals to withstand
the maximum peak inverse plate voltage. To provide the required insulation in
noval nine-contact sockets designed with a cylindrical center shield, it is necessary
to remove the center shield. In addition, it is recommended that the socket clips
for pins 1, 6, and 7 be removed to reduce the possibility of arc-over and minimize
leakage. Outline 13, OUTLINES SECTION.

The filament is of the coated type and is designed for operation at 0.625 volt.
The filament windings on the pulse transformer should be adjusted to provide the
rated voltage under average line-voltage conditions. When the filament voltage is
measured, it is recommended that an rms voltmeter of the thermal type be used.
The meter and its leads must be insulated to withstand 15000 volts and the stray
capacitances to ground should be minimized.

The high voltages at which the 1V2 is operated are very dangerous. Great care
should be taken to prevent coming in contact with these high voltages. Particular
care against fatal shock should be taken in measuring the filament voltage in those
circuits where the filament is not grounded. Precautions must include safeguards
‘which definitely eliminate all hazards to personnel.
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AVERAGE PLATE CHARACTERISTIC
o0 T T T ‘I
TYPE 1V2 ’
- E£20.625 VOLTS AC
’l
8 LI’,
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2 pe Pl
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(] 2% 50 s 100 12% 150 173 200
DC PLATE VOLTS 92CM-T73STT
5 G b
P
HALF-WAVE VACUUM RECTIFIER NG
Miniature type used in high-volt- N¢Q TNC
]X2 A age, low-current applications such as . {\
- the rectifier in a high-voltage, rf-op- 2 &
erated power supply, or as a rectifier a 0
of high-voltage pulses produced in tel- 15 &

evision scanning systems. Outline 18, OUTLINES SECTION. Tube requires noval
nine-contact socket and may be mounted in any position. Plate connection is cap
at top of bulb. Pins 3 and 7 may be used as tie points for filament dropping resis-
tor and high-voltage filter resistor, or may be connected to the filament. These pins
should not be connected to low-potential circuits. For other filament and high-
voltage considerations, refer to type 1B3-GT.

FILAMENT VOLTAGE (AC)
FILAMENT CURRENT

DRECT INTERELECTRODE CAPACITANCE (NO EXTERNAL SHIELD):

Plate to Filament (ADProX.} . . . ... i ittt ieieearernerrnnesensns .o

Maximum Ratings:

2A3

FILAMENT VOLTAGE (AC/DC}
FILAMENT CURRENT
IDIRECT INTERELECTRODE CAPACITANCES (Approx

Grid to Plate

Input

Cutput

HALF-WAVE RECTIFIER

POWER TRIODE

1.26 volts
0.2 ampere
1.0 wuf

18000 maz volts
10 max ma

1 mazx ma

300 max Ke

P G
@) ©

Glass type used in output stage of ra-

nagion.

dio receivers and amplifiers. As a class
A, power amplifier, the 2A3 is usable
either singly or in push-pull combi-
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Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. ...ttt iii ettt iiiaietsnetisnennnanaenns ‘e 300 maz volts
PLATE DISSIPATION. ..ot tvitteuteennenenresnsecnesssssscoans . 15 max watts

Typical Operation:
Plate Voltage. . ... ... ittt i iiiieie e itinienanas . 250 volts

Grid Voltage# .. ... i it iiiiieisencrianaananas -45 volts
Plate Current. ... .....niuit ittt ieiiiieeraeanrnnnran, 60 ma
Amplification Factor., ........ ... ... . i 4.2

Plate Resistance.............. ... ... ... ... i iiiiiiieia, 800 ohms
Transconductance. . ..... . 5250 pmhos
Load Resistance......... 2500 ohms
Second Harmonic Distortion 5 per cent
Power Output. 3.5 watts
Maximum Ratings: PUSH-PULL CLASS AB, AMPLIFIER

PLATE VOLTAGE. .. ... ittt it eaaas 300 max volts
PLATE DISSIPATION. .. ..ottt ittt iiieiei e iaeieens 15 max watts
Typical Operation (Valvues Are For Two Tubes): Fixed Bias Cathode Bias

Plate Voltage. . ... ..ottt ittt e et 300 300 volts
Grid Voltage® # . ... .. . i i e e e —62 - volts
Cathode-Bias Resistor. ... .. ... .. - 780 ohms
Peak AF Grid-to-Grid Voltage . . 124 156 volts
Zero-Signal Plate Current. . . . .. - 30 80 ma
Maximum-Signal Plate Current. . . . ... ........................ 147 100 ma
Effective Load Resistance (Plate-to-plate) .. ..................... 3000 5000 ohms
Total Harmonic Distortion. ... ........................ ........ 2.5 5.0 per cent
PowerQOutput.................................. e 15 10 watts

* Grid voltage referred to mid-point of ac-operated filament.
# When a single 2A3 is operated cathode-biased, the cathode-biasing resistor value should be 750 ohms.

INSTALLATION AND APPLICATION

Type 2A3 requires a four-contact socket and may be mounted in any position.
Outline 41, 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 input signal and of cancellation of
second-harmonic distortion by virtue of the push-pull circuit. The cathode resistor
should preferably be shunted by a suitable filter network to minimize grid-bias
variations produced by current surges in the cathode resistor.

When 2A3’s are operated in push-pull, it is desirable to provide means for
adjusting independently the bias on each tube. This requirement is a result of the
very high transconductance of these tubes— 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 coupling may be used provided the resistance
added to the grid circuit by this device is not too high. Transformers or impedances
are recommended. When cathode bias is used, the dc resistance in the grid circuit
should not exceed 0.5 megohm. With fixed bias, however, the de resistance should
not exceed 50000 ohms,
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N

C G
GAS TRIODE () (s)
Glass octal type used in relay-control equip- ¢
ment such as motor-controlled tuning mechan- e
2A4 G isms of radio receivers. It is a grid-controlled
- gaseous~-discharge tube. Outline 31, OUTLINES
SECTION. Tube requires octal socket and may F+ w 0 [
be mounted in any position. Filament volts o o
C N

(ac/dc), 2.5; amperes, 2.5, Filament voltage

should be applied for 2 seconds before start of N c
tube conduction. Characteristics: peak inverse anode volts, 200 max; peak forward anode volts, 200
maz; peak volts between any two electrodes, 250 max; peak anode amperes, 1.256 max; 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.

[a]

2 G

POWER PENTODE

Glass type used in output stage of ac-oper~
ated receivers. Outline 36, OUTLINES SEC-
2 A 5 TION. Tube requires six-contact socket. Except
for its heater rating (2.5 volts ac/dc; 1.76
amperes), the 2A5 has electrical characteristica
identical with type 6F6. This type is used prin-
cipally for renewal purposes.

TWIN DIODE—HIGH-MU TRIODE

Glass type used in ac-operated receivers
chiefly as a combined detector, amplifier, and
2A6 avc tube. Outline 34, OUTLINES SECTION.
Tube requires six-contact socket. Except for its
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 6SQ7. This type is used principally
for renewal purposes.

PENTAGRID CONVERTER

Glass type used in ac-operated receivers.

Outline 34, OUTLINES SECTION. Tube re-

quires smzll seven-contact (0.75-inch, pln-circle

2 A7 diameter) socket. Except for its heater rating
(2.5 volts nc/dc; 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.

This typeis used principally for renewal purposes,

TWIN DIODE—
REMOTE-CUTOFF PENTODE

Glass type used as combined detector, ave
tube, and amplifier. Outline 34, OUTLINES
B7 SECTION. Tube requires small seven-contact
2 (0.76-inch, pin-circle diameter) socket. Except
for its heater rating (2.5 volts ac/dc; 0.8 ampere)
and its interelectrode capacitances, the 2B7
has electrical characteristics identical with type
6B8-G. This type is used principally for re-
newal purposes.

ELECTRON-RAY TUBE

Glass type used to indicate visually by
means of a fluorescent target the effects of a
2E 5 change in a controlling voltage. It is used as a
convenient means of indicating accurate radio
receiver tuning. Outline 32, OUTLINES SEC-
TION. Tube requires six-contact socket. Ex-
cept for its heater rating (2.5 volta ac/dc; 0.8
ampere), the 2E5 has eloctrical characteristics
identical with type 6 E5. This type is used princi-
pally for renewal purposes.
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DIODE—TRIODE—PENTODE

Glasa octal type used as combined detector,
af amplifier, and rf amplifier in battery-operated
receivers. Filament has mid-tap so that tube may 3A8 -GT
be used with either 1.4- or 2.8-volt de¢ 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 voits, 0;
amplification factor, 65; plate resistance, 0.2 megohm; transconductance, 325 umhos; plate ma., 0.2.
Typical operation of pentode unit as class A: amplifier: plate volts, 90 (110 max); grid-No.2 volts, 90
(110 maz); grid-No.1 volts, 0; plate resistance, 0.8 megohm; transconductance, 750 umhos; plate ma.,
1.5; grid-No0.2 ma.. 0.5. This type is used principally for renewal purposes.

KINESCOPE

Directly viewed picture tube used 3KP4
in compact, low-cost television receiv-
ers. Employs a white fluorescent screen
having medium persistence and high
efficiency. It utilizes electrostatic focus
and deflection to provide a rectangular picture with rounded corners about 214 x
174 inches. Maximum diameter is 3-1/16 inches; maximum overall length is
1134 inches. Tube requires magnal eleven-contact socket and may be mounted in
any position. For installation and handling considerations, refer to ELECTRON
TUBE INSTALLATION SECTION. This type is used principally for renewal

purposes.

HEATER VOLTAGE (AC/DC) . ¢ oo v vttt it nentnneronnetonesecnnranenns 6.3 volts
HBATER CURBENT . . . ..t titiit et tvreennnecannnsronenoeeoceaeenns 0.6 ampere
Maximum Ratings:
ANODE-N0.2 AND GRID-NO.2 VOLTAGE., . . . .t vviiiinneninn et onn s 2500 maz volts
ANODE-NO.1 VOLTAGE. . . ...ttt ittt iiiie et inaeeanns 1000 max volts
GRID-NO.1 VOLTAGE:
Negative bias value. . ... ... ... ... . ... ... e 200 maz volts
Positive bias value........ 0 max volts
Positive peak value . 2 maz volts
PEAK VOLTAGE BETWEEN ANODE N0.2 AND ANY DEFLECTING ELECTRODE.. . 500 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .......................... 125 max volts
Heater positive with respect tocathode........................... 126 maz volts
Typical Operation:
Anode-No.2 Voltage*. .. ... ... ... ... .. .. i 2000 volts
Anode-No.1 Voltage for Foeus®. . .. ... ... ... .. v, 320 to 600 volts
Grid-No.1 Voltage for Visual Cutoff of Undeflected Focused Spot.. -38 to -90 volts
Deflection Factors#:
DILand DJI2. ... .ttt e 100 to 136 volts de/in
DI3and DJ4. ... ... et 76 to 104 volts de/in
Maximum Circvit Valves:
Grid-No.1 Circuit Resistance. . ..............c.. ... Cesnireeretancanans 1.5 maz megohms
Resistance in any Deflecting Electrode Circuit. ., .. ..cciveeecevroovene 5 mazx megohms

* Brilliance and definition decrease with decreasing anode-No.2 voltage.

© With the combined grid-No.1-bias voltage and video-signal voltage adjusted for a highlight brightness
of 2 foot~lamberts on a 244" x 174* picture area.

# Deflecting electrodes DJ1 and DJ2 are nearer the'screen; deflecting electrodes DJ3 and DJ4 are nearer
the base. When DJ1 is positive with respect to DJ2, the spot is deflected toward pin 4; when DJ3 is
positive with respect to DJ4, the apot is deflected toward pin 1.
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3LF4

3Q4

BEAM POWER AMPLIFIER

Glass lock-in type used in output stage of
ac/dc/battery portable receivers. Qutline 14,
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 charaecteristics, refer to giass-octaf
type 3Q5-GT.

POWER PENTODE

Miniature type used in output
stage of lightweight,compact, portable,
battery-operated equipment. Outline
12, OUTLINESSECTION. Except for
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 22, OUTLINES SEC-
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.

Filoment Arrangement Series Paralled
FILAMENT VOLTAGE (DC). ................ 2.8 1.4
FILAMENT CURRENT. .......oo0viinnn.... 0.05 0.1

Maximum Ratings:

CLASS A, AMPLIFIER

Series Parallel
PLATE VOLTAGE. . v it ieiennerinneannn 110 max 110 maz
GRID-NO. 2 (SCREEN) VOLTAGE . .......... 110 maz 110 maz
TOTAL ZERO-SIGNAL CATHODE CURRENT. . . 6 maz 12 maz
Typical Operation: Series Parallel
Plate Voltage. . ...............viinnen 90 110 85 90
Grid-No. 2 Voltage...........cocivinnnnn 90 110 86 90
Grid-No. 1 Voltage*. .................... -4.6 -6.6 -6 -4.5
Peak AF Grid-No. 1 Voltage............. 4.5 5.1 5 4.5
Plate Current.............covveiiennnnnn 8.0 8.6 7.0 9.6
Grid-No. 2 Current (Approx.) ............ 1.0 1.1 0.8 1.3
Plate Resistance (Approx.) .............. 0.08 0.11 0.07T 0.09
Transconductance..............c........ 2000 2000 1950 2200
Load Resistance. . ...................... 8000 8000 9000 8000
Total Harmonice Distortion............... 8.6 8.6 5.6 6.0
Maximum-Signal Power Qutput........... 230 330 250 270

110
110
-6.6
6.4
10
1.4
0.1
2200
8000
6.0
400

volts
ampere

volts
volta

volts
volts
volts
volts
ma

ma
megohm
pmhos
ohms
per cent
mw

*The grid-No.l-circuit resistance should not exceed 1.0 megohm for either cathode- or fixed-bias

operation.
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Ge (1Y)
. R POWER PENTODE
Q( (&) Miniature type used in output g
' stage of lightweight, compact, portable, 3S4
MO, De. battery-operated equipment. Outline
() 12, OUTLINES SECTION. Tube re-
F

qguires miniature seven-contact socket

and may be mounted in any position. Types 354 and 154 are identical except for
filament arrangement. Type 384 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) . .. vvvvevnnnssannnnnnns 2.8 1.4
FILAMENT CURRENT. ... .vvvisnneronsrocannassns 0.05 0.1

CLASS A; AMPLIFIER

Maoximum Ratings:

Series Parallel
PLATEVOLTAGE. .. ..o vt iviieneenneennernnnns 90 max
GRID-NO. 2 (SCREEN) VOLTAGE 67.6 max
ToTaL CATHODE CURRENT. ...... . 12 maz
# For each 1.4-volt filament section.
Typical Operation: Serics Paraild
Plate Voltage.........c.oiiiniiiiiinnienneeane 67.6 90 67.65 90
Grid-No. 2 Voltage ............0vivinievienenen 67.56 67.5 67.56 67.6
Grid-No. 1 (Control-Grid) Voltage. .............. -7 -7 -7 -1
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 11 1.6 1.4
Plate Resistance.............. . 0.1 0.1 0.1 0.1
Transconductance. 1400 1425 1660 1676
Load Resistance. . ............ccoiinnnnnnen.. 65000 8000 5000 8000
Total Harmonie Distortion..............co0vunt. 12 13 10 12
Mazimum-Signal Power Qutput..............000. 160 236 180 270

AVERAGE PLATE CHARACTERISTICS
TYPE 354
E¢2L4VOLTS OC GRID-N2.2VOLTS307.3

= PARALLEL FILAMENT ARRANGEMENT

L :c;’#
ey vOLTS
/"’&j”'—

-2

-4

PLATE (Ib) OR GRID-N22(1C2) MILLIAMPERES

., -8
\cé |
s / ........ ——e_] Eci=0 €cy3-10
—12
Y]
° 28 ) 75 100 125 150 78 200
PLATE VOLTS P2CM-SISTTH
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volts
ampere

volts
volts

volta
volta
volts
volta

megohm
pmbos
ohms
per cent
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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 0.060-ampere filaments.

Filament Arrangement Series Parallel
FILAMENT VOLTAGE (DC). ...... e 2.8 1.4 volts
FILAMENT CURRENT. . ... ivittrinneinninianenaanans 0.05 0.1 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx. With no external shield):

Grid No. 1 to Plate. 0.2 my

OUEPUL oottt e ettt et 8.8 st

Maximum Ratings: CLASS A, AMPLIFIER

Series Paralle

PLATE VOLTAGE. .. ... titiitinnernnneennenanennnncansen 90 maz 90 max volts
GRID-NO. 2 (SCREEN) VOLTAGE. . . ..cvnuireennennraneensns 90 maz 90 mazx volts
TOTAL CATHODE CURRENT .. ...\ civirnnnrnnoornnenannns 6# max 12 max ma
# For each 1.4-volt filament section.

Typical Operation: Series Parallel

Plate Voltage..... . 90 85 90 volts
Grid-No. 2 Voltage. ............ 90 85 90 volts
Grid-No. 1 (Control-Grid) Voltage. .. 4.5 -5 -4.5 volts
Peak AF Grid-No. 1 Voltage...... .. 4.5 5 4.5 volts
Zero-Signal Plate Current. . . .. P O 6.9 9.5 ma
Zero-Signal Grid-No. 2 Current. . P U 1.5 2.1 ma
Plate Resistance (APProX.). .. .....veveeenerernecannacass 0.12 0,12 0.1 megohm
Transconduetance. .....covereevecnirrnisconanrsanonnnn 2000 1975 2150 umhos
Load Resistance. . ..o veeet e iiniinneinasnsnnsaanannss 10000 10000 10000 ohms
Total Harmonic Distortion. ...........viieiiiiinennns 7 10 7 per cent
Maximum-Signal Power Qutput.........................t 240 250 270 mw

INSTALLATION AND APPLICATION

Type 3V4 requires miniature seven-contact socket and may be mounted in
any position. Outline 12, QUTLINES 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 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 center of 1.3 volts.

For series operation of the sections, a shunting resistor must be connected
across the section between the F- and Fpn, the filament mid-tap, to bypass any
cathode current in this section which is in excess of the rated maximum per section.
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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.1 voltage is referred to F-. In
parallel filament arrangement, the grid-No.1 voltage is referred to Fu, the filament
mid-tap.

AVERAGE PLATE CHARACTERISTICS
T

2s T T T T
TYPE 3V 4
Ef=14 VOLTS DC GRID-N22 VOLTS:90 —]
2 PARALLEL FILAMENT ARRANGEMENT
@
=0
:.'2 Ecy
| to ot
- .
3 IE)
-~ \ ’—__—-r—"
Qs
< \ / -3.0
g \ /4 |20
pa—
i Y4l J—
€0 Yl GRID-N31 VOLTS Ec1=-43
‘ \ Ly e
]
~ L
> \'ce 6.0
< / ~9
v commnt W Eci=0
< ( - == = =71.5
4 ~ —~ ==
P et MY -4_1? — -90
- T -10.5
T T
° EL) (13 L) 50 75 200

100 125
PLATE VOLTS
Q2CM-62355TH

FULL-WAVE VACUUM RECTIFIER

Lock-in type used in power supply of radio
equipment having moderate dc requirements. 5AZ4
Outline 19, OUTLINES SECTION. Tube re-
quires lock-in socket. Filament volts, 5; am-
peres, 2. For maximum ratings, typical opera-

tion, and curves, refer toglass-octal type 5Y3-GT.

FULL-WAVE VACUUM RECTIFIER

o Metal type used in power supply of radio .
equipment having large de¢ requirements. Out-
9 tine 7, OUTLINES SECTION. Tube requires 5T4
F

‘ octal socket, Vertical tube mounting is pre-

ferred but horizontal mounting is permissible if
o ° pins 2 and 8 are in vertical plane. Filament
S F volts (ac), 5.0; amperes, 2.0. This type is used

principaily for renewal purposes,

Maximum Ratings: FULL-WAVE RECTIFRER

PRAK INVERSE PLATE VOLTAGE. « ..\ vvteeenreneeeenanenennensnsnnenenn. 1660 max volts
PRAK PLATE CURRENT. ........ tecosaenn tesacaeccctrreianaritananrenranann 675 max ma
DC OUTPUT CUBRENT . . .ot ottnitteintieuninsneneneonecnnonsnssnnnnes 225 maz ma
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Typical Operation:

Filter Input Capacitor Choke

AC Plate-to-Plate Supply Voltage {(rms) ...........cccovvevnn.. 900 1100 volts
Filter-Input Capacitor. . .. ....... ... ... . .0 iiiiinnnnnanan. 4 - uf
Total Effective Plate-Supply Impedance Per Platet ............ 150 - ohms
Filter-Input Choke. ...................... - 10 henries
DC Output Current 225 225 ma
DC Qutput Voltage at Input to Filter (Approx.):

At half-load current (1125 ma.) .. ... ittt iiii e 530 465 volts

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

Half-load to full-load current. . ... ... ... ... . co0ivann. 50 15 volts

t 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.

PROJECTION KINESCOPE

Projection-type kinescope used in

5TP4 television receivers having a reflective

optical system. Features high-efficien-

¢y, metal-backed white fluorescent

screen utilizing phosphor No.4 of the

silicate type. Highlight brightness of the projected picture is about 15 foot-lam-

berts when the 5TP4 is operated at 27 kilovolts. Utilizes electrostatic focusing and
magnetic deflection. Has deflection angle of about 50°.

HEATER VOLTAGB (AC/DC)} ............uvnnn. e Cebererteresaans 6.3 volts
HEATER CURRENT. ................. 0.6 ampere
DIRECT INTERELECTRODE CAPACITANC!
Grid No.1 to All Other Electrodes 8 puf
Cathode to All Other Electrodes ... .........c.ccivvuean. Ceseiresranseas 5 uul
External Conductive Coating to Anode No. 2 { 500 maz st
e et e e 100 min unt
Moximum Ratings:
ANODE-No0.2 Voltage ........... PN 27000 mazx volts
ANODE-NO.1 Voltage . ... ittt ittt ittt i ieniintnteaniennannarnnnn 6000 maz volts
GRID-NO.2 Voltage . .........covuuinnenn, e aeeeinea et e 350 maz volts
GRID-NO.1 VOLTAGE:
Negative bias value. .. ... ... it it it ieiiiii e 150 maz voits
Positive biag value. . .. .. .. .. i i i it e iaa e 0 max volts
Positive peak value . . ................ et e te et iae e e s 2 maz volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode:
During equipment warm-up period not exceeding 15 seconds. .......... 410 maz volts
After equipment warm-up period. . ........ . ... . il il 175 maz volts
Heater positive with respect tacathode. .. ... ...... ... ... o iviiuns 10 maz volts
Typicoal Operation:
Anode-No.2 Voltage® ... .. ... ... ittt iiiiiirersotnsasncnessnnans 27000 volts
Anode-No.1 Voltagé Range for Focus when Anode-No.2
Current 18 200 pB . . ... .. ... ittt it ae i 4320 to 5400 voits
Grid-No0.2 VOltaZE . . ..ottt it i it ettt e it tiaonn s aeianesansannanns 200 voits
Grid-No.1 Voltage for Visual Cutoff of undeflected focused spot.......... —42 to —98 volts
Anode-No.2 Current . ... ... .. .o iuniuieniiitnerierneraioernenarenennns pa
Maximum Anode-No.1 Current ua
Grid-No.2 Current Range ............ooiiiennnes ua

Maximum Circvit Valve:
Grid-No.1-Circuit Resistance ...... ... viiiriiiiiniirirrenieerneassnens 1.5 maxz megohms

* Brilliance and definition decrease with decreasing anode voltages. In general, anode-No. 2 voltage
should not be less than 20000 volts.
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INSTALLATION AND APPLICATION

The base pins of the 5TP4 fit the duodecal seven-contact socket. 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. Outline 44, OUTLINES
SECTION.

: A typical reflective optical system
l for use with the 5TP4 is illustrated in the
accompanying sketch. It consists of a
spherical collecting mirror and a cor-
AP::’%; . recting lens located at the center of cur-
) vature of the mirror. The illustration also
shows the location of the face plate of
) the 5TP4 and the location of the viewing
screen with respect to the mirror and the
correcting lens.
2"

wzwmc/
SCREEN

9.50"DIA.

WORKING
DiA.

\;
I‘ 0.240° The neck external conductive coai-
APPROX. jng must be grounded. Connection to the

—
CORRECTING”
LENS

coating may be made by a flexible band
around the base end of the coating, or by

OEFLECTION 5.97" a soft brush contact attached to the bot-
tom of the yoke. Unless the coating is

> grounded, it may assume the potential

ShqE prare 5”om.—-j of anode No.2 and thus break down the

13.53°  yoke insulation.

STHEREEY 137078, The coating serves to prevent corona
between the neck (which has an internal

/ coating at anode-No.2 potential) and the

! Car yoke. Corona would act to damage the

- 4lgDIA yoke insulation and to produce break-

} 14”D1A. 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 formation
of a continuous film of moisture over the glass surface when humidity is high.
Such a film, when a high-voltage gradient is present, is conducive to the formation
of corona and tends to produce sparking over the glass surface. 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 5T P4 to prevent interaction be-
tween the fields produced by grid No.1 and 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 maximum anode current
for individual tubes having different cutoff voltages. Adjusting grid-No.1 cutoff in
this way not only makes grid drive more uniform, but also reduces variations in
anode-No.1 current. Since grid-No.2 draws at most only a negligible leakage cur-
rent, its voltage may be obtained from a potentiometer inserted in the anode-
No.1 voltage divider.
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The high voltage at which the 5PT4 is operated is 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.

For additional installation and handling considerations, refer to ELECTRON
TUBE INSTALLATION SECTION.

Occasionally, after a tube has been transported, fine loose particles inside the
tube may get on the anode-No.1 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.

SPECTRAL ~ENERGY EMISSION
CHARACTERISTICS OF PHOSPHOR Ne 4
SILICATE TYPE

COLOR TEMPERATURE : 5500 °K

3
S

8
]

s
.

g
S
—

F'Y
o

RELATIVE RADIANT ENERGY

8
L

Lo

5000 7000
WAVELENGTH - ANGSTROMS
92CM 73357

FULL-WAVE VACUUM RECTIFIER o

Glass octal type used in power
5 U4-G supply of radio equipment having high G)

dc requirements. Outline 40, OUT- F N7\

LINESSECTION. Tuberequiresoctal OMO

socket. Vertical mountmg is preferred NC
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. For
discussion of Rating Chart and Operation Characteristics, refer to type 6AX5-GT.

FILAMENT VOLTAGE (AC) .+t v s invrencuanoronersanoseaneonnnnssanonanenns 6.0 volts
FILAMENT CURRENT. . 4t 4 ttsenntnnnnseasssasrososasonossnnaneesnannnan 3.0 amperes
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Maximum Ratings: FULL-WAVE RECTIFIER

PEAK INVERSE PLATE VOLTAGE. . . . ..ottt iiiiiiiinen e, 1550 maz volts
PEAK PLATE CURRENT PER PLATE. . . . ... ... ... .. i, 675 mazx »a
HoT-SWITCHING TRANSIENT PLATE CURRENT

for duration of 0.2 second maximum. ..................... [ 2.35 mazx amperes
Ac PLATE SUPPLY VOLTAGE PER PLATE (RMS) . . See Rating Chart

DG OuTPUT CURRENT PER PLATE (RMS). ... ..o vi it iiiinnneenns See Rating Chart

Typical Operation with Capacitor Input to Filter:

AC Plate-to-Plate Supply Voltage (rms) . 900 1100 volts
Filter Input Capacitor®*. . .................. e . .. 10 10 uf

Effective Plate-Supply Impedance Per Plate 170 230 ohms
DC Output Voitage at Input to Filter (Approx.):
At half-load current of { 510 G(_iO :gig
430 - volts
At full-load current of { s 590 volts
Voltage Regulation (Approx.):
Half-load to full-load current...osevece.s. 80 70 volts
Typical Operation with Choke Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)....... 900 1100 volts
Filter Input Choke. ..... e e 10# 10# # henries
DC Output Voltage at Input to Filter (Approx.):
135 ma...... . ... 3865 - volts
At half-load current of { 112.5 ma. ... : R 460 volts
" 270 ma. .. ... 845 - volts
At fullload current of { ZIR Ao - 440 volts
Voltage Regulation (Approx.):
Half-load to full-load current. . ... heenetasaetstennsienea.s 20 20 volts

* Higher values of capacitance than indicated may be used but the effective plate-supply impedance may
have to be increased to prevent exceeding the maximum rating for hot-switching transient plate current.

# This value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS with Choke Input to Filter, provided the load current
is not less than 85 ma. For load currents less than 35 ma, a larger vaiue of inductance is required for
optimum regulation.

# # This value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS with Choke Input to Filter, provided the load current is
not less than 45 ma. For load currents less than 45 ma, a larger value of inductance is required for
optimum regulation,

RATING CHART

TYPE 5U4-G "E4=5.0 VOLTS
E7i% CAPACITOR OR CHOKE INPUT

N\ CHOKE INPUT ONLY
1 ) 1

| max breraTING L |
135 WITH _CHOKE INPUT )3/
o'¢,
Q > Aq’

<
Q

Iy
o

o
-]

A

@
o

o
(=]

DC OUTPUT MILLIAMPERES PER PLATE
>
o

2
z 2 o
200 200 600 800
AC PLATE SUPPLY VOLTS (RMS)PER PLATE
92CM-7494T
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OPERATION CHARACTERISTICS RATION CHARACTERISTICS
FULL - WAVE_CIRCUIT, CAPACITOR INPUT TO FILTER FULL—O\‘?AEIEACTleulT. THOKE INPUT 10 FILTER
TYPE 5U4-C Ef= 5.0 VOLTS AC TYPE 5U4-G E£=50 VOLTS AC
FILTER - INPUT CAPACITOR —F CHOKES OF INFINITE
Tore EFFECT PLATE = INDUCTANCE b
800 SUPPLY IMPEDANCE PER -+ -CHOKE S OF VALUES
170 OHMS FOR 800| SHOWN
e PLATE CURVES 1-6 — =~BOUNDARY LINE FOR
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FULL-WAVE VACUUM RECTIFIER

Glass octal type used in power
supply of radio equipment having high
de requirements. Outline 35, OUT-
LINESSECTION. Tuberequiresoctal
socket and may be mounted in any

5V4-G

PDp

10
o,

NC H

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 at an average 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. . .. ..o0ivvvnnss .

Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE. ......
PEAK PLATE CURRENT. .
DCOUTPUTCURRENT. . . .+t oiviniennn

Typical Operation:

Filter Input Capacitor
AC Plate-to-Plate Supply Voltage (rms) ...............c..0 760
Filter-Input Capacitor. . .. ... ... i iiiiiiiiiiintnnnnse 8
Total Effective Plate-Supply Impedance per Plate*. . ........ 100
Min. Filter-Input Choke .........coviiinninninnrnrinenns —
DCOutput Current. . .. ..coirueiiinerniunanrereenrenenens 176
DC Output Voltage at Input to Filter (Approx.):

At half-load current (87.5 m8.) . .vveveniiniriiiainenannn 456

At full-load current (176 ma.). .. 415
Voltage Regulation iApprox.):

Half-load to full-load current. . ........coo v ennnn 40

5.0 volts
2.0 amperes
1400 max volts
525 max ma
175 max ma
Choke
1000 volts
- [
- ohms
4 henries
176 ma
426 volts
416 volts
10 volts

* When a filter-input eapacitor 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.
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OPERATION CHARACTERISTICS
T T T T

TYPE 5V4-G

E£=5.0 VOLTS

~ == CHOKE(L) INPUT TO FILTER?

Lza HENRIES (MIN.)

T PCAPACITOR (C)INPUT TO FILTER:

e TOT. EFFECT, PLATE ~ SUPPLY

| IMPEDANCE PER PLATE=

] 100 OHMS ]
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92CM~-6090RI

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

PD, GT are used in power supply of radio equipment
having low dc requirements. Qutlines 6 and 25, 5w4
respectively, OUTLINES SECTION. Both

PDz

types require octal socket. Filament volts (ac),
5.0; amperes, 2.0. Maximum ratings: peak in-

‘ verse plate volts, 1400 max; peak plate ma., 300 SW4'GT
o 0 maz; de output ma., 100 maz. The 5W4-GT is a
F DISCONTINUED typelisted for referenceonly.

Type 5W4 is used principally for renewal
purposes,

0.

F

NC: 5W4—CT

NC PDy

FULL-WAVE VACUUM RECTIFIER

e NC Glass octal type used in power supply of
radio equipment having large dc requirements.

Outline 40, OUTLINES SECTION. Filament 5x4_G
N(_ a e volts, 5.0; amperes, 3.0: E_xcept. for b:asing ar-
‘ rangement, this type is identical with type
o 5U4-G. Type 5X4-G is used principally for
2 renewal purposes.

P FULL-WAVE VACUUM RECTIFIER
O Glass octal types used in power 5Y3-G

supply of radio equipment having mod-
9‘ erate dc requirements. Type 5Y3-G, 5Y3_GT
OMO. Outline 35; type 5Y3-GT, Outline 25,
NC_ F OUTLINESSECTION. Tubesrequire
octal socket. Vertical tube mounting is preferred, but horizontal operation is per-
missible if pins 2 and 8 are in horizontal plane. It is especially important that these
tubes, like other power-handling tubes, should be adequately ventilated. Type
5Y3-G is used principally for renewal purposes. For discussion of Rating Chart
and Operation Characteristies, refer to type 6AX6-GT.

-

volts
amperes

FILAMENT VOLTAGE (AC)..... e b e e e ittt e 5
FILAMENT CURRENT . ¢ ot st turonecuoserassnraerossasssennasons e 2.
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Maximum Ratings: FULL-WAVE RECTIFIER

PEAK INVERSE PLATE VOLTAGE. . .. .....vivvinnas ceneien 1400 max volts
PEAK PLATE CURRENT PER PLATE. . ............. 400 max ma
HOT-SWITCHING TRANSIENT PLATE CURRENT
For duration of 0.2 second maximum. ...... . 2.2 mazx amperes
Ac PLATE SupPLY VOLTAGE PER PLATE (nus) PN See Rating Chart
Dc OuTPUT CURRENT PER PLATE (RMS) . eaen See Rating Chart
Typical Operation with Capacitor Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)......... 700 1000 volts
Filter Input Capacitor*..... .. 10 10 uf
Effective Plate-Supply Impedance Per Piate. . ... 50 140 ohms
DC Output Voltage at Input to 5Fi1ter (Approx.): 390 e
62.5 ma - vol
At half-load ecurrent of { 42 ma . > 610 volts
125 ma ... AN 350 - volts
At full-load current of { - B £ 560 volts
Voitage Regulation (Approx.):
Hali-load to full-load current. ....cveeeeases 40 50 volts
Typical Operation with Choke Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)......... 700 1000 volts
Filter Input Choke. . .....c.vviiiiinviannan .. 10# 10# # henries
DC Output Voltage at Input to Filter (Approx.)
75 ma . . 270 - volts
At half-load current of { 62.5 ma .. - ! 405 volts
- 150 ma . 245 — volts
At full-load current of { 139 ma . 24 590 volts
Voltage Regulation (Approx.):
Half-load to full-load current. .........c0u. 25 15 volts

* Higher values of capacitance than indicated may be used but the effective plate supply impedance
may have to be increased to prevent exceeding the maximum rating for hot-switching transient plate
current,

# This value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS with Choke Input to Filter, provided the load current is
not less than 35 ma. For load currents less than 35 ma, a larger value of inductance is required for
optimum regulation.

# # This value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS with Choke Input to Filter, provided the load current is
not less than 50 ma. For load currents less than 50 ma, a larger value of inductance is required for
optimum regulation.

RATING CHART

OC OUTPUT MILLIAMPERES PER PLATE

i

AC PLATE SUPPLY VOLTS (RMS) PER PLATE
92CM-T7396T
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OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
FULL - WAVE _CIRCUIT, CAPACITOR INPUT TO FILTER FULL-WAVE CIRCUIT, CHOKE INPUT TO FILTER
TYPE 5Y3-GT E££=50 VOLTS AC TYPE 5Y3-GT €,=50 VOLTS AC
FILTER-INPUT CAPACITOR = CHOKES OF INFINITE
e TOOAL EFFECT PLAT 700 INDUCTANCE -
s LR S toance Per TS HONG OF VALUES
RN 5D OHMS FOR
. —BOUNDARY LINE FOR
% PLATE {' .0 OCH“(f;’EﬁOF: s W CHOKE VALUES SHOWN
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AN ADK = SEE RATING 600 His CHART .
3. \\A CHART |‘“ I\
z N A} ““- \\‘ L Ileul‘ -
5 ™~ KN oA sHown T 1%
g *Nis. N~ WM K
« 500 % \ & s0of 2%
o [} VA Yoo O
[od 1 \ = LI ZPAS Pa
- N \ w [RYCE A N,
> 5& e U AN N N
z I~ ‘oo 500 I >~
= 400} \\\ 5 a00bo [8p Loy / et
- t \, C
« N ™~ z ) H A
0 I~~~ z | 459
» RN o ‘.‘3\\ B /. \ y.
g N IS Rurs “ 7 RS oow A Ve
I3 \ (AR K
> 300l —s e, | © 3000 ‘.J\ s eeq FLATE o
5 | 3 2001 355 7 )
o \ > Q2 $
§ ENG e \ . 53 o
<) T \ N, 7 7 £
° \ \,\ \ .T—L_) ‘-‘o‘ | ,\M% P .
R EEEE i S aN
s, = 250
o4 ™ ! [} (4 B o
—— o \ 1’\,’\7‘L ‘/\‘ \\74‘ﬁ
‘ 200 P f
0 e
100 \‘ | 100| IZ\/K/ // 150 /ﬁh‘“l
I~ 3/ A o H
A AP
' [ A=
L4 4 80 120 160 )
‘DC LOAD MILLIAMPERES 4[?(; LOAD MBEUAMPEREIEO 160
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e Poy FULL-WAVE VACUUM RECTIFIER
° Glass octal type used in power supply of
nc Tadio equipment having moderate dc require-
G) ()™ ments. Outline 35, OUTLINES SECTION.
Tube requires octal socket. Vertical tube mount-
ing is preferred, but horizontal mounting is per- 5 Y4-G
Nc vo f  missible if pins 2 and 7 are in horizontal plane.
Filament volts (ac), 5.0; amperes, 2.0. For maxi-
° 0 mum ratings, typical operation, and curves,
NC F refer to type 5Y3-GT. Type 5Y4-G is used
principally for renewal purposes.
PD2 Poy
@) ©, FULL-WAVE VACUUM RECTIFIER
Glass type used in power supply
of radio equipment having large dc re- 5 Z 3

0‘0 quirements. Outline 41, OUTLINES
+ SECTION. Tuberequires four-contact
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, 3.0. For maximum ratings, typical operation,
and curves, refer to type 5U4-G.
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5Z4

FULL-WAVE VACUUM RECTIFIER

Metal type used in power supply of radio
equipment having moderate dc requirements.
Outline 6, OUTLINES SECTION. Tube re-
quires octal socket and may be mounted in any
position. Heater volts (ac), 5.0; amperes, 2.0.
Maximum ratings: peak inverse plate volts,
1400 max; peak plate ma. per plate, 3756 mazx.
Typical operation as full-wave rectifier with
capacitor-input filter: ac plate-to-plate supply

PDp

vo!t,? {rms}, 70'0; wt.al effective plate-supply impedance per plate, 50 ohms; dc output ma., 125
Typieal operation with choke-input filter: ac plate-to-plate supply volts, 1000; minimum filter-input
choke, 5 henries; dc outpus ma., 125.

6A3

6A4 /LA

6A6

6A7
6A7S

POWER TRIODE

Glass type used in output stage of radio re-
ceivers. Outline 41, OUTLINES SECTION.
Tube requires four-contact socket. Filament
volits (ac/dc), 6.3; amperes, 1.0. This type is
identical electrically with type 6B4-G. The 643
is used principally for renewal purposes.

POWER PENTODE

Glass type used in output stage of auto-
mobile receivers. Outline 36, OUTLINES SEC-
TION. Tube requires five-contact socket. Fila-
ment volts (ac/dc), 6.3; amperes, 0.3, Typical
operation: plate and grid-No. 2 volts, 180 max;
grid-No. 1 volts, -12; plate ma., 22; grid-No. 2
ma., 3.9; plate resistance, 45500 ohms approx.;
transconductance, 2208 umhos; load resistance,
8000 ohms; cathode-bias resistor, 465 ohms;
output watts, 1.4. This is a DISCONTINUED
type listed for reference only.

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 A; amplifier to
drive a 6A6 as class B amplifier. Outline 36,
OUTLINES SECTION. Tube requires medium
seven-contact (0.865-inch, pin-circle diameter)
socket. Filament volts (ac/dc), 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 34, OUTLINES SECTION.
These types require the small seven-contact
(0.75-inch, pin-circle diameter) socket. Except
for interelectrode capacitances, the 6A7 is iden-
tical electrically with type 6A8. Type 6A7S, now
DISCONTINUED, has the 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.
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PENTAGRID CONVERTER 6A8

P ~G2

Metal type 6A8 and glass-octal
© types6A8-Gand6A8-GTusedinsuper- QA 8-G
heterodyne circuits. Type 6A8, Out-
e\‘r/ " line 4; type 6A8-G, Outline 33; type 6A8-GT
sae (1) 6A8-GT, Outline 23, OUTLINES
BCiGAsCT K SECTION. Type 6A8-G is used principally for renewal pur-
poses. All require octal socket. For general discussion of pentagrid types, see
Frequency Conversion in ELECTRON TUBE APPLICATIONS SECTION. For
heater and cathode considerations, refer to type 6AV6.

HEATER VOLTAGE (AC/DC) . .4 ivvvunetrinn s iineeennsvananrosssnssnons .. 6.3 volts
HEATER CURRENT. . ..\ iittnneaeniornnneeraanesesnessnossosasnnonaas 0.3 ampere
Maximum Ratings: CONVERTER SERVICE
PLATEVOLTAGE. ........... ..o unn.n 300 max volts
GrIDS-No. 3-AND-NO. 5 (SCREEN) VOLTAGE 100 max volts
GRIDS-NO. 3-AND-NO. 5 SUPPLY VOLTAGE .. . 300 max volts
GRID-NO. 2 (ANODE-GRID) VOLTAGE........ . . 200 mazx volts
GRID-NO. 2 SUPPLY VOLTAGE. . .. ..ttt ittatt i iivtnearanoeenssnna 800 max volts
GRID-NO. 4 (CONTROL-GRID) VOLTAGE, Positive Bias Value................ 0 max volts
PLATE DISSIPATION. .. ... . i i i ittt e it sseaeneaaenns 1.0 max watt
GRIDS-NO.3-AND-NO.5 INPUT. . .. oottt i e 0.3 max watt
GRID-NO.2Z INPUT . ... i ittt ittt i anennaean, . 0.75 mazx watt
TOTAL CATHODE CURRENT . . . ..\ iinttiinninntaaneenonanseenssonsen 14 mazx ma
PeAX HEATER-CATHODE VOLTAGE:

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

Heater positive with respect tocathode. ... .........covvviiiiiniens . 90 maz volts
Typical Operation:
Plate Voltage. . . .............. . .. 100 250 voits
Grids-No. 3-and-No. 5 Voltage 50 100 volts
Grid-No.2 Voltage. . . ............. . . 100 - volts
Grid-No. 2 Supply Voltage. . ... ...coocviiiiiiininiinnns - 250* volts
Grid-No.4 Voltage. . . .. ...t iiiieiiaeeinnannnn -1.5 -3 volts
Grid-No. 1 (Oscﬂlator-Grld) Resistor..........coivvuueannn 50000 50000 ohms
Plate Resistance (ApPProxX.). ... ...t ieniitennnnrvnnsn . 0.6 0.36 megohm
Conversion Transconductance 360 550 umhos
Conversion Transconductance (Approx.) with control-grid bias

of ~20 volts. .. ... e 3 - pmhos
Conversion Transconductance (Approx.) with control-grid bias

Of -8B volts. ..o s - 6 umhos
Plate Current. ... ... ... ... i e 1.1 3.6 ma
Grids-No. 8-and-No. 5 Current .. ............ .. .c0ivvrnnnn 1.3 2.7 ma
Grid-No. 2 Current. .......c..oittiiiiininen i iaaans 2 4 ma
Grid-No. 1 Current. ......c.ovirvnie ot cinnneennnennns 0.25 0.4 ma
Total Cathode Current. .. .......... .. . i 4.6 10.6 ma

* Grid-No. 2 supply voltages in excess of 200 volts require use of 20000-ohm voltage-dropping resistor
bypassed by 0.1-uf capacitor.

HIGH-MU TRIODE

Miniature type used as grounded-
grid amplifier, frequency converter, or
oscillator at frequencies up to about 6AB4
300 megacycles per second particu]ar—
ly in television and FM receivers. Qut-
line 12 OUTLINES SECTION. Tube reqmres miniature seven-contact socket and
may be mounted in any position. For maximum ratings, characteristics, and curves,
refer to type 12AT7. For heater and cathode considerations, refer to type 6AV6.

HEATER VOLTAGE (AC/DC) . .ttt vurit it sianranesernnnarcnarcaneanons 8.3 volts
HEATER CURRENT . . . .t itiiiiiree e tnonaannt iinnaneonnssunnaenensnns 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Grounded-Cathode Operation
Grid to Plate. . ... . i i it e 1.6 uuf
Input. . ... . i e 2.2 puf
L1001 <10 N 0.5 upf
Heater to Cathode. ............. S 2.9 unt
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DIRECT INTERELECTRODE CAPACITANCES (No external shield):

Grounded-Grid Operation
Plateto Cathode. .....ovviviiiniiiiniiaaeniienranannnas PN .. 0.24 uuf
Input............ e teseereeeaesenterer et aeates 5.0 puf
QULPUL. ..ttt iivereivarrersavsoosoarnsscoconssnnnans 1.7 ppf
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. . . ...o0vvnvann e TS PN 300 mazx volts
PLATE DISSIPATION. .. o0t tit i iinnnecnanssnsssanosssnnns reverenas 2.6 max watts
GRID VOLTAGE, Negative Bias Value.................0o000s feeiveseeaen -60 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............... teerssaenaans 90 mazx voits
Heater positive with respect to cathode................. etereacan 90 mazx volts
Characteristics:
Plate Voltage. . .. ... .. i ittt iiireeaernreernranen 100 250 volts
InternalShield...................... Ceirretea e Connected to ground
Cathode Resistor. .. ........ooiiivivnnennnnnss Cerieeaeaa 200 ohms
Amplification Factor.........oiiiviineeinanisioonaaennnns 60 60
Plate Resistance (APProx.).......cccvvuven. tersaseseess.. 15500 10900 ohms
TransconductancCe. . .. ..ovivininerrneneenrnnnnnn PR 4000 5500 pmhos
Grid Bias (Approx.) for plate current of 10ua..... PP -6 -12 volts
Plate Current......... [ e P “es 3.7 10 ma
ELECTRON-RAY TUBE
A
Glass type used to indicate visually by c‘ (@
means of a fluorescent target the effects of a
6AB5 change in a controlling voltage. It is used as a /
convenient means of indicating accurate radio- P 2) o
receiver tuning. Outline 30, OUTLINES SEC- RC

6N5 TION. Tube requires six-contact socket. For
heater and cathode considerations, refer to type
6AV6. Heater volts (ac/dc), 6.3; amperes, 0.16.
Ratings: plate-supply volts, 180 mazx; target
volts, 180 maz, 126 min.

REMOTE-CUTOFF PENTODE

Metal type used in rf and if stages of pic-
ture amplifier of television receivers particularly
those employing automatic-gain control. Out-

6AB7 line 3, OUTLINES SECTION. Tube requires
octal socket. Heater volts (ac/dec), 6.3; amperes,
0.45. Maximum ratings as class A, amplifier:
plate and grid-No. 2 supply volts, 800 maz;
grid-No. 2 volts, 200 maz; plate dissipation,
3.75 maxr watts; grid-No.2 input, 0.7 mazx

watt. Typical operation: plate and grid-No.2 supply volts, 800; grid-No.3 volts, 0; grid-No.2 series
resistor, 30000 ohms; grid-No.l volts, —3; plate resistance (approx.), 0.7 megohm; transconductance,
5000 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 6ACH-GT

6 AC 5_GT output stage. Outline 22, OUTLINES SEC-
TION. Tube requires octal socket. Heater volts
(ac/dc), 6.3; amperes, 0.4. Maximum ratings:
plate volts, 250 max; peak plate ma. (per tube),
110 maz: average plate dissipation, 10 mazx
watts. This type is used principally for re-
newal purposes.
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2 SHARP-CUTOFF PENTODE

Metal type used in rf and if stages
of picture amplifier and the first stages
o " of the video amplifier of television re- 6AC7
ceivers. It is also used as a mixer or
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.

HEATER VOLTAGE (AC/DC) . . ot ttt ittt it teeeie e neieeennenann 6.3 volts
HEATER CURRENT. . ... it iette et en s it ittt et s ianeananas 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES (Shell connected to cathode):

Grid No.ltoPlate. . ... ..o i i i e 0.015 max ppf

6+ 17 7 11 puf

L3507 41 5 upf
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. . ... ittt iiinansnnnnas et 300 maz volts
GRID-NO.2 (SCREEN) VOLTAGE. . .. .. .ttt cinaneranaraneannnns 150 mazx volts
GRID-NO.2 SUPPLY VOLTAGE. .. ........o.oviiiiiennannnns ereai e 300 mazx volts
PLATE DISSIPATION . . ... ..ttt in et rsanenrcnanannn.vnn 3 maz watts
GRID-NO2 INPUT. .. ... ... ... ... ... teerrienoas SN 0.4 mazx watt
PEAK HEATER-CATHODE VOLTAGE:!

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

Heater positive with respect tocathode ............... ... oL, 90 mazx volts
Typical Operation: Condition I* Condition II**
Plate Voltage. . . ... ciiitiun it e iiiiciiersreesasateanas 300 300 volts
Grid-No. 8 Voltage. . . ....c.oiireiiiiieiinnennanas PP 0 0 volts
Grid-No. 2 Supply Voltage. .. . .....oiiiiiiniincneannnn. 150 300 # volts
Grid-No.2 Series Resistor. . .............. . iiiiiiiinan.. - 60000 ohms
Min. Cathode-Bias Resistor. . . ...........cooiviiniieenn... 160 160 ohms
Plate Resistance (APProxX.). .. .....ccuruiieiiinnenenannnnn 1 1 megohm
TransconductBNCe. . . . .covevmnrene e enin e enaaannaas 9000 9000 pumhos
PlateCurrent. .........coviiiivn i, .. e 10 10 ma

Grid-No. 2 Current 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

Glass octal type used to indicate visually,
by means of two shadows on the fluorescent tar-
get, the effects of changes in the controlling
voltages. I't is a twin-indicator type and is used 6AD6-G
as a convenient means of indicating accurate
radio-receiver tuning. Heater volts (ac/dc), 6.3;
amperes, 0.15. Maximum target volts, 150. This
- is a 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. Outline 35,
OUTLINES SECTION. Tube requires octal 6AD7-G
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 Aj 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 input, 2.7 maz watts. Maximum ratings of triode unit as class A;
amplifier: plate volts, 285 maz; plate dissipation, 1.0 max watt.
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LOW-MU TRIODE 5

Glass octal type used as class A, amplifier e
in ac/de radio receivers. Outline 22, OUT-
6AES-GT LINES SECTION. Heater volts (ac/dc), 6.3; A
amperes, 0.3. Maximum ratings as class A; am-
plifier: plate volts, 300 max; plate dissipation, " ‘/ o n
2.5 mar watts. This is a DISCONTINUED OMO
type listed for reference only. NC "

TWIN-PLATE CONTROL TUBE

Glass octal type used as a control tube for
twin-indicator type electron-ray tubes. Outline ° e
31, OUTLINES SECTION. Contains two tri-
6AE6—G odes with different cutoff characteristics. If ave th;m
voltage is applied to the common control grid in
suitable circuit, onehtrimlile section operates on e / °
weak signals while the other operates on strong H \ . A H
Nc K

signals. Heater voltage (ac/dc), 6.3; amperes,
0.15. This is a DISCONTINUED type listed
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 6AET-GT replaces two tubes
ordinarily required as drivers. Outline 22, OUT-
LINES SECTION. Heater volts (ac/dc), 6.3;
amperes, 0.5. This is a DISCONTINUED type
listed for reference only.

ELECTRON-RAY TUBE

Glass octal type used to indicate visually,
by means of two shadows on the fluorescent tar-
get, the effects of changes in the controiling

6 AF6-G voltages. It is a twin-indicator type and is used
as a convenient means of indicating aceurate
radio-receiver tuning. Qutline 11, OUTLINES
SECTION. Tube requires octal socket. Heater
volts (ac/dc), 6.3; amperes, 0.15. Ratings: tar-
get volts, 250 maz, 125 min; ray-control-elec-

trode supply volts, 250 mazx; peak heater-cathode volts, 90 max. 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
6 A G 5 Miniature type used in compact

radio equipment as an rf or if amplifier

up to 400 megacycles per second.

Outline 12, OUTLINES SECTION.

Tube requires miniature seven-con-
tact 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 6AV6.

HEATER VOLTAGE (ACG/DC).......... et e et e e et e e 6.3 volts
HEATER CURRENT. . ...................... b et e et it 0.3 ampere
DIBBECT INTERELECTRODE CAPACITANCES (No external shield):
Grid No. L1 to Plate. . ... ..o\ttt iti s it earanesneenes 0.030 max pnl
Ut e 6.5 s
L0 PPN . . 1.8 upf
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Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. . . ......c.cvievniniinnnn.. 300 max volts
GRID-NO. 2 (SCREEN) VOLTAGE 150 max volts
PLATE DISSIPATION. .. ........covvnun.... .. 2 mazx watts
GRID-NO. Z INPUT. . . ..ottt i i 0.5 max watt
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. ...,... 100 125 250 volts
Grid-No. 2 Voltage 100 125 150 volts
Cathode-Bias Resistor. . . ................... .. 180 100 180 ohms
Plate Resistance (ApproX.}. ................... 0.6 0.5 0.8 megohm
Transconductance. . . ........eevevuninennn.... 4500 5100 5000 umhos
Grid-No.1 Bias for plate current of 10 ua . ... . .. -5 -6 -8 volts
Plate Current. .......ooviviveennnnn o n... 4.5 7.2 6.5 ma
Grid-No. 2 Current. . 1.4 2.1 2 ma
Maximum Ratings {Triode Connection):*
PLATE VOLTAGE, ....... 300 snax volts
PLATE DISSIPATION 2.5 max watts
Typical Operation (Triode Connection):*
Plate Voltage........... 180 250 volts
Cathode-Bias Resistor. . . 330 820 ohms
Plate Resistance. . ... e 8000 10000 ohms
Amplification Factor..... 45 42
Transconduetance. .. ..... .- 5700 3800 wpsmhos
Plate Current. ... ...ttt 7.0 5.5 ma
*Grid No. 2 tied to plate.
AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION
[ = T
‘L”- TYPE 6AGS
N _ 0.8 E¢=6.3 VOLTS
4 t = [ GRID-N22 VOLTS =150
W
& 1
u 1
37 “io
3
o
z i
I} 1 ! GRID-N21 VOLTS E¢i=-1.5
Z e —
] ¥
z: y 1 -2.0
o
o
I 41 A AL IS N MU R J2~
&5 af!
w S (U S IO U WD U
< \
@ e e T Lok S e e e
I
° 100 200 300 400 D) 600
PLATE VOLTS Q2CM - 8399TL

POWER PENTODE

Metal type used in output stage of video
amplifier of television receivers. Qutline 6, OUT-
LINES SECTION. Tube requires octal socket.
Heater volts (ac/dc), 6.8; amperes, 0.65. Maxi-
mum ratings as class A: video voltage amplifier:
plate volts, 300 maz; grid-No. 2 volts, 300 mazx;
plate dissipation, 9.0 maz watts; grid-No.2
input, 1.5 max watts. Typical operation as a
class Ai amplifier: plate volts, 300; grid-No. 2

6AG7

volts, 150; grid-No. 1 volts, -3; peak af grid-No. 1 volts, 3; zero-signal plate ma., 30; maximum-gignal
plate ma., 30.5; zero-signal grid-No. 2 ma., 7; maximum-signal grid-No. 2 ma., 9; plate resistance,
130000 obms; transconductance, 11000 pmhos; load resistance, 10000 ohms; total harmonic distortion,

7 per cent; maximum-signal output watts, 3.
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H P
SHARP-CUTOFF PENTODE (2)_(5)
Miniature type used in the inter-  "G) (®%
6AH6 mediate-frequency stages of the pic-
ture amplifier and the first stages of ¢, ‘_‘4'0
the video amplifier of television re- o
ceivers. Qutline 12, OUTLINES SEC- o

TION. 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) . .1ttt ettt nti e iaeetaeneenanssananans 6.3 volts
HEATER CURRENT . 4«0t vtmtnatne s cmnn ot ine e taainaeetiennenan 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):

Grid No.lto Plate. . .. ...t i 0.030 max puf

Input...... e e e e e e e e e s 10 uuf

Output. .... e e e e e et i, 2 ppf
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. . .ttt e it eiete e ae ettt e iieeeaaaanans 300 max volts
GRID-NO.2 (BCREEN) VOLTAGE. . . ¢ .ttt iitiiisnentiintiaanananans 150 max volts
PLATE DISSIPATION. . ..o\ttt ittt ietts et iiiraecnaaanne 3.2 max watts
GRID-NO.2 INPUT. . . ... i i e i i nnes 0.4 max watt
TOTAL CATHODE CURRENT. . . . ottt ittt eiiincninaes 13 max ma
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect tocathode............................ 90 max volts
Typical Operation and Characteristics: CTYWd,ev*" CPemo.d.e
Plate Voltage. . ........ ... ... ...l 150 300 volts
Grid-No.3 (Suppressor) . - ... ...coiieiiiiinnneennnns — Connected to cathode at socket
Grid-No.2 Voltage. . .. ....... . oiiiiit i - 150 volts
Cathode Resistor. ........... ... ... o iiiiiiiaas 160 160 ohms
Amplification Factor.............. ... ... .. ... ..., 40 -
Plate Resistance (APProx.). . ...........c.cuvuuieunenn.. 3600 500000 ohms
TranscondUCtANee. . . ... oo\ initinenneieaaennaens 11000 9000 umhos
Grid-No.1 Bias (Approx.) for plate current of 10 ua. ..... -7 -7 volts
Plate Current. .. .......c. ottt 12.5 10 ma
Grid-No.2 Current. . . .....coviviniiiniin i - 2.5 ma

* Grid No.2 and Grid No.3 tied to plate.

SHARP-CUTOFF PENTODE

Miniature type used as an rf or if

6AK5 amplifier especially in high-frequency

wide-band applications. It is useful as

an amplifier at frequencies up to 400

megacycles per second. Qutline 9,

QOUTLINES SECTION. Tube requires miniature seven-contact socket and may

be mounted in any position. For heater and cathode considerations, refer to type
GAVE,

HEATER VOLTAGE (AC/DC) . .ottt titietttnieeeenennianaanessonenes e 6.3 volts
HEATER CURRENT. .................. e e ea i i 0.175 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx. With external shield):
Grid No.l1toPlate. . ................ T 0.02 max upf
IR DUt . . it e e e e et 4.0 upf
L1814+ AP 2.8 puf
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE, . . ...ttt iiittnirtnnneiornasionnsoeneensansnsas 180 max volts
GRID-NO.2 (SCREEN) VOLTAGE. . . ... .otutiuentetiininenoioeranaensnnnas 140 mazx volts
PLATE DISSIPATION. . ..ottt tee i it ete it inesiasansersonrnansas 1.7 mazx watts
GRID-NOZINPUT. ... i it iaet it iine s N 0.5 max watt
CATHODE CURRENT. . oo\ttt itine i taeetinvosnnseonneconnss 18 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ................. . 0tn. e 90 max volts
Heater positive with respect to cathode . ............. e Cheena. 90 max volts
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Typical Operation and Characteristics:

Plate Voltage. .............. e [ Ceeiians 120 180 volts
Grid-No.2 Voltage. ............ Creerersaereennens e etereenen 120 120 volts
Cathode-Bias Resistor¥. ... .........c0vevnn.n J . 180 200 ohms
Plate Resistance (APProX.). .....coviirenernrnnnnannneness 0.3 0.5 megohm
Transconductance. ............... sessviatensersarsacanssa. DOOO 5100 zmhos
Grid-No.1 Bias for plate current Of 10p8. o vvvivviinaniannnns. -8.5 -8.6 volts
Plate Current. ...................iviennn Cieeasens 7.6 7.7 ma
Grid-No.2 Current. . . .........ciiiiiiinnennenns veseiaeee. 2.6 2.4 ma
* Fixed-bias operation is not recommended.
AVERAGE PLATE CHARACTERISTICS
" NTODE CONNECTION
T rvee 6AKS l
Eg= 8.3 VOLTS S
Q | GRID-N?2 VOLTS =120 GRID-NE} oLTS ECY
& et
3
2
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~/
Se -2
2z i
8 |
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S "‘2~_______ Eci=-1
> RO AP SR RN (P P, M - o]
P e i
X i i Stk ot il sutootont saunks doukdont toviet’y
[ = Tea PPN G SO
[ e T SUppE M. 1
) 40 20 160 200 240
PLATE VOLTS P2CM -82047
e POWER PENTODE
( o Miniature type used in compact
H ‘ (62 equipment as a power amplifier. Out-
‘ line 12, OUTLINES SECTION. Tube 6 AK6
o, (D« requires miniature seven-contact
J socket and may be mounted in any
G position. For heater and cathode con-
siderations, refer to type 6A V6.
HEATER VOLTAGE (AC/DC) . s souvoconsssesossanesanscssasasennneennens 6.8 volts
HEATER CURRENT. . .ocvvveernnnasne 0.16 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx. With no extemal shield):
Grid No. 1 to Plate..... eererena teterecesereesatasctirartacrrnnnns 0.12 wupf
Input........... D T T . 3.6 puf
Output. ... ..onvverenennanse 4.2 puf
CLASS A; AMPLIFIER
. - Triode # Pentode
Maximum Ratings: C e c o)
PLATE VOLTAGE.......... eeeresiarernentiaieriasasas 800 max 800 max volts
GRID No. 2 (SCREEN) VOLTAGE. ...... Ceerrraanans cees - 800 max volts
PLATE DISSIPATION. .............. [ 3.6 max 2.76 maz watts
GRID-NO.2 INPUT. . .....nvuvvnn., N - 0.75 maz watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode....... Cerreranas 90 max 90 max volts
Heater positive with respect to cathode. ........ovvvevae 90 maz 90 mazx volts
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Triode# Pentode
Typical Operation: C ti C tion
Plate Voltage. . . ............cvivuenen Ceteeneetararaaraen 180 180 volta
Grid No. 3 (Suppressor) .......ccvcvieeeccnnnnees e - Connected to cathode
at socket
Grid-No. 2 Voltage. . . ............. F N PN - 180 volts
Grid-No. 1 Voltage}. . .. ... ...c.civnnnnn.n eereeettenaane -12 -9 volts
Peak AF Grid-No. 1 Voltage...... T 12 9 volts
Zero-Signal Plate Current. .. ... ..cvvveiverennennnannnans 12 15 ma
Zero-Signal Grid-No. 2 €urrent. .. .o vvivrennnerieeennnenns - 2.5 ma
Plate Resistance. . .. ... ... . iiiniiiinrnonnnenarnannns 0.0044 0.2 megohm
Amplification Factor. . ... ... ... ciiriiiiriiinrnnnnnnnnns 9.3 -
Transconductance. .. .........viiiiereierenosenoncnannns . 2100 2300 pmhos
Load Resistance. . . ... .......uoiiiieeneonennionncannnannn 12000 10000 ohms
Total Harmonic Distortion. .. .... et esaeacncriraereaea 5 10 per cent
Maximum-8Signa) Power Output.......... v e 0.26 1.1 watts

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

1 The de resistance in the grid-No.l circuit under maximum rated conditions should not exceed 0.5
megohm for cathode-bias operation and 0.1 megohm for fixed-bias operation.

AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION
S50 T T T T
TYPE 6AK6
E£=6.3 VOLTS n
GRID-N22 VOLTS=180
40 [EC1=0 l

2 4 -

P /

& 30— ‘
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: L — |

- "1

r 20 vl t+

b A GRID-N21 VOLTS ECy7-9
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Pl
“12
e -15
-i8
4 30 160 150 200 300 350 400
PLATE VOLTS

6ALS

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-

dependently of the other or combined in parallel or full-wave arrangement. Res-
onant frequency of each unit is approximately 700 megacycles per second. Outline
9, OUTLINES SECTION. Tube requires miniature seven-contact socket and may
be mounted in any position. For heater and cathode considerations, refer to type

6AV6.
HEATER VOLTAGE (AC/DCY . 4t vttt ettt ettt cniianeans
HEATER CURRENT. . ..ottt tt ittt en et vttt iaeiinneennns

DIRECT INTERELECTRODE CAPACITANCES:

Plate No. 1 to Cathode No. 1, Heater, and Internal Shield*..........
Plate No. 2 to Cathode No. 2, Heater, and Internal Shield**. . ........
Cathode No. 1 to Plate No. 1, Heater, and Internal Shield®...........

Cathode No. 2 to Plate No. 2, Heater, and Internal Shield®

Plate No. I toPlate No. 2t. ... ... ... i, eeas

* 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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HALF-WAVE RECTIFIER

Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE. . ..o cvivvtiiiiiienenenerennnnunnns PN 330 mazx volts
PEAK PLATE CURRENTPER PLATE. . ... ... .. i i, 54 max ma
DCOUTPUT CURRENT PER PLATE. . ... ... ittt iiiiiieeiinaenann 9 max ma
PEAK HEATER-CATHODE VOLTAGE: . .. ... tvivvnnnrrnnaaronsoananennnes 330 max volts
Heater negative with respect to cathode 330 max volts
Heater positive with respect to cathode............ 330 mazx volts
Typical Operation:
AC Plate Voltage per Plate (rms) .. ........ciieiiineniines PR R 117 volts
Min. Total Effective Plate-Supply Impedance. ....ccoevvrrenreenas cerena 300 ohms

ELECTRON-RAY TUBE

Glass octal type used to indicate
visually on a pair of rectangular fluo- 6A|.7 - GT
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. Qutline 17,
OUTLINES SECTION. Tube requires octal socket and may be mounted in any
position.

HEATER VOLTAGE (AC/DC) . o1t iviiiiiinriiinseennncsanancnnnanasases .o 6.3 volts
HEATER CURRENT. . ... it teaeatanoantanoceraoniiearssneenannen 0.15 ampere

INDICATOR SERVICE
Maximum Ratings:

365 max volts
TARGET VOLTAGE. . .ttt tiveiarrrnnnrnncnnaassoanses Ceereaeiesea. { 220 min volts
PEAK HEATER-CATRODB VOLTAGE!:
Heater negative with respect to cathode............ erreneens venens 90 max volts
Heater positive with respect tocathode . ..............cciviinannn 90 maz volts
Typical Operation:
Target Voltage. . .oueisiiiii i s iiioreenetnaasnorosesoraasosonanane 316 volts
Deflecting-Electrode-No.1 Voltage. .. ... .. ..o iiiiiiiinieicrnenns . 0 volts
Defiecting-Electiode-No.2 Voltage. . ... ... iiiiiiieiennenacaaens 0 volts
Deflecting-Electrode-No.3 Voltage. .. ... ... ... iiiiiiiiiiiirenannns 0 volts
Cathode Resistor (APPIrok.) . . ... ittt ittt iaiiincasecnermannannsnes 3300 ohms
Deflection Sensitivity (APPToOX.)#. .. . ittt e eninaensans . 1 mm/volt
Grid Voltage for Fluorescence Cutoff (Approx.)*..........ccviieevennse. . -6 volts

#For first millimeter of unbalance in FM application.
*The grid should be connected to the cathode when not used for fluorescence control,

BEAM POWER AMPLIFIER

H 3
OO
" ( O Miniature type used as output
\ amplifier primarily in automobile re-
o i d i -~ ted i N
23 oN ceivers and in ac-opera receivers. 6AQ5
]

Within its maximum ratings, the per-

formance of the 6AQ5 is equivalent to

that of larger types 6V6 and 6V6-GT.
For typical circuits employing type 6AQ5, both singly and in push-pull, refer to
CIRCUIT SECTION.
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tpmmaans —

HEATER VOLTAGE (AC/DC) . .ttt iieiiesasnaeeenasnaanassnns 6.3 volts
HEATER CURRENT. . .ot ittvteuietnnertnnsseastonssssneseannronncsssss 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES:*

Grid No. 1 to Plate . 0.36 upf

Input..... .. 7.6 upd

Output 6.0 upf
* No external shield. Approximate values.

CLASS A; AND CLASS AB, PUSH-PULL AMPLIFIER

Maximum Ratings:
PLATE VOLTAGE. . ...ttt iiitteerarnronsaonsanroisennneaensonnonnen 250 max volts
GRID-NO. 2 VOLTAGE. . . .. ittt ittt ittt aii it iaaanaanannas 260 max volts
PLATE DISSIPATION . L ... ittt eenareranetoinsaennnas 12 max watts
GRID-NO.2 INPUT. . ..o o i it i it i iees 2 max watts
PEAKXK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect toeathode. . .............. ... .. L0 90 max volts

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

INSTALLATION AND APPLICATION

Type 6AQ5 requires a miniature seven-contact socket and may be mounted
in any position. Outline 15, 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 6AQb 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
bias resistors to the negative side of the dc plate supply which is furnished either
by the dc 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 AB, service should not
introduce too much resistance in the grid-No.1 circuit. Transformer- or impedance-
coupling devices are recommended. When the grid-No.1 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-No.1 circuit may have a resistance as
high as, but not greater than, 0.5 megohm.
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AVERAGE PLATE CHARACTERISTICS
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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 electrical characteristics. Outline 12,
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 6AV6.

HEATER VOLTAGE (AC/DC) ., .. ii v it ttttttiiitiiniae et nnriiiaason 6.3 volts
HEATER CURRENT . . ...ttt tttnee it eanintnintieesasseannns 0.16 ampere
DIRECT INTERELECTRODE CAPACITANCES (Triode Unit):®
GridtoPlate. . ... . ... i it . 1.8 puf
6T+ 1.7 pnf
OULPUL. . ottt i ettt . 1.5 pnf
® With close-fitting shield connected to cathode.
. . TRIODE UNIT AS CLASS A, AMPLIFIER
Maximum Ratings:
PLATE VOLTAGE. . ottt vttt iinia ittt ieaanaranesrnanaanaans 300 mazx volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode..............oovveiiiinn, 90 max volts
Heater positive with respect to cathode. . .................... e . 90 max volts
Characteristics:
Plate Voltage. . . .....ooiiiii ittt it narannnes 100 250 volts
Grid Voltage. . . .. .. vii ittt it iiieinerenaaann -1 -3 volts
Amplification Factor. ............oiiiiiiiiiiineininas . 70 70
Plate Resistance. .......... Y 61000 58000 ohms
Transconductance. . .o vvvivevrnerrunnesrosernosasans N 1150 1200 umhos
PlateCurrent. .........cooiviviana. heear i, eae 0.8 1.0 ma

DIODE UNITS

Two diode plates are placed 2round 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
6SQ7
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——
AVERAGE PLATE CHARACTERISTICS .
T T TRIODE UNIT
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TWIN DIODE—HIGH-MU TRIODE £0 O%

6AQ7 GT ot Glassdoctzl type 1llsgd as FM d;
- ector and audio amplifier in circuits «p
which require diode and triode units KD'z Q7 O

with separate cathodes. Outline 22, OMO
OUTLINES SECTION.Tuberequires Poz H

octal socket. Heater volts (ac/dc), 6.3; amperes, 0.3. Ratings and characteristics of

triode unit as class A, amplifier: plate volts, 250 max; grid volts, -2; amplification

factor, 70; plate resistance (approx.), 44000 ohms; transconductance, 1600 pmhos;

plate ma., 2.3. For typical operation as a resistance-coupled amplifier, refer to

Chart 7, RESISTANCE-COUPLED AMPLIFIER SECTION.

POWER PENTODE

6 AR 5 Miniature type used as output

tube primarily in automobile receivers

and ac-operated receivers. Outline 15,

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 6 AR5 is equivalent in per-

formance to glass-octal type 6K6-GT. Refer to type 6K6-GT for characteristic
curves.

HEATER VOLTAGE (AC/DC) ..t vtvivtiininnnnsaeserssinsonnasncocnnnnns 6.3 volts
HEATER CURRENT. . .0t ttiiiinnunettoaasnneacesionnsnnsososconnnns 0.4 ampere
Maximum Ratings: CLASS A, AMPLFIER
PLATE VOLTAGE. ... . .vtiviiiinteinnuonneeecassansnanassosonnonnness 260 mazx volts
GRID-NO.2 (SCREEN) VOLTAGE. s 2 s v vusvtannnsonesosuennnsssosssonnsen 250 maz volta
PLATE DISSIPATION. o4ttt iittitetenaetsatnnensesnsssssasnsonannns 8.5 maz watts
GRID-NO.2 INPUT. . . ... i iiiiiei e iiianteserannnannns 2.6 maz watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode . ............0vvevvnnvnnnns 90 mazx volts
Heater positive with respect tocathode . .. .......iioiivnvveneeronnn 90 max volts
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Typical Operation and Characteristics:

Plate Voltage. . ... ...ttt iaiiaiiieaneenn 250 250 volts
Grid-No.2 Voltage........... . . 250 250 volts
Grid-No.1 (Control-Grid) Volta -16.5 -18 volts
Peak AF Grid-No.1 Voltage. 16.5 18 volts
Zero-Signal Plate Current. . , . .. 34 32 ma,
Maximum-Signal Plate Current. ............c.ccvvvvvennnn... 36 33 ma
Zero-Signal Grid-No.2 Current. .........ovviivinennnnnnn. .. 5.7 5.5 ma
Maximum-Signal Grid-No.2 Current , . ...................... 10 10 ma
Plate Resistance (APProX.). ... ... ...t eeiriunennenannin.. 65000 68000 ohms
TFransconductanCe. . ... .vvuirenr e orrriinnetiiin e, 2400 2300 umhos
Load ReSiStance. . .. .......uiuverinneiiinnnnnanniennnnnns 7000 7600 ohms
Total Harmonie Distortion. .. ...... ... ... ... c.ovveii.. o, 7 11 per cent
Maximum-Signal Power Qutput. .........c.oovivuerunnnn.... 3.2 3.4 watts
Maximum Circvit Values (For maximum rated conditions)

‘s P : Fixed Bias............o.ooiiiviiui e s 0,1 max megohm
Grid-No.1-Circuit Resistance { Cathode Bias. ... .. . [ /1111110 . 0.5maz megohm
BEAM POWER AMPLIFIER

Miniature type used as output
amplifier primarily in automobile and
in ac-operated receivers. Qutline 15, 6ASS

OUTLINES SECTION. Tube re-
quires miniature seven-contact socket
and may be mounted in any position.

For heater and cathode considerations, refer to type 6AQ5. For curves, refer to

type 35C5.
HEATER VOLTAGE (AC/DC) . v v v e e eeennnnnns Ceerre ettt cee. 6.3
HEATER CURRENT . . . ...ttt it tarrntianaaaransnsannsannes 0.8
DIRECT INTERELECTRODE CAPACITANCES (Approx.):®
Grid No.lto Plate . ... ..ot i ittt ittt e reeennennns 0.6
IO DU, & i e it ea s Cereena 12
L8 = 1 AP . 6.2
¢ With no external shield.
Maximum Ratings: CLASS A, AMPLIFER
PLATE VOLTAGE. . . . it itititiiet ettt atnnnnaaaseaieerennnnneennnnas 150
GRID-NO.2 (SCREEN)VOLTAGE. . . v ot vstecenrnnisene s sansnnnnnenss 117
PLATE DISSIPATION. . ... it ittt e i iieennn 5.5
GRID-NO.Z INPUT . . ...t i ittt eiinannn., 1.0
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode......................ccoun... 90
Heater positive with respeet to cathode. .......... . 90
BuLB TEMPERATURE (At hottest point on bulb surface) 250
Typical Operation:
Plate Voltage. . oo nett ittt ettt et 150
Grid-No.2 Voltage. . . ... . i i ittt i iiiatnannannnens 110
Grid-No.1 (Control-Grid) Voltage . ............iitiiintiinrennerncacanas -8.6
Peak AF Grid-No.d Voltage. . ...... .. .0 ittt ittt eiertienennnen, 8.5
Zero-Signal Plate Current. ... ... ... ... .. .. i itiiiiiniiirennnennnan 35
Maximum-Signal Plate Current. .. ..... ... .. .. 0uvrnrnrinrnrenrnrennnns 36
Zero-Signal Grid-No.2 Current (APProx.). ... .. ..outiuieineecarnnenenenn. 2
Maximum-Signal Grid-No.2 Current (Approx.)...........covevnvruenn. . 6.5
Transconductance. ............... ..o, 5600
Load Resistance. ......... e 4500
Total Harmonic Distortion. N 10
Maximum-Signal Power Qutput. . ..., ..o itiiiii et 2.2
Maximum Circuit Values (For maximum rated conditions):
Grid-No.1-Circuit Resistance { S0G0 300 oo s

LOW-MU TWIN POWER TRIODE

a booster tube in the scanning circuit
of television receivers, and as a push-
pull class A output tube in high-fidel-
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ity audio amplifiers. Outline 40, OUTLINES SECTION. 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. For an
audio amplifier circuit employing this tube, refer to the CIRCUIT SECTION. An
operation characteristic curve for the 6AS7-G in this amplifier circuit, is given on

the next page.

HEATER VOLTAGE (Ac/Dc) .......................................... PN 6.3
HEATER CURRENT. . .. ...\ itiintttettetnnnreunnisassosesssnnenssnnesnn 2.6
DiRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid to Plate. .. .. ... . et 10.5
IRPUt. . e e eseete e 6.8
L1073+ 12U 2.3
Heater to Cathode. .. vt eriinriinneeneernnrorersessossensnansons 6.7
Grid to Grid. .. ... e 0.70
Plate to Plate. .. ... ... .. i 1.65
Maximum Ratings:
PLATE VOLTAGE. . ...ttt ittt ttain et tineetnieenerennaneeens 250 max
PLATE CURRENT. ............ 125 max
PLATE Di1SSIPATION 13 max
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ..... ... ... oiiiiineiinnenes 300 maz
Heater positive with respect to cathode. ............ooiiiiiiiiivnn.an. 300 max
Characteristics:
Plate-Supply Voltage . ... ... ... iiiiriiiiinrenroreantosecsasiosasonns 135
Cathode-Bias Resistor*. ... ........coiiiiiiieinneenaroes feeresesneaanan 250
Amplification Factor. . ... ... ... . i i i i i et 2.0
Plate Resistance. . .. .. .. ... . . it ittt 280
TransconductancCe. . . ... ... . ... .. it i it 7000
Plate Current. .. ... .ot it e it it aaaaas . 125
Maximum Circuvit Value {For maximum rated conditions):
Grid-Circuit Resistance for Cathode-Bias Operation*. . ... ................. 1.0
Maximum Ratings: BOOSTER SCANNING SERVICE (Each Unit)
PEAK NEGATIVE-PULSE PLATE VOLTAGE. . . . ...ttt iiiiiiinnaennnnen e 1700 mazx
DC PLATE CURRENT 125 max
PLATE DISSIPATION. .. ... e eena e eae ettt 13 mazx
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .................... PN 300 max
Heater positive with respect to cathode. . ................. .. ...0s veevs 300 max

Maximum Circvit Value {(For maximum rated conditions):
Grid-Circuit Resistance for Cathode-Bias Operation*,.......... ceressesses 1.0
* Operation with fixed bias is not recommended.

AVERAGE PLATE CHARACTERISTICS
EACH TRIODE UNIT
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1 rv—————
OPERATION CHARACTERISTICS
CLASS A; PUSH-PULL CIRCUIT (16-12) IN CIRCUIT SECTION
T
T 1T 1T 1 i I i P
TYPE:BAST-G PEAK AF GRID-TO-GRID VOLTS=255
|— Epze.3 vOLTS ZERO-SIG. PLATE MA=50 (EACH UNIT)
- PLATE VOLTS=250 MAX=-SIG. PLATE MA=53 (EACH UNIT)
z CATHODE BIAS RES. (OHMS)= EFFECT. PLATE~TO-PLATE LOAD RES. (OHMS)=5000
bS] 2500 (EACH UNIT) SIGNAL FREQUENCY (CPS)= 400
o
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TWIN DIODE—HIGH-MU TRIODE

Miniature type used as a com-
bined detector, amplifier, and avc tube 6AT6
in automobile and ac-operated radio
receivers. Outline 12, 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 AM-
PLIFIER SECTION. For heater considerations, refer to type 6AV6.

HEATER VOLTAGE (AC/DC) 4 vveseernssosasenaneroneeionrnoiieiennanss . 6.8 volts
HEATER CURRENT . . ..t iutenuenesoernronsasensearensosinsosnnananns 0.3 ampere
DIRECT INTERELECTRODB CAPACITANCES (No external shield):
Triode Grid to Plate. ......ov0eiveenenn, 2.0 puf
Triode Input. ........... 2.2 sl
Triode Qutput. . ................. 0.8 pud
Diode Plate No.2 to Triode Grid. . ........ccvviininnnnn., e . 0.04 max puf
Maximum Ratings: TRIODE UNIT AS CLASS A, AMPLIFIER
PLATB VOLTAGE. ..... Ceeenan Ceaereii e feeveeaerearr et .. 300 max volts
PLATE DISSIPATIO s 0.5 max watt
GRID VOLTAGE, Positive Bias Value. . 0 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.. 90 max volts
- Heater positive with respect to cathode. . 90 max volts
Characteristics:
Plate Voltage. . ............oiivunenns e Creeesaeans 100 260 volts
Grid Voltage. . .......covivennnnsn [ ereeenaene . -1 -3 volts
Amplification Factor e eereiaeiasseseaens 70 70
Plate Resistance...... Chireeaanes veo. 54000 58000 ohms
Transconductance. ............. Cer et eiaiireiae i 1300 1200 pmhos
Plate Current........coovvuvuns heeeeab st aaean 0.8 1.0 ma
Maximum Rating: DIODE UNITS
PLATE CURRENT (BACH UNIT) .« e s ooevesoanerasananncnsonnainases [ . 1.0 maz ma

The two diode plates are glneed 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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AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT
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BEAM POWER AMPLIFIER

Glass octal type used as horizon-

6A U 5 -GT taldeflection amplifierinlow-cost, high-
efficiency deflection circuits of televi-

sion receivers employing either trans-

former coupling or direct coupling to

the deflecting yoke. Outline 21, OUTLINES SECTION. Tube requires octal socket

and may be mounted in any position.

HEATER VOLTAGE (AC/DC)
HEATER CURRENT. . .. ..ttt it it e e

# For plate volts, 115; grid-No.2 volts, 175; grid-No.1 volts, —20.
1 For plate volts, 100; grid-No.2 volts, 100; grid-No.1 volts, —4.5.

HORIZONTAL DEFLECTION AMPLIFIER

For operation in a 525-line, 30-frame system.

Maximum Ratings:

PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathede. .. ......................
Heater positive with respect to eathode. .. ......................

RO
&)
o

Gl

—
_aro

u‘m
bngm

450 mazx
5000 max
~1000 max
200 max
~50 max
-100 max
100 mazx
10 maz
2.6 max

180 max
180 maz

Gz

volts
amperes

wusf
upf
wuf
smhos

volts
volts
volts
volts
volts
volts
ma
watts
watts

volts
volts

* The duration of the voltage pulse must not exceed 15% of one horizontal scanning cycle. In a 525-line,
30-frame system, 159, of one horizontal scanning cycle is 10 microseconds.
© Preferably obtained through a series dropping resistor of sufficient magnitude to limit the grid-No.2

input to the rated maximum value.
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AVERAGE PLATE CHARACTERISTICS

T T
TYPE 6AUS-GT
E,=6.3 VOLTS
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5
iy

125

s £C22100

v
A GRID-NSZNOL

PLATE MILLIAMPERES
N

[/ s0

° 100 200 300 400 500

FLATE VOLTS B2CM- 73557

> applications. It is also used as a limiter
o tube in FM equipment Outline 12,

OBNO), . SHARP-CUTOFF PENTODE
2
9‘ O Miniature type used in compact
radio equipment as an rf amplifier es-
6@ \_‘l'ﬂ pecially in high-frequency, wide-band 6AU6

OUTLINES SECTION. Tube requires miniature seven-contaci 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 6AVS.

HEATER VOLTAGE (AG/DC). .. ..ottt e 6.3
HEATER CURRENT. . .. ... ..ottt i 0.3
DIRECT INTERELECTRODE CAPAcx'rA».cm (No external shield):
Grid No.ltoPlate. ... ... 0.0035 mazx
Input. ..o 5.5
OUPUL. . o e e 5.0

. . Triodet Pentode
Maximum Ratings: Connection  Connection
PLATEVOLTAGE. . ... ... ... ... ... ., 250 maz 300 mazx
GRID-N 0.2 (SCREEN) VOLTAGE. . . .. .......coiiunnnnnn.... - 150 max
GRID-NO.2 SUPPLY VOLTAGE. .. ........ooiiuuinunien.., - 300 max
PLATE DISSIPATION . . .. ... it 3.2 max 3 max
GRID-NO.2 INPUT. . ... .. it iiiiiiiiiiiniaeann - 0.65 max
GRID-NoO.1 (CONTROL-GRID) VOLTAGE:

Negative bias value. . .. ....... . .............c.cc..... 50 max 50 maz
Positivebias value. . .. ....... ... ... ... ... ..., 0 maz 0 maz
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect Lo cathode................. 90 mazx 90 max
Heater positive with respect to cathode. .. .............. 90 max 90 mazx
Typical Operation (Pentode Connection):
Plate Voltage. . . ........... . iiteviinnnennnn 100 260 260
Grid No.3 (Suppressor) ...............uvuon., Connected to cathode at socket
Grid-No2 Voltage. ........................ ... 100 125
Cathode Resistor . .............. ... .o v, 150 100 68
Plate Resistance (Approx.).................... 0.5 1.6 1.0
Transconductance. .. . ............,... . 3900 4500 5200
Grid-No.1 Bias for plate current of 10 —4.2 5.5 —6.56

Plate Current. ................ . 7.6 10.6
Grid-No. 2 Current . 3.0 4.3

volts
ampere

wuf
wuf
uuf

volts
volts
volits
watts
watt

volts
volts

volts
volta

volts

volts
ghms
megohms
kmhos
volts
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Typical Operation (Triode Connection}:t

Plate VolbaEe. o ot e v ee it cie ittt i ia e ia e e 260
Cathode ReSIBLOT. ... oo\t in ittt ittt iai et innennss 330
Amplification FRCLOT. ... ...t 36
Plate ResiStaNCe. . . .. ..ottt e i i e et e 7600
TranscondUCEAICE . o o\ ve ittt e e 4800
Plate CUTTEDRE . . ottt t st teee e iet e iie i ia e bee s naeaeeansnras 12.2

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

AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION
16 T T v
- TYPe 6AUG
Ef = 6.3VOLTS
8 L crio-nr2 voLTS =100
& GRID-N23 VOLTS =0
[y
z
iz
=
z ci=0
] 1o
S p——
=
Py
z 8 T ~0.5
T
a
4 /
o
« ﬁ GRID-N?1 VOLTS EC)=-1.0
oy N
g =
S| D S I feizg)
= ( -15
<
Y b -2.0 !
-2.8
]-3.0
) 100 200 300 400 500 00
PLATE VOLTS 92CM-66ILT:
TWIN DIODE—

HIGH-MU TRIODE

6AV6 Miniature type used as combined

detector, amplifier, and ave tube in
automobile and ac-operated radio re-
ceivers. The 6AV6 may be substituted
directly for the 6AT6 in applications
where the higher amplification of the 6AV6 is advantageous.
HEATER VOLTAGE (AC/DC). e
HEATER CURBENT. . . . 4.t oiviiirennnnnrsrnnsnsnnns

DIRECT IN‘I‘ERELECTRODE CAPACITANCES (No external s eld)
Triode Grid to Triode Plate

Triode Input. .. .............

Triode QULPUL. . . . .. .. . ittt ininontarntesarssaasannconosnes

Diode No.2 Plate to Triode Grid. . .........coiiiiiiiiiiinrniinernses
Maximum Ratings: TRIODE UNIT AS CLASS A; AMPLIFIER
PLATEVOLTAGE. . ... ... ineiinnannnrnnas e e ieaieairia e 300 max
GRID VOLTAGE, Positive Bias Value........... e iei et it s 0 mazx
PLATE DISSIPATION. . ..ttt tietiansasnassacasaseassssennasanosasen 0.6 max
PeRAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode........ Cereeeane e 90 max
Characteristics:
Plate Voltage. ............. e 100 250
GridVoltage. . . ......oocivrnnneennanen e - -
Amplification Factor 100 100
Plate Resistance. 80000 62500
Transconductance. . . 1250 1600
Plate Current..... eeaenean .. . 0.60 1.2
Maximum Rating:
PLATE CURRENT (Each Unit). . ... i 1.0 mazx

volts
ohms

ohms
umhoﬂ

ma

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 63Q7.
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INSTALLATION AND APPLICATION

Type 6AV6 requires miniature seven-contact socket and may be mounted in
any position. Outline 12, 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 6AVS6 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 6AV6
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 6AV6 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 6AV6 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 dc 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 6AV6 is recommended for use only in resistance-coupled
circuits. Refer to the RESISTANCE-COUPLED AMPLIFIER SECTION, Chart
25 for typical operating conditions.

Grid bias for the triode unit of the 6AV6 may be obtained from a fixed source,
such as a fixed~-voltage tap on the de 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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FULL-WAVE VACUUM RECTIFIER PDz ()
6 AX 5 GT Glass octal type used in power
- supply of radio equipment having mod- ©. ©

erate de requirements. The heater of M\ AT AA\n

this tube can be operated from the (o)

same transformer winding that sup- NC K
plies other 6.3-volt tubes in the receiver. In addition, because its heater-cathode
construction gives the same heating time as that of other heater-cathode types in
the receiver, use of the 6AX5-GT prevents excessive voltages from appearing
across filter capacitors during warmup, and, as a result, permits the use of electro-
lytic filter capacitors having lower peak voltage ratings than required for a filament-
type rectifier tube.

HEATER VOLTAGE (AC)...... N 6.3 volts
HEATER CURRENT. . ... 0ttt iiniiiiinnnniinraraneracaanns sy, 1.2 amperes
FULL-WAVE RECTIHER
Maximum Ratings:
PeAK INVERSE PLATE VOLTAGE. ..... e e et 1250 mazx volts
PEAX PLATE CURRENT PER PLATE. . ... .. .o it iiiei e e 375 mazx ma
HoT-SWITCHING TRANSIENT PLATE CURRENT
For duration of 0.2 second maximum. ............. 0.ttt 2.6 maz amperes
AC PLATE SUPPLY VOLTAGE PER PLATE (RMS) . See Rating Chart
DC OQUTPUT CURRENT PER PLATE (RMS). . ... .otviiuinenronnrinraenenes See Rating Chart
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. ............. ... ... oot 450 mazx volts
Heater positive with respect to cathode. ................. ... .. ...t 450 mazx volts
Typical Operation with Capacitor Input to Filter:
AC Plate-to-Plate Supply Voltage (rms). . ... b 700 900 volts
Filter Input Capacitor*. . . ... ... ... . .. . . ittt 10 10 uf
Effective Plate-Supply Impedance Per Plate. .................. 50 105 ohms
DC Output Voltage at Input to Filter (Approx.):
62.5 ma 395 - volta
At half-load current of { 10 ma il 540 volta
125 ma .. 350 - volts
At full-load current of { 80 ma i 490 volts
Voltage Regulation (Approx.):
Half-load to full-load current........ e s 45 50 volts
Typical Operation with Choke Input to Filter:
AC Plate-to-Plate Supply Voitage (rms)...... 700 900 volta
Filter Input Choke 10# 10# # henries
DC Output Voltage at Input to Filter (Approx.):
60 < 270 -~ volts
At half-load current of {624 Sma ... -~ 365 volta
150ma ....... .o 250 - volta
At full-load current of { 125 M8 ...t e - 350 volts
Voltage Regulation (Approx.):
Half-load to full-load current. . . .. ...... ..o, 20 15 volts

*+ Higher values of capacitance than indicated may be used but the effective plate-supply impedance
may have to be increased to prevent exceeding the maximum rating for hot-switching transient plate
current.

# This value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS With Choke Input to Filter, provided the load current is
not less than 30 ma. For load currents less than 30 ma, a larger value of inductance is required for
optimum regulation.

# # This value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS With Choke Input to Filter, provided the load current is
not less than 85 ma. For load currents less than 35 ma, a larger value of inductance is required for
optimum regulation,
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INSTALLATION AND APPLICATION

Type 6AX5-GT requires an octal socket and may be mounted in any position.
Outline 21, OUTLINES SECTION. It is especially important that this tube, like
other power-handling tubes, should be adequately ventilated.

The Rating Chart presents graphically the relationships between maximum
ac voltage input and maximum de output current derived from the fundamental
ratings for conditions of capacitor-input and choke-input filters. This graphical
presentation provides for considerable latitude in choice of operating conditions.

The Operation Characteristics for a full-wave rectifier with capacitor-input
filter, show by means of boundary line “ADK” the limiting current and voltage
relationships presented in the Rating Chart.

The Operation Characteristics for a full-wave rectifier with choke-input filter
not only show by means of boundary line “CEK”’ the limiting current and voltage
relationships presented in the Rating Chart, but also give information as to the
effect on regulation of various sizes of chokes. The solid-line curves show the dec
voltage outputs which would be obtained if the filter chokes had infinite induct-
ance. The long-dash lines radiating from the zero position are boundary lines for
various sizes of chokes as indicated. The intersection of one of these lines with a
solid-line curve indicates the point on the curve at which the choke no longer be-
haves as though it had infinite inductance. To the left of the choke boundary line,
the regulation curves depart from the solid-line curves as shown by the representa-
tive short-dash regulation curves.

RATING CHART

TYF‘E 6AX5 GT E,.-s 3 vours
7 CAPACITOR OR CHOKE INPUT
AN CHOKE INPUT ONLY

o
k=]

!
1 MAX, OPERAT!NG' VALUE ¢

*
o

OC OUTPUT MILLIAMPERES PER PLATE

[ ~ 100 200 300 400 500
AC PLATE SUPPLY VOLTS (RMS)PER PLATE
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OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
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POWER TRIODE

Glass octal type used in output
stage of radio receivers and amplifiers.
Outline 40, OUTLINES SECTION.
Tube requires octal socket and may be
mounted in any position. For installa-

6B4-G

@

OMO

NC

NC

NC

tion and application information, and typical operation as a single-tube class A

amplifier, refer to type 2A3.

FILAMENT VOLTAGE (AC/DC) .ot toitinitetiineernenanaeeneonansnnnns . 6.3 volts
FILAMENT CURRENT. . ... .0t vevennnnnnnn.. et ieeieaia et e 1.0 ampere
PUSH-PULL CLASS AB, AMPLIFIER

Maximum Ratings:

PLATE VOLTAGE. ... ... ... ... .civiiiirannnnnn.s Y 325 max volts
PLATE DISSIPATION. ... .. .vviiniinenenenrennnnns o earer it iie e 15 max watts
Typical Operation (Values are for Two Tubes): Fized Bias Cathode Bias

Plate Voltage 325 volts
Grid Voltage* -68 - volts
Cathode-Bias Resistor - 850 ohms
Plate Current 80 80 ma
Effective Load Resistance (Plate-to-plate). 3000 5000 ohms
Total Harmonic Distortion. . .............. 2.6 5 per cent
PowerOQutput. . ....... ... ..................... 15 10 watts

* Grid voltage referred to mid-point of ac-operated filament.
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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 36, OUTLINES SECTION. Tube re-
quires six-contact socket. Heater volts (ac/de¢),
6.3; amperes, 0.8. Characteristics of input and
output triodes as class A amplifier follow. Input
triode: plate voits, 300 max; 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 ave tube. Outline 33, 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 of 250 -
volts, 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 34, OUTLINES 6B7
SECTION. These types fit the small seven-con-

tact (0.75-inch, pin-circie diameter) socket. Ex- 6B7S

cept for interelectrode capacitances, the elec-

trical characteristics of the 6B7 are identical

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

principally for renewal purposes. Type 6B7S,

now DISCONTINUED, has the external shield 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.

Pp2 Poy TWIN-DIODE—
REMOTE-CUTOFF PENTODE

Metal type 6B8 and glass octal type 6B8-G
are used as combined detector, amplifier, and 688
avce tubes. Outlines 4 and 33, respectively,
H OUTLINES SECTION. Type 6B8-G is used 688 G

H principally for renewal purposes. Tubes require -
octal socket, Type 6B8-G requires complete
Gip shielding of detector circuits. Heater volts

(ac/dc), 6.3; amperes, 0.3. Maximum ratings of .
pentode unit as class A amplifier: plate volts, 300 maz; grid-No.2 (screen) volts, 125 max; grid-No.2
supply volts, 300 maz; grid-No.l volts, 0 min; plate dissipation, 3.0 max watts (6B8), 2.25 mar watts
(6B8-G); grid-No.2 input, 0.3 maz watt. For typical operation as a resistance-coupled amplifier, refer
to Chart 5, RESISTAN CE-COUPLED AMPLIFIER SECTION.

5688
NC:6B8-G

REMOTE-CUTOFF PENTODE

H P
OO,
9( O) Miniature type used as rf ampli-
‘ fier in standard broadcast and FM re- 6B A6
(@ ‘_yﬂ ceivers, as well as in wide-band, high-
(5 o
Gy

frequency applications. This type is

similar in performance to metal type
6SG7. The low value of grid-No.l-to-plate capacitance minimizes regenerative
effects, while the high transconductance makes possible high signal-to-noise ratio.
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HEATER VOLTAGE (AC/DC) . . ..ottt et tina e taien i tatnaanarnnnns 6.3 volts
HEATER CURRENT. . . ...ttt tittenetanaeenaoraeaecnenaannnnananenns 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):

Grid Nod to Plate. . .. .. .. i i it e ettt iiaieeans 0.0035 max uuf

I U . . L e e e 5.5 wuf

L0735+ T P 6.0 uuf
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. .. ...ttt tatrvenaersnraranareensveacnsstonneonnans 300 maz volts
GRID-NO.2 (SCREEN) VOLTAGE. .+ .ot ttitunneerseaionenseneninnonnnnnn 126 max volts
GRID-NO.2 SUPPLY VOLTAGE. . ...t ttiittriiveauenntonnnnnonaonennnenas 300 mazx volts
PLATE DISSIPATION. .. ... ... . . . i iiiiiiineeaaannnn P 3 maz watts
GRID-NoO.2 INPUT. . ..... e et aeaiaaeree e 0.6 maz watt
GRID-NO.1 (CONTROL~GRID) VOLTAGE:

Negative bias value 50 max voits

Positive bias value. . . ... ... i e 0 mazx volts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect tocathode. .. . ......................... 90 mazx volta
Typical Operation:
Plate Voltage. . ..............coiiiiuenn. 100 250 volts
Grid No.3 (Suppressor) . Connected to cathode at socket
Grid-No.2 Voltage...... 100 volts
Cathode-Bias Resistor. . . ....... .. . ... ... .. ... ..., 68 68 ohms
Plate Resistance (Approx.). .. .......coviniininnnne. . 0.25 1.0 megohm
Transconductance. . . .........c.oouiiiiii i 4300 4400 umhos
Grid-No.1 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 12, OUTLINES SECTION. For heater and cathode con-
siderations, refer to type 6AV6.

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~No.1-
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 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.3 (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 circuit, or from
the ave system.

AVERAGE PLATE CHARACTERISTICS
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PENTAGRID CONVERTER

Miniature type used as converter
in superheterodyne circuits especially 6BA7
those for the FM broadcast band. Qut-

line 16, 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 6AVS.

HEATER VOLTAGE (AC/DC) « .o vttt ittt et iaaeannn, 6.3 volts
HEATER CURRENT . . .. ...t tttttttiiiinr et et aianananenranannnnnn 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (Without shield):
Grid No.3 to All Other Electrodes (RF Input) .. .................. 9.6 wuf
Plate to Al} Other Electrodes (Mixer Output). .................... 8.8 puf
Grid No.1 to All Other Electrodes (Oscillator Input)............... 6.7 unf
Grid NoB to Plate. ........ciiiii it iiiiinenaeeenn, 0.19 maz upf
Grid No.1 to Grid No.8........... N 0.1 maz uuf
Grid Nolto Plate . .. ........ ettt it inenrennnns 0.05 maz uut
Grid No.1 to All Other Electrodes Except Cathode. ............... 3.4 puf
Grid No.ltoCathode............ ... iiiiiii i 3.3 uuf
Cathode to All Other Electrodes Except Grid No.1................ 4.0 uuf
Maximum Ratings: CONVERTER SERVICE
PLATE VOLTAGE. .. .. .o cvivennnannen e : 300 maz volts
GRID-NO0.5-AND-INTERNAL-SHIELD VOLTAGEA 0 mazx volts
GRIDS-NO.2-AND-NO.4 VOLTAGE. ... ... . .0itttiiiiarenierannnnn 100 maz volts
GRIDS-NO.2-AND-NO.4 SUPPLY VOLTAGE. .. .. .. c0vtiivnrinnneennnnans 300 max volts
PLATE DISBIPATION. . . ..ttt it iiir i eie st ine et e nnancanans 2.0 mazx watts
GRIDS-NO.2-AND-NO.4 INPUT. . . ... .. iiiiiiiinininennnns e, 1.5 max watts
TOTAL CATHODE CURRENT ... .. ..tttiiaaeeurenunnanetaesasecanannns 22 mazx ma
GRID-NO0.9 VOLTAGE:
Negative bias value. . ... ... .. 0iiiiineeinetiiinennnernneenans 100 maz volts
Positive bias value . ........,.... e heeeie i 0 mazx volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode . ................cueen.n.. 90 maz volts
Heater positive with respect to cathode . ................vn..s 90 mazx volts



RCA RECEIVING TUBE MANUAL

Characteristics (Separate Excitation):*
Plate Voltage . . . ....................cuviirunen.. 100 250 volts

Grid No.5 and Internal ShieldA .. Connected directly to ground

Grids-No.2-and-No.4 (Screen) Voltage . . ...... PP 100 100 volts
Grid-No.3 (Control-Grid) Voltage . .. ......... .. -1.0 -1.0 volt
Grid-No.1 (Oscillator-Grid) Resistor.......... ... 20000 20000 ohms
Plate Resistance (Approx.) .................. . 0.5 1.0 megohm
Conversion Transeonductance................. 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 . ... ....... .. 0.35 0.3 ma
Total Cathode Current..................................... 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 umhos under the following conditions: signal applied to grid No.1 at zero
bias; grids No.2 and No.4 and plate at 100 voits; 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 clogely with those obtained in a
self-excited oscillator circuit operating with zero bias.

**With grid-No.3 bias of —20 volts.
Alnternal Shield (pins No.6 and No.8) connected directly to ground.

NOTE ON CURVES: In the 6BA7 operation characteristics with self-excitation,
Ex is the voltage across the oscillator-coil section between cathode and ground; Eg
is the oscillator voltage between cathode and grid.

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
WITH SEPARATE OSCILLATOR EXCITATION WITH SELF-EXCITATION
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92CM- 698072

SHARP-CUTOFF PENTODE

Miniature type used in compact
6BC5 radio equipment as an rf or if amplifier

at frequencies up to 400 megacycles

per second. Outline 12, OUTLINES

SECTION. Tube requires miniature
seven-contact socket and may be mounted in any position, Except for a slightly
higher transconductance, this type is similar electrically to type 6AGS5. Heater
volts (ac/dc), 6.3; amperes, 0.3. For heater and cathode considerations, refer to
type 6AV6.
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H P
@) REMOTE-CUTOFF PENTODE

H Gz .. .
‘ Mmlgture type gsed as r_f or if
®, ‘_‘ 5 ?mpllﬁer in radio receivers. This type 6BD6
) J K issimilar in performance to metal type
O] 6SK7. Outline 12, OUTLINES SEC-
G TION. Tube requires miniature seven-
contact socket and may be mounted in any position. For heater considerations,

refer to type 6AVS6.

HEATER VOLTAGE (AC/DC) .+ . .iiitiiiiiinniennaneinnranninasenas e 6.3 volts
HEATER CURRENT. . . .0ttt ittt e itititiia s se et e iaanaanaasanns PR 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Grid No.ltoPlate. ......o.viiviiiiiiniiiiiiines Ceeens cieve. 0,005 maz wpd
TEIDUL .« o r ettt et e et e ettt e 4.3 puf
OULDUL. oo as v v o v venseerosnssonvneenraoneanionenesonnsnas cenaesssnen 5.0 uuf
CLASS A, AMPLIFIER
Maximum Ratings:
PLATE VOLTAGE. .......covvuen T e evesees 300 mazx volts
GRID-NO.2 (SCREEN) VOLTAGE. .+ ..t ivvrnennenanenes PR essenesnae 125 max volts
PLATE DISSIPATION. ..o eviinnnvnnnnnnns e . .. 3.0 mazx watts
GRID-NO.2 INPUT. . .......... PN . 0.65 max watt
TOTAL CATHODE CURRENT 14 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .... PP [N en 90 max volts
Heater positive with respect to cathode........... eericeee i . 90 mazx volts
Typical Operation:
Plate Voltage. . . ..ot iiinenenanaans 100 125 250 volts
Grid-No.2 Voltage. ... ... iiieiiieirneennnans 100 125 100 volts
Grid-No.1 (Control-Grid) Voltage ................. -1 -3 -3 volts
Plate Resistance (Approx.). P |3 ¥:1 0.18 0.8 megohm
Transconductance. .................c00e e ... 2550 2350 2000 wumhos
Grid-No.1 Bias (Approx.) for
transconductance of 10 pmhos. ................ . -85 —45 -35 volts
Plate Current. . ....covvr i ieirenrnanrsarevnsanns 13 18 9 ma
Grid-No.2Current, . . oo oveveenercnanenss 5 5 3 ma

H
OFNO, 62 PENTAGRID CONVERTER
" (&)ca Miniature type used as converter
\ ‘ in superheterodyne circuits in both the 6B E6
A

'é,s (Ds3 standard broadcast and FM bands.The
0 6BE6 is similar in performance to
G metal type 6SA7. For general discus-

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

HEATER VOLTAGE (AC/DC) e, i it iitiite it viniannneaanesaoasss eseea 6.3 volts

HEATER CURRENT. ...ttt tittnitea ittt tiniatiareenuneisnnsens oo 0.3 ampere:

DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Grid No.3 to All Other Electrodes (RF Input). .................. vees 7.0 ppuf
Plate to All Other Electrodes (Mixer Output).................... 8.0 uuf
Grid No.1 to All Other Electrodes (Osc. Input) . 5.5 wuf
Grid No.3toPlate. . ..... ...t 0.30 mazx uuf
Grid No.1 to Grid NO3. . . ... it i iiiiiieanaas 0.15 maz puf
Grid No.1 to PIate. . . . ... ...ttt iii et iiieriniiiansiass enn 0.1 max uuf
Grid No.l to All Other Electrodes Except Cathode......... [ 2.7 puf
GridNo.dtoCathode. .............c...ooiiiiiiinnnenss PR 2.8 uuf
Cathode to All Other Electrodes Except Grid No.1............ reasnes 15 upuf
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Maximum Ratings: CONVERTER SERVICE
PLATE VOLTAGE. ...\ttt ittt iiiiiieiesionanneenssransosaaannonas 300 max volts

GR1DS:N0.2-AND-N0.4 VOLTAGE. . ......... 100 mazx volts
GRID8-N0.2-AND-N 0.4 SUPPLY VOLTAGE. ... 300 max volts
PLATE DISSIPATION. ...........coivivnnnn 1.0 max watt
GRID3-NO0.2-AND-NO.4 INPUT. . ... ........ 1.0 maz watt
TOTAL CATHODE CURRENT. . . .. .. i itttiitirnneennonrnrerrnosanasonnn 14 maz ma
GRID-N 0.3 VOLTAGE:

Negativebias value. . . ... ... ... ... i i 50 mazx volts

Positive bias value....................0hn. cereire ey 0 mazx volts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.................... rerraans 90 maz volts

Heater positive with respect to cathode..... St eeiceatranane [P 90 mazx volts
Typical Operation (Separate Excitation):*
Plate Voltage. . . . ... ittt ittt iescnrannsns 100 250 volts
Grids-No.2-and-No.4 (Screen) Voltage. ... 100 100 volts
Grid-No.8 (Control-Grid) Voltage...... -1.5 -1.6 volts
Grid-No.1 (Oscillator-Grid) Resistor. ... .. 20000 20000 ohms
Plate Resistance (Approx.).......... .. 0.4 1.0 megohm
Conversion Transconductance. . .................. 455 475 umhos
Grid-No. 3 Voltage for conversion transconductance of 10 pmhos -30 -30 volts
Plate Current .. ....... ... ot iiimeen o eiian 2.6 2.9 ma
Grids-No.2-and-No.4 Current. . .. 7.0 6.8 ma
Grid-No.1 Current. . ........... .. 0.5 0.5 ma
Total Cathode Current. .. ... ... iiiiiinineaunin, 10.1 10.2 ma

Note: The tranaconductance between grid No.l and grids No 2 and No.4 connected to plate (not oscil-
latingy 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 is 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 vequires miniature seven-contact socket and may be mounted in
any position. Outline 12, OUTLINES SECTION. For heater and cathode con-
siderations, refer to type 6AVS6.
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

OPERATION. CHARACTERISTICS OPERATION CHARACTERISTICS
WITH SELF-EXCITATION WITH SEPARATE OSCILLATOR EXCITATION
TYPE_ 6BES TYPE 6BES
L E£=6.3 VOLTS  PLATE VOLTSz250 .| Ef=6.3 VOLTS
GRIDS-N?2 & N%4 VOLTS =100 [ PLATE VOLTS = 250 7
| GRIO-N?3 (CONTROL-GRID)VOLTS==t __| GRIDS-N?2 & N¥ 4 VOLTS =100
[ GRID-! N°I RESISTOR OHMS = 20000 & I~ GRID- N2 3 {CONTROL-GRID)VDLTS =~1.5 ]
@ P EE TEXT _] GRID-N? | RESISTOR - DHMS = 20000
3 (™=g 'E X100 (SEE TEXT) z GRID-N? | CURRENT VARIED BY
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3 « 8 ]
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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 avc bias produce little change in oscillator transcon-
ductance and in the input capacitance of grid No.l. There is, therefore, lLttle
detuning of the oscillator by avc bias.

A typical self-excited oscillator circuit employing the 6BE6 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.

TWIN DIODE—

H PDZ
" % MEDIUM-MU TRIODE
Ol Miniature type used in compact 6BF 6
radio equipment as combined detector,
«@ Do amplifier, and avc 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 12, QUTLINES 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 6AVS.

G

HEATER VOLTAGE (AC/DC) . vttt vt eaet ettt ete e eiieeinannnes 6.3 volts
HEATER CURRENT. . .. ...ttt it itte e ettt er s tnnaanananneen 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (Triode Unit):

Grid to Plate. .. .. ... i e 2.0 puf

GridtoCathode......................... 1.8 wuf

Plate to Cathode 1.4 puf
* With external shield connected to cathode.
Maxi : TRIODE UNIT AS CLASS A, AMPLIFIER

aximum Ratings:

PLATE VOLTAGE. . ... vt iiiiviiiiennnnnnn, 300 mazx volts
PLATE DISSIPATION. .. .o v ittt i iiiinnnnnn, 2.5 mazx watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 90 maz volts

Heater positive with respect to cathode. ... .........c.vevueennnnnnnsn 90 maz volts
Typical Operation {With Transformer Coupling):
Plate Voltage. . .. ... ittt e i e e 250 volts
Grid Voltage. . . .........o i e -9 volts
Amplification Factor. . .... ..ottt innnrnnnan 16
Plate Resistance. . ...... ... .o iiiiiiiiiiiiiiiinan.., 8500 ohms
TranscondUCtBNCe. . ... . .iiittiiiin e 1900 pmhos
Plate Current. . ... ... it i i e 9.6 ma
Load Resistance. . ....... ... ..o iiiviiniiiiinnnen., 10000 ohms
Total Harmonic Distortion. . ............ovieiiniiiini.., 6.5 per cent
Power Output. . .. ... i e e 300 mw

DIODE UNITS
The two diode plates and the triode unit have a common cathode. Diode biasing of the triode unit
of the 6BF6 is not suitable. For diode operation curves, refer to type 6SQ7.
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AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT
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cuits of television equipment and other

applications where high pulse voltages

occur during short duty cycles. Out- NC G2
line 42, OUTLINES SECTION. Tube requires octal socket. Vertical tube mount-
ing is preferred but horizontal operation is permissible if pins No.2 and 7 are in
vertical plane.

P G|
BEAM POWER AMPLIFIER x n
6BG 6 G Glass octal type used as output e
- amplifier in horizontal-deflection cir- "
TERAL
O),

HEATER VOLTAGE (AC/DC) . ...\ttt ottt et et eeee e 6.3 volts
HEATER CURRENT. . ... . ittt e, 0.9 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Grid No.lto Plate. .. ... .. ... ... ... . . . e i, 0.65 max uuf
11 upf
6.5 uuf
6000 pmhos
8
° For plate volts, 250; grid-No.2 volts, 250; grid-No.1 volts, —15.
% For plate volts, 250; grid-No.2 volts, 250; grid-No.1l volts, —20.
HORIZONTAL DEFLECTION AMPLIFIER
. r -
Maximum Ratings: For operation in a 525-line, 30-frame system
DC PLATE VOLTAGE. . . .ottt ettt e crii e e 700 maz volts
PEAK POSITIVE PULSE PLATE VOLTAGE*. ... ... ......c00iiieennernnnnnn. 6000 max volts
PEAK NEGATIVE PULSE PLATE VOLTAGE®. . ... .........c0vuiinnnnnnnnn., -1500 max volts
DC GRID-NO.2 (SCREEN) VOLTAGET. . .. ...t \ttsineennsrnrtrnnnnnnennnss 350 max volts
DXC GRID-NO.1 (CONTROL-GRID®N VOLTAGE. . . . o\t eevtressanereinnnrnnans —50 mazx volts
PEAK NEGATIVE PULSE GRID-NO.1 VOLTAGE*. ,........... e eesenans —400 mazx volts
DC PLATE CURRENT...... et et e e et e, 100 max ma
PLATE DISSIPATION. . .. ... .ottiiiiiee i nnnnns e se et 20 mazx watts
GRID-NO.Z INPUT. . .. .o ittt iriiennnnnnnnas ereeain 3.2 maz watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............. Caerebeseseaeaan 136 max volts
Heater positive with respect to cathode............. Cerrreeneeenanan 135 mazx volts

Maximum Circuit Valve:
GRID-NO.1 CIRCUIT RESISTANCE. . .. ....0vevrrrerrnnnnnns Cebereerisaan, 1.0 mar megohm

* The duration of the voltage pulse must not exceed 15% of one horizontal scanning cycle. In a 525~

line, 30-frame system, 159, of one horizontal scanning cycle is 10 microseconds.
T Preferably obtained through a series dropping resistor of sufficient magnitude to limit the grid-No.2
input to the rated maximum value.
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AVERAGE PLATE CHARACTERISTICS
WITH ECi_ AS VARIABLE
400
TYPE 6BG6-G
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SHARP-CUTOFF PENTODE

Miniature type used as rf ampli-
fier particularly in ac/dc receivers and
in mobile equipment where low heater- 6BH6
current drain is important. It is par-
ticularly useful in high-frequency,
wide-band applications. Outline 12,
OUTLINES SECTION. Tube re-
quires miniature seven-contact socket and may be mounted in any position. For
heater and cathode considerations, refer to type 6AVS.

HEATER VOLTAGE (AC/DC) + « v i e vt vt ettt aeentneeensaneanesnreneensennns 6.3 volts
HEATER CURRENT. . ..ot ttttentt ettt e e eaasiaaneataneennnrenenarensas 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):

Grid No.1 to Plate uuf

Input. ... viir i it it e puf

L0 13 1 L 2 . nuf
Maximum Ratings:
PLATE VOLTAGE. . L .ottt itttinitrenteranen ianonesnsoensansannssannnenn 300 maz volts
GRID-NO.Z (S8CREEN) VOLTAGE . . .ttt tiaruranrreeannreronnannnneenns 150 maz volts
GRID-N0.2 SUPPLY VOLTAGE 300 maz volts
PLATE DISSIPATION. .. .............. 3 maz watts
GBID-NO. 2 INPUT. ...ttt it ittt ieie et ieenaroanannranens 0.5 maz watt
GRID-NO.1 (CONTROL-GRID) VOLTAGE!

Negative biasvalue. . ............... Ceteieaeeenn Cireseens eeeeaean 50 mazx volts

Positive bias value. . . ... ...t i i i i i i i . 0 maz volts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ........... Cereeaeireaanns e 90 maz volts

Heater positive with respect to cathode............ e rere e, 90 maz volts
Typical Operation and Characteristics:
Plate Voltage. .......... e 100 250 volts
Grid-No.3 (SUPPressor)....c.o.ovvrevnnnaninrernereeeennnn Connected to cathode at socket
Grid-No.2 Voltage. .....e0ueuns 100 150 volts
Grid-No.1 Voltage. ............ -1 -1 volt
Plate Resistance (Approx. ) .......... et aa e reereeea 0.7 1.4 megohms
Transconductaner, . ... ..ottt iineee s iarnannaeananransnn 3400 4600 umhos
Grid-No.1 Bias for platecurrent of 10 ua . . . .o, evvvnienennnnnnns. -5 =-7.7 volts
PlateCurrent. .. ... i it N 3.6 7.4 ma
Grid-No.Z Current. . .........ooiiiiiee i iiieiiinenenans oo 1.4 2.9 ma
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AVERAGE PLATE CHARACTERISTICS
i

TYPE 6BH6
E¢26.3VOLTS
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H P
REMOTE-CUTOFF PENTODE . o2
H
6B J 6 Miniature type used as rf ampli- © (©
fier in high-frequency and wide-band
applications. Features high transcon- RN leJ
ductance and low grid-to-plate capaci- 30

tance. Outline 12, OUTLINES SEC-
TION. Tube requires miniature seven-contact socket and may be mounted in any
position. For heater and cathode considerations, refer to type 6AV6.

HEATER VOLTAGE (AC/DC) . .ot teiin e etetiiiee e cen i e 6.3 volts
HEATER CURRENT. . ...\ i ittt ittt iie e iiae e 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):

Grid No.l toPlate . ... ... . . i 0.0035 max uuf

5 < O 4.5 wuf

Qutput........ e e e e e e e, 5.5 uuf
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. . o o\ttt et iate e iia it eia e aans 300 max volts
GRID-NO.2 (SCREEN) VOLTAGE. . . .. ctittitiitiiiieiei it rinanaans 125 mazx volts
GRID-NO.2 SUPPLY VOLTAGE. . ... .ttt ititiiie it inrans 300 maz volts
PLATE DISSIPATION. ... ...ttt it ie et iianesnenareans 3 mazx watts
GRID-NO.2ZINPUT ... it i it a e e 0.6 max watt
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Negative bias value 50 maz volts

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

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

Heater positive with respect to cathode. . .......... ... ... ... ...... 90 mazx volts
Typical Operation:
PlateVoltage . .. ...oooitiiiin i i v 100 250 volts
Grid No.3 (SUPPressor) .. .......uvninerieneaeneanrnanans Connected to cathode at socket
Grid-No.2 VOItBZe. . .. ... i 100 100 volts
Grid-No.l Voltage. . .......coiiiiiiiiiniiii i eiaiean -1.0 -1.0 volt
Plate Resistance (APProX.). ... . .c..ouiiuiuiareeineneeacnns 0.25 1.3 megohms
TransconductBNCE. . . ... oottt iin it 3650 3600 umhos
Grid-No.1 Bias (Approx.) for transconductance of 15 umhos. .. -20 -20 volts
Plate Current. . ....ooviiii i i 9.0 9.2 ma
Grig-No.2Current. ..ot iiein i, 3.5 3.3 ma
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AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION

TYPE 6BJ6
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BEAM POWER AMPLIFIER

Glass octal type used as horizon-
tal deflection amplifier in television 6BQ6-GT
receivers employing either transform-
er coupling or direct coupling to the de-
flecting yoke. Outline 28, OUTLINES
SECTION. Tube requires octal socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . .ottt itetiie e tin it it inanennans 6.8 volts
HEATER CURRENT. . ..ottt ite et et eataaaecieanaaanannins 1.2 amperes
DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Grid No.l to Plate . 0.95 pupi
Input................... . 14 pui
Output. ................ . 9.5 pul
TRANSCONDUCTANCE®. . . ... ... ... .. ...iiuiiniennn.. . 5500 umhos
Mu-FacTor, Grid No.2 to Grid No.1¥ 4.5

* For plate volts, 250; grid-No.2, volts, 150; grid-No.1 volts, —22.5; plate ma, 55, grid-No.2 ma, 2.1.
HORIZONTAL DEFLECTION AMPLIFIER

. . For operation in a 525-line, 30-frame system
Maximum Ratings: P » 304 ysen

DC PLATE VOLTAGE. . . . .ovvveenennnnns . RPN 550 max volts

PrAK PosITIVE-PULSE PLATE VOLTAGE# .. 5000 mazx volts
DC GRrID-N0.2 (SCREEN) VOLTAGE. . ..... 200 mazx volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE. . —50 mazx volts

PEAK NEGATIVE-PULSE GRID-NO.1 VOLTAGES . ... ... i vuiniiniiinnne.. -135 mazx volts

DC PLATE CURRENT 100 mazx ma
PLATE DISSIPATIONT . 10 mazx watts
GRID-NO.2 INPUT. . ...... 2.5 maz watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. . .. ....... ... ... ... ..o, 180 max volts
Heater positive with respect to cathode. . .............. ... ... .u... 180 max voits
Maximum Circvit Values:
GRID-NO.1 CIRCUIT RESISTANCE. . . . . . i ittt ieiner i anaans 0.5 max megohm

#The duration of the voltage pulse must not exceed 159, of one horizontal scanning cycle. In a 525-
line, 30-frame system, 15% of one horizontal scanning cycle is 10 microseconds.

1In the event of loss of excitation, a plate dissipation up to 30 watts for a duration not exceeding three
minutes will not result in permanent damage to the tube. A cathode resistor of suitable value should
be used to limit the no-signal plate dissipation to 30 watts.

MEDIUM-MU TWIN TRIODE
For technical data, see page 305. 6BQ7

137



RCA RECEIVING TUBE MANUAL

HF - TRIODE

Miniature type used in compact
radio equipment as a local oscillator
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-
eycles per second. Outline 12, QUTLINES 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 curve of average plate characteristics, see next

6C4

page. For heater and cathode considerations, refer to type 6AV6.

HEATER VOLTAGE (AC/DC)evevn i iviieeinnnnnnernnn o i 6.3 volts
HEATER CURRENT. . ... ottt ittt ittt iae ittt aieanaananns veen 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):
GridtoPlate. ... ...t i e PR, - 1.6 puf
Input. ...t i i e e et e PP 1.8 puf
L1013 4 1 P . 1.3 puf
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. .. ..ot vivennininnennnnns eresee it e 300 mazx volts
PLATE DISSIPATION. . ... ittt iniineesanrnanns 3.5 maz watts
PRAK HEATHR-CATHODE VOLTAGE:
Heater negative with respect to cathode........... . e 90 max volts
Heater positive with respect to cathode............... Ceerrsseaans .. 90 max volts
Characteristics:
Plate Voltage. . . ......oiiiiitiiiirieninennnnnes Ceeranaes 100 250 volts
Grid Voltage®. .. ... ittt iiiinecineiinasenenns .. 0 -8.5 volta
Amplification Factor...........oiieeriiiiiiiiiinenanreen 19.5 17
Plate Resistance. soeeev v iirieirinernnnnennrenns ves 6250 7700 ohms
Transconductance. .. 8100 2200 pmhos
Plate Current......... 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
Maximum Ratings:

DC PLATE VOLTAGE. . . ...oovvuns e e ereeaaeeeea ieeenee 300 max volts
DC GRID VOLTAGE. . . v vvvnvrrnoornnaonnns ereeanes er e —50 max volts
DC PLATE CURRENT. .. ..ivvvevvnnnnsnnnons e Cerere s riaaaeae 26 max ma
DCGRIDCURRENT. . .....civtevnronnnennnes eseseancsaearaans cereeen 8 max ma
PLATE DISSIPATION. ... ittt iiiinniiinennnoenns [ 5 max watts
Typical Operation (At Moderate Frequencies):

DC Plate Voltage 300 volts
DCGridVoltage. .............coiiiiineiennn =27 volts
DC Plate Current 25 mna
DC Grid Current (APDPIOK.) . o4t vt vvreun e enarorinaneennsns ererann 7 ma
Driving Power (APDPrOX.) . .. vvtirtnrerronensocencaneineans PR . 0.38 watt
Power QUtPUL (ADProOX.) . v v e viiteirauunnnrenessonernninnnaaarseasens 5.5 watts

MEDIUM-MU TRIODE

Metal type 6C5 and glass-octal type 6C5-GT
used as audio amplifier and oscillator. They are
also used as detectors of grid-resistor-and—capaci-
tor type or grid-bias type. Outlines 3 and 24, e o
respectively, OUTLINES SECTION. Tubes re- H ‘/ H
quire octal socket and may be mounted in any o o
position. Heater volts (ac/dc), 6.3; amperes, .C_gzcssc_gT K
0.3. Maximum ratings as class A: amplifier: '
plate volts, 300 maz; plate dissipation, 2.5 maz watts; grid volts, 0 mén. Typical operation: plate volts,

138

6C5 G

6C5-GT



RCA RECEIVING TUBE MANUAL

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-COUPLED AMPLIFIER SECTION.

G2 G3
@ - SHARP-CUTOFF PENTODE
, & Glass type used as biased detector and asa
e ) 5 k high-gain ampiifier in radio equipment. Qutline
1S 38, OUTLINES SECTION. Tube requires six- 6C6

. contact socket. Heater volts (ac/de), 6.3; am-
peres, 0.3, For ratings and typical operation
o ° data, refer to type 6J7. This type is used prin-

H H cipally for renewal purposes.

TWIN DIODE—
MEDIUM-MU TRIODE

Glass type used ae combined detector, am- 6c7
plifier, and ave tube. Qutline 34, OUTLINES

SECTION. Heater volts (a¢/dc), 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
33, OUTLINES SECTION. When this type is 6C8 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-ohm
potentiometer across the heater terminals. Tube
requires octal socket. Heater volts (ae/dc), 6.3;
amperes, 0.3. Maximum ratings for each triode unit as class A; amplifier: plate volts, 250 max; grid
volts, 0 min; plate dissipation, 1.0 maz watt. Typical operation: plate volts, 250; grid volts, —4.5; plate
ma., 3.2; plate resistance, 22500 ohms; amplification factor, 36; transconductance, 1600 umhos. For
typical operation as a resistance-coupled amplifier, refer to Chart 12, RESISTANCE-COUPLED
AMPLIFIER SECTION. This type is used principally for renewal purposes.

AVERAGE PLATE CHARACTERISTICS
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SHARP-CUTOFF PENTODE "

Miniature type used in television MG) %2
6CB 6 receivers as an intermediate-frequency
amplifier at frequencies up to about 45 «@G) o

megacycles per second and as an rf

amplifier in vhf television tuners. Tube
features very high transconductance combined with low interelectrode capacitance
values, and is provided with separate base pins for grid No.3 and the cathode to per-
mit the use of an unbypassed cathode resistor to minimize the effects of regenera-
tion. Outline 12, OUTLINES SECTION. Tube requires miniature seven-contact
socket and may be mounted in any position. For heater and cathode considerations,
refer to type 6AV6.

HEATER VOLTS (AC/DC) . . . ot ottt ettt et e e et et enianeans 6.3 volta
HEATER CURRENT. . . ... ettt et et caiiiaeenn. 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Grid No.l to Plate. .. ... ... i it 0.020 mazx ppf
- N 6.3 upf
OUEDUL. . o e e e 1.9 puf
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. .. ... it e ettt e nnnnns 300 maz volts
GRID-NO.2 (SCREEN) VOLTAGE. . . . .\t tttttiiiain et arinennnannenns 150 max volts
PLATE DISSIPATION . . ...ttt iiatiinsenianeearasenannnnnnnn 2.0 max watts
GRID-NO.Z INPUT. .. ...........coiivane, e et . 0.5 max watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode....... e eereeie i, 90 max volts
Heater positive with respect to cathode.......... Ceseseeinas erereenes 90 max volts
Typical Operation and Characteristics:
Plate Voltage. .. ... ... .. .. . . i irinrrnnnns e b, 200 volts
Grid-No.3 (Suppressor) . . .. .....couiiiuirieeiesnreerennnnnnen Connected to cathode at socket
Grid-No.2 Voltage. . ... it i it ittt etsea s, 150 volts
Cathode-Bias ResiStor. . . .. ... ... ... 00ttt iiiiiniirnniaaanenennns 180 ohms
Plate Resistance (ADPDPTOX.) . . vt ivet ittt it ttan e e teeeannnennnenn. 0.6 megohm
Transconductance. . . ....... v iteenrinnrennennn e et 6200 pmhos
Grid-No.1 Bias (Approx.) for plate current of 10 u8. . vvvievenenvenen.n... -8 volts
Plate Current. ... it ittt ittt e i e e e i, 9.5 ma
Grid-No.2 Current. . . ..ooiiiviiii i iiie i, S 2.8 ma
" AVERAGE PLATE CHARACTERISTICS
1 i T e
TYPE 6CB6
Eq=6.3 VOLTS
GRID~NS2 VOLTS =130 =
= €ciz0
n
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BEAM POWER AMPLIFIER

Glass octal type used as horizon-
tal deflection amplifier in high-efficien-
cy deflection circuits of television re-
ceivers employing either transformer
coupling or direct coupling to the de-

6CD6-G

flection yoke. Outline 42, 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) .« o v it veet vt eete e et ae e i i ananns
HEATER CURRENT . . ...ttt ettt et e e e
DIRECT INTERELECTRODE CAPACITANCES (No external shield):

Grid No.1 to Plate

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

Output..............
TRANSCONDUCTANCE® . . .. ... .........
Mu-FAcTOR, Grid No.2 to Grid No.1°
° For plate volts, 175; grid-No.2 volts, 175; grid-No.1 volts, -30.

HORIZONTAL DEFLECTION AMPLIFIER
For operation in a 525-line, 80-frame system

Maximum Ratings:

DC GRID-NO.2 (SCREEN) VOLTAGE. . .......
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE. . ..
PEAX NEGATIVE-PULSE GRID-NO.1 VOLTAGE®. . ..
DC PLATE CURRENT . . .ottt iiiiiininennessennenarnan ..
PLATE DISSIPATION . . o ..ottt e e e e e i ..
GRID-NO.2 INPUT. . .. ... i e e, .
PeAX HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode .

Heater positive with respect to cathode............. . PN
BULB TEMPERATURE (At hottest point)................ ... .. ... .. ........

6.3 volts
2.5 amperes
1.0 mazx oy
26 upf
10 uuf
7500 umhos
3.8
700 maz volts
6000 max volts
-1500 maz volts
175 maz volts
—60 max volts
=150 max volts
170 mac ma
15 max watts
3 mar watts
135 max volts
135 mazx volts
210 max °C

* The duration of the voltage pulse must not exceed 15%, of one horizontal scanning cycle. In a 523-

line, 30-frame system, 15%, of one horizontal scanning cycle is 10 microseconds.

AVERAGE PLATE CHARACTERISTICS
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nssm—

6D6

6D7

6D8-G

6ES5

Maximum Ratings:
PLATE-SUPPLY VOLTAGE. .

TARGET VOLTAGE . . . ¢ v« 0 vvnvasentnesnesoenasnstonnatosastssnsansenss

Typical Operation:

Plate and Target Supply. .

REMOTE-CUTOFF PENTODE

Glass type used in rf and if stages of radio
receiversemploying ave. Outline 38, OUTLINES
SECTION. Tube requires six-contact socket.
Except for interelectrode capacitances, this type
is identical electrically with type 6U7-G. Refer
to type 6SK7 for general application informa-
tion. Heater volts (ac/dc), 6.3; amperes, 0.3.
This type is used principally for renewal pur-
poses.

SHARP-CUTOFF PENTODE

Glass type used as detector or amplifier in
radio receivers. Outline 38, OUTLINES SEC-
TION. Heater volts (ac/dc), 6.3; amperes, 0.3.
For electrical characteristics, refer to type 6J7.
This is a DISCONTINUED type listed for
reference only.

PENTAGRID CONVERTER

Glass octal type used in superheterodyne
circuits. Outline 33, OUTLINES SECTION.
Tube requires octal socket. Heater volts (ac/dc),
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.

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 30, OUTLINES SEC-
TION. Tube requires six-contact socket. Heater
volts (ac/dc), 6.3; amperes, 0.3. For additional
considerations, refer to Tuning Indication with
Electron-Ray Tubes in ELECTRON TUBE
APPLICATIONS SECTION.

TUNING INDICATOR

Series Triode-Plate Resistor. . . . . TR PPN

Target Current*t. . . .....
Triode-Plate Current*

Triode-Grid Voltage (Approx.):

For shadow angle of 0°

Forshadowangle of 90°. .. ............ ... ... ciiiionl,

3
0.19
-6.5

* For zero triode-grid voltage.  t Subject to wide variations.

6E6

TWIN POWER TRIODE

Glass type used as class A: amplifier in
either push-pull or parallel circuits. Outline 36.
OUTLINES SECTION. Heater volts (ac/dc),
6.3; amperes, 0.6, With plate volts of 260 and
grid volts of —27.5, characteristics for each unit
are: plate ma., 18; plate resistance, 3500 ohms;
transconductance, 1700 gmhos; amplification
factor, 6. With plate-to-plate load resistance

250 mazr
{ 250 max
125 min

volts
volts
volts

volts
megohm
ma

ma

volts
volts

of 14000 ohms, output watts for two tubes is 1.6. This is a DISCONTINUED type listed for ref-

erence only.
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REMOTE-CUTOFF PENTODE

Glass type used in rf and if stages of radio
receiversemployingave. Qutline 38, OUTLINES
SECTION. Except for interelectrode capaci- 6E7
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.

P NC
NC () °¢ HIGH-MU TRIODE
Metal type 6F5 and glass-octal 6F 5
G) () type6F5-GT usedinresistance-coupled
MY\ amplifier circuits. Outlines 4 and 20, 6F5_GT
Si6FS (*(e) respectively, OUTLINES SECTION.
NC6F5-GT K Tubes require octal socket and may

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 6AV6.

HEATER VOLTAGE (AC/DC). .. ittt ittt e e ine e anansanaannrean 6.3 volts
HEATER CURRENT. . . ... ittt iertennarnasnennssiaanarnnns 0.3 ampere
Characteristics: CLASS A, AMPUFIER

Plate Voltage (300 volts max)....... i i 100 250 volts
Grid Voltage. . ............. e -1 -2 volta
Amplification Factor. .......... ... . . il i 100 100

Plate Resistance. . . . ... ..o itiniiiiinnreanenanenannannnns 85000 66000 ohms
Transconduct8NCe. . . ... viuirrrinirienr e riannannes 1150 1500 umhos
Plate Current. .. ... .ttt iiiiiiiiiiiirernancieaanans 0.4 0.9 ma

G2 Gy
P POWER PENTODE 6F6

Metal type 6F6 and glass-octal
types 6F6-G and 6F6-GT are usedin ~~ OF6-G
the audio output stage of ac receivers.
516F6 They are capable of large power out- 6F6-GT
ne{efe Er put with relatively small input voltage.
Outlines 6, 35, and 26, 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.

[
G3

HEATER VOLTAGE (AC/DC) . ..\ttt ittt ettt et i 6.3 volts
HEATER CURRENT. . . ...ttt ittt tie et aneens 0.7 ampere
Maximum Ratings: SINGLE-TUBE CLASS A, AMPLIFIER
PLATE VOLTAGE. . ..\ttt ittt ittt et et in e et aenanns 375 max volts
GRID-N0.2 (BCREEN) VOLTAGE. . .« ..ottt itiee i en e ann 285 max volts
PLATE DISSIPATION. ...\ttt e ettt en i 11 max watts
GRID-NO.Z INPUT. . .. ... i i i et et ennans 3.75 maz watts
PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode............................. 90 max volts
Heater positive with respect tocathode. . . .......................... 90 maz volta
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———

Typical Operation: Fired Bias Cathode Bias

Plate Voltage. . ................. 250 285 250 285 volts
Grid-No.2 Voltage 250 285 250 285 volts

Grid-No.1 (Control-Grid) Voltage. -16.5 -20 - - volts
Cathode Resistor................ - - 410 440 ohms
Peak AF Grid-No.1 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. ... 6.5 7 6.5 7 ma
Maximum-Signal Grid-No.2......

Current. . .........ccoviun. 10.5 13 9.7 12 ma
Plate Resistance (Approx.)....... 80000 78000 - - ohms
Transconductance. .............. 2500 25560 - - umhos
Load Resistance................. 7000 7000 7000 7000 ohms
Total Harmonie 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): Fized Bias Cathode Bias

Plate Voltage. .. ..... 315 316 volts
Grid-No.2 Voltage 285 286 volts
Grid-No.1 (Control-Grid) Voltage......................... -24 - volts
Cathode Resistor. ......... ... ... ... .. .0 . iiiiirennnnnn - 320 ohms
Peak AF Grid-No.1-to-Grid-No.1 Voltage. .. ............... 48 58 volts
Zero-Signal Plate Current. .. .......oiiiiviinneannen.nn.. 62 62 ma
Maximum-Signal Plate Current. .............cco0ivvenn... 80 78 ma
Zero-Signal Grid-No.2 Current. ..........ooiiureeerennnnas 12 12 ma
Maximum-Signal Grid-No.2 Current....................... 19.5 18 ma
Effective Load Resistance (Plate-to-plate) ................. 10000 10000 ohms
Total Harmonie Distortion. . . .........oiviriniennnnnn P 4 3 per cent
Maximum-Signal Power Output. ....... e 11 10.5 watts

TRIODE—

REMOTE-CUTOFF PENTODE

Glass type adaptable to circuit design in

6F7 several ways. Except for common cathode, the
triode and pentode units are independent of

each other. Outline 34, OUTLINES SECTION.

Heater volts (ac/dc), 6.3; amperes, 0.3. This

type is used principally for renewal purposes.

CLASS A; AMPLIFIER

Maximum Ratings: Triode Unit Pentode Unit
PLATB VOLTAGE. .0vvovien e iieeiiiininnn s 100 maz 250 max volts
PLATE-SUPPLY VOLTAGE. . . . ...t iiiiiinnncannaaans 250 mazx 250 maz volts
GRID-NO.2 (BCREEN) VOLTAGE .. ......c0oiruernonn.n - 100 max volts
GRID-N0.1 (CONTROL-GRID)} VOLTAGE. .. ........0... -3 min -3 min volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.......... 90 mazx 90 max volts
Heater positive with respect to cathode.......... 90 mazx 90 max volts
Typical Operation and Characteristics: Triode Unit Pentode Unit
Plate Voltage.......coviiieeiiiiiiininnaananas 100 100 250 volts
Grid-No.2 Voltage........... ... iiiiiiiinnianns . - 100 100 volts
Grid-No.l Voltage. . . ..ooviii i iiiivennnans -3 -3 -3 volts
Amplification Factor. .........coov0vuns et 8 - -
Plate Resistance. ......cocivrreriiiirinenennsas 0.016 0.29 0.85 megohm
Transconductance.............oiiiiiiinnennn., 500 1050 1100 umhos
Transconductance at —35-volts bias................. - 9 10 umhos
Plate Current............. . it iiiniennanes 3.5 6.3 6.5 ma
Grid-No.2Current..............coiiiiinii e, - 1.6 1.5 ma
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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 33, OUTLINES SECTION.
Tube requires octal socket. Except for the heat- 6F8 -G
er rating of 6.3 volts (ac/dc)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.

G2 S POWER PENTODE
° e Glass octal type used in output stage of
P /‘ radio receivers where moderate power output is
required. This type is economical because of its
low plate-power requirements and low heater
e o current. Outline 31, OUTLINES SECTION. 6G6-G
H ‘/ " Tube requires octal socket. Except for inter-
o o electrode capacitances and a plate resistance of
NC 23 175000 ohms, this type is electrically identical
with type 6AK6. Heater volts (ac/dc), 6.3; N
amperes, 0.15.
KD, Ppy
)
F’Dz TWIN DIODE
Metal type 6H6 and glass-octal 6H6
© () type 6H6-GT are used as detectors, 6H 6 GT
m V/ M low-voltage rectifiers, and ave tubes. -
see (L) (8) Except for the common heater, the
15:6H6-G1 Koy two diode units are independent of

each other. For diode detector considerations, refer to ELECTRON TUBE AP-
PLICATIONS SECTION.

HEATER VOLTAGE (AC/DC) .. et ttets vt e e ettt e eannannnns 6.3 volts
HEATER CURRENT. . ..ttt ttia st ier et te et ie ettt ee s, 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
6HE6 6H6-GT
Plate No.1 to Cathode No.1.......................... 3.0 3.0 upf
Plate No.2 to Cathode No.2.......................... 3.4 4.0 upf
Plate No.l1toPlate No.2............................ 0.1 mazx 0.1 maz pupf

t With shell or external and internal shields connected to cathode.

Maximum Ratings: RECTIFIER OR DOUBLER

PEAK INVERSE PLATE VOLTAGE. . ... .0ttt tttiiit it einnnnnnnns . 420 mazx volts
PEAK PLATE CURRENT PER PLATE. . .. .. ..o it ieinnn i, 48 mazx ma
DC OUTPUT CURRENT PER PLATE. . ... ..ttttin ittt reeaasnennnns, 8 mazx ma
PEAK HEATER-CATHODE VOLTAGE. 1 10t tite it itttaeet ittt eee s eearnnnn 330 mazx volts

Typical Operation (As Half-W ave Rectifier):*

AC Plate Voltage per Plate (rms) .......................... 117 150 volts
Min. Total Effective Plate-Supply Impedance per Plate® . .. .. 15 40 ohms
DC Output Current per Plate. . ...............c.oooun. ... 8 8 ma
Typical 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
DC Output CUITeNnt. ... .. vvvvtiiiane ettt 8 8 ma

* 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.
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INSTALLATION AND APPLICATION

Types 6H6 and 6H6-GT require an octal socket and may be mounted in any
position. Qutlines 1 and 22 respectively, OUTLINES SECTION. For heater and

cathode considerations, refer to type 6AV6.
AVERAGE CHARACTERISTICS

For detection, the diodes may be utilized ,.(r-wave RectiicaTioN-SINGLE DIoDE
in a full-wave circuit or in a half-wave circuit. 1] TYPE GHE
In the latter case, one plate only, or the two | J‘ £ =6.3 vOLTS —700
plates in parallel, may be employed. For the : ¥
same signal voltage, the use of the half-wave
arrangement will provide approximately twice
the rectified voltage as compared with the full-
wave arrangement.

For automatic-volume control, the 6H6 and
6H6-GT may be used in circuits similar to
those employed for any of the twin-diode types
of tubes. The only difference is that the 6H6
and 6H6-GT are more adaptable because each
diode has its own separate cathode.

~%of 1]

Since the diodes by themselves do not 3500 ajioo
provide any amplification, it is usually neces- 'Ooooc?: SN
sary to provide gain by means of a supple- [ °
mentary tube. Types such as the 6J5, 65J7, e v e DevELOreD &Y DIODE
and 6AU6 are very suitable for this purpose. 92CM~ 4446T
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.
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MEDIUM-MU TRIODE *GQ) O
6J 5 Metal type 6J5 and glass-octal

type 6J5-GT used as detectors, ampli- G) (?)
6J 5_GT fiers, or oscillators in radio equipment. ">\t \y 7

These types feature high transconduc- o6 Js ©,

tance together with comparatively BscieJs-cr K
high amplification factor. Outlines 3 and 24, respectively, OUTLINES SECTION.
Tubes require octal socket and may be mounted in any position. For heater and
cathode considerations, refer to type 6AV6. For typical operation as a resistance-
coupled amplifier, refer to Chart 13, RESISTANCE-COUPLED AMPLIFIER

SECTION.

HEATER VOLTAGE (AC/DC). .. ... tiv it volts
HEATER CURBENT. ... 0.\ttt ittt ittt et e e e e e e e e e e, ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
GridtoPlate............................ nuf
Input.........cooiv i nuf
Output .. ... o ppf
* Shell connected to cathode. ** Close-fitting shield connected to cathode.
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. .. .. ... ittt e et 300 mazx volts
GRID VOLTAGE, Positive Bias Value ....................................... 0 mazx volts
PLATE DISSIPATION. . ..\ oottt ettt e e et eeeeee e 2.5 maz watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect toecathode................................. 90 max volts
Heater positive with respect tocathode. ................................ 90 max volts
20 max ma

CATHODE CURRENT. . .1ttt ittt ittt te e it e et et e e e s
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Typical Operation:

Plate Voltage. . . ... ....iiiiinierriiiieiiirnreeareninnnnnnens 90 250 volts
Grid Voltaget....... ... o e 0 -8 volts
Amplification Factor............ . ... .. i, 20 20

Plate Resistance. . . ........ ... ... it ii i, 6700 7700 ohms
Transconductance. . ..............o.vourieiiine e, 3000 2600 pmhos
Grid Bias (Approx.) for plate current of 10ua. .. . ... ...cc...... -7 -18 volts
Plate Current........ ... ... .. ... . . ... 10 9 ma

t Under maximum rated conditions, the de resistance in the grid circuit should not exceed 1.0 megohm.,

AVERAGE PLATE CHARACTERISTICS

T 4
TYPE 6J5
E ¢26.3 VOLTS J

o f

H-
/

'u"'(,i"

PLATE MILLIAMPERES
Ld

/

]

/
/

Yo A4
7
g zd

PLATE VOLTS 92CM-477T

A
8

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 mizxer at

frequencies as high as 600 megacycles per second. Outline 12, QUTLINES SEC-
TION. 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). ... ittt ve i issnesaasranensnrenaaneans 6.3 volts
HEATER CURRENT. . .. ...ttt ittt it eiintasoneacaanonsannnennesnens 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES: *
Grid to Plate. . ... ... i e e ittt i 1.6 puf
¢ 1 O 2.2 upf
L1815 15+ O .. 0.4 uuf

* No external shield. Approximate values for each unit.

Maximum Ratings: CLASS A; AF AMPLIFIER

PLATE VOLTAGE. . ... .. ittt ittt iitaetnranrrrtesnassanans PR 300 mazx volts
PLATE DISSIPATION (PERUNIT) . ...t vve i vneevreansenans N 1.5 mazx watts.
PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................ hereeens vese 100 mazx volts
Heater positive with respect to cathode. . .............. eeteaeaes ‘e 100 maz voltg
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Typical Operation (Each Unit):

Plate Voltage. ... ... . i i 100 volts

Cathode-Bias Resistor®*. ... ... ... ... ... . i i, 50+ ohms

Amplification FActor. ....... ..o it 38

Plate Resistance. ... ... ....iieiiiuneniinn i 7100 ohms
5300 pmhos
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. . ... ...cvvvvennnnnnn. 300 mazx volts

DC GRID VOLTAGE. . . ........... ~40 mazx volts
DC PLATE CURRENT (PER UNIT). . 15 maz ma
DC GrIp CURRENT (PER UNIT) 8 maz ma
DC PLATE INPUT (PER UNIT) . . 4.5 maz watls
PLATE DiSSIPATION (PER UNIT) 1.5 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode .. 100 mazx volts

Heater positive with respect to cathode. . .................. 100 max volts
Typical Operation:}
DC Plate Voltage. . .. ...ttt eii it iiie it i, . 150 volts
DC Grid Voltage®. . -10 volts
DC Piate Current. . ............. 30 ma
DC Grid Current (Approx.)...... 16 ma
Driving Power (Approx.).......... 0.35 watt
Power Qutput (APDProX.). .. oottt e 3.5 watts

{ 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 oscillator with a plate voltage of
150 volts, with maximum rated plate dissipation, and with a grid resistor of 2000 ochms common to
both units.

° Obtained by grid resistor (625 ohms), cathode resistor (220 ohms), or fixed supply.

AVERAGE PLATE CHARACTERISTICS
FOR_EACH UNIT

TYPE 6J6

Ef = 6.3 VOLTS

Eos
N
% o
L

v

PLATE (In) OR GRID (I¢) MILLIAMPERES
.

2L ///,7 IS
L e _'ﬁ 2 Qé/é} %E\o

300 400 500 600
PLATE VOLTS 92CM-6403TI
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SHARP-CUTOFF PENTODE 6J7

Metal type 6J7 and glass-octal
types 6J7-G and 6J7-GT are used as 6J7 "G

e\‘.«/ O biased detectors or high-gain audio

el amplifiers in radio receivers. Outlines 6J7 -GT
BCI6JT-GT K 4,33,and 23, respectively. OUTLINES

SECTION. Type 6J7-G is used principally for renewal purposes. All types require
octal socket and may be mounted in any position. For typical operation as resist-
ance-coupled amplifiers, refer to Charts 11 and 14, RESISTANCE-COUPLED AM-
PLIFIER SECTION. For heater and cathode considerations, refer to type 6AVS6.

HEATER VOLTAGE (AC/DC) .\ vt iv s teaeeen s ennnetanansoaeannenesnnen 6.3 voits
HEATER CURRENT. . ...ttt ttitntnitnantane et erenaanasneaanaasanns 0.3 ampere
Maximum Ratings: CLASS A, AMPLIFIER (Pentode Connection)
PLATE VOLTAGE. .. ... ittt ittt et iaeaneannns 300 mazx volts
GRID-NO.2 (SCREEN) VOLTAGE . . . .o\ttt ettt ciriiianeannanaaenns . 125 max volts
GRID-NO.2 SUPPLY VOLTAGE. .. . ..\t tttiiieannr et tnennintnaaannses 300 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value.. .............. 0 mazx voits
PLATE DISSIPATION. . . ...ttt i et iaieieriaannrenes 0.75 max watt
GRID=-NO.Z INPUT. . .ottt it e e e itnnronnsnsananannns 0.10 max watt
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode........... TN 90 mazx volts

Heater positive with respect tocathode..........ooivevniinnnninnns 90 mazx volts
Typical Operation:
Plate Voltage. . . ... ... ittt ittt intnennenannns 100 250 volts
Grid No.3 (Suppressor). .......cvovvnuvnens e Connected to cathode at socket
Grid-No.Z Voltage. .. ... ittt iieirinieeieanennnnnn 100 100 volts
Grid-No.1 Voltage*. . ...............ccouun. e e -3 -3 volts
Plate Resistance. .. .........ovvvviiernnn e beraae e 1.0 + megohm
Transconductanee, . . ..o ittty ittt 1185 1225 umhos
Grid-No.l1 Bias (Approx.) for cathode-current cutoff . ........ -7 =7 volts
Plate Current. ... .ovvvniininiit i i eeineannnaenen 2 2 ma
Grid-No.2Current. .. ...ttt iiene e 0.5 0.5 ma
Maximum Ratings CLASS A, AMPLIFIER (Triode Connection)
PLATE VOLTAGE. . ...ttt iine e ina sttt canertinaeanetenneroonas . 250 maz volts
GRID-NoO.1 VOLTAGE, Positive Bias Value.............................. . 0 maz volts
PLATE AND GRID-N0.2 DISSIPATION (TOTAL) « .. otuvniunnnennroennnenans 1.75 max watts
Typical Operation:
Plate Voltage. . . ... ..oiiiiiii it ittt iieeearoaanens 180 250 volts
Grid-No.1 Voltage®. .. ... ... o ittt iiinnenns -5.3 -8 volts
Amplification Factor............. PPN e e 20 20
Plate Resistance. ... .......coiviiin e, e 11000 10500 ohma
Transconductance. . . ...o.viiiiin it 1800 1900 pmhos
Plate Current 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.

TRIODE—HEPTODE CONVERTER

Glass octal type used as a combined triode
oscillator and heptode mixer in radio receivers.
Outline 33, OUTLINES SECTION. Tube re-
quires octal socket. Heater volts (ac/dc), 6.3; 6J 8-G
amperes, 0.3. Typical operation—Heptode unit:
plate volts, 250 (300 max); grids-No.2-and-No.4
volts, 100 maz; grid-No.1 volts, —3; plate re-
sistance, 4 megohms; conversion transconduc-
tance, 290 umbhos; plate ma., 1.3; grids-No.2-and-No.4 ma., 8.56. Triode unit: plate volts, 250 mazx
(applied through 20000-ohm droppmg resistor); grid resistor, 50000 ochms; plate ma., 5.8. This type is
used principally for renewal purposes.
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HIGH-MU TRIODE

Glass octal type used as voltage amplifier
in radio equipment. Outline 23, OUTLINES
SECTION. Tube requires octal socket. Heater

6K5_GT volts (ac/dc), 6.3; amperes, 0.3. Characteristics
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.

POWER PENTODE

Glass octal type used in output
stage of radio receivers. It is capable
6K6-GT of delivering moderate power output
with relatively small input voltage.
Tube may be used singly or in push-
pull.

HEATER VOLTAGE (AC/DC) . ..ttt it it itaie e ianentnanannn
HEATER CURRENT. . ..o\ tttttnt ettt iae e vt enmannnaee s
DIRECT INTERELECTRODE CAPACITANCES (Approx. With no external shield):.
Grid No.l to Plate. . ... . it i caacns
TP, . e e
U PUL. . . . i e s

Maximum Ratings:

PLATE VOLTAGE. . . . ittt it ittt e ettt a s
GRID-NO.2 (8CREEN) VOLTAGE. . . . ...ttt ittt i i

PLATE DISSIPATION

GRID-NO.2 INPUT . .. .. e
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value................

PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.............................
Heater positive with respect to cathode. . . ..........................

Typical Operation:

Plate Voltage. . . ......... .. ciiiiirnenines 100 250
Grid-No.2 Voltage., . . ... ....viniieiunnnn.n 100 250
Grid-No.1 (Control-Grid) Voltage............. -7 -18
Peak AF Grid-No.l Voltage. ... .............. 7 18
Zero-Signal Plate Current. . .. ................ 9 32
Maximum-Signal Plate Current. . .. ........... 9.5 33
Zero-Signal Grid-No.2 Current. ............... 1.6 5.5
Maximum-Signal Grid-No.2 Current........... 3 10
Plate Resistance (Approx.)..............cc... 104000 90000
Transconductance. . ................ . ... ..., 1500 2300
Load Resistance. . .................... .. oo.. 12000 7600
TotalHarmonic Distortion . .. ................ 11 11
Maximum-Signal Power Output............... 0.35 3.4

Maximum Ratings: PUSH-PULL CLASS A, AMPLIFIER

(Same as for Single-Tube Class A, Amplifier.}

. . Fized
Typical Operation {Values are for two tubes): Bias
Plate Voltage. . . ....... .ttt tiieiicner i iaanas 285
Grid-No.2 Voltage. . ... ..o iiiiiiieeiierrenaneennes 286
Grid-No.1 (Control Grid) Voltage. .. ........iovvunnnennnns -25.5
Cathode ResiBtOT. .. ... ... ..ttt irraannsonnnsennss -
Peak AF Grid-No.l-to-Grid-No.1 Voltage. ... .............. 51
Zero-Signal Plate Current. . ... ........ ... . .covunvenennn. 55
Maximum-Signal Plate Current. . . ..............coveun.nn. 72
Zero-Signal Grid-No.2 Current. ..................... e 9
Maximum-Signal Grid-No.2 Current........ DN 17
Effective Load Resistance (Plate-to-plate) .................. 12000
Total Harmonic Distortion. . . ............................ 6
Maximum-Signal Power Qutput. .. ........................ 10.5

6.3
0.4
0.5
5.5
6.0

315 max
285 max
8.5 max
2.8 max

0 mazx

90 mazx
90 mazx

volts
ampere

und
nuf
puf

volts
volts
watts
watts
volts

volts
volts

volts
volts
volts
volts
ma

ma

ma

ma
ohms
umhos
ohms
per cent
watts

voits
volts
volts
ohms
volts
ma
ma
ma
ma
ohms
per cent
watts
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INSTALLATION AND APPLICATION

Tube requires octal socket and may be mounted in any position. Qutline 22,
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-No.1 circuit by this device is not too high. Transformer- or im- .
pedance-coupling devices are recommended. When the grid-No.1 circuit has a re-
sistance not higher than 0.1 megohm, fixed bias may be used; for higher values,
cathode bias is required. With cathode bias, the grid-No.1 circuit may have a re-
sistance as high as but not higher than 0.5 megohm, provided the heater voltage
does not rise more than 109 above the rated value under any condition of operation.

AVERAGE PLATE CHARACTERISTICS
PE

NTODE CONNECTION
891 0 T T T
« TYPE 6K6-GT
\ Ef=6.3VOLTS i

g \\ == GRID-N22VOLTS5=250
5| of| M
I 60 4
< N 1
j 1 ~ ="
5 A L e S HAPPS
[y / /
8
; 4 ERID-N2I VOLTSECI=-35
8 7 e -8
H \ = -20
o X

/ -
& 201 ~C2f =

Mt — Ec, =

3 // ci=0 -30 )
a ]

// ™ ECi==36

-

0 80 160 240 320 200 450
PLATE VOLTS 92CM- 488IT1
G2 G3
. ' REMOTE-CUTOFF PENTODE 6K7

Metal type 6K7 and glass-octal
), types 6K7-G and 6KT-GT used in rf 6K7-G
H and if stages of radio receivers, par-
S 6K7 ticularly in those employing ave. Out- 6K7-GT
Beiekigr X lines 4, 33, and 23, respectively, OUT-
LINES SECTION. Type 6K7-G is used principally for renewal purposes. These
tubes require octal socket and may be mounted in any position. For electrode volt-
age supplies and application, refer to type 6SK7. For heater and cathode consid-
erations, refer to type 6AV6.

HEATER VOLTAGE (AC/DC). . vuureerrasronenrassesnsossassoveansnsnssns 6.3 volts
HEATER CURRENT. ... .ius.uitvesnnanrsnasoneecsosasasssssavsssnsnsee 0.3 ampere
Maximum Ratings:
PLATE VOLTAGE. . . .o .ottt etiitsiniaennaeeiaentotesaesseessssaaseans 300 mazx volts
GRID-N0.2 (SCREEN) VOLTAGE 125 max volts
GRID-NO.Z SUPPLY VOLTAGE. . ...\ .t itittnitanaainienastennsnaans 800 maz volts
GrID-N0.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value ven 0 max voits
PLATE DISSIPATION . . ..ttt iiiit it eiraeanannnens e 2.75 max watits
GRID-NO.Z INPUT . . ..t ittt ittt iieaniiearrnasaseessnsrasaassane 0.35 max watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................ .0, Cesessane 90 max volts
Heater positive with respect to cathode. . ........... 000 Cesersenn 90 max volts
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Typical Operation:
Plate Voltage. ......... R 100 250 250 volts
Grid No.3 (Suppressor) ....................... Connected to cathode at socket
Grid-No.2 Voltage. .............cocviivinnn, 100 100 126
Grid-No.1 Voltage. .............coeiivnnn.a.. -1 -3
Plate Resistance (ApPprox.) ..........ceeevvenn- 0.15 0.8
Transconductance. . . ...........uivrainnanins 1650 1450
Grid-No.1 Bias for transconductance of

Approx. 2 umhos8. . . ... ... i -38.5 —42.5
Plate Current. . .........oviiinnnnnniannnrens 9.5 7.0
Grid-No.2 Current. . .. ... v vrnnnennnnans 2.7 1.7

6K8 TRIODE-HEXODE CONVERTER

Metal type 6K8 and glass-octal

6K8—G types 6K8-G and 6K8-GT used as
combined triode oscillator and hexode

6K8-GT mixer in radio receivers. Type 6KS8,
Outline 5, type 6K8-G, Outline 33,

8C:6K8-GT K

OUTLINES SECTION. Type 6K8-G is used principally for renewal purposes.
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 consid-
erations, refer to type 6AV6. For application, refer to Frequency Conversion in

ELECTRON TUBE APPLICATIONS SECTION.

HEATER VOLTAGE (AC/DC) . .ottt iveiiiettinnnvannrrinnennrrannananass
HEATER CURRENT. & .ttt ittt inneennonananeesnnereanns

Maximum Ratings: CONVERTER SERVICE

HEXODE PLATE VOLTAGE. . .0t ottt inr et iniaasaieassanaennn
HEXODE GRIDS-N0.2-AND-N 0.4 (SCREEN) VOLTAGE. . .. . ....c.vtvinnrnnnns
HEXODE GRIDS-N0.2-AND-N0.4 SUPPLY VOLTAGE. . . ..., .......vunnaiinnnn
HEXODE GRID-N 0.3 (CONTROL-GRID) VOLTAGE, Positive Bias Value ... .....
TRIODE PLATE VOLTAGE. . . . ottt tiittiietin ettt inannensnnns
HEXODE PLATE DISSIPATION. ... ...ttt iiiaiine i innas

HEXODE GRIDS-N0.2-AND-N 0.4 I\PUT
TRIODE PLATE DISSIPATION
ToTAL CATHODE CURRENT. . .. ...........
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode

Heater positive with respect tocathode. . . ... ....... ... .. ... ... ...

Typical Operation:

Hexode Plate Voltage. ....... ... ...t invene, 100
Hexode Grids-No.2-and-No.4 Voltage. . .................... 100
Hexode Grid-No.3 Voltage. . .. ......... .. ... oviiiiiinnss -3
Triode Plate Voltage. . .. ....... ... ..o, 100
Triode Grid Resistor. ... .......... ... o iiiiiiiiinnnnn 50000
Hexode Plate Resistance (APProx.). . ... ....c.vvvneivannns 0.4
Conversion Transconductance. . ................c..oiennnn 325
Hexode Grid-No.3 Voltage (Approx.) for conversion transcon-
ductanceof 2umhos. ........ ... ... ... ool -30
Hexode Plate Current. .. ........... ... iiiiiniinnnnnnny 2.3
Hexode Grids-No.2-and-No.4 Current. 6.2
Triode Plate Current. . ................. 3.8
Triode Grid and Hexode Grid-No.1 Curren . 0.15
Total Cathode Current. .. ........ ... .. vininnn.nn. . 12.5

6.3 volts
0.3 ampere
300 maz volts
150 mazx volts
300 max volts
0 maz volts
125 mazx voits
0.76 max watt
0.7 max watt
0.75 mazx watt
16 max ma
90 max volts
90 mazx volts
260 volts
100 volts
-3 volts
100 volts
50000 ohms
0.6 megohm
350 umhos
-30 voits
2.6 ma
6.0 ma
3.8 ma
0.15 ma
12.5 ma

The transconductance of the triode section, not osmllatmg, of the 6K8 is approximately 3000
umhos when the triode plate voltage is 100 volts, and the triode grid voltage is 0 volts.

MEDIUM-MU TRIODE

Glass octal type used as detector, amplifier,

or oscillator in radio receivers. Qutline 31, OUT-

6L 5 G LINES SECTION. Heater volts (ac/dc), 6.3;
- amperes, 0.15. Typical operation and character-

istics: plate volts, 250 maz; grid volts, -9; plate

ma., 8; plate resistance, 9000 ohms; amplifica-

tion factor, 17; transconductance, 1900 gmhos;

grid-bias volts for cathode-current cutoff, -20.

purposes.
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As a class A, amplifier, the 6L.5-G may be operated in resxst.ance-coupled circuits as shown in Chart 15,
RESISTANCE-COUPLED AMPLIFIER SECTION. This type is used principally for renewal
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BEAM POWER AMPLIFIER

Metal type 6L6 and glass-octal
type 6L6-G are used in output stage
9\“/ «  of radio receivers and amplifiers, es-
. K pecially those designed to have ample
nEEe-G Ga reserve of power-delivering ability.

6L6
6L6-G

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-

TRODES, AND ELECTRON TUBES SECTION.

HEATER VOLTAGE (AC/DC) . . .o i\t it ittt iae it iansaniananans 6.3 volts
HEATER CURRENT. . . ..ttt ittiaia et aie e iaciaaassrananns 0.9 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.): 6L6 6L6-G

Grid No.l toPlate. .. ...ttt 0.4 0.9 puf

InpuUt. ... e e e s 10 11.56 pul

OUtPUL. . . e e e 12 9.5 pul
Maximum Ratings: SINGLE-TUBE CLASS A; AMPLIFIER
PLATE VOLTAGE. .. ...ttt ittt iaaanaonaanesanaaes 360 max volts
GRID-NO.2 (BCREEN) VOLTAGE. . . .t ettt iivnraneenancaasniaoncannans 270 max volts
PLATE DISSIPATION. . ..ot i it ittt i ii it iiarsesanaasaaannans 18 mazx watts
GRiD-No.2 INPUT 2.6 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode............................. 180 max volts

Heater positive with respect to cathode. .................. ... ... ..., 180 max volts
Typical Operation: Fized Biaa Cathode Bias
Plate Voltage. .. .......ovvivinnnavrnnens eeean 250 350 250 300 volts
Grid-No.2 Voltage. . . .......coiivinniiiienannnnn, 250 250 250 200 volts
Grid-No.l (Control-Grid) Voltage................. ~14 -18 - - volts
Cathode Resistor. ...........covivininineininennnan - - 170 220 ohms
Peak AF Grid-No.1 Voltage. . .................... 14 18 14 12.5 volts
Zero-Signal Plate Current. . ... ......... ... 72 64 76 51 ma
Maximum-Signal Plate Current . .................. 79 66 78 54.5 ma
Zero-Signal Grid-No.2 Current. ................... 5 2.6 5.4 3 ma
Maximum-Signal Grid-No.2 Current. .............. 7.3 7 7.2 4.6 ma
Plate Resistance. . ... ......... .. ... oo, 33000 - - ohms
Transconductance 5200 - - pmhos
Load Resgistance. .. ...............0veiviinenn., 4200 2500 4500 ohms
Total Harmonic Distortion. . ..................... 10 15 10 11  per cent
Maximum-Signal Power Output. .................. 6.5 10.8 6.5 6.5 watts

SINGLE-TUBE CLASS A, AMPLIFIER (Triode Connection}t

Maximum Ratings:
PLATE VOLTAGE. . . ..ot it ittt ittt iiesnn s saanieeanarennonans 276 max volts
PLATE AND GRID-N0.2 DISSIPATION (TOTAL) . s .o voivvveiiuirannnaenesss 12,6 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ...................... P 180 max volts

Heater positive with respect tocathode. . ........................... 180 max volts
Typical Operation: Fized Bias Cathode Bias
Plate Voltage. . ... .vuteeerie it iincnsetearinninans 250 250 volts
Grid-No.1 (Control-Grid) Voltage. .. ...................... -20 — volts
Cathode Resistor. .. ......c.vuoiuiiniinanncnenen ., - 490 ohms
Peak AF Grid-No.1 Voltage . .. .......c.oviiiiiiinos 20 20 volts
Zero-Signal Plate Current. ... ...... ..., 40 40 ma
Maximum-Signal Plate Current. . .............. ... .. ...... 44 42 ma
Plate Resistance. . .. .cvvvunirivinnneerninenareiancnns 1700 - ohms
Amplification Factor.......... ... il 8 -
TransconducCtanCe. . . ... it vnr i ianan s 4700 - pmhos
Load Resistance. ... .......ouiiuiinnunanannnennne oo 5000 6000 ohms
Total Harmonic Distortion. ... .......covviiiiiiiiian s 5 6  per cent
Maximum-Signal Power Qutput. .........coiiiiiiiieien .. 1.4 1.3 watts

t Grid No.2 connected to plate.
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—
Maximum Ratings: PUSH-PULL CLASS A, AMPLIFIER
(Same as for single-tube class A, amplifier)
Typical Operation {(Values are for two tubes) Fized Bias Cathode Bias
Plate Voltage. ...... F I 250 270 270 volts
Grid-No.2 Voltage. . . .......coiiveiiiinannnnan. ., 250 270 270 volts
Grid-No.1 (Control-Grid) Voltage. ................ -16 -17.5 - volts
Cathode ResiStOr. .. ... ..uiiinrieeiinnanrannnnn. — -~ 125 ohms
Peak AF Grid-No.1-to-Grid-No.1 Voltage .......... 32 35 40 volts
Zero-Signal Plate Current. .. ................ ceens 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
Plate Resistance. . .....................ccuuvnn.. 24500 23500 - ohms
Transconductance. . .............oiviiiiiienian.. 5500 5700 - nmhos
Effective Load Resistance (Plate-to-plate).......... 5000 5000 5000 ohms
Total Harmonic Distortion. ... ................... 2 2 2  per cent
Maximum-Signal Power Output................... 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 tubes): Fixed Bias Cathode Bias
Plate Voltage. . . ........co. i, 360 360 360 volts
Grid-No.2 Voltage. .. ............c.iiiiiiunna.n. 270 270 270 volts
Grid-No.1 (Control-Grid) Voltage. . ............... ~22.5 -22.5 — volts
Cathode Resistor. ............................... - - 250 ohms
Peak AF Grid-No.1-to-Grid-No.1 Voltage.......... 45 45 57 volts
Zero-Signal Plate Current. . .. .................... 88 88 88 ma
Maximum-Signal Plate Current. .................. 132 140 100 ma
Zero-Signal Grid-No.2 Current. . .................. 5 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-8ignal Power Output. .................. 26.5 18 24.5 watts
Maximum Ratings: PUSH-PULL CLASS AB, AMPLIFIER
{Same as for single-tube class A, amplifier)
Typical Operation (Valves are for two tubes): Fized Bias
Plate Voltage. . . . ..ottt it it st it i e e 360 360 volts
Grid-No.2 Voltage. .. ...........coiiiivineninns . . 225 270 volts
Grid-No.1 (Control-Grid) Voltage. . ............... .. -18 -22.5 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage . 52 72 volts
Zero-Signal Plate Current. . ...................... .. 78 88 ma
Maximum-Signal Plate Current. . .. .......... . ciiiiiverianennnn.. 142 205 ma
Zero-Signal Grid-No.2 Current. ....... ...ttt iiniiiiiiannnnn.. 3.5 5 ma
Maximum-Signal Grid-No.2 Current. ............c.oviiiiienvennnnn, 11 16 ma
Effective Load Resistance (Plate-to-plate) ............c...cuvvninnnn. 6000 3800 ohms
Peak Grid-Input Power. . . . ... ... .. . . ittt 140 270 mw
Total Harmonic Distortion. . ....... ... ... ... .....0iiiveeiinnnn.. 2 2  per cent
Maximum-Signal Power Output. ............. ......c... oo, 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 40, respectively, OUTLINES SECTION. It is especially
important vhat these tubes, like other power-handling tubes, should be adequately
ventilated.

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 10% of each typical grid-No.2 voltage can be used without increasing dis-
tortion,
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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
harmonies 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-No.1 circuit. Transformer- or impedance-
coupling devices are recommended. When the grid-No.1 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-No.1 circuit may have a resistance as high
as, but not higher 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 bhasis that some grid current flows during
the most positive swing of the input signal.

Refer to CIRCUIT SECTION for circuits employing the 6L6 or 6L6-G, and
to the ELECTRON TUBE APPLICATIONS SECTION for discussion of in-
verse-feedback arrangements.

AVERAGE PLATE CHARACTERISTICS
WITH EC) AS VARIABLE

TYPE 6L6
Ef = 6.3 VOLTS
GRID-N22 VOLTS = 250
[
w [ LOAD LINE CORRECTED TO COMPENSATE]
FOR EFFECTS OF RECTIFICATION
; ez tie—"1 WITH LARGE SIGNALS
2 300
3 +10
H |1
0 + 5
e) |t
C‘/ /
~ L1 -0
%s GRID-N21VOLTS ECIZ
DN
<
o (L -5
a L/ -10
=
= A
% ] _b— as |
J
Iy Oty ECy=-20
s l
-25
/—_ SI=0 = L — KED 30
[ 00 — 200 300 300 500 800 700
PLATE VOLTS 92CM-458IT1

PENTAGRID MIXER

Metal type 6L7 and glass-octal type 6L7-G
are used as mixers in superheterodyne circuits 6'_7
having a separate oscillator stage as well as in

other applications where dual control is desir- 6I-7 G
able in a single stage. The two separate control -

grids are shielded from each other and the

coupling effects between oscillator and signal

circuits are very small. For additional informa-

tion, refer to Frequency Conversion, ELECTRON TUBE APPLICATIONS SECTION. Outlines 4 and
88, respectively, OUTLINES SECTION. Type 6L7-G is used principally for renewal purposes. Heater
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— — —

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 input, 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 (oscillator-grid) volts*, —15; peak oscillator volts applied to
grid-No.3, 18 min; plate ma, 3.3; grids-No.2-and-No.4 ma, 9.2; plate resistance, greater than 1 meg-
ohm; conversion transconductance, 350 umhos; grid-No.1 volts for 5 umhos conversion transconduct-

ance, —45.
* The dc resistance in the grid-No.3 circuit should be limited to 50000 ohms.

\ G
DIRECT-COUPLED POWER TRIODE _  (2) ®
Glass octal type used as class A; power am- 3
6N6 G plifier. Outline 35, OUTLINES SECTION.
- Heater volts (ac/dc), 6.3; amperes, 0.8. For
electrical characteristics, refer to type 6Bb5. H ‘ H

Type 6N6-G is used principally for renewal pur-

OMO
p NC ®

HIGH-MU TWIN POWER TRIODE ¢+,

6N7 Metal type 6N7 and glass-octal
6 N7 GT type 6N7-GT used in output stage of © ©

- radio receivers as class B power ampli- H " H
fier or with units in parallel as a class sienT

A; amplifier to drive a 6N7 or 6N7-GT wc:enr-r K
as a class B amplifier. Qutlines 6 and 22, 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) 6.3 volts
HEATER CURRENT. ... ... ..iniinniieeennanenns e .e.. 0.8 ampere
CLASS B POWER AMPLIFIER
Values are for both units, unless otherwise specified.

Maximum Ratings:
PLATE VOLTAGE. . ...\ttt it iiaaennnnaanronas e ey 300 max volts
PrAK PLATE CURRENT (Each Unit).................. ittt ettt 125 max ma
AVERAGE PLATE DISSIPATION (Each Unit}..........ccoiiiiineinniennn.. 5.5 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ............cciveeiiiineennnn.. 90 maz volts

Heater positive with respect tocathode...........c.cvviiriiinennennn, 90 maz volts
Typical Operation:
Plate-Supply Impedance. . ........ ... .. . i i i, 0 1000 ohms
Effective Grid-Circuit Impedance. .. .............ccoiiiiievnn.. 0 516%* ohms
Plate Voltage. . ... ... it ittt 300 300 volts
Grid Voltage. . . ... . . . . . i i it ier e 0 0 volts
Peak AF Grid-to-Grid Voltage..............ciieiiiiiinnann. 58 82 volts
Zero-Signal DC Plate Current. . . ... ... .ccvtiiveinnvinnninnn. 35 35 ma
Maximum-Signal DC Plate Current. . ...........ooeivniieea.... 70 70 ma
Peak.Grid Current (Each Unit)....................coiiiininnn. 20 22 ma
Effective Load Resistance (Plate-to-plate)...................... . 8000 8000 ohms
Total Harmonie Distortion. .. .. .. ... ... .00t iiivinennennns 4 8 per cent
Third Harmonic Distortion. . ............... .. .....cc . iunn. 3.5 7.5 per cent
Fifth Harmonie Distortion. . .. .............. ... . ciiiiinnnenn. 1.6 2.5 per cent
Maximum-Signal Power Qutput.............. ..., 10 10 watts

* At 400 cycles per second 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 with the specified values at low distortion.
CLASS A; AMPLIFIER
Both grids connected together at socket; likewise, both plates.
Maximum Ratings:

PLATE VOLTAGE. ... ...ttty ennniniiiinnnraanans PN P veee. 300 maz volts
PLATE DissIPATION (per plate)........ et e, setesesssnesass. 1.0 mazx watt
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PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.......... et reea et 90 mazx volts
Heater positive with respect to cathode..........ccoiviiiieeriirnnnnnnns 90 mazx volts
Typical Operation:
Plate Voltage. . .. ... .ottt ittt ite s ar e etnaananenns 300 volts
Grid Voltage. . .. ... o it i i e i, 5 -6 volts
Amplification Factor 5 35
Plate Registance. . . ... ... ... ... ... . . i 11000 ohms
Transconductance. . ................ 3200 ymhos

Plate Current. ... ... ..ot 6 7

Plate Load— Depends largely on the design factors of the class B amplifier. In general, the load will be
between 20000 and 40000 ohms.

Power Output—TUnder maximum voltage conditions, upwards of 400 milliwatts can be obtained.

G
S MEDIUM-MU TRIODE
P Glass octal type used as detector, ampli-
fier, or oscillator in radio receivers. Outline 22,
OUTLINES SECTION. Tube requires octal 6P5 -GT
. e / ° " socket. Heater volts (ac/d¢), 6.3; amperes, 0.3.
‘ Except for interelectrode capacitances, this ty pe

o is identical electrically with type 76. Type
K 6P5-GT is used principally for renewal purposes.

TRIODE—PENTODE
Glass octal type used as an amplifier. Out-

line 33, OUTLINES SECTION. Heater volts

(ac/dc), 6.3; amperes, 0.3. Except for inter-

electrode capacitances, this type is identical 6P7-G
electrically with type 6F7. Type 6P7-G is a

DISCONTINUED type listed for reference

only.

TWIN DIODE—HIGH-MU TRIODE 6Q7
Metal type 6Q7 and glass-octal
types 6Q7-G and 6Q7-GT used as a 6Q7-G
combined detector, amplifier, and ave
2ieQ7 ¢ ‘ tube in radio receivers. Qutlines 4, 33, 6Q7-GT
Bciear-cr and 23, respectively, OUTLINES
SECTION. Type 6Q7-G is used principally for renewal purposes. 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 6AV6. 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 transcon-
ductance is 1200 ymhos and the plate resistance 58000 ohms. The triode unit is
recommended for use only in resistance-coupled circuits; refer to Chart 7, RE-
SISTANCE-COUPLED AMPLIFIER SECTION. For triode-unit, grid-bias
considerations, refer to type 6AV6. For diode curves, refer to type 6SQ7.

PDZ P[)I

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. Qutlines 4, 33, and 20,

respectively, OUTLINES SECTION. Tubes 6R7-G

require octal sockets. Within their maximum

ratings, these types are identical electrically 6R7-GT
6R7 G X with type 6BF6 except for capacitances. Maxi-

. NCl6Rr7-GT mum ratings of triode unit as class A; amplifier:

plate volts, 250 max; plate dissipation, 2.5 maz 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.
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L

MEDIUM-MU TRIODE

Miniature type having high per-

654 veance used as vertical deflection am-
plifierin televisionreceivers. Outline 16,

OUTLINES SECTION. Tuberequires

noval nine-contact socket and may be

mounted in any position. For heater and cathode considerations, refer to type 6AQ5.

HEATER VOLTAGE (AC/DC) . vttt vinetinesintteaneranneeanreransroneennas 6.3
HEATER CURRENT. .+« 0ttt tttetintnnreersoannnnnesoereanncnnes vevseiis, 0.6
Characteristics: CLASS A, AMPLIFIER

Plate Voltage. .. ...ttt e e e 250
Grid Voltage. . . .ttt it ettt ettt ettt ettt e e . -8
Amplification Factor. . .. ittt i e e e 16
Plate Resistance (APProX.). ... .uvuueiinreiiinnriannineeeeeeeenanns ... 3600
TransconduCtaICe. . ..o v. ittt it ettt e et 4500
Plate Current. .. ... . i i e e e e e 26

VERTICAL DEFLECTION AMPLIFIER

Maximum Ratings: For operation in a 525-line, 80-frame system

DOC PLATE VOLTAGE. . .ottt ittt ettt cie i teenneannnns e 500 max
PEAK POSITIVE-PULSE PLATE VOLTAGE®. ... ...t .tiitiiinenninrennneennns 2000 max
DC GRID VOLTAGE. . . . .ottt ittt ettt tteaeeereneeerenannnnn =50 mazx
PEAK NEGATIVE-PULSE GRID VOLTAGE. .. ... \tieiinnerrnenneennnnnnnn, -200 max
DC CATHODPE CURRENT. . . . ..ottt iiinassesrennnnns e 30 max
PLATE DISSIPATION. . ... .. ittt iiniannnannn Ceeeeesee e 7.5 maz
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode......... S 200 max
Heater positive with respect to cathode........ . 200 maz
Circvit Values:
Grid-Circuit Resistance. . ... ... . . i it it it i, 2.2 maz
Cathode-Bias Resistances ... ... ... i iiiniinnniiiiiiiineninnnnn, 220 min

¢ The duration of the voltage pulse must not exceed 15%, of one scanning cycle. In a 525-line,
system, 15%, of one scanning cycle is 2.5 milliseconds.

volts
ampere

volts
volts

obms
pmhos

volts
volts
volts
volts
ma
watts

volts
volts

megohms
ohms.
30-frame

# Indicated minimum value of this resistor is required to protect the tube in the event of temporary

failure of excitation and resultant loss in developed bias.

AVERAGE PLATE CHARACTERISTICS

TYPE 654
E=6.3 VOLTS

00

~

PLATE MILLIAMPERES
»
\ 4
N

\
N

VA4V

N
O\
\
i\

e 1~ ~1 -~
00 00 00 400 5 600
PLATE VOLTS 92CM- 73737
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REMOTE-CUTOFF PENTODE

Metal type 6S7 and glass-octal type
6S7-G are used in rf and if stages of automobile 6S7
receivers employing ave. Outlines 5 and 33,
respectively, OUTLINES SECTION. Type
" o n  6S7-G is used principally for renewal purposes. 6S7-G
Tubes require octal socket and may be mounted
5.657 K:657 in any position. Heater volts, 6.3; amperes,
NC 1657-G K15:657-G  0.15. Typical operation and maximum ratings
as Class A; amplifier: plate volts, 250 (300 1maz); 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.l volts for transconductance of 10 umhos, —38.5. Plate dissi-
pation, 2.25 mazr watts; grid-No.2 input, 0.25 max watt. For typical operation as a resistance-coupled
amplifier, refer to Chart 16, RESISTANCE-COUPLED AMPLIFIER SECTION.

TRIPLE DIODE—HIGH-MU 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 27, OUTLINES SECTION. Tube may be mounted in any position. For
heater and cathode considerations, refer to type 6AV6. For typical operation of
triode unit as a resistance-coupled amplifier, refer to Chart 4, RESISTANCE-
COUPLED AMPLIFIER SECTION.

HEATER VOLTAGE (AC/DC) 6.3 volta
HEATER CURRENT. . ..ot itt it eeiaatiet v teanrreisaneasnaroanass 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (With external shield):
Triode Grid to Triode Plate. . . . . ... ...t ttvterrinnrannraannnnnnans 1.2 puf
Triode Input. . . .. .. ... i i it i a s 2.0 frong
Triode Output. . .............. .. ..cc..on. 5.0 suf
Triode Grid to any Diode Plate 0.005 mazx uuf
Diode Plate to Cathode (Approx. foreach unit)...................... 1.0 uul
Maximum Ratings: TRIODE UNIT AS CLASS A, AMPLIFIER
TRIODE PLATE VOLTAGE. ... .. ... ottt iiniiiiatarinaaanesnsnasann 300 mazx volts
TRIODE PLATE DISSIPATION. . . ... ...t oiiirnenrrnnraennrrnn e, 0.5 maz watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ............ ... .. coiiiils 90 mazx volta
Heater positive with respect to cathode. . ............. ... . i, 90 maz volts
Characteristics:
Plate Voltage. . . ........ ... iiiiinae, 50 100 250 volts
Grid Voltage. . . ...... ... - -1 -2 volts
Grid Resistor. . .......... ..o 10 0 0 megohms
Amplification Factor............... ... ... .. 85 100 100
Plate Resistance. .. ................0oovunn, 285000 110000 91000 ohma
Transconductance. . . . ......o.viiinrerneonn, 300 900 1100 umhos
Plate Current. . ........c.oiiiiiiiiennennnn 0.07 0.4 0.9 ma
Maximum Rating: DIODE UNITS
PLATE CURRENT (EACH UNIT) . . oottt ittt ninananerannennans 1.0 maz ma

Diode units No.2 and No.3 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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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 6BE6.

For general discussion of pentagrid

types, see Frequeney Conversion in

ELECTRON TUBE APPLICA-

TIONS SECTION. Both tubes have

6S A7_ GT excellent frequency stability.

HEATER VOLTAGE (Ac/DC)... 6.8 volts
HEATER CURRENT. ., ....... 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES: 6SA7
Grid No.3 to Ali Other Electrodes (RF Input}.............. 9 5%
Plate to All Other Electrodes (Mixer Qutput). .. ............ 9. 5%
Grid No.1 to All Other Electrodes (Osc. Input)............. *
Grid No2toPlate................ ... . iiiiiiiianainn.. 0.13 maz*
Grid No.3 to Grid No.1. . . ... ... it iiiiiiernian.s 0.16 maz*
Grid Nod toPlate. . ... ittt iiiiinn et eennnnnnns 0,06 max*
Grid No.1 to Shell, Grid No.5, and All Other
Electrodes except Cathode............................. 4.4
Grid No.1 to All Other Electrodes except Cathode
and Grid No.5. . ... o i e, -
Grid No.ltoCathode. ........ ... ... ... i iiiiiiivrnnnnnn 2.6
Grid No.1 to Cathodeand Grid No.5. ..................... -
Cathode to Shell, Grid No.5, and All Other
Electrodes except Grid No.1. ....................... ... 5

Cathode and Grid No.5 to All Other Electrodes
except Grid No.1. .. ... ... i i

6SA7T-GT

1 ok

11%*

/K

. b max**
. 4 max**
.2 max**

5
3

14

* With shell connected to cathode. ** With external shield connected to cathode.

Maximum Ratings: CONVERTER SERVICE

GRID-NO0.3 VOLTAGE:

Negative bias value. . .. .. ... .. .. ..o i
Positive bias value. .. ..., ... i i e
PLATE DISSIPATION. .. ... ittt eie i

TOTAL CATHODE CURRENT. . .. ..............,... e e

PEAX HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. . ...........................

Heater positive with respect tocathode. . ... .o vriniiveeiannnnonnn
Typical Operation: Self-Ezxcitationt
Plate Voltage. . .. ... ....coiiiiiiininennennnn 100 250
Grids-No.2-and-No.4 Voltage. . .. 100 100

Grid-No.3 (Control-Grid) Voltage
Grid-No.1 Resistor. .. ...
Plate Resistance (Approx.). ...

0 0
20000 20000
0.5 1.0

Conversion Transconductance. . ................ 426 450
Grid-No.3 Voltage (Approx.)
for transconductance of 10 umhos. .......... -25 -25

Grid-No.3 Voltage (Approx.) for

conversion transconductance of 100 umhos. ... -9 9
PlateCurrent. . .. .......cooiiiiiiinnseennenns 3.3 .5
Grids-No.2-and-No.4 Current. . ................ 8.6 .5
Grid-No.1 Current. . ........vuiiiiininennnnans 0.5 5
Total Cathode Current. ................ .. ..., 12.3 12,

1

Separate Excitation

250
100
-2

20000

1.0
4560

-25

3.
8.
0.
2.

TN D

upf
wund

uuf

volts
volts
volts

volta
volts
watt
watt

ma

volts
volts

volts
volts
volts
ohms

megohm
umhos

volts

volts
ma
ma
ma
ma

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate (not
oscillating) is approximately 4500 pmhos 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.

1 Characteristics are approximate only and are shown for a Hartley circuit with a feedback of approxi-

mately 2 volts peak in the cathode circuit.
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INSTALLATION AND APPLICATION

Types 6SA7 and 6SA7-GT require octal socket and may be mounted in any
position. Qutlines 3 and 22, respectively, OUTLINES SECTION. For heater and
cathode considerations, refer to type 6AVS6.

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.1
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 6BE6 in the CIRCUIT SECTION. For operation in frequency bands
lower than approximately 6 megacycles per second, 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. However, in the band covering frequencies higher than approximately 6
megacycles per second, 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 approximately 2 volts peak and an oseillator-grid current of 0.20 to 0.25
milliampere, with a grid resistor of 20000 ohms.

In the 6SA7 and 6SA7-GT operation characteristics curves with self-excitation,
Ej 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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PENTAGRID CONVERTER

Metal type used as converter in

6SB7-Y 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 6AV6.

HEATER VOLTAGE (AC/DC). ...ttt ittt iiesiiaie i enaanins 6.3 voits
HEATER CURRENT. . ...ttt iiiititent et inanennniiaarsaeesnnnnennnans 0.3 ampere
Maximum Ratings: CONVERTER SERVICE
PLATE VOLTAGE. .. .\ttt ittt tittiae e ittt einaiesensarcaesnaens 300 mazx volts
GRIDS-NO.2-AND-NO.4 VOLUTAGE. . ... ...ttt inrenenennenansenaasss 100 mazx volts
GRIDS-NO.2-AND-NO0.4 SUPPLY VOLTAGE. . . . .. .....icitrrrnnanennasanas 300 max volts
PLATE DISSIPATION. . .. ..\ ..ttt it aa i enatenaarennaesss 2.0 mazx watts
GRIDS-NO.2-AND-NO.4 INPUT. . . ... . ittt iitniiiananns 1.5 maz watts
TOTAL CATHODE CURRENT. . . ...ttt tiiit it ieninreren et nonnnes 22 max ma
GRID-N0.3 VOLTAGE:

Negative bias voltage. . ... ...ttt iearianans 100 mazx - volts

Positive bias voltage. . . ... ... ... ... . i i i i 0 max volts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect tocathode. . ....................0vvvins 90 mazx volts
Typical Operation (Separate Excitatian):*
Plate Voltage. . ... ... . . i i i 100 250 volts
Grids-No.2-and-No.4 (Screen) Voitage. .................... 100 100 volts
Grid-No.3 (Control-Grid) Voltage. . .. .........ccvtrrnvnn. -1.0 -1.0 volt
Grid-No.1 (Oscillator Grid) Resistor. . ... .............c.... 20000 20000 ohms
Plate Resistance (ApProx.). ... ......c.uuiiiininnvninannn 0.5 1.0 megohm
Conversion Transconductance 900 950 umhos
Conversion Transconduetance with grid-No.3 bias

of ~20 volts. . .. ... ... i 3.5 3.5 pmhos
Plate Current. ....... ... .. i i e 3.6 3.8 ma
Grids-No.2-and-No.4 Current. .............. ..covuinevnn.. 10.2 10 ma
Grid-No. L Current. .. ...ttt e ienenns 0.35 0.35 ma
Total Cathode Current............. ... .. i iivuiieinnn.. 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. . . ...t i i it i e e e e e 250 volts
Grids-No.2-and-No.4 Supply Voltage . .........oviiinnniinerennennnnn.. 250 volts
Grids-No.2-and-No.4 Resistor. ....... ... .0ttt eeniriennnnn 12000 ohms
Grid-No.1 Resistor. ................... O 22000 ohms
Signal Frequency. . ... ... .. ... ittt innrrinraennnns 88 108 Me
Oscillation Frequency. .. ....... ... ... 0. oiiiniivinnennnn 98.7 118.7 Me
Plate Current. ... ... ... ittt 6.8 6.5 ma
Grids-No.2~and-No.4 Current. .........covvivninenennennn. 12.6 12.5 ma
Grid-No. 1 Current. .. ......covurvuinrneernernnnnnaennnnnns 0.130 0.140 ma

NOTE: The transconductance between grid No.l1 and grids No.2 and No.4 connected to plate (not
oscillating) is approximately 8000 umhos under the following conditions: signal applied to grid No.1
at zero bias;grida No.2 and No.4 and plate at 100 volts; grid No.3 grounded. Under the same conditions,
the plate current is 832 milliamperes and the amplification factor is 16.5.
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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 6AV6. For typical operation as a resistance-
coupled amplifier, refer to Chart 17, RESISTANCE-COUPLED AMPLIFIER

SECTION.

HEATER VOLTAGE (AC/DC) .. o e v vttt in e iieiaeiniieasaanaaarsans 6.3 volts
HEATER CURRENT . . ...ttt tttitatnietanaasereacacennenaasaras 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (Shell connected to cathode):*
Gridto Plate. . .. ... .. i i e ves 2 suf
INDUL . o ot ot e et et e et e e e eaan . 2 ppf
OULPUL. © vttt ettt et e et e e eeee 3 upf
* Approximate values for each unit.
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. .ottt itvirennaeoranrnouassoressrsersnasans [N 250 mazx volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. . .......... .. .0t reee 90 max volts
Heater positive with respect to cathode. ........... ... s veteen 90 max volts
Typical Operation (Each Unit):
Plate Voltage. . . .. .. ..ttt it it itieteraaeaaronassssnsnosasns 250 volts
Grid Voltage. . ... ... .. ittt ittt ierranarossssaoassonacsanas -2 volts
Amplification Factor. .. ... ..o iiiiiiiiiiieinstitierieeaiianeans 70
Plate Resistance (APProX.) . . ... ov.vveerurunsnersanaasasasescassasnans 53000 ochms
Transconductance (APProX.). .. ....c.oiuirrinsecaaoaaseansasororenacnss 1325 pmhos
Plate Current. .. .......... . ..iiuirrienrrnennraronsoosasseannssansns .. 2 ma
AVERAGE PLATE CHARACTERISTICS
. EACH TRIODE UNIT
TYPE 6SC7
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HIGH-MU TRIODE

Metal type 6SF5 and glass-octal type
6SF6-GT are used in resistance-coupled ampli- 6SF 5
fier circuits. Qutlines 8 and 22, 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/dc), 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. Qutline 3,

OUTLINES SECTION. Tube re-

quires octal socket and may be mounted in any position. For heater and cathode
considerations, refer to type 6AV6. For typical operation as a resistance-coupled
amplifier, refer to Chart 19, RESISTANCE-COUPLED AMPLIFIER SECTION.

HEATER VOLTAGE (AC/DC) . .\ ittt et tietiassaeetrea it innennanns 6.3 volts
HEATER CURRENT . . ...ttt taenten ettt 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (Shell connected to cathode):

Pentode Unit:

Grid No.1to Plate ............ e e 0.004 max upf
Input......... ... . .. . i, et e 5.5 puf
OQutput. . . ... .. iviiiiiinnian e e 6.0 pul
Pentode Grid No.lto Diode. .......oooviiiiiineiniiiininnnns 0.002 max puf
Pentode Plateto Diode. .. .........coiiiiiiiiiiiiiinin i, RN 0.8 puf
Maximum Ratings: PENTODE UNIT AS CLASS A, AMPLIFIER
PLATE VOLTAGE. . . ..t tttittiint e itir et rinnsrnneesnnecennans . 300 mazx volts
GRID-NO.2 (SCREEN) VOLTAGE 100 mazx volts
GRID-NO.2 SUPPLY VOLTAGE. . ... ..\ttt itirenritaiareeerrocaceanns . 300 maz volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value ............... . 0 mazx volts
PLATE DISSIPATION . . . ... it iiitiiieeearireeeenaannnenanes 3.6 max watts
GRID-NO.2Z INPUT. .. . ... it iirainneannen P Ceraens 0.5 maz watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................... Cerresanan 90 max volts
Heater positive with respect to cathode................... Ceereeraen 90 mazx volts
Typical Operation:
Plate Voltage. . . . ooiuitit it iriiiiiireenononasnnsonnnns 100 250 volts
Grid-No.2 Voltage. . ........oviiiiiinnininnnnanes .. 100 100 volts
Grid-No.l Voltage..... . .. -1 ~1 volt
Plate Resistance (Appro: 0.2 0.7 megohm
TranscondUCLANCe. . . ..ttt triin e in s eenaneesnenneranen 1975 2050 pmhos
Grid-No.1 Bias (Approx.) for transconductance of 10 gmhos. .. -35 -35 volts
Plate Current. .. .. ... . ... ittt i 12 12.4 ma
Grid-No.2Current . ......ooiiiiiine e 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- 6SG7
cations. Features high transcon-

ductance with low grid-No.1-to-plate

capacitance. Suitable for frequencies

up to 18 megacycles per second (approx.). Two separate cathode terminals enable
the input and output circuits to be effectively isolated from each other. Outline 3,
OUTLINES SECTION. Tube requires octal socket and may be mounted in any
position. For heater and cathode considerations, refer to type 6AV6.

HEATER VOLTAGE (AC/DC) . o v vt e iuinseiniirnneatnetsennennseonneens 6.3 volts
HEATER CURRENT. . ... ittt ittt enas 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (Shell connected to cathode)

Grid No.l to Plate. . . .. ... i i i ittt i ettt aetaneranes 0.003 max puf

80T ¢ L PP 8.6 puf

L0253 <1 ) 2 . 7.0 pupuf
Maximum Ratings:
PLATE VOLTAGE. .. .0ttt ttnn ittt in it eaianoraneanonns 300 maz volts
GRID-NO0.2 (SCREEN) VOLTAGE 200 maz volts
GRID-NO.Z SUPPLY VOLTAGE. . .. ... ottttiitiiitiitrinrterneinensnnenss 300 maz volts
GRID-NO.]1 (CONTROL-GRID) VOLTAGE, Posgitive Bias Value ................ 0 max volts
PLATE DISSIPATION . .. ... ittt ittt i it nsstansaans 3 maz watts
GRID-NO.Z INPUT ... ... i i i i it e i ens 0.6 maxr watt
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ................. .. uuens 90 mazx volts

Heater positive with respect tocathode. . ....... ... ... ... ... ... 0., 90 max volts
Typical Operation:
Plate Voltage. . . ......ovorviiniiiiiiinnnarnnas 100 250 250 volts
Grid-No.2 Voltage 100 125 150 volts
Grid-No.1 Voltage. .. -1 -1 -2.6 volts
Grid No.3 (Suppressor) ........c.ovvvivuvuvnn.. Connected to pin No. 3 internally
Plate Resistance (ApPProx.). .........oovveenu.. 0.25 0.9 + megohm
Transconductance. .. .........oviiviiineennn.. 4100 4700 4000 umhos
Grid-No.l1 Bias (Approx.) for transconductance of

40 umhos. . .. i e -11.5 -14 ~17.5 volts
Plate Current. ......... . iviieirirnnenaenvans 8.2 11.8 9.2 ma
Grid-No.2 Current. ........ Cheh s 3.2 4.4 3.4 ma

4 Greater than 1 megohm.

AVERAGE PLATE CHARACTERISTICS
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SHARP-CUTOFF PENTODE

Metal type used as rf amplifier

6SH7 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-No.l-to-plate capacitance. Qutline 3, OUTLINES
SECTION. 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 6AV6. For typical operation as a resist-
ance-coupled amplifier, refer to Chart 8, RESISTANCE-COUPLED AMPLIFI-

ER SECTION.

HEATER VOLTAGE (AC/DC).
HEATER CURRENT. . . t0vtsevnvittteniiee st iiiiiinanerasaesanas
DIRECT INTERELECTRODE CAPACITANCES (Shell connected to cathode)
Grid No.l to Plate
Input........ .
L0217+ 2P

Maximum Ratings:

PLATE VOLTAGE. . ... ...ttt ittiint it iiae ittt eenaaiiannans 300 max
GRID-NO.2 (SCREEN) VOLTAGE. . . .. ...ttt iertnnnernararansonann 150 max
GRID-NO.2 SUPPLY VOLTAGE. . .. ... ...ttt iiiatirtitasiartiaraaananns 300 mazx
PLATE DI1s8IPATION 3 max
GRID-NO.2 INPUT. . . oottt vttt iaianinenaaasases P 0.7 maz
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value ................ 0 max
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode................ .. ciiiina, 90 max
Heater positive with respect to cathode. ............... ...t P 90 max
Typical Operation:
Plate Voltage. . ....................0 fheeiaeas e 100 250
Grid-No.2 Voltage. ................oiiinvennns e 100 150
Grid-No.l Voltage. ... ... i iiiiiiriiiriianevuises -1 -1
Plate Resistance (ADPDrox.). . .....ooovriiinniirnrenennnns 0.35 0.9
TransconduCtanee. . . ... . .itu st 4000 4900
Grid-No.1 Bias for plate current of 10 pa .. . ............... —4.0 -5.5
PlateCurrent. ................ ... .. ... e . 5.8 10.8
Grid-No.2 Current. . . ...t e 2.1 4.1
AVERAGE PLATE CHARACTERISTICS
T T
TYPE 6SH7
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x SHARP-CUTOFF PENTODE

Metal type 6SJ7 and glass-octal
G
? 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

P with relatively small input voltage.

$°65J7
BCI65J7-GT

HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. & .ttt ttnie e tonsssenatuursennrtnrosernnensnnnanes 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:®
Pentode Connection: 6S8J7 6SJ7-GT
Grid No.L to Plate. v v eveeeeinernennernnnerennernnnnns 0.005 max  0.005 max puf
Inmput............... e seoms ot 6.0 7.0 e
OULDUL. . ...ttt tieireeiaesie e e 7.0 7.0 ppf
Triode Connection:+
Grid No.lto Plate .........covvueirninieeenieinninnne 2.8 2.8 wupf
Input. ... i e e e 8.4 3.4 puf
OULPUL. . ottt ittt it it et e e 11 11 upf

© With shell or external shield connected to cathode.
+ With grids No.2 and No.3 connected to plate.

CLASS A; AMPLIFIER
) . Triode Pentode
Maoximum Rotings: 13 C tior

PLATE VOLTAGE. . .00 vvevrnuerronnecunnoronnevernesonnses 250 mazx 300 mazx volts
GRID-N0.2 (SCREEN) VOLTAGE v - 125 max volts
GRID-NO.2 SUPPLY VOLTAGE. . . ... eotiivriniiininnnranns - 300 max volts
GRID-N 0.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value .... 0 max 0 maz volts
PLATE DISSIPATION. . ..ttt it iieen i iieiiieeencnraaanss 2.5 mazx 2.5 mazx watts
GRID-NO.Z INPUT. . ...ttt e e - 0.70 max watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. .............. 90 maz 90 maz volts
Heater positive with respect to cathode................. 90 max 90 max vilts
. . Triode Pentode
Typical Operation: Connection Connection
Plate Voitage. . . .....coivvenrnene 180 250 100 250 volts
Grid-No.2 Voltage. ..........00eun * * 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 ¥ ohms
Transconductance. . .............. 2300 2500 1575 1650 pmhos
Grid-No.1 Bias for plate current of
100pa. . ooovvn i - - -8 ~8 volts
Plate Current.................... 6.0 9.2 2.9 8.0 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 6SJ7 and 6SJ7-GT require octal socket and may be mounted in any
position. Outlines 3 and 24, respectively, OUTLINES SECTION. For heater and
cathode considerations, refer to type 6AV6.

As a class A, amplifier, the 65J7 or 6SJ7-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 68J7 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
63J7-GT may be operated under conditions shown in Chart 20, RESISTANCE-
COUPLED AMPLIFIER SECTION.

AVERAGE PLATE CHARACTERISTICS

TYPE 6SJ7
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G, K
REMOTE-CUTOFF PENTODE Ga G2
6SK7 Metal type 6SK7 and glass-octal
65 K7 GT type 6SK7-GT are used as rf or if am- (2) (Dn
= plifiers in radio receivers. They feature *

single-ended construction and inter- 3iesn

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). .. .o\ttt ettt et et e 6.3 volts
HEATER CURRENT. . ...ttt iit et eeee i e iee e e 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES: 6SK7* 6SK7-GT**
Grid No.lto Plate..........oouiiiiinenninniannennnn.. 0.003 max 0.005 maz wol
Input. ..o e e 6.0 6.5 frm 4
OUtpUL . . 7.0 7.5 uuf
* With shell connected to cathode. ** With external shield connected to cathode.
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE... .. ....... 0000 ... e e e e e 300 maxz volts
GRID-NO.2 (SCREEN) VOLTAGE 125 max volts
GRID-NO.2 SUPPLY VOLTAGE. . ..\ttt taenennane citine e iaananinnnn, 300 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value.................... 0 max volts
PLATE DISSIPATION . . . .ottt ttt ettt ie et et et et eat e aae et anns 4.0 mar watts
GRID-NO2 INPUT .. ............. .. ccvieinnn., e erera e se e 0.4 max watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.....vevuvisssesessesesceecsaesss 90 maz volts
Heater positive with respect to cathode..vvsuecsiesesscesescscssanssecas 90 mazx volta
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Typical Operation:

Plate Voltage. .. ... oiiiii i it iie e 100 250 volts
Grid-No.2 Voltage. ........ ...t 100 100 volts
Grid-No.l Voltage. ..ottt iiiieinnnennas -1 -3 volts
Grid No.3 (Suppressor) . . ......coviiiiviinininenneennnnnn Connected to cathode at socket

Plate Resistance (APProX.)...........c.couiiniiiinenecnnnnnn 0.12 0.8 megohm
Transconducta8nCe. . .. ... oottt i et 2350 2000 umhos
Grid-No.1 Bias for transconductance of 10 umhos. ... ......,. -36 -35 volts
Plate Current. .. ... ... . ... i i i i i 13 9.2 ma
Grid-No.2 Current. . ......... ... . 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 24, respectively, OUTLINES SECTION. For heater and
cathode considerations, refer to type 6AV6.

The interlead shielding within the

base of the 6SK7 and other types em-

METAL CONICAL ploying this construction is accom-
ENVELOPE  STEM SHIELD plished by means of a conical stem
shield and a cylindrical base shield.

I| ‘ The metal cone is inserted through the

| i cLass hole in the stem where the exhaust

HEaoER, ] BUTESY  tube connects. The cone extends some
D % SEAL distance into the exhaust tube and is

L& Y JIA A% connected to the common grounding

7%, ~ =TT pin (pin No.1l). The cylindrical base

Y A7 2% shield is positioned inside the locating

base plug, and is also connected to pin
sTANDARD  No.l. The conical shield reduces the

exnalsT I} [} 17 W“g‘;;’;“‘- capacitance between leads in the glass
TUBE ' of the stem: the eylindrical shield re-
- CYLINDRICAL duces the capacitance between those

BASE SHIELD pins that are diametrically opposite

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 souree, 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 prae-
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

6, T
P — T T T
€t TYPE 6SK7
- el Eg=6.3 VOLTS
g 7 2VOLTS =100
& iy GRID-NL 3 VOLTS=0
[N
L -8 ]
< 12]
a /
2
P //
[ -~3.0
K | ‘e
E
N o 1/
:° '
2 ‘ % GRID-N2] VOLTS E =—4.%
P M
o 1<€z0 —6.0
o ==
e it il g Npat Y DD (Y SRR
4 ~ =
E‘." —;ns
< 1 ~9.0
2 > !
—i2
=
i t hE
|
¢ 80 160 240 320 400 80 560
PLATE vOLTS 92CM=-a940T

HIGH-MU TWIN TRIODE

6S|.7 GT Glass octal type used as phase in-
- verter or resistance-coupled amplifier

in radio equipment. Outline 22, 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 6AVS.

HEATER VOLTAGE (AC/DC) .. iuniiniisenerunsnnesnssnsoseesnnsnessnennenes 6.3 volts
HEATER CURRENT........,.... e tiaetaeiere s aeraoaas 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):°
Triode Unit Ty  Triode Unit T3
Gridto Plate. ........oouiiiiiiiiiiiiiiiiennennenn.. 2.8 2.8 puf
B L R 3.0 3.4 puf
L0 3.8 3.2 put

° With close-fitting shield connected to cathode.
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Maximum Ratings: CLASS A, AMPLIFIER (Each Unit)
PLATE VOLTAGE. . . .. ... i e 300 mazx volts
GRID VOLTAGE, Positive Bias Value .. ....................... [ 0 max volts
PLATE DISSIPATION. . ... ...t et et et e aans 1 max watt
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............oveuevnerennennnnn . 90 mazx volts

Heater positive with respect to cathode. . . ... oueuuureeereennnennrnennnns 90 max volts
Typical Operation:
Plate Voltage. . .. ..o e 250 volts
Grid Voltage. . ... .. . e e -2 volts
AmPHAcation FActOr. .. ... .o.iu ittt it e et 70
Plate Resistance. . . . ... .. ciuiutintnii it e 44000 ohms
Transcon@ueLANCe. . .. .. vu v in ettt 1600 umhos
Plate Current.......... . . o i 2.3 ma

AVERAGE PLATE CHARACTERISTICS
2 EACH TRIODE UNIT ! T ”
7 y ~ o /P M TYPE 6SL7-GT
(,'/ €¢=6.3 VOLTS
¥ S
/ ~ 4
ya “U &

/
Ay
/l YAV /NN .,

1/L/

_ -
° 100 200 300 400 500 _ T
PLATE VOLTS 92CM-6296

PLATE MILLIAMPERES-SOLID LINE CURVES
<
PLATE MILLIAMPERES -DASHED LINE CURVES

MEDIUM-MU TWIN TRIODE

Glass octal type used as phase in-
verter or resistance-coupled amplifier 6s N7 'GT
in radio equipment. Outline 22, 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. The peak heater-cathode voltage rating is 200 max volts with heater either
positive or negative with respect to cathode. For other 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)..........couvuunn... P 6.3 volts
HEATER CURRENT. . ...\ttt ittt et i e e et e 0.6 ampere
DirecT INTERELECTRODE CAPACITANCES (Approx. With no external shield):
Triode Unit T Triode Unit Tq
GridtoPlate. ... ... ... ... e 3.8 4.0 nuf
Input. .. e e 2.8 3.0 puf
OULDUL. ..ottt it it e e 0.8 1.2 ped
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TWIN DIODE—HIGH-MU TRIODE

6SQ7 Metal type 6SQ7 and glass-octal %
type 6SQ7-GT used as combined de-
6SQ 7- GT tector, amplifier, and avc tube in radio G) OF
receivers. These types are similar elec- o1
trically to type 6Q7 in many respects, s:esa7 .
but they have a higher-mu triode. 2¢'%9"%

HEATER VOLTAGE (AG/DC) ..ttt tti e et eeeeteeeanenraneaennernenes 6.3 volts
HEATER CURRENT. . ..ottt ittt e et iatt et aaeerieerinnennas 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.): 65Q7° 65Q7-GT*
Triode Grid to Triode Plate. ..............c.covueeiuen. 1.6 1.8 upf
Triode Imput. ... .. ... . 3.2 4.2 uuf
Triode Qutput. ... ... i i s 3.0 3.4 upf
Diode Input (Each Unit)................covueiiiia. .. 0.4 1.8 pnf
Triode Grid to Plate of Diode Unit No.l,............... 0.03 0.1 maz puf

© With shell connected to cathode. ° With no external shield.

Maximum Ratings: TRIODE UNIT AS CLASS A; AMPLIFIER

PLATE VOLTAGE. . .. ..\ttt ittt e et ae et et et e naenaaes 300 max volts
GRID VOLTAGE, Positive Bias Value................... e e 0 maz volta
PLATE DISSIPATION. . . ...ttt ittt ettt teanniean s sssianeensnnnes «. 0.5 maz watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respecttocathode................. ..o, 90 max volts
Heater positive with respect tocathode. ... ...........civirinrereennans 90 mazx volts
Characteristics:
Plate Voltage. .. ... . it iiiiieiiiiiiietnnranneeenns 100 250 volts
Grid Voltage. .. ..........., et ieereaar e -1 -2 volts
Amplification Factor............coovnveennen. [ 100 100
Plate Resistance. ........oviiiiiiinineeiniiannranenns 110000 85000 ohms
Transconductance........oovviiviiiinonerrnoneenneres 925 1175 umhos
Plate CUITONE  o.uttevettenarreanneennnaennneennnnnn 0.5 L ma

Maximum Rating:
PLATE CURRENT (Each Unit) ....... ...t i i i it eannes 1.0 max ma

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 DIODE CHARACTERISTICS
HALF-WAVE RECTIFICATION-SINGLE DIODE UNIT

T ear Eesdvous |l INSTALLATION AND APPLICATION
pod L
maiai Types 6SQ7 and 6SQ7-GT require octal
N S 10 socket and may be mounted in any position.
\(95 e 20 Outlines 8 and 24, respectively, OUTLINES
AN, g SECTION. For heater and cathode consider-
5_‘%‘%“%’ 00§ ations, refer to type 6AVS.
ST .2 The triode unit of the 6SQ7 and 6SQ7-
5 \ o GT is recommended for use only in resist-
g o SO,E_ ance-coupled circuits; refer to Chart 4, RE-
3 i\ o SISTANCE-COUPLED AMPLIFIER
g 40 SECTION. Diode-biasing of the triode unit
T 4 is not suitable because of the probability of
170 20 triode plate-current cutoff even with rela-
¥ /| > tively small signal voltages applied to the
DE‘\/OOLT;?)(;VEL-OZP%D ev IgIODE ° diode circuit.

92CM-6875T
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AVERAGE PLATE
TRIO

[X
° TYPE 65Q7
Ef = 6.3 VOLTS

CHARACTERISTICS
E_UNIT
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300 400
PLATE VOLTS W2CM -4975T2

TWIN DIODE—
MEDIUM-MU TRIODE

Metal type used as combined de-
tector, amplifier, and ave tube. It is 6SR7
equivalent in performance to miniature

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 6AV6.

HEATER VOLTAGE (AC/DC). ...\ttt ittt ittt ettt s cennnnanns 6.3 volts
HEATER CURRENT. .. ... .. ittt iiearaans Cerevreeseaaas 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES —Triode Unit:*
Grid to Plate. ... ... .. .. i e cereeeana 2.4 ppi
D 0T T PPt 3.0 puf
L1011 1453 1 2 AU 2.8 ppf

* Shell connected to cathode. Values are approximate.

Moximum Ratings: TRIODE UNIT AS CLASS A; AMPLIFIER

PLATE VOLTAGE. . . ..ottt it et te it et et ettt ee e innaans 250 max volts
PLATE DISSIPATION. . ..ttt ittt ettt e et iniartaraennrnannn .. 2.5max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode.........................c00uu.n. 90 maz volts
Heater positive with respect tocathode. ................. ... cviivinnnn 90 maz volts

Typical Operation with Transformer Coupling:

Plate Voltage. . ...ttt it e i i i ir e it i et e 250 volts
Grid Voltage. . .. ... i ittt ittt ittt aaaan, -9 volts
Amplification Factor.. ... ... . i i i i i i i 16

Plate Resistance. . . .. ... vttt ittt it e, 8500 ohms
TransconduUCtanCe. . . ..ottt ittt ittt et i e e i it ene. . 1900 umhos
Plate Current. .. .. ... i it ittt aen st eiiiarieanaas e 9.5 ma
Load ResiStance. . ... ...ttt et iiine et e e 10000 ohms
Power OUutpUL. . .ot ittt ittt it i e ittt et et 300 mw

N 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 63Q7.
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REMOTE-CUTOFF PENTODE

Metal type used in rf or if stages

of radio receivers particularly those

6SS7 employing ave. Outline 3, OUTLINES
SECTION. Tube requires octal socket

and may be mounted in any position.

For heater and cathode considerations,

refer to type 6AV6.

HEATER VOLTAGE (AC/DC) ..t ittt ittt it asiniraseneeennnraanns 6.3 volts
HEATER CURRENT. . ...ttt iiieii it ittt iinnrsroanananuecnseass 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):*

Grid No.lto Plate. . . ... i i i it iiaane e iiavaaee 0.004 max upf

B« g N SPIPN eeienas 5.5 upf

L0111 7 3§ 7.0 puf
* With shell connected to cathode.
Maximum Rafings: CLASS A, AMPLIFIER
PLATE VOLTAGE. . . ... ...t iiiiiiiiineiiininsen e renanes Ceirraaaes 300 max volts
GRID-NO.2 (8CREEN) VOLTAGE volts
GRID-NO.2 SUPPLY VOLTAGE, . ...\ttt tettiaeiuoaranennnsornaacsssonsas volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value.................... 0 max volts
PLATE DISSIPATION. . . oottt ttt et ineeiiinn e isaaranassaanceeoiaseraasns 2.25 max watts
GRID-NO.Z INPUT . ... ittt iiiiiiaiaaneneceaaaeranaranennanns 0.35 max watt
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect toeathode........ ... ..o i, 90 max volts
Typical Operation:
Plate Voltage........ ... ..o ittt iiiianainaannn 100 250 volts
Grid-No.2 Voltage .. 100 100 volts
Grid-No.1 Voltage. . ... . -1 -3 voits
Grid No.3 (Suppressor)......... .. . Connected to cathode at socket
Plate Resistance (Approx.}..............co..u... .. 0,12 1 megohm
Transconduetance. ... ........ ..ot ararenianns 1930 1850 umhos
Grid-No.1 Bias for transconductance of 10 umhos. ........... -85 -85 volts
Plate Current. ... ... ... . . . i e 12.2 9 ma
Grid-No.2 Current. ................... P 3.1 2 ma

TWIN DIODE—MEDIUM-MU TRIODE

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-

TION. Tube requires octal socket and mey be

mounted in any position. Heater volts (ac/dc),

6.3; amperes, (.15, Maximum ratings of triode

unit as class A: amplifier: plate volts, 250 max; plate dissipation, 2.5 max
curves, refer to type 6SQ7.

TWIN DIODE—
HIGH-MU TRIODE

6SZ7 Metal type used as combined de-
tector, amplifier, and ave tube in radio
receivers. Except for heater-current

rating and interelectrode capacitances,

this type is essentially the same elec-

trically as type 6ATS6. 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 puf; input, 2.4 uuf; output, 2.8 yuf. For diode operation curves,

refer to type 6SQT.
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" °' TWIN DIODE—HIGH-MU TRIODE
(' T Glass octal type used as combined detector,

p’ amplifier, and ave tube in radio receivers. Out-
line 33, OUTLINES SECTION. For heater
and cathode considerations, refer to type 6AV6.

" a 0 " Heater volts (ac/de), 6.3; amperes, 0.15. Refer

\*/ to Chart 7, RESISTANCE-COUPLED AM-
0 0 PLIFIER SECTION for typical operation as
a resistance-coupled amplifier. Typical operation

6T17-G

as class A; amphﬁer plate volts, 250 max; grid volts, ~3; plate ma., 1.2; plate resistance, 620600 ohms;
amplification factor, 65; transconductance, 1050 ythS For d:ode operation curves, refer to type

6SQ7. Type 6T7-G is used principally for renewal purposes.

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

PBy Pr

678

are used for FM detection. Qutline 13, OUTLINES SECTION. Tube requires
noval nine-contact socket and may be mounted in any position. For typical opera-
tion as a resistance-coupled amplifier, refer to Chart 7, RESISTANCE-COUPLED
AMPLIFIER SECTION. For heater and cathode considerations, refer to type 6 AQ5.

HEATER VOLTAGE (AC/DC) . . oottt ittt i ittt i ee et et ie e

HEATER CURRENT . . ... . ...ttt ittt tanteetaeia e eeenanaans

DIRECT INTERELECTRODE CAPACITANCES*
Triode Grid to Triode Plate . .. ... ... ... .. . iiiiiiitiiiennnanes on
Triode INPUt. ... ... i i e s e
Triode OULPUL . . . ... .. i e e e s
Diode-No.1 Plate to Cathode and Heater . . . .. .........................
Diode-No.2 Plate to Cathode and Heater . . .. .............. ... . ... ...,
Diode-No.3 Plate to Cathode and Heater . .. .. .........................
Diode-No.2 Cathode to A}l Other Electrodes . .. .................0ou.n.
Triode Grid to Any Diode Plate . . .. ... ... ... ... . . i iiiiiinnnns

*No external shield. Approximate values.

TRIODE UNIT AS CLASS A, AMPLIFIER

Maximum Ratings:
PLATE VOLTAGE. . . ..ottt ittt it ittt ettt ia e iiaaia s
GRID VOLTAGE, Positive Bias Value. .. .......... ... ... . ... ... .o,
PLATE DISSIPATION . . .. .ottt taaaaannoans
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode ... ......... .. ... ... ... ... ...,

Heater positive with respect to cathode ... ... ... ... . ..c.iiviinn..

Characteristics:

Plate Voltage. . . ... ... . . i i s 100
Grid Voltage. . . ... ... i i i i i e -1
Amplification Factor.. . ...... .. .. ... . i 70
Plate ReBIStance. . .. .. ...ttt iaeieeeaaaanraans 54000
TranscondUCtaiCe. . . ... ...ttt e aen 1300
Plate Current. . ... .. ... i i i i e e e 0.8

Maximum Rating:
PLATE CURRENT (Each Unit). .. ... ... oo i

6.3 volts
0.45 ampere

2 i
6 puf
0 puf
8 upf
5 unf
8 pufl
5 puf
5 max npf

© 00 Ga W 80— 19

300 max volts
0 mazx volts
1 mazx watt

90 max volts
90 max volts

250 volts
-3 volts

70
58000 ohms
1200 pmhos
1.0 ma
5 maz ma

Diode units No.1 and No.3 have a common cathode. Diode unit No.2 has a separate cathode.,
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AVERAGE PLATE CHARACTERISTICS
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ELECTRON-RAY TUBE

Glass type used to indicate vis-

6U 5 ually, by means of a fluorescent target, ~r¢

the effects of a change in a controlling

voltage. It is used as a convenient,

non-mechanical means of indicating

accurate radio-receiver tuning. Outline 30, OUTLINES SECTION. Tube requires

six-contact socket and may be mounted in any position. For heater and cathode

considerations, refer to type 6AV6. Type 6U5 has a remote plate-current cutoff

characteristic. For a discussion of electron-ray tube considerations, refer to ELEC-
TRON TUBE APPLICATION SECTION.

HEATER VOLTAGE (AC/DC) . ottt teiieie e iiiiiiiiininnnnns e 6.3 volts
HEATER CURRENT. . ...... e e e ¢.3 ampere
Maximum Ratings: INDICATOR SERVICE
PLATE-SUPPLY VOLTAGE. . .. .\0utvevtaninnarnneenn .. e 285 mar volts
{ 285 mazx volts
TARGET VOLTAGE, 4t o ot ittt et e ae ittt et s s e e e et et ianaann 1125 min volts
PLATE DISSIPATION. ...\ttt ittt i it eeraitreneeeonns 1 maz watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. .. .................c 0. ... 90 nazx volts
Heater positive with respect to cathode. . ... .........0coveveiiuroen, 90 max volts
Typical Operation:
Plate- and Target-Supply Voltage .................c.c0vunn 200 250 volts
Series Triode-Plate Resistor. ... .......................... 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 Q volts

REMOTE-CUTOFF PENTODE

Glass octal type used in rf and if stages of
radio receivers employing ave. It is also used as
6U 7 G a mixer in superheterodyne circuits. Outline 37,
- 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; NC 1S
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 input, 0.25 watt.
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Typical Operation:

Plate Voltage. . . ....... ... .. i, 100 250 volts
Grid-No.2 Voltage. . ...ttt it 100 100 volts
Grid-No.1 Voltage. ...ttt i iiiennenn. -3 -3 volts
Grid No.3 (SUPDPressor) . .. ... ovvnnt e er e enneennn, Connected to cathode at socket

Plate Resistance (ADPProX.). ... ... vuiiieiinennennunnn. 0.25 0.8 megohm
Transconductance. .. ............. ... e, 1500 1600 umhos
Grid-No.1 Bias for transconductance of 2 ymhos. ........... -50 -50 volts
Plate Current. .. ...ttt ittt 8 8.2 ma
Grd-No.2 Current. . . ... .oviiiniiii it iien e 2.2 2 ma

G2 G

BEAM POWER AMPLIFIER

Metal type 6V6 and glass-octal 6V6
type 6V6-GT are used as output am-
H plifiersinautomobile, battery-operated, 6V6' GT
seve and other receivers in which reduced
NC:6V6-GT G3 plate-current drain is desirable. Qut-
lines 6 and 22, 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). ... ... ittt 6.3 volts
HEATER CURRENT. . ...ttt it e e i aan 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.): 6Ve° 6V6-GT°°

Grid No.1 to Plate 0.3 0.7 ppf

Input.......ooviiivuein i, 10 9.0 puf

OUtPUL. . . e e e e 11 7.6 upf
° With shell connected to cathode. °® With no external shield.
Maximum Ratings: SINGLE-TUBE CLASS A; AMPLFIER
PLATE VOLTAGE. .., .. cvvivviininniiannnnne, e e 315 mazx volts
GRID-NO.2 (BCREEN) VOLTAGE. . . .. ...ttt itevnn i, 285 mazx volts
PLATE DISBIPATION. . ..ottt ittt e e e et 12 mazx watts
GRID-NO.2 INPUT. . .. ..ovvnn .. e e e 2 maz watts
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. . . ............ ................ 180 250 315 volts
Grid-No.2 Voltage. .............. ..o vuivn.., 180 250 225 volts
Grid-No.1 (Control-Grid) Voltage -8.5 -12.5 -13 volts
Peak AF Grid-No.1 Voltage.......... 8.5 12.5 13 volts,
Zero-Signal Plate Current. ... ........ 29 45 34 ma
Maximum-Signa} 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 7 6 ma
Plate Resistance. . ........................... 50000 50000 80000 ohms
Transconductance. .. ....ooovvvnneinn. ... 3700 4100 3750 pmhos
Load Resistance. . ........................... 5500 5000 8500 ohms
Total Harmonic Distortion N 8 8 12 per cent
Maximum-Signal Power Output 2 4.5 5.5 watts
Maximum Ratings: PUSH-PULL CLASS AB, AMPLIFIER
(Same as for single-tube class A, amplifier)
Typical Operation (Values are for two tubes):
Plate Voltage. .. ... ..o i i 250 285 volts
Grid-No.2Voltage. . .....oooiiiiniiiiie i 250 285 volts
Grid-No.1 (Control-Grid) Voltage*. ....................... -15 -19 volts
Peak AF Grid-No.l-to-Grid-No.1 Voltage. . ................ 30 38 volts
Zero-Signal Plate Current. . .............. ................ 70 70 ma
Maximum-Signal Plate Current. ... ....................... 79 92 ma
Zero-Signal Grid-No.2 Current (Approx.)................... 5 4 ma
Maximum-Signal Grid-No.2 Current (Approx.)............. 13 13.5 ma
Plate Resistance (Approx.). .......................oui.., 60000 70000 ohms
Transconductance. .. ..................... .. 3760 3600 umhos
Effective Load Resistance............... 10000 8000 ohms
Total Harmonic Distortion . .. . . 5 3.5 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.
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TWIN DIODE—MEDIUM-MU TRIODE

Glass octal type used as combined detector,
amplifier, and ave tube. Outline 33, OUT-
LINES SECTION. Except for interelectrode
6V7-G capacitances, this type is 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.

HALF-WAVE
VACUUM RECTIFIER K

Glass octal type used as damper

6W4-GT diode in magnetic deflection circuit of G)

television receivers and as a rectifierin ~¢ A% OF

conventional power-supply applica- (D (e)

tions. Outline 22, OUTLINES SEC- NC H
TION. 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.

HEATER VOLTAGE (AC) . .« ettt ittt it ctees ottt iieeaennnnnoonenanenns 6.3 volts
HEATER CURRENT . ...t itiit titttanveronnernrnenonaonen sne vinnen 1.2 amperes
DAMPER SERVICE

Maximum Ratings:
PEAK INVERSE PLATE VOLTAGE®. . .. . .. ... it ieinennnnrennns 3500 max volts
PEAK PLATE CURRENT 600 max ma
Dc PLATE CURRENT. . ........ 125 mazx ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode* . ... ......................... 2100 max volts
Heater positive with respect to cathode ... .................. ......... 100 max volts

* The duration of the voltage pulse must not exceed 15%, of one horizontal scanning cycle. In a 525-
line, 30-frame system, 15% of one horizontal scanning cycle is 10 microseconds.

RECTIFIER SERVICE

Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE. . .. ... ... i it 1250 max volts
PEAK PLATE CURRENT. . . ... ... .t i, 600 max ma
HoT-SWITCHING TRANSIENT PLATE CURRENT (For duration of 0.2 second maxzx) 3.5 maxr amperes
DC OUTPUT CURRENT . .. ..ot ittt e e e e e e, 125 max ma
PeaK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode . ... .......................... 450 max volts
Heater positive with respect tocathode ... .......... .. ... ... ........ 100 max volts

Half-Wave Full-Wave

Typical Operation (Capacitor-Input Filter) : Rectifier Rectifier

(One Tube) (Two Tubes)
AC Plate-to-Plate Supply Voltage (rms). ................... — T00 volts
AC Plate-Supply Voltage (rms) . . ... ...................... 350 — volts
Filter-Input Capacitor. . . .......... . ..... ... ............ 20 20 uf
Minimum Total Effective Plate-Supply Impedance per Plate. . 145 145 ohms
DCOutput Current. ...........co i, 125 250 ma

DC Output Voltage at Input to Filter (Approx.): -
62.5ma .............00...., 390 volts

At haltload current of { J25 18 - oo veeeeoe — 395 volts

At full-load current of {;gg :: ........................ 3:?5 3{-5—0 :g{t:’:
Voltage Regulation (Approx.):

Half-load to fullload current........................000 55 45 volts
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Al

c2 3 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
max; grid-No.2 (screen) volts, 100 max; grid-
No.2 supply volts, 300 maz; grid-No.1 (control-
NC is grid) volts, 0 min; plate dissipation, 0.5 max

line 33, OUTLINES SECTION. Tube requires G
octal socket. Heater volts (ac/dc), 6.3; am- 6w7-

watt; grid-No.2 input, 0.1 maxr watt. Within its maximum ratings, this type is identical electricaily

with type 6J7. Type 6W7-G is used principally for renewal purposes.

H NC FULL-WAVE VACUUM RECTIFIER
Q@ Miniature type used in power sup-
HO (& ply of automobileand ac-operated radio
receivers. Equivalent in performance 6
neANA Dk tolarger types 6X5 and 6X5-GT.
HEATER VOLTAGE (AC/DC)... 6.3 volts
PD2 HEATER CURRENT. ......... 0.6 ampere

Maximum Rafings: FULL-WAVE RECTIFIER

X4

PEAK INVERSE PLATE VOLTAGE. . ... iiiie it iiiiniineennsannrcannnanans 1250 max volts
PEAK PLATE CURRENT PER PLATE ... ... i0cuiiinirinniinonnneneeencennans 210 maz ma
DC OUTPUT CURRENT. . o\ttt v vtatintrtsceseeonernsnsonnesnneseneeeans 70 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode........... PPN eseennass 450 max volts
Heater positive with respect to cathode............. et 450 maz volts

Typical Operation:

Filter Inpul Capacitor Choke
AC Plate-to-Plate Supply Voltage (rms) ............ PP - 1:11] 900
Filter-Input Capacitor. ... ... ... ... ... v iuirirnnrannannnns 4 -
Total Effective Plate-Supply Impedance per Plate............ 150 -
Min. Filter-Input Choke - 8
DCOutput Current............ i iieierieiinernnrvanns 70 70
DC Output Voltage at Input to Filter (Approx.):
At half-load current (35 mMa.). . .. .....vtiirirennnennnns 390 385
At full-load current (70 ma.). ... . ... iiiininrnen 355 375
Voltage Regulation (Approx.):
Half-load to full-load current................... [N 35 10

volts

‘lf
ohms
henries
ma

volts
volts

volts

OPERATION CHARACTERISTICS

INSTALLATION AND APPLICATION _T_'fCENSZ‘E‘(‘L,,NPUTTg;ﬂ;‘;‘i‘m”s
. . . -—CA"LACBITCE;?CE?N(PM\JT TOFILT[
Tube requires miniature seven-contact & 500} 2t J%ENCEE al Rl.éTLEA?éP_P\.Y
socket and may be mounted in any position. 5 L es0voLTs muis 0 OHms
Outline 15, OUTLINES SECTION. It is espe- ¢ NFLATE-TO-PLATE
cially important that this tube, like other power- p oo R e %
handling tubes, should be adequately ventilated. g ‘sf; o SR 1800
When operation requires a filter-input.ca- anc \L- =37 <8
pacitor larger than 4 pf, it may be necessary to gx _:?_o_ g ~eoe
use more plate-supply impedance than the izoo—ﬁo\-:'"‘ 3
value shown to limit the peak plate current to E a Fogmoe 400
the rated value. For additional information on 3, " ~T-r-4- 1= =
filter circuits, refer to ELECTRON TUBE AP- & | |
PLICATIONS SECTION.

20 40 60
DC LOAD MILLIAMPERES

80

92CM-A5T706T2
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FULL-WAVE
VACUUM RECTIFIER
6X5 Metal type 6X5 and glass-octal e
6X 5 GT type 6X5-GT are used in power sup-
- p]y of automobile and ac-operated re- H " H
ceivers. Outlines 6 and 22,respectively, )

OUTLINES SECTION. Type 6X5 is nEex5-oT K
used principally for renewal purposes. Both types require octal socket. Type 6X5
should be mounted in vertical position, but horizontal operation is permissible if
pins 8 and 5 are in horizontal plane. Type 6X5-GT may be operated in any posi-
tion. For maximum ratings, typical operation data, and curves, refer to type 6X4.

6X8 TRIODE—PENTODE CONVERTER

For technical data, see page 306.

FULL-WAVE VACUUM RECTIFIER

Glass type used in power supply of radio
receivers. Outline 32, OUTLINES SECTION.
6Y5 Heater volts (ac/dc), 6.3; amperes, 0.8. The
maximum ac plate voltage per plate is 350
volts (rms), and the de output current iz 50
ma. This is a DISCONTINUED type listed
for reference only.

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-
put stage is relatively low. It is also
used in rf-operated, high-voltage power
supplles in television equipment. Qutline 35, OUTLINES SECTION Tube re-
quires octal socket and may be mounted in any position. Heater volts (ac/de), 6.3;
amperes, 1.25. Typical operation and maximum ratings as class A, amplifier: plate
volts, 135 (200 mazx); grid-No.2 (screen) volts, 135 maz; plate dissipation, 12.5
max watts; grid-No.2 input, 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; transconductance,
7000 pmhos; load resistance, 2000 ohms; maximum-signal output watts, 3.6. At
maximum ratings, the 6Y6-G can deliver 6 watts output with load resistance of
2600 ohms.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

Maximum Ratings:
DC PLATEVOLTAGE. .. ............. . .. 330 max volts
DC GRiD-N0.2 VOLTAGE. . .. 135 mar volts

DC GRID-NO.1 VOLTAGE. . —90 mazx volts
DC PLATE CURRENT. ... ...t vinenenennn 80 mazx ma
DC GRrID-No.1 CURRENT 1.5 max ma
PLATE INPUT. . o i e e 23 mazx watts
GRID-NO.Z INPUT. . . oottt e ittt et e et e e e e e 0.6 max watt
PLATE DISSIPATION . .. .ottt it e e e 8.0 max watts
Typical Operation:
DC Plate Voltage. .. ... 350 volts
DC Grid-No.2 Voltage*. 115 volts
DC Grid-No.1 Voltaget. . . -40 volts
Peak RF Grid-No.1 Voltage.......... .. .. 48 volts
DCPlate Current. ... ... .. e 60 ma
DC Grid-No.2 Current. ... ... .. i i e e 5.1 ma
DC Grid-No.1 Current (APProOX.) . . . oottt ittt 1.4 ma
Driving Power (ADPDPToX. ). ... it e e 0.1 watt
14 watts

Power OUtPUL (APProX.) . oottt ittt e e e
* Obtained from a separate source, f[rom 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
-3
e/ \o m Glass octal type used as class B amplifier
in output stage of radio receivers. Outline 31,
OUTLINES SECTION. For electrical charac- 6Y7-G

teristics, refer to type 79. Heater volts (ac/dc),
MO N O 6.3; amperes, 0.6. This is a DISCONTINUED
o o type listed for reference only
N~ [

FULL-WAVE VACUUM RECTIFIER

P02 K
9 o Glass type used in power supply of radio
\ receivers. Outline 32, OUTLINES SECTION.
Heater volts (ac/dc), 12.6 in series heater ar-
H PDI rangement and 6.3 in parallel arrangement; 625
\ amperes, 0.4 (series), 0.8 (parallel). Maximum
) ac plate voltage per plate is 230 volts, and
o e maximum dc output current is 60 ma. Thisis a
Hyr H DISCONTINUED type listed for reference
only.
(3 F GTy
OWO HIGH-MU TWIN POWER TRIODE
PT2 / \ PTI Glass octal type used as class B amplifier
° o in output stage of radio receivers. Outline 31,
OUTLINES SECTION. Tube requires octal 6Z7 G
socket. Heater volts (ac/dc), 6.3; amperes 0.3. -
H n  Typical operation and maximum ratings as
" class B power amplifier: plate volts, 180 max;
o o grid volts, 0; peak plate ma. per plate, 60 maz; .
NC K average plate dissipation, 8 max 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
important. Outline 31, OUTLINES SECTION.
Tube requires octal socket and may be mounted 6ZY5 _G
in any position. Heater volts (ac/dc), 6.3;
amperes, 0.3. Maximum ratings: peak inverse
plate volts, 1250; peak plate ma. per plate,
120; dec output ma., 40; peak heater-cathode
volts, 450. This type is used principally for
renewal purposes.

Poy

Typical Operation: FULL-WAVE RECTIFIER
Filter Input Capacilor Choke

AC Plate-to-Plate Supply Voltage (rms) . 650 900 volts
Filter Input Capacitor.. . ......... .. ... couveverinnnnn. . 4 - uf
Min. Total Effective Plate-Supply Impedance per Platet...... 225 - ohms
Min. Filter-Input Choke........ .. ... ........cc ... - 13.5 henries
DCOutput Current. .......ooviviiirin i nans 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.

NC 1c

MEDIUM-MU TRIODE

Glass lock-in type used as detector, ampli-
fier, or oscillator in radio equipment. Outline 14,
OUTLINES SECTION. Tube requires lock-in 7A4
K gocket. Heater volts (ac/dc), 6.3; amperes, 0.3.
Maximum ratings, typical operating conditions,
and curves for type TA4 are the same as for
BS metal type 6J5.
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7A5

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 19, 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, 110
(125 mazx); grid-No.2 volts, 110 (125 mazx);

NC NC

G2

" es

plate dissipation, 5.5 maz watts; grid-No.2 input, 1.2 maz watts; grid-No.1 volts, 7.5; plate ma., 40;
grid-No.2 ma., 3; plate resistance, 16000 ohms; transconductance, 5800 yumhos; load resistance, 2500
ohms; maximum-signal output watts, 1.5.

7A6

7A7

7A8

TWIN DIODE

Glass lock-in type used as detector, low-
voltage rectifier, or avc tube. Qutline 14, OUT-
LINES SECTION. Tube requires lock-in sock-
et. Heater volts (ac/dc), 6.3; amperes, 0.15.
Maximum ratings as rectifier: ac plate volts
per plate (rms), 150; dc 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 14, 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
metal type 6SK7.

OCTODE CONVERTER

Glass lock-in type used as converter in
superheterodyne eircuits. Qutline 14, OQUT-
LINES SECTION, Tuhe 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 (300 mazx);
grids-No.3-and-No.b volts, 100 maz; grid-No.2
supply volte, 250 (300 maz) applied through

20000-ohm dropping resistor properly bypassed; grid-No.2 volts, 165 (200 maxz); plate dissipation, 1 maz
watt; grids-No.83-and-No.5 input, 0.3 max watt; grid-No.2 input, 0.75 maz watt; grid-No.4 volts,
-8 (0 min); grid-No.1 resistor, 50000 ohms; plate ma., 3; grids-No.3-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 transconductanee with grid-No.1 bias of ~80 volts, 2 xmhos. The application of this type is
similar to that of metal type 6A8 and glass-octal type 6D8-G.

7AD7

POWER PENTODE

Lock-in type used in output stage of video
amplifier of television receivers. Qutline 19,
OUTLINES SECTION. Tube requires lock-in
socket. Heater volts (ac/dc), 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 mar watts; grid-
No.2 input, 1.2 maxz watts; cathode resistor, 68

ohms; plate ma., 28; grid-No.2 ma., 7; plate resistance, 300000 ohms; transconductance, 9500 xmhos,

7AF7

MEDIUM-MU TWIN TRIODE

Glass lock-in type used as voltage amplifier
or phase inverter in radio equipment. Qutline
14, OUTLINES SECTION. Tube requires lock-
in socket. Heater volts (ac/dc), 6.3; amperes,
0.3. Ratings and characteristics as class A:
amplifier (each section): plate volts, 250 (300
maz); cathode resistor, 1100 ohms; plate ma.,
9; transconductance, 2100 umhos; amplification
factor, 16; plate resistance, 7600 ohms.
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SHARP-CUTOFF PENTODE

Glass lock-in type used as rf amplifier in
ac/de receivers or in mobile equipment where
low heater-current drain is important. Outline
14, 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 maz); plate dissipation, 2 maz
watts; grid-No.2 input, 0.75 max watt; grid
No.3 and internal shield connected to cathode at socket; plate resistance (approx.), 0.75 megohm;
transconductance, 4200 umhos; grid-No.1 bias for plate current of 10ua, —10; cathode resistor, 250 ohms;
plate ma., 6; grid-No.2 ma., 2. The application of this type is similar to that of miniature type 6BHS,

REMOTE-CUTOFF PENTODE

Glass lock-in type used as rf amplifier in
high-frequency and wide-band applications.
Qutline 14, OUTLINES SECTION. Tube re-
quires lock-in socket. Heater volts (ac/dc), 6.3; 7AH7
amperes, 0.15. Maximum ratings and character-
istics as class A: amplifier: plate and grid-No.2
volts, 250 (300 max): plate dissipation, 2 mazx
watts; grid-No.2 input, 0.7 max watt; cathode
resistor, 250 ohms; grid No.3 and internal shield
connected to cathode at socket; plate resistance (approx.), 1 megohm; transconductance, 3300 umhos;
grid-No.1 bias for transconductance of 35 umhos, —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.

HIGH-MU TRIODE

Glass lock-in type used in resistance-
coupled amplifier circuits. Qutline 14, OUT- 7B4
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-
acteristics as metal types 6F5 and 6SF5.

POWER PENTODE

Glass lock-in type used in output stage of
radio receivers. Qutline 19, QUTLINES SEC- Bs
TION. Tube requires lock-in socket. Heater 7
volts (ac/dc), 6.3; amperes, 0.4. Except for
interelectrode capacitances, this type is the
same electrically as glass-octal type 6K6-GT.

TWIN DIODE—HIGH-MU TRIODE

Glass lock-in type used as combined de-
tector, amplifier, and avc tube. QOutline 14,
OUTLINES SECTION. Tube requires lock-in 7B6
socket. Heater volts (ac/dc), 6.3; amperes, 0.3.
Except for interelectrode capacitances, this
type is the same electrically as metal type
6SQT7.

REMOTE-CUTOFF PENTODE

Glass Yock-in type used as rf or if amplifier
in radio receivers employing ave. Outline 14,
OUTLINES SECTION. Tube requires lock-in 7B7
socket. Heater volts (ac/dc),6.3; amperes, 0.15.
Typieal operation as class A; 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 umhos. The application of this type is similar to that of metal types 6SK7 and 6SS7.
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PENTAGRID CONVERTER

Glass lock-in type used as frequency con-
B 8 verter in superheterodyne circuits. Outline 14,
7 OUTLINES SECTION. Tube requires lock-in
socket. Heater volts (ac/dc), 6.3; amperes, 0.8.
Except for interelectrode capacitances, this type

is the same electrically as metal type 6A8.

BEAM POWER AMPLIFIER

Glass lock-in type used as output amplifier
in radio receivers. QOutline 19, OUTLINES
7C5 SECTION. Tube requires lock-in socket. Heat-
er volts (ac/dc), 6.3; amperes, 0.45. Refer to
metal type 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. Outline 14,
OUTLINES SECTION. Tube requires lock-in
socket. Heater volts (ac/dc), 6.3; amperes, 0.15.
7C6 Typical operation of triode unit as class A:
amplifier: plate volts, 250 (300 max); grid volts,
~1; plate ma., 1.3; plate resistance, 0.1 megohm;
transconductance, 1000 ymhos. For diode oper-
ation curves and triode application, refer to
metal type 6SQT.

SHARP-CUTOFF PENTODE

Glass lock-in type used as biased detector

or rf amplifier. Outline 14, OUTLINES SEC-

7C7 TION. Tube requires lock-in socket. Heater

volts (ac/dc), 6.3; amperes, 0.15. Typical op-

eration as class A, amplifier: plate volts, 250

(300 mazx); grid-No.2 volts, 100 max; grid-No.1

volts, -3 (0 min); grid No.3 and internal shield

connected to cathode at socket; plate resiatance

(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 68J7 and glass-octal type 6 W7-G.

KINESCOPE
7 D P 4 Directly viewed picture tube used

in television receivers. Employs a high-

efficiency white fluorescent screen util-

izing phosphor No.4 of the sulfide type.

For curve showing spectral-energy
emission characteristic of this phosphor, refer to type 12LP4-A. The TDP4 has
electrostatic focus and magnetic deflection to provide a rectangular picture with
rounded corners about 514 x 4 inches or a rounded-end picture 634 x 434 inches.
Has a deflection angle of approximately 50°. Tube requires duodeca) twelve-con-
tact socket and may be mounted in any pesition. Outline 45, OUTLINES SEC-
TION. For installation and handling considerations, refer to ELECTRON TUBE
INSTALLATION SECTION.

volts
ampere

HEATER VOLTAGE (AC/DC). .\vvivininnsanontnas vees
HEATER CURRENT. . ...t vtinrervannrnarnssnncnanns
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DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Grid No.1 to All other Electrodes. . . ... .....c.iiiiiiiiiinrniisienens 6 puf
Cathode to All Other Electrodes. . ..............c0un. ere e 5 puf
External Conductive Coating to Anode No.2. .. ...............0ov.... { 1500 maz wut
400 min puf

Maximum Ratings:
ANODE-N0.2 VOLTAGE* 8000 max volts
ANODE-NoO.1 VOLTAGE 2400 max volts

GRID-NO.2 VOLTAGE . . .t ettt tits s rnrananecianouiarsanonacensnsennaass 410 mazx volts
GRID-No0.1 VOLTAGE:
Negative bias value 125 max volts
Positive bias value. .. ........... .. 0 max volts

Positive peak value 2 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode:
During equipment warm-up period not exceeding 15 seconds.......... 410 mazx volts
After equipment warm-up period. . .......... ... ... ... .. 150 max volts
Heater positive with respect to cathode. . ............................. 150 maz volts
Typical Operation:
Anode-No.2 Voltage®. . .. . ..ttt 6000 volts
Anode-No.1 Voltage for Focus® 1215 to 1645 volts
Grid-No0.2 Voltage. . . .. .ottt ittt e 250 volts
Grid-No.1 Volttage for Visual Extinction of
Undeflected Focused Spot. ... ..... ... i, -27 to -63 volts
Maximum Anode-No.l Current Range. .......................... -15 to +10 »a

Maximum Circvit Valve:
Grid-No.1-Circuit Resistance. . .......... .. ... it i 1.6 max megohms
* The product of anode-No.2 voltage and average anode-No.2 current should be limited to 6 watts.

© With the combined grid-No.1-bias voltage and video-signal voltage adjusted to produce a highlight
brightness of 12 foot-lamberts on a 514"’ x 4" picture area.

TWIN DIODE—MEDIUM-MU TRIODE

Glass lock-in type used as combined de-
tector, amplifier, and avec tube. Outline 14, 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 avce tube. Outline 14,
OUTLINES SECTION. Tube requires lock-in 7E7
socket. Heater volts (ac/dc), 6.3; amperes, 0.3.
Typical operation and maximum ratings of
pentode unit as class A; amplifier: plate volts,
250 (800 maz); grid-No.2 voits, 100 maz; plate
dissipation, 2-max watts; grid-No.2 input, 0.3
mazx watt; cathode-bias resistor, 330 ochms; plate resistance (approx.), 0.7 megohm; transconductance,
1300 pgmhos; grid-No.1 bias for transconductance of 2 umhos, —42.5; plate ma., 7.5; grid-No.2 ma.
1.6. For diode operation curves, refer to type 6SQ7.

G12 6Ty

HIGH-MU TWIN TRIODE

PT, PTy Gilass lock-in type used as phase inverter or
3 o resistance-coupled amplifier. Outline 14, OUT-
LINES SECTION. Tube requires lock-in 7F7

e ° « socket. Heater volts (ac/dc), 6.3; amperes, 0.3.

Kra ‘ Tt For maximum ratings, typical operation as class
ou e A, amplifier, and curves, refer to glass-octal
S & 4 type 6SL7-GT.
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MEDIUM-MU TWIN TRIODE

Glasg lock-in type used as amplifier or oscil-

lator in radio equipment. Qutline 10, OUT-

7F8 LINES SECTION. Tube requires lock-in
gocket. Heater volts (ac/dc), 6.3; amperes, 0.3.

Typical operation and maximum ratings as

class A; amplifier (per unit); plate volts, 250

(300 max); cathode resistor, 500 ohms; plate

ma., 6.0; transconductance, 3300 umhos; am-

plification factor, 48; grid bias for plate current of 10 pa., ~11; grid-circuit

SHARP-CUTOFF PENTODE

Glass loek-in type used in video amplifiers

of televigion receivers and in other applications

requiring high transconductance. Outline 14,

7G7 OUTLINES SECTION. Tube requires lock-in

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

0.45. Typical operation and maximum ratings

as class A; amplifier: plate volts, 250 (300 maz);

grid-No.2 volts, 100 max; plate dissipation, 1.5 85

max watts; grid-No.2 input, 0.3 max watt; grid-No.l 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 bias for cathode-current cutoff, ~7; plate ma., 6; grid-No.2 ma., 2.0. The application of this
type is similar to that of miniature type 6AUS6.

KINESCOPE

Directly viewed picture tube used in tele-

vision receivers. Features a white fluorescent

7GP4 screen and utilizes electrostatic focus and de-

flection to provide a picture about 534 x 4

inches. Outline 46, OUTLINES SECTION.

Tube has medium-shell diheptal 12-pin base.

Except for base connections and within its max-

imum ratings (anode-No.2 and grid-No.2 volts,

4000 max; anode-No.1 volts, 1500 maz), this type is identical with type 7JP4. The 7JP4 may be used

to replace the 7GP4 provided no connections are made to pins 4 and 12, The 7GP4 is a DISCON-
TINUED type listed for reference only.

REMOTE-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier

in radio receivers. QOutline 14, OUTLINES

7H7 SECTION. Tube requires lock-in socket.

Heater volts (ac/dc), 6.3; amperes, 0.3. Typical

operation and maximum ratings as class A am-

plifier: plate volts, 250 (300 max); grid-No.2

volts, 150 mazx; plate dissipation, 2.5 max watts;

grid-No.2 input, 0.5 max watt; grid No.3 and in-

ternal shield connected to cathode at socket; cathode resistor, 180 ohms; plate resistance (approx.), 0.8

megohm; transconductance, 4000 umhos; grid-No.1 volts for transconductance of 35 umhos, —19; plate
ma., 10; grid-No.2 ma., 3.2. The application of this type is similar to that of miniature type 6BAS6.

TRIODE—HEPTODE CONVERTER

Glass lock-in type used as combined oscil-
lator and heptode mixer in radio receivers. Out-
7J7 line 14, OUTLINES SECTION. Tube requires
lock-in socket. Heater volts (ac/dc), 6.3; am-
peres, 0.3. For maximum ratings and typical
operation, refer to glass-octal type 6J8-G.
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KINESCOPE

Directly viewed picture tube used
in television receivers and in oscillo- 7J P4

graph equipment. Employs a high- effi-

ciency white fluorescent screen utiliz-

ing phosphor No.4 of the sulfide type.

For curve showing spectral-energy emission characteristic of this phosphor, refer
to type 12L.P4-A. The 7JP4 has electrostatic focus and deflection to provide a
rectangular picture with rounded corners about 514 x 4 inches or a rounded-end
picture 614 x 4-7/8 inches.

HEATER VOLTAGE (AC/DC) . vtvvsnn ittt ittt e i iieeniinieieen 6.3 volts
HEATER CURRENT. . ..\ttt ittt tiiee st aiainanenneanns 0.6 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.1 to All Other Electrodes. . ............ccovuiieeiiierernnnes 6 puf
Cathode to All Other Electrodes. . . . ... .........coviureeninannns veu 5 puf
DlhitoDJ2.vuveererunennnn, P e 3 puf
DJsto DJs. . ... bt et e e e e e i er s 2 pul
DJ; to All Other Electrodes. "/ 1l Lol 9 wpf
DJ:to All Other Electrodes. . ...........c.ooviiiiniiinneniennnn. 8 puf
DJsto All Other Electrodes. . ... ... .oiuiv it iiiiiinineinenen i puf
DJcto All Other Electrodes. ... ....... ..., 7 upf
Maximum Ratings:
ANODE-NO.2 AND GRID-NO.2 VOLTAGE]. . . ........ciiiiiininininreananns 6000 maz volts
ANODE-NO.1 VOLTAGE. . .. .. ...uitiiniinieiiiniieennienns P 2800 max volts
GRID-No0.1 VOLTAGE: .
Negativebiasvalue. . ........ ... ... .. . i 200 mazx volts
Positivebias value. .......oooounii 0 max volts
Peak positive value ............................................. 2 maz volts
PEAK VOLTAGE BETWEEN ANODE No0.2 AND ANY DEFLECTING ELECTRODE. 750 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode:
During equipment warm-up period not exceeding 15 seconds. ....... 410 max volts
After equipment warm-up period. .. .............c.ciiitiiaaaa, 125 max volts
Heater positive with respect tocathode. . ........................... 125 max volts
Typical Operation:
Anode-No.2 Voltaget. .. ................... 4000 : 6000 volts
Anode-No.l Voltage for focus............... 1080 to 1600 1620 to 2400 volts
Grid-No.1 Voltage. . ....................... 48 to 112 75 to 168 volts
Maximum Anode-No.1 Current Range. ...... -15 to +10 -15 to +10 ua
Deflection Factors:
Dlhihand DJa.ovveennen oot 124 to 164 186 to 246 volts de/in
DIzand DJe.veveirnenen .. 100 to 136 150 to 204 volts de/in
Maximum Circuit Values:
Grid-No.1-Circuit Resistance. ... .......... ... . i 1.5 max megohms
Resistance in any Deflecting-Electrode Circuitf. .. ... ... ... .. ....... 5.0 mar megohms

1 The product of anode-No.2 voltage and average anode-No.2 current shouid be limited to 6 watts.
t It is recommended that the deflecting-electrode-circuit resistances be approximately equal.

INSTALLATION AND APPLICATION

The base pins of the 7JP4 fit in the medium diheptal twelve-contact 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 mechanism about the neck and
by a cushioned ring or saddle arrangement near the screen end. Outline 46, OUT-
LINES SECTION.

Deflecting electrodes DJ, and DJ; are nearer the screen; deflecting electrodes
DJ;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.

For installation and handling considerations, refer to ELECTRON TUBE
INSTALLATION SECTION.
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TWIN DIODE—HIGH-MU TRIODE

Glass lock-in type used as FM detector and
audio amplifier in circuits which require diode
7K7 and triode units with separate cathodes. Outline
14, 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.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf and if ampli-

fierin radio equipment. Outline 14, OUTLINES

7L7 SECTION. Tube requires lock-in socket.

Heater volts (ac/de), 6.3; amperes, 0.3. Typical

operation and maximum ratings as class A: am-

plifier: plate volts, 250 (300 maz); grid-No.2

volts, 100 (125 maz); grid-No.1 volts, —-1.5;

grid No.3 tied to cathode at socket; cathode

resistor, 250 ohms; plate ma., 4.5; grid-No.2 ma., 1.5; plate resistance (approx.), 1 megohm; trans-
conductance, 3100 umhos. The application of this type is similar to that of miniature type 6 AUS.

GT2 Gy
MEDIUM-MU TWIN TRIODE

Glass lock-in type used as voltage amplifier
or phase inverter in radio equipment. Outline
7N7 19, OUTLINES SECTION. Tube requires lock-
in socket. Heater volts (ac/de), 6.3; amperes,
0.6. For maximum ratings and typical operation
of each triode unit, refer to metal type 6J5. The
application of this type is similar to that of
glass-octal type 6SN7-GT.

PENTAGRID CONVERTER

Glass lock-in type used as converter in

superheterodyne circuits. Qutline 14, OUT-

7Q7 LINESSECTION. Tube requires lock-insocket.
Heater volts (ac/d¢), 6.3; amperes, 0.3. For

maximum ratings, typical operation in conver-

ter service, and curves, refer to metal type 6SAT.

TWIN DIODE-—-REMOTE-CUTOFF
PENTODE

Glass lock-in type used as combined de-

tector, amplifier, and avc tube. Outline 14, OUT-

7R7 LINESSECTION.Tuberequireslock-in socket.

Heater volts (ac/dc), 6.3; amperes, 0.3. Typical

operation and ratings of pentode unit as class

A amplifier: plate volts, 250 maz; grid-No.2

volts, 100 max; plate dissipation, 2 max watts;

grid-No.2 input, 0.25 max watt; grid-No.l

volts, ~1 (0 min); plate resistance (approx.), 1.0 megohm; transconductance, 3200 umhos; plate ma., 5.7;

grid-No.2 ma., 2.1, grid-No.1 volts for transconductance of 10 umhos, -20. Refer to type 6SQ7 for
diode operation curves.

=,
H Bs H

S1 Gopp

TRIODE—HEPTODE CONVERTER °3HP Gap

Glass lock-in type used as combined triode py
oscillator and heptode mixer in radio receivers.
7S7 Outline 14, OUTLINES SECTION. Tube re- GlHp
quires lock-in socket. Heater volts (ac/dc), 6.3;
amperes, 0.3. Typical operation of heptode unit:
plate volts, 250 (300 maz); grids-No.2-and-No.4 ~ HP
volts, 100 max; grid-No.l volts, -2; plate re- h
sistance, 1.25 megohms; conversion transcon- 8s
ductance, 525 umhos; plate ma., 1.8; grids-No.2-and-No.4 ma., 3.0. Typical operation of triode unit:
plate supply volts, 250 (300 maz) 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.
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SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in radio receivers. Qutline 14, OUTLINES SEC-
TION. Tube requires lock-in socket. Heater 7v7
volts (ac/dc), 6.3; amperes, 0.45. Typical oper-
ation and maximum ratings as class A; amplifier:
plate volts and grid-N 0.2 supply volts, 300 max;
grid-No.2 series resistor, 40000 ohms; plate
dissipation, 4 max watts; grid-No.2 input,
0.8 mazx watt; grid No.3 connected to cathode at socket; cathode-bias resistor, 160 min ohms; plate
resistance, 0.3 megohm; transconductance, 5800 umhos; plate ma., 10; grid-No.2 ma., 3.9; grid-No.1
bias for plate current of 10 ua.,—16.The application of this type is similar to that of miniature type 6AUS.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in radio receivers. Qutline 14, OUTLINES SEC-
TION. Tube requires lock-in socket. Heater 7W7
volts (ac/dc), 6.3; amperes, 0.45. This type is
the same as type 7V7 except for socket con-
nections.

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. Qutline
19, OUTLINES SECTION. Tube requires lock-
in socket. Heater volts (ac/dc), 6.3; amperes, 7x7
0.3. Ratings and characteristics of triode unit as
class A, amplifier: plate volts, 250 (300 max);
grid volts, —1; amplification factor, 100; plate
resistance, 67000 ohms; transconductance, 1500
wumhos; plate ma., 1.9.

FULL-WAVE VACUUM RECTIFIER

Glass lock-in type used in power supply of
automobile radio receivers and compact ac-
operated receivers. Outline 14, OUTLINES
SECTION. Tube requires lock-in socket. Heater 7Y4
volts (ac/de), 6.3; 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.

FULL-WAVE VACUUM RECTIFIER

Glass lock-in type used in power supply of
automobile and ac-operated radio receivers.
Outline 19, OUTLINES SECTION. Tube re- 7Z4
quires lock-in socket. Heater volts (ac/dc), 6.3;
amperes, 0.9. Maximum ratings: peak inverse
plate volts, 1250; peak plate ma. per plate, 300;
dc 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
Fitter-Input Capacitor. . . ........... ... ..c.viiuiiunennn 4 - uf
Min. Total Effective Plate-Supply Impedance per Platet. . . .. 15 - ohms
Min. Filter-Input Choke ... — 6 henries
DCOutput Current. . .. ...vuuern e 100 100 ma

1 When a filter capacitor larger than 40 u{ 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,
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KINESCOPE

Directly viewed picture tube used in tele-

vision receivers. Employs a white fluorescent

9AP4 screen having medium persistence and high
efficiency. It utilizes electrostatic focus and mag-

netic deflection to provide a picture about 7-1/8

by 5-3/8 inches. Maximum diameter is 9-1/8

inches; maximum overall length 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 ELECTRON TUBE INSTALLATION SECTION. This type is used only for renewal

purposes.

POWER TRIODE
Glass type used as an andio-frequency am-
: plifier. Qutline 41, OUTLINES SECTION.
-I o Tube requires four-contact socket and should
be operated in vertical position with base down.
Filament volts (ac/dc), 7.5; amperes, 1.25.
Typical operation as class A) af power amplifier:
plate volts, 425 mazx; grid volts, -40; peak al
grid volts, 35; plate ma., 18; plate resistance,

KINESCOPE

10BP4 Directly viewed picture tubes used

in television receivers. Both types fea-
.IOBP4- A ture a high-efficiency, white fluorescent
screen utilizing phosphor No.4 of the
sulfide type on a practically flat face.

F

[ G
05420}
5000 ohms; transconductance, 1608 umhos; load resistance, 10200 ohms; undistorted output watts, 1.6,
This is a DISCONTINUED type listed for reference only. Replace by transmitting type 10-Y.

For curve showing spectral-energy emission characteristic of this phosphor, refer to
type 12LP4-A. The face plate of the 10BP4-A is made of RCA “Filterglass” to pro-
vide increased contrast. Type 10BP4-A supersedes type 10BP4. Both types have
a deflection angle of approximately 52° and contain an ion-trap electron gun re-
quiring an external, double-field magnet. They utilize magnetic focus and magnet-
ic deflection to provide a rounded-end picture 934 x 7 inches or a rectangular

picture with rounded corners about 8 x 6 inches.

HEATER VOLTAGE (AC/DC). ... ...ttt ittt eennanaenenn 6.8
HEATER CURRENT. . ..ttt iiittitiae ettt iatiaaassaotannannnnns 0.6
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.1 to All Other Electrodes. . ........c.cvivviverrenoneennnncnes 6
Cathode to All Other Electrodes. ..........vveeiiiiiieereareenarenes 5
External Conductive Coating to Anode. ..... et rareieenen. e, 2000 max
500 min
Maximum Ratings:
ANODE VOLTAGE®. . .. ..... ... iciiinnnnns [ N R 12000 mazx
GRID-NO.2 VOLTAGE. ............ heerarees Cerieae e Ceereaanns 410 mazx
GRID-NO.1 VOLTAGE:
Negative biagsvalue . . ... ... it iiiiirnierriirennneerans eeerien 125 maz
Positive bias value. . ... ... ... . i i i i eaes 0 maz
Positive peak value. . . ......... ... ... ... i i, Ceveraaanees 2 max
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode:
During equipment warm-up period not exceeding 15 seconds. ....... 410 mazx
After equipment warm-up period. ........ ... i iieenin.s veeene 150 max
Heater positive with respect to cathode................ Cereesenaens 160 max
Typical Operation:
Anode Voltage**, . . ... .. 9000 11000
Grid-No.2 Voltage 250 250
Grid-No.1 Voltage for Visual Extinction of Undeflected
Focused Spot. . .....o.oiiiiiiiieiieeranannnanss . 27 to 63 27 to —63

voits
ampere

wuf
wuf
upf
upf

volts
volts

volts
volts
volts

volts
volts
volts

volts
volts

volts
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Maximum Circuit Yalve:

Grid-No.l Circuit Resistance. . ......... ... ... i, 1.5 max megohms
* The product of anode voltage and average anode current should be limited to 6 watts.
** Brilliance and definition decrease with decreasing anode voltage. In general, the anode voltage

should not be less than 8000 volts.

INSTALLATION AND APPLICATION

The 10BP4 was supplied formerly with a duodecal seven-pin base requiring a
duodecal twelve-contact socket, but now has a duodecal five-pin base like the
10BP4-A to permit use with either a duodecal five-contact segment socket, or a
duodecal twelve-contact socket. Both types may be mounted in any position. The
socket 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 cushioned ring or
saddle arrangement near the screen end of the tube, and by the deflecting yoke.
The conductive coating on the exterior of the bulb must be grounded. Connection to the
coating may be made by means of a soft brush contact attached tothe deflection
yoke. A contact area of at least 14 square inch should be used in making this con-
nection to the external coating. Outline 47, OUTLINES SECTION.

For installation and handling considerations, refer to the ELECTRON TUBE

INSTALLATION SECTION. For the recommended sequence of adjustments in
lining up either the 10BP4 or 10BP4-A with its associated components, refer to

type 12LP4-A.
KINESCOPE ]OFP4-A

For technical data, see page 308.

[3 F
e R DETECTOR AMPLIFIER '"

Glass types used as detectors and ampli-
fiers in battery-operated receivers. Filament
0 o volts (de), 1.1; amperes, 0.25. Typical operation
(3 as class A: amplifier: plate volts, 135 max;
grid volts, —10.5; plate resistance, 15500 ohms;
P G transconductance, 440 pmhos; plate ma., 3.
These are DISCONTINUED types listed for
reference only. -|2

POWER PENTODE

Glass type used as output amplifier in
ac/de radio receivers. Outline 32, OUTLINES
SECTION. Heater volts (ac/dc), 12.6 in series -|2A5
heater arrangement and 6.3 in parallel arrange-
ment; amperes, 0.3 (series), 0.6 (parallel). Typi-
cal operation as class A: 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 pmhos; load resistance, 3300 ohms; output watts, 3.4
This is a DISCONTINUED type listed for reference only.

RECTIFIER—POWER PENTODE

o Glass type used as combined half-wave

rectifier and power amplifier. Outline 34, OUT-

LINES SECTION. Tube requires small seven- ]2 A7
Kp contact (0.75-inch, pin-circle diameter) socket.
G3p 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, 135 maz;

grid-No.l volts, —13.5; load resistance, 13500
ohms; plate resistance, 100000 ohms; transconductance, 976 pmhos; cathode resistance, 1175 ohms; plate
ma., 9; grid-No.2 ma., 2.6; 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.
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PENTAGRID CONVERTER

Glass octal type used as converter

]2A8 GT in ac/de receivers. Outline 23, QUT-
- LINES SECTION. Heater volts

(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 e
radio equipment. Outline 17, OUTLINES SEC- ' '3
TION. Tube requires octal socket. Heater volts
]2AH 7-GT (ac/dc), 12.6; amperes, 0.15. Typical operation
as class Ai amplifier: plate voits, 180 max; grid Kkyp{2
volts, --6.5; amplification factor, 16; transcon-
ductance, 1900 umhos; plate resistance, 8400
ohms; piate ma., 7.6; grid-bias volts for piate
current of 10 ua, -16,

TWIN DIODE

]2 AI. 5 Miniature, high-perveance type

used as detector in FM and television

circuits. It is especially useful as a

ratio detector in ac/de FM receivers.

Outline 9, OUTLINES SECTION.

Heater volts (ac/dc), 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. Employs white fluorescent

]2AP4 screen having medium persistence and high ef-

ficiency. It utilizes electrostatic focus and mag-

netie deflection to provide a picture about 934

by 734 inches. Maximum diameter is 12-3/16

inches; maximum overall length is 2534

inches. Tube requires six-contact socket. For

handling and safety considerations, refer to ELECTRON TUBE INSTALLATION SECTION. This
type is used only for renewal purposes.

HEATER VOLTAGE (AC/DC). ettt iiit it et e it e iae e aansenas 2.5 volts
HEATER CURRENT. .. ..\ ittt te ettt et et e e iananes veae. 201 amperes
DIRECT INTERELECTRODE CAPACITANCE:

Grid No.1 to All Other Electrodes. ... .......ccuoiviiiiiiiinrieeeinnnns 9 wuf
Maximum Ratings:
ANODE-NO0.2 VOLTAGE. . ........... et ettt e an e i e 7000 max volts
ANODE-NO.1 VOLTAGE. . .1t tuttveinnennetnaneenniieennorsaneanesennsens 2000 maz volts
GRID-NO.2 VOLTAGE. ... ........0..., e e e e e 300 mazx volts
GRID-NO.1 VOLTAGE:

Negative bias value. . .. ... ... . i i i e 125 maz voits

Positive bias vAIUE. .. .. . i i i 0 maz volts

Positive peak value.........coeiiiriiriinennannnnn et e 2 maz volts
Typical Operation:
Anode-No.2 Voltage¥[............... RPN e 6000 7000 volts
Anode-No.1 Voltage Range........ eder e 1020 to 1530 1192 to 1788 volts
Grid-No.2 Voltage. ............ .... Ceeeieeians . 250 250 volts
Grid-No.1 Voltage for Visual Extinction of

Undeflected Focused Spot. ............. PR -20 to —60 -20 to ~-60 volts
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Maximum Circuit Value:
Grid-No.1-Cireuit ResIBtANCe. . . . ... ...ttt ittt nanan 5 maz megohms

€ Brilliance and definition decrease with decreasing anode-No.2 voltage. In general, anode-No.2 voltage
_-should not be less than 6000 volts.

TWIN DIODE-—-
HIGH-MU TRIODE

Miniature type used as a com-
bined detector, amplifier, and ave tube
in compact ac/dc radio receivers. Out- ] 2 AT6
line 12, 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.

HIGH-MU TWIN TRIODE

Miniature type used as grounded-
grid amplifier or frequency converter ]2AT7

in the FM and television broadcast

bands. Outline 13, OUTLINES 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  Paralle
HEATER VOLTAGE (AC/DC) . .. oottt it iiii e iiiaannnaans 12.6 6.3 volts
HEATER CURRENT. . ...\ttt iitin e iiiieinaniiannanons 0.15 0.3 ampere
D1RECT INTERELECTRODE CAPACITANCES (No external shieid):
Grid to Grid . . ... .. e, 0,005 max puf
Plate to Plate .. . ... .. ... e 0.4 max upf

Grounded-Cathode Operation

Grid to Plate (Each Unit). . . ........ . ... 0. i innaens 1.5 puf
Input (Each Unit). .. ... ... ... it i 2.2 my
Output (Unit No.1) . ... it it i e i 0.5 iy
Output (Unit NO.2). . ...t ii e 0.4 puf
Heater to Cathode (Each Unit). ..................... .. .. ..., 2.4 3
Grounded-Grid Operation
Plate to Cathode (Each Unit). . .............. ... ... ... ... 0.2 puf
Input (Cathode to Heater and Grid—Each Unit). ............. 4.6 uuf
Output (Plate to Heater and Grid—Each Unit)................ 1.8 i
Maximum Ratings: CLASS A, AMPLIFIER {Each Unit)
PLATE VOLTAGE. . . ... ..ttt ittt ia e eannas 300 mazx volts
GRID VOLTAGE, Negative Bias Value. . .. ....... ... ... ... ... .. ..., -50 max volts
PLATE DISSIPATION. . .. .ottt e et iaaaaeaens 2.5 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . . ........................ 90 max volts
Heater positive with respect to cathode. . ............... ... ... ... 90 max volte
Characteristics:
Plate Voltage. . ... ..o i i i e 100 250 volts
Cathode ResiBtOr. . ... .. ittt iiiiiainaiaans 270 200 ohms
Amplification Factor. ......... ... .. .. i i il 60 60
Plate Resistance (APProX.). .. ... .ccuuirieinornerusnnnonannes 15000 10900 ohms
Transconductance. . . ........c.iiiiirneraarreasiararenns 4000 5500 pmhos
Grid Bias (Approx.) for plate current of 10ua. . .............. -5 ~-12 volts
Plate Current. . ... ..o ettt it . 3.7 10 ma
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AVERAGE PLATE CHARACTERISTICS
FOR EACH UNIT
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SHARP-CUTOFF PENTODE
Miniature type used in compact

ac/dc radio equipment as an rf ampli- |, G2
fier especially in high-frequency, wide- 9‘ O,

12AU6 band applications. Outline 12, OUT- ‘L
LINES SECTION. Heater volts c(&\\'A [JAD«
(ac/dc), 12.6; amperes, 0.15. Except
for heater rating, this type is identi- G
cal with miniature type 6AUS6.

MEDIUM-MU TWIN TRIODE

Miniature type used as phase in-

]2AU7 verter or amplifier in ac/dec radio

equipment and in many diversified

applications such as multivibrators or

oscillators in industrial control de-

vices. Qutline 13, 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 Parallel
HEATER VOLTAGE (AC/DC). .. .t iiitiiiennennansenennnnnnns .6 6.3 volts
HEATER CURRENT. .. .0ttt titttine e i ietaneennnnannnenn 0.15 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Triode Unit T1 Triode Unit T
Grid to Plate . 1.6 1.5 puf
Input 1.6 1.6 puf
Output 0.40 0.32 puf
Maximum Ratings: CLASS A; AMPLIFIER
volts
watts
ma
GRID VOLTAGE:
Negative biag value. . ... ... ... . . . iiiiieiiiie e, 50 mazx volts
Positive biag Valge, .. ... e i e 0 maz volts
PRAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............. . volts

Heater positive with respect tocathode. .. ..................cciiiivinn. 180 max volta
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Characteristics:
Plate Voltage. . . ... ..ottt iiiiiiiieann . 100 250 volts
Grid Voltage. . . ... ..o iiturteiiriiiiianenraenernnnnnanns 0 -8.5 volts
Amplification Factor. . . . ... 20 17
Plate Resistance (Approx.)..... e ... 6500 7700 ohms
Transconductance....................c..... ... 8100 2200 pmhos
Grid Bias (Approx.) for plate current of 10pa................ - —24 volts
PlateCurrent. ... i 11.8 10.5 ma
Maximum Circvit Values (For maximum rated conditions):

e el e - Cathode Bias. . ........... ... ... iiiieennnaan.. 1.0 maz megohm
Grid-Circuit Resistance Fixed Bias. . . . ...ovviiiiiiir it iinnenrrnnnns 0.25 maz megohm

AVERAGE PLATE CHARACTERISTIC

TYPEI2AUT
E¢=6.3 VOLTS
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TWIN DIODE—
HIGH-MU TRIODE

Miniature type used as combined 12AV6

detector, amplifier, and avc tube In

automobile and ac-operated receivers.

Outline 12, OUTLINES SECTION.

Heater volts (ac/dc), 12.6; amperes, 0.15. Except for heater rating, this type
is identical with miniature type 6AVS6.

92CM-6378T

SHARP-CUTOFF PENTODE

Miniature type used as an rf or if
amplifier up to 400 megacycles in com- 12 AW6
pact ac/dc FM receivers. Outline 12,
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 6AGS5.

HIGH-MU TWIN TRIODE

Miniature type used as phase in-
verter or resistance-coupled amplifier 12 Ax7
in radio equipment and in many diver-
gified applications such as multivibra-

tors or oscillators in industrial control
195
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devices. Outline 18, 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 characteristics and curves, refer to type 6AV6. For typical
operation as a resistance-coupled amplifier, refer to Chart 25, RESISTANCE-
COUPLED AMPLIFIER SECTION.

HEATER ARRANGEMENT Series Parallel
HEATER VOLTAGE (AC/DC)........ P 12.6 6.3 volts
HEATER CURRENT. ... ... ituttttnernnenrennaseecnonnns 0.15 0.3 ampere

DmRECT INTERELECTRODE CAPACITANCES (No external shield):
Triode Unit Tr  Triode Unit T2

Gridto Plate. . . .....eieiiiiiiiiiniii ittt 1.7 1.7 puf
Input.............v.. e eenesaseearian ittt 1.6 1.6 puf
OULPUL. v .t ivetieerrnnencensceeonoancnesancatonanens 0.46 0.34 puf
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. . ...t vttvrrensoonossonescossnansaonsosnsasssnssssnassnas 800 mazx volts

PLATE DISSIPATION. . . sttt eraeonesesaeetaeronnsssstostotosonannsesonns 1 mazx watt
GRID VOLTAGE:

Negative bias value. ... . 50 mazx volts

Positive bias value. ... ............. ... ... 0 max volts
PEAK HEATER-CATHODE VOLTAGE!:

Heater negative with respect tocathode. .......... ... ciievviiienenneann 180 mazx volts

Heater positive with respecttocathode. .......... ... . ciieivenenn.... 180 mazx volts

TRIODE—PENTODE

Glass octal type used as combined detector

and rf or if amplifier in ac/de receivers. Heater

1238 GT volts (ac/dc¢), 12.6; amperes, 0.3. Characteristics

- of triode unit: plate volts, 90; grid volts, 0;

amplification factor, 90; plate resistance, 37000

ohms; transconductance, 2400 umhos; plate

ma., 2.8. Characteristics of pentode unit: plate

volts, 90; grid-No.2 volts, 90; grid-No.1 volts,

-3; plate resistance, 200000 ohms; transconductance, 1800 umhos; grid-No.1 volts for transconductance

of 2 pmhos, ~42.5; plate mz., 7; grid-No.2 ma., 2. Thisis a DISCONTINUED type listed for reference
only.

REMOTE-CUTOFF PENTODE

Miniature type used as rf ampli-

fier in ac/dc standard broadcast re-

ceivers, in FM receivers, and in other " ‘ (%2
‘28 A6 wide-band, high-frequency applica- ‘

tions. Outline 12, OUTLINES SEC- (@ ‘_‘4'0

TION. Heater volts (ac/de), 12.6; s 0

amperes, 0.15. Except for heater o

ratings, this type is identical with

miniature type 6BAS6.

PENTAGRID CONVERTER

‘28 A7 Miniature type used as converter
in ac/dcsuperheterodyne circuits espe-

cially those for the FM broadcast

band. Outline 16, OUTLINES SEC-

TION. Heater volts (ac/dc), 12.6; am-

peres, 0.15. Except for heater rating, this type is identical with miniature type 6BAT7.
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REMOTE-CUTOFF PENTODE

Miniature type used as rf or if
amplifier in radio receivers. Outline 12,
OUTLINES SECTION. Heater volts
(ac/dc), 12.6; amperes, 0.15. Except
for heater rating, this type is identical
with miniature type 6BDS6.

PENTAGRID CONVERTER

Miniature type used as converter
in ac/de receivers for both standard
broadcast and FM bands, Outline 12,
OUTLINES SECTION. Heater volts
(ac.de), 12.6; amperes, 0.15. Except
for heater rating, this type is identical
with miniature type 6BE6.

TWIN DIODE—REMOTE-CUTOFF
PENTODE

Metal type used as combined detector,
amplifier, and ave tube in ac/dec receivers. Out-
line 4, OUTLINES SECTION. Heater volts
(ac/de), 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. Outline 20,
OUTLINES SECTION. Heater volts (ac/dc),
12.6; amperes, 0.15. Except for heater rating,
this type is identical with glass-octal type
6F5-GT.

TWIN DIODE

Metal type used as detector, low-
voltage rectifier, or ave tube in ac/dc
radio receivers. Outline 1, OUTLINES
SECTION. Heater volts (ac/dc), 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/de radio
equipment. Outline 24, 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.
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SHARP-CUTOFF PENTODE

Glass octal type used as biased detector or

'I 2 J7 GT high-gain audio amplifier in ac/de¢ radio receiv-
ol ers. Outline 23, 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 rdceivers par-

12K7-GT ticularly those employing ave. Out-
line 23, OUTLINES SECTION. Heat-

er volts (ac/dc), 12.6; amperes, 0.15.

Except for heater rating, this type is

identical with glass-octal type6K7-GT.

TRIODE—HEXODE CONVERTER

Metal type used as combined triode oscil-

'I 2 K8 lator and hexode mixer in ac/dc radio receivers.
Outline 5, OUTLINES SECTION. Heater volts

(ac/de), 12.6; amperes, 0.15. Except for heater

rating, this typeisidentical with metal type 6K8.

12KP4-A KINESCOPE

For technical data see page 308.

KINESCOPE

120LP4 Directly viewed picture tube used

in television receivers. Both types fea-

'I 2|_P4.. A ture a high-efficiency, white fluorescent

screen utilizing phosphor No.4 of the

sulfide type on a practically flat face

plate. The face plate of the 12L.P4-A is made of RCA “Filterglass” to provide in-

creased contrast. Type 12LP4-A supersedes type 12LP4. Both types have a de-

flection angle of approximately 57°, contain an ion-trap electron gun requiring an

external, double-field magnet, and utilize magnetic focus and magnetic deflection

to provide a rounded-end picture 1134 x 8)% inches or a rectangular picture with
rounded corners about 10 x 714 inches.

HEATER VOLTAGE (AC/DC). ...ttt it intnrauiannanosonsonnonanasnansnas

6.3 volts
HEATER CURRENT . . ..t iitttaetreeeraereinaeseasonsasassenncanrenas 0.6 ampere
DIRECT INTERELECTRODE CAPACITANCES (ApPprox.):
Grid No.1 to All Other Electrodes. .. ... ........uiieeeinnoncearanns 6 upuf
Cathode to All Other Electrodes. . . ... c..iviniiviinnassonenrarsrens 5 upf
{ 2000 mazx pupf
External Conductive Coating to Anode. ... ...ceiviiecniainienonan, 750 min upf
Maximum Ratings:
ANODE VOLTAGEX, . . ... it uinursrnesosnosonrvsosnsnssosansnasssans 12000 mazx volts
GRID-NO.2 VOLTAGE. . .+ t.vsterreanevennncarssnsranssansstsassasacton 410 max volts
GRID-NO.1 VOLTAGE:
‘Negative bias value. .. ... oiiiiiiiiiiaiiiiiiiiiiiiiiieiiiain, 125 mazx volts
Positive biag value. .. ........iiiiiiiiniiiinan, 0 mazx volts
Positive peak value 2 max voits
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PEAX HEATER-CATHODB VOLTAGE:
Heater negative with respect to cathode:

During equipment warm-up period not exceeding 15 seconds. ....... 410 max volta
After equipment warm-up period.......... ...ttt iiiiaeiieiaaa 150 mazx volts
Heater positive with respect to cathode. ....................c..cvvnne 150 max volts

Typical Operation:

Anode Voltage*™ . . . ... ... ... .iiiiiinirnnniecnane 9000 11000 volts
GHE-NoO.Z Voltage. . ........iiiiiinenaseeneranss 250 250 volte
Grid-No.1 Voltage for Visual Extinction of

Undeflected Focused Spot. . . .......oviivvunnivrias —27 to 63 -27 to —63 volts

Maximum Circult Yalve:
Grid-No.1-Circuit Resistance., .. .....oooiiiininiiiinon .. . 1.5 maz megohms
* The product of anode voltage and average anode current should be limited to 6 watts.

*=* Brilliance and definition decrease with decreasing anode voltage. In general, the anode voltage
should not be less than 9000 volts.

INSTALLATION AND APPLICATION

Type 12LP4-A is designed for use with a duodecal five-contact segment
socket; the 12LP4 is designed for use with the duodecal twelve-contact socket.
Both types may be mounted in any position. The socket 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 cushioned ring or saddle arrangement near the
screen end of the tube, and by the deflecting yoke. The conductive coating on the
exterior of the bulb must be grounded. Connecting to the coating may be made by
means of a soft brush contaet attached to the deflecting yoke. A contact area of at
least 1/4 square inch should be used in making this connection to the external
coating. Outline 48, OUTLINES SECTION.

For installation and handling considerations, refer to the ELECTRON TUBE
INSTALLATION SECTION.

The recommended sequence of adjustments in lining up the 12L.P4-A with
its associated components is as follows:

1. Place the deflecting yoke on the tube neck and press it firmly against the
bulb cone. Space the focusing device at least 14 inch back of the end of the de-
flecting-coil windings, coaxial with the neck. Next, position the ion-trap magnet
on the neck so that the stronger of its two magnets is approximately over the
internal pole pieces (see Outline Drawing) and the weaker is toward the face of
the tube.

2. Apply operating voltages to the tube and adjust the grid-No.1 voltage to a
value at least as high as midway between zero and cutoff.

3. With grid-No.1 voltage adjusted as indicated in (2) to give low anode cur-
rent, immediately adjust the position of the ion-trap magnet by moving it a short
distance forward or backward and rotating it slightly until maximum light output
at the center of the raster is obtained. It is important that this adjustment be made
with low anode current and without delay after the operating voltages are applied. Oper-
ation of the tube with ion-trap magnet improperly positioned will damage the tube.
If the anode voltage supply is not of the limited-energy type, damage may occur
very quickly.

4. Focus the pattern by adjusting the focusing-coil field strength. Then, ad-
just grid-No.1 drive and grid-No.1 voltage to obtain a picture of nermal brightness.

5. Center the pattern. The procedure depends on the method of centering
employed, which will vary with different receiver designs. If a shadow appears at
the edge of the raster, the deflecting-yoke position should be checked to make sure
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that the yoke bears against the bulb cone; and any remaining shadow should be
eliminated by adjusting the position of the focusing device. The position of the
ion-trap magnet should not be adjusted to eliminate shadow if the center screen
brightness is thereby reduced.

6. Readjust the position of the ion-trap magnet for maximum light output, if
necessary. Bowing of opposite sides of the raster in the same direction may occur
if the ion-trap has improper rotational position, or if the focusing field is so close
as to interact with the field of the ion-trap magnet.

7. Readjust centering, if necessary. If this step requires appreciable change in
focusing-device position, it should be followed by a recheck of the ion-trap-magnet
position (Step 6).

SPECTRAL~ ENERGY EMISSION
CHARACTERISTICS OF PHOSPHOR N24
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TWIN DIODE—
HIGH-MU TRIODE

Glass octal type used as combined

detector, amplifier, and avc tube in

]2Q7—GT ac/dc radio receivers. Outline 23,
OUTLINES SECTION. Heater volts

(ac/dc), 12.6; amperes, 0.15. Except

for heater rating, this type is identical
with glass-octal type 6Q7-GT.

TRIPLE DIODE—HIGH-MU TRIODE

Glass octal type used as audio

]258_GT amplifier, AM detector, and FM de-

tector in AM/FM receivers. QOutline
27, OUTLINES SECTION. Heater
volts (ac/de), 12.6; amperes, 0.15. Ex-
cept for heater rating, this type is identical with glass octal type 6S8-GT.
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PENTAGRID CONVERTER ]2SA7

Metal type 12SA7 and glass-octal
type 12SA7-GT used as converter in
ac/de receivers. Outlines 3 and 22,
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 12§ A7Z-GT

with glass-octal type 6SA7-GT.

HiGH-MU TWIN TRIODE

Metal type used as phase inverter
or voltage amplifier in ac/dc radio
equipment. Outline 3, OUTLINES ]2SC7
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 Lype
12SF5-GT used in resistance-coupled amplifier

circuite of ac/de radio equipment. Outlines 3 ]2SF5
and 22, respectively, OUTLINES SECTION.

Heater volts (ac/dc), 12.6; amperes, 0.15. Ex-
H  cept for heater rating, type 12SF5 is identical ]25F5—GT
with metal type 6SF5, and type 128F5-GT is
H identical with glass-octal type 6SF5~-GT. Type

12SF5-GT is a DISCONTINUED type listed
for reference only.

DIODE—
REMOTE-CUTOFF PENTODE

Metal type used as combined rf
or if amplifier and detector or ave
tube in ac/dc radio receivers, Outline ]23F7
3, OUTLINES SECTION. Heater
volts (ac/dc), 12.6; amperes, 0.15.
Except for heater rating, this type is
identical with metal type 6SF7.

5:125F5
NC:H25F5-GT

REMOTE-CUTOFF PENTODE

Metal type used as rf amplifier in
ac/de receivers involving high-fre-
quency, wide-band applications. Out- ]2SG7
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 6SG7.
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SHARP-CUTOFF PENTODE

Metal type used as rf amplifier
in ac/de receivers involving high-fre-
]25”7 quency, wide-band applications and as
limiter tube in FM equipment. Out-
line 3, OUTLINES SECTION. Heater
volts (ac/de), 12.6; amperes, 0.15. Ex-
cept for heater rating, this type is
identical with metal type 6SHT.

SHARP-CUTOFF PENTODE G

]25J7 Metal type 128J7 and glass-octal
]25J7 GT type 12SJ7-GT used as rf amplifiers ,,(2) /Q
- and biased detectors in ac/dc¢ radio
receivers. Outlines 3 and 24, respec- g2-13877-cr P
tively, OUTLINES SECTION.
Heater volts (ac/dc), 12.6; amperes, 0.15. Except for heater rating, type 128J7 is
identical with metal type 6SJ7, and type 128J7-GT is identical with glass-octal
type 6SJ7-GT.

REMOTE-CUTOFF PENTODE

]25 K7 Metal type 12SK7 and glass-octal
]25K7 GT type 12SK7-GT used as rf and if am-
- plifiers in ac/de radio receivers. Out-

lines 3 and 24, respectively, OUT- S:125K

LINES SECTION Heater volts eciiaskror

(ac/dc), 12.6; amperes, 0.15. Except for heater rating, type 12SK7 is identical with
metal type 6SK7, and type 12SK7-GT is identical with glass-octal type 6SK7-GT.

HIGH-MU TWIN TRIODE

Glass octal type used as phase inverter or

resistance-coupled amplifierinac/dcradio equip-

]25L7- GT ment. Outline 22, 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 phese inverter or
resistance-coupled amplifierin-ae/deradio equip-

12 SN7_ GT ment. Outline 22, 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.
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Lo TWIN DIODE—
o ¥ HIGH-MU TRIODE

K
e( ° Metal type 128SQ7 and glass-octal
° type 12SQ7-GT used as combined de-
tector, amplifier, and ave tubein ac/de
250 radio receivers. Outlines 3 and 24, re-
8153 GT spectively, OUTLINES SECTION.

125Q7
125Q7-GT

Heater volts (ac/dc), 12.6; amperes, 0.15. Except for heater rating, type 128Q7 is
identical with metal type 6SQ7, and type 128SQ7-GT is identical with glass-octal

type 6SQ7-GT.
TWIN DIODE—MEDIUM-MU TRIODE

Poz Fos Metal type 12SR7 and glass-octal type
o 12SR7-GT used as combined detector, ampli-

K fier, and ave tube in ac/dc radio receivers. Qut-
e lines 8 and 22, respectively, QUTLINES SEC-

TION. Heater volts (ac/dc), 12.6; amperes,
0.15. Except for heater rating, type 12SR7 is
identical with type 6SR7, and type 12SR7-GT

o ° is electrically identical with type 6SR7 except
S:12SR7 for interelectrode capacitances. The 12SR7-GT
BC:H2SRT-GT is a DISCONTINUED type listed for reference

only. Both types are similar in performance to
miniature type 6BF6.

HALF-WAVE VACUUM RECTIFIER

e o Glass type used in power supply of ac/de
receivers. Outline 32, OUTLINES SECTION.

Tube requires four-contact socket and may be

mounted in any position. It is especially im-

* portant that this tube, like other power-han-
dling tubes, should be adequately ventilated.

Use of capacitor-input filter recommended in

order to obtain as high a dc output voltage as

12SR7
125R7-GT

12Z3

possible. Heater volts (ac/de¢), 12.6; amperes, 0.3. Maximum ratings as half-wave rectifier: peak inverse
plate volts, 700 max; peak plate ma 380 max; dc output ma., 55 max; peak heater-cathode volts,
350 max. With typical operating ac p.ate voltages of 117, 150, and 235 volts rms, the minimum total
effective plate-supply impedance required is 0, 30, and 75 ohms, respectively. This type is used princi-

pally for renewal purposes.

NC 1c

MEDIUM-MU TRIODE

G Glass lock-in type used as detector, ampli-
fier, or oscillator in ac/dc radio receivers. Qut-
line 14, OUTLINES SECTION. Tube requires
lock-in socket. Heater volts (ac/de), 12.6; am-~

Y 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-

as cation of this type is similar to that of glass-octal

type 12J5-GT.

BEAM POWER AMPLIFIER

Glass lock-in type used as output amplifier
in ac/de¢radio receivers. Outline 14, OUTLINES
SECTION. Tube requires lock-in socket. Heater
volts (ac/dc), 12.6; amperes, 0.15. Typical op~
eration and ratings as class A, amplifier: plate
volts and grid-No.2 volts, 250 (300 mazx); plate
dissipation, 7.5 watts; grid-No.2 input, 1.5
watts; grid-No.l volts, -12.5; plate ma., 32;

14A4

14A5

grid-No.2 ma., 5.5; plate resistance ,70000 ohms; transconductance, 3000 zmhos; load resistance, 7500

ohms; output watts, 2.8.
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14A7

14AF7

14B6

14B8

14C5

14C7

mazx watt; grid No.l volts, -8; 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
maximum ratings, this type is similar in performance to metal types 6SJ7 and 128J7.

14CP4

REMOTE-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in ac/dc radio receivers. Outline 14, OUTLINES
SECTION. Tube requires lock-in socket. Heater
volts (ac/de), 12.6; amperes, 0.15. Except for
heater rating and capacitances, this type is elec-
trically identieal with metal type 6SK7 and
lock-in type TA7. The application of this type
is similar to that of metal type 128K7.

MEDIUM-MU TWIN TRIODE

Glass lock-in type used as voltage amplifier
or phase inverter in radio equipment. Outline
14, OUTLINES SECTION. Tube requires lock-
in socket. Heater volts (ac/de), 12.6; amperes,
0.15. Except for heater ratings, this type is elec-
trically identical with lock-in type 7TAF7.

TWIN DIODE—HIGH-MU TRIODE

Glass lock-in type used as combined de-
tector, amplifier, and ave tube in ac/dc radio
receivers. Outline 14, OUTLINES SECTION.
Tube requires lock-in socket. Heater volts
(ac‘dci, 12.6; amperes, 0.15. Except for heater
rating and capacitances, this type is electrically
identical with lock-in type 7TB6 and metal type
6SQ7. The application of this type is similar
to that of metal type 12SQ7.

PENTAGRID CONVERTER

Glass lock-in type used as converter in
ac/dc radio receivers. Qutline 14, OUTLINES
SECTION.Tuberequireslock-in socket. Heater
volts (ac/dc), 12.6; amperes, 0.15. Except for
heater rating and capacitances, this type is elec-
trically identical with lock-in type 7B8 and
metal type 6A8. The application of this type is
similar to that of glass-octal type 12A8-GT.

BEAM POWER AMPLIFIER

Glass lock-in type used as output amplifier
in ac/dc radio receivers. Outline 19, OUT-
LINES SECTION. Tube requires lock-in
socket. Heater volts (ac/dc), 12.6; amperes,
0.225. Except for heater rating, this type is
electrically identical with lock-in type 7C5 and
metal type 6V6.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf amplifier and
biased detector in ac/de radio receivers. Out-
line 14, OUTLINES SECTION. Tube requires
tock-in socket. Heater volts (ac/dc), 12.6; am-
peres, 0.15. Typical operation and maximum
ratings as class A1 amplifier: plate volts, 250
(300 maxr); grid-No.2 volts, 100 max; plate dis-
sipation, 1 mar watt; grid-No.2 input, 0.1

KINESCOPE

For technical data, see page 308.
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TWIN DIODE—MEDIUM-MU TRIODE

Glass lock-in type used as combined de-
tector, amplifier, and ave tube in ac/dc radio
receivers. Qutline 14, OUTLINES SECTION.
Tube requires lock-in socket. Heater volts, ]4E6
(ac/de), 12.6; amperes, 0.15. Except for heater
rating, this type is electrically identical with
lock-in type 7E6 and miniature type 6BF6.
The application of this type is similar to that
of metal type 128R7

TWIN DIODE—REMOTE-CUTOFF
PENTODE
Glass lock-in type used as combined de-
tector, amplifier, and.ave tube in ac/dc re- ]4E7
ceivers. Outline 14, 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 TE7.

KINESCOPE -I 4EP 4

For technical data, see page 309.

HIGH-MU TWIN TRIODE

Glass lock-in type used as phase inverter
or resistance-coupled amplifier in ac/dc radio
receivers., Qutiine 14, OUTLINES SECTION.
Tube requires lock-in socket. Heater volts ]4F7
(ac/dc), 12.6; amperes, 0.15. Except for heater
rating, this type is electrically identical with
lock-in type 7F7 and glass-octal type 6SL7-GT.
The application of this type is similar to that
of glass-octal type 12SL7-GT.

MEDIUM-MU TWIN TRIODE

Glass lock-in type used as amplifier or
oscillator in ac/dc radio equipment. Outline 10, ]4
OUTLINES SECTION. Tube requires lock-in F8
socket. Heater volts (ac/de), 12.6; amperes,
0.15. Except for heater rating, this type is
electrically identical with lock-in type TF8.

REMOTE-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in ac/dc radio receivers. Outline 14, OUT-
LINESSECTION. Tube requires lock-in socket.
Heater volts (ac/dc), 12.6; amperes, 0.15. Ex- ]4H7
cept for heater rating, this type is electrically
identical with lock-in type TH7. The applica-
tion of this type is similar to that of miniature
type 12BA6.

TRIODE—HEPTODE CONVERTER

Glass lock-in type used as combined triode
oscillator and heptode mixer in ac/dc radio re-
ceivers. Outline 14, OUTLINES SECTION. ]4J7
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.
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14N7

14Q7

14R7

15

16AP4
16AP4-A

MEDIUM-MU TWIN TRIODE

Glass lock-in type used as voltage ampli-
fier or phase inverter in ac/dc radio equipment.
Outline 19, OUTLINES SECTION. Tube re-
quires lock-in socket. Heater volts (ac/dec),12.6;
amperes, 0.3. Except for heater rating and
capacitances, this type is electrically identical
with lock-in type 7N7 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/dc radio receivers. Qutline 14, OUTLINES
SECTION. Tube requires lock-in socket. Heater
volts (ac/dc), 12.6; amperes, 0.15. Except for
heater ratings and capacitances, this type is
electricaliy 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-
tector, amplifier, and ave tube in ac/dc radio
receivers. OQutline 14, 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 TRT.

SHARP-CUTOFF PENTODE

Glass type used as rf amplifier in battery-
operated receivers. Outline 34, OUTLINES
SECTION. Tube requires five-contact socket.
Heater volts (de), 2.0; amperes, 0.22. Typical
operation as class A; amplifier: plate volts, 135
maz; 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 pmhos. This is a DISCON-
TINUED type listed for reference only.

KINESCOPE

Directly viewed picture tubes of
the metal-cone type used in television
receivers. Type 16AP4-A features a
high-efficiency, white fluorescentscreen
on a practically flat face made of RCA

PO ©c,

NL\O

Gy o@ K
H H

“Filterglass’ to provide increased contrast. Type 16AP4-A supersedes type 16AP4.
Both types have a deflection angle of approximately 53°, contain an ion-trap elec-
tron gun requiring an external, double-field magnet, and utilize magnetic focus
and magnetic deflection to provide a rounded-end picture 1454 x 11 inches or a
rectangular picture with rounded corners about 134 x 10 inches. Use of the
metal-cone envelope not only makes practical a construction which weighs sub-
stantially less than a similar all-glass type, but also makes practical the use of a
higher-quality face plate than is commonly used on all-glass tubes.
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HEATER VOLTAGE (AC/DC) . ..t tvtsneancertneeanensoneencraceneoncons 6.3 volts
HEATER CURRENT. ... ittttteninninresrvninneenransunceorsennsaneoss 0.6 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.1 to Al Other Electrodea. . ...........ccovvervennes eereeaen 6 puf
Cathode to All Other Electrodes. . ..............ccv0vuinaee. Ceesasens 3 pul
Maximum Ratings:
ANODE VOLTAGE® . . . .. ... . .. .iiiiiiiieeeerataarcocnuesaassannsnnnses 14000 mazx volts
GRID-N0.2 VOLTAGE. . .............. feerieeeteeantesescantassesnnn 410 maz volts
GRID-NoO.1 VOLTAGE:
Negative bias value. .. ... .. ... .ttt iieiinnnescreeansns 125 maxr volts
Poaitive bias value. ........... . 0 maz volts
Positive peak value.......... e airesae 2 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode:
410 mazx volts

During equipment warm-up period not exceeding 15 seconds. .
After equipment warm-up period. . .... e PN .. 160 max volts
Heater positive with respect to cathede 150 max volts

Typical Operation:

Anode Voltage®™ . ... ... ........c.iiviiiiiiienannnnes 9000 12000 volts
Grid-No.2 Voltage. .. ....c.iiiieieriiieneacnenanas 300 300 volts
Grid-No.1 Voltage for Visual Extinction of

Undeflected Focused Spot. .......oovvvnenrvennns —33 to 77 ~38 to -77 volts

Maximum Circuit Valye:

Grid-No.1-Circuit Resistance. . .. .. ....vuurernnnerneneenneeenneennns 1.6 max megohms
* The product of anode voltage and average anode current should be limited to 6 watts,

** Brilliance and definition decrease with deereasing anede voltage. In general, the anode voltage
should not be less than 9000 volts.

INSTALLATION AND APPLICATION

Type 16AP4-A and 16AP4 are designed for use with either the duodecal five-
contact segment socket or the duodecal twelve-contact socket. Both tubes may be
mounted in any position. The socket 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 suitable supporting insulators at the large end, and by the deflecting
yoke on the neck. Each supporting insulator should have a minimum creepage
distance of two inches. The anode connection to the outside of the cone lip can be
carried by one of the supporting insulators and can conveniently be a suitable
piece of metal on which the lip rests. Outline 52, OUTLINES SECTION,

Because the glass of the face plate does not have especially high electrical
resistance, it is essential that any mask material bearing on the face plate have
insulating properties adequate for 15500 volts, as well as a minimum creepage
distance of two inches. Unless this precaution is observed, picture distortion may
result.

Do not allow the metal cone to come in contact with a magnet and thus be-
come permanently magnetized. A magnetized cone can produce localized distor-
tion of the picture edges.

The fluorescent screen of these tubes utilizes phosphor No.4 of the sulfide
type which is highly efficient. Refer to type 12LP4-A for curve showing spectral-
energy emission characteristic of this phosphor. For installation and handling
considerations refer to the ELECTRON TUBE INSTALLATION SECTION.
For the recommended sequence of adjustments in lining up the 16AP4-A with its
associated components, refer to type 12LP4-A.

ror tochmt e o cage 30, 16DP4-A
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KINESCOPE

16GP4 Directly viewed picture tubes of
16GP4-A the metal-cone type used in television
R receivers. Have over-all length of only
]66P4_B 17-11/16 inches and feature a high- P ©e,
efficiency, white fluorescent screen on G’.Z 0‘® D,
16GP4-C a practically flat face. In the 16GP4-B, Y h
the face plate is made of frosted
“Filterglass’ to provide increased contrast and to diffuse reflections of bright
objects which would otherwise be objectionable. Type 16GP4 has an unfrosted
“Filterglass” face plate; type 16GP4-A has an unfrosted clear-glass face plate; and
type 16GGP4-C has a frosted clear-glass face plate. All types have a deflection angle
of approximately 70°, contain an ion-trap electron gun requiring an external, single-
field magnet, and utilize magnetic focus and magnetic deflection to provide a
rounded-end picture 1454 x 11 inches or a rectangular picture with rounded corners
about 1814 x 10 inches. Use of the metal-cone envelope not only makes practical a
construction which weighs substantially less than a similar all-glass type, but also
makes practical the use of higher-quality face plate than is commonly used on
all-glass tubes.

HEATER VOLTAGE (AC/DC) . .ottt ittt it ennaneesnennnaaanens 6.3 volts
HEATER CURRENT. . .. .00ttt ittt iine e inieannseoneaniocannins 0.6 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Grid No.l to All Other Electrodes. . ........iiieerentrenennrnenonsnas 6 ppf

Cathode to All Other Electrodes. .o .voueureereearrinaeererennnnenans ] pul
Maximum Ratings:
ANODE VOLTAGE®. . . o\t itirsivansnanoussasoanunoasenaaansanannos 14000 maz volts
GRID-NO.2 VOLTAGE. « et ittt errensunstsnssansrastneeecsnsrenessonsans 410 mazx volts
GRID-NO.1 VOLTAGE:

Negative bias value. ... ..ottt iiiiiiiiieir e raiiioreerannnannn 126 mazx volts

Positive bias value. . .. .. ... . e e it 0 max volts

Positive peak value. ...... ... . e e 2 max volts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode:

During equipment warm-up period not exceeding 15 seconds. ........ 410 max volts
After equipment warm-up Period. . . ... ..cuvuetunrnerneneeenernanas 180 mazx volts

Heater positive with respect to cathode. ..............c.ciiviinnnnn.. 180 mazx volta
Typical Operation:
Anode Voltage® . .. .. ... .. . e 12000 volts
Grid-No.2 Voltage. .. ... ... ittt ittt ieeaaeeanns 300 volts
Grid-No.l Voltage for Visual Extinction of Undeflected Focused Spot -33 to —77 volts

Maximum Circuit Value:
Grid-No.1-Circuit Resistance. . . ... uiuutiiinenreeteneterarnninnnenns 1.5 mar megohms
* The product of anode voltage and average anode current should be limited to 6 watts.

*k Brilliance and definition decrease with decreasing anode voltage. In general, the anode voltage
should not be less than 9000 volts.

INSTALLATION AND APPLICATION

Types 16GP4, 16GP4-A, 16GP4-B and 16GP4-C are designed for use with
either the duodecal five-contact segment socket or the duodecal twelve-contact
socket. The socket 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 suitable
supporting insulators at the large end, and by the deflecting yoke on the neck.
Each supporting insulator should have a minimum creepage distance of two inches.
The anode connection to the outside of the cone lip can be carried by one of the
supporting insulators and can conveniently be a suitable piece of metal on which
the lip rests. OQutline 53, OUTLINES SECTION.

Because the glass of the face plate does not have especially high electrical
resistance, it is essential that any mask material bearing on the face plate have

208



RCA RECEIVING TUBE MANUAL

— —— ——

insulating properties adequate for 15500 volts, as well as a minimum creepage dis-
tance of 2 inches. Unless this precaution is observed, picture distortion may result.

Do not allow the metal cone to come in contact with a magnet and thus become
permanently magnetized. A magnetized cone can produce localized distortion of
the picture edges. The fluorescent screen of this tube utilizes phosphor No. 4 of the
sulfide type which is highly efficient. Refer to type 121.P4-A for curve showing
spectral-energy emission characteristic of this phosphor. For installation and han-
dling considerations, refer to ELECTRON TUBE INSTALLATION SECTION.

The recommended sequence of adjustments in lining up the 16GP4,
16GP4-A, 16GP4-B, or 16GP4-C with its associated components is as follows:

1. Place the deflecting yoke on the tube neck and GRID Ne2
press it firmly against the bulb cone. Then insert a cylin- }A e -
drical liner with a tapered end between base end of the L W

yoke windings and the tube neck. Space the focusing de- o %’
vice about 14 inch back of the deflecting-coil windings and
position it coaxially with the tube neck. Next, position the
ion-trap magnet on the neck so that its poles are roughly
aligned with grid No.2 (see sketch at right). T

2. Apply operating voltages with scanning to the [ ,.4si0m of Grid No.2
tube and adjust the grid-No.1 voltage to a value about in Tube Neck.
midway between zero and cutoff.

3. Then, promptly rotate the ion-trap magnet and move it slightly forward and
backward until the maximum raster brightness is obtained. Readjust grid-No.1
bias to give average picture brightness. Move the ion-trap magnet backward and
forward noting both positions at which brightness is diminished, and then locate it
halfway between these positions. It is important that this adjustment be made with
low anode current and without delay after the operating voltages are applied. Operation
of the tube with the ion-trap magnet improperly positioned may damage the tube.
If the anode voltage supply is not of the limited-energy type, damage may occur
very quickly.

4. Focus the pattern by adjusting the focusing-field strength. Then, rotate the
deflecting yoke to align the raster with the tube mask and adjust the raster size to
fit the mask. Center the raster by adjusting the dc current through the deflecting
yoke. If such adjustment is not provided, centering may be obtained by moving
the focusing field slightly off center or by tilting the focusing field. The latter
method generally produces the most distortion. If a corner of the raster is shadowed,
it may be due to excess dc current in the yoke or to incorrect alignment of the com-
ponents on the tube neck. It may be possible to obtain minor correction by read-
justment of the ion-trap magnet. If not, rotate both the tube and the ion-trap
magnet approximately 180° and repeat Steps 3 and 4.

5. Vary grid-No.l drive and grid-No.1 bias through the expected operating
range to observe whether shadowing occurs. If a shadow appears near the edges of
the raster, first check to be sure that the deflecting yoke bears firmly against the
bulb cone; and then eliminate any remaining shadow as explained in Step 4.

16KP4 16LP4

KINESCOPES 16RP4-A 16TP4
For technical data, see pages 309-312. ]6WP4_A '|7BP4_A
17CP4 17CP4-A

17GP4 17TP4
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HIGH-MU TWIN POWER TRIODE

Glass type used in output stage of battery-
operated receivers. Outline 32, OUTLINES
]9 SECTION. Tube requires six-contact socket. PT2 (2}
Filament volts (dc), 2.0; amperes, 0.26. Except
for filament current, this type is electrically ‘
identical with type 1J6-GT. Type 19 is used OmuO.
principally for renewal purposes. £ r

AN

19AP4 KINESCOPE

19AP4-A Directly viewed picture tubes of
"9 AP4_B the metal-cone type used in television PO @y
receivers. Feature a high-efficiency, @ ‘ @)
19AP4-D white fluorescent screen. Faceplate of
types 19AP4-A and 19AP4-B are made
of RCA “Filterglass” to provide increased contrast. Types 19AP4 and 19AP4-D
have clear glass faceplates. In types 19AP4-B and 19AP4-D, the faceplate is
frosted to diffuse reflections of bright objects which would otherwise be objection-
able. All types have a deflection angle of approximately 66°, contain an ion-trap
electron gun requiring an external, single-field magnet, and utilize magnetic deflec-
tion to provide a rounded-end picture 1734 x 13 inches or a rectangular picture with
rounded corners about 1534 x 1134 inches. Use of the metal-cone envelope not only
makes practical a construction which weighs substantially less than a similar
all-glass type, but also makes practical the use of higher-quality faceplate than
is commonly used on all-glass tubes.

HEATER VOLTAGE (AC/DC) . . . .ottt iii i iiiiieiia s sinnannesanniasanns 6.3 volta
HEATER CURBENT. . .00t titnoieranannesasnscansnnsssnontsroansossnnes 0.6 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Grid No.l1 to Al Other Electrodes. . ..............ocviiiiiiniinnnne. k4 pul

Cathode to All Other Electrodes. ... ....... oot iiiiiirnirennnnanas 5 puul
Maximum Ratings:
ANODE VOLTAGE. . ottt tt ittt ionsoinareaanressnnrcsnnareosaneenons 19000 mazx volts
GRID-NO.Z VOLTAGE. . ... .0 itiiniernnnerronsrasnasrosnacaanronannarss 410 max volts
GRID-NO.1 VOLTAGE:

Negative bias value. . . .. ... ... . it ittt eae i 126 max volts

Positive bias value. .. ... ..ottt iiieieeietiearenaens, . 0 max volts

Positive peak vale. .. ... ...ttt ittt ittt 2 maz volts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode:

During equipment warm-up period not exceeding 15 seconds......... 410 max volts
After equipment warm-up period. . ........ ... . i, .. 150 maz volts

Heater positive with respect tocathode. .. ............. ... .. .. 0. .. 150 mazx volts
Typical Operation:
Amode Voltage. .. ... oo vnieineiiinnenennnnnsa 12000 14000 volts
Grid-No2 Voltage. . .........oviviininniinnniennnnn 300 300 volts
Grid-No.l Voltage for Visual Extinction of

Undeflected FocusedSpot . ............ccivvann. -33 to 77 -33 to -77 volts
Maximym Circuit Valve:
Grid-No.1-Circuit Resistance. . . ... ....cuuieirenriirnnernecarcarsscnnsns 1.5 max megohms

INSTALLATION AND APPLICATION

Types 19AP4, 19AP4-A, 19AP4-B and 19AP4-D are designed for use with
either the duodecal five-contact segment socket or the duodecal twelve-contact
socket. The socket 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 suitable
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supporting insulators at the large end, and by the deflecting yoke on the neck.
Each supporting insulator should have a minimum creepage distance of two inches
when the tube is operated at anode voltages up to 14,000 volts. For anode operating
voltages above 14,000 volts a creepage distance greater than two inches is required.
The anode connection to the outside of the cone lip can be carried by one of the
supporting insulators and can conveniently be a suitable piece of metal on which
the lip rests. Qutline 54, OUTLINES SECTION.

The fluorescent screen of this tube utilizes phosphor No.4 of the sulfide type.
Refer to type 12LP4-A for curve showing spectral-energy emission charaecteristics
of this phosphor. For faceplate, masking, and metal-cone considerations, refer to
type 16GP4-B. For installation and handling considerations, refer to ELECTRON
TUBE INSTALLATION SECTION. :

BEAM POWER AMPLIFIER

Glass octal type used as output amplifier in
horizontal defiection circuits of television equip-
ment of the “transformerless” type where high ]9B Gb G
pulse voltages occur during short-duty cycles. -
Outline 42, OUTLINES SECTION. Tube re-
quires octal socket. Vertical tube mounting is
preferred but herizontal operation is permissible
if ping No.2 and 7 are in vertical plane. Heater
volts (ac/dc), 19.8; amperes, 0.3. Except for heater rating and peak heater-cathode voltage rating of 250
volts with heater either negative or positive with respect to cathode, this type is identical with glass
octal type 6BG6-G.

MEDIUM-MU TWIN TRIODE

Miniature type used for converter
service in ac/de AM and FM receivers ]9J6

and as oscillator, amplifier, or mixer in

television receivers of the “transform-

erless” type. Outline 12, 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) .t vevvevannerennennnnanns et .. 18.9 volts
HEATER CURRENT. ........ e ereeaes e R vesanee 0.15 ampere

MIXER SERVICE

Maximum Ratings: Valuves are for each unit.
300 mazx volts
1.5 maz watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. ... PPN P .. 90 mazx volts
Heater positive with respect to cathede. ................ eecaenaan . 90 mazx volts
Typical Operation and Characteristics:
Plate Voltage. ............ e ieresecnanenecnssonanennns Cheiresanenan 150 volts
Cathode-Bias Resistor®. ... ..... ... ... cciiviiniiennans Ceeedaeeraane 810 ohms
Peak Oscillator Voltage. . . ... ...cviiirinnrinnnennnennnn Crsieecenae 3 volts
Plate Resistance. . ... ... ... .. ... ... i i . e 10200 ohms
Conversion Transconductanee . ................c.cvu.uu.. erreaaeaaes 1900 pmhos
Plate Current. . . ... . o i e e e e, 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.
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TRIPLE DIODE—HIGH-MU
TRIODE

-I 9T8 .Miniature type used as combined

audio amplifier, AM detector, and FM

detector in AM /FM receivers of the

ac/dc or ‘“transformerless” type. Out-

line 13, OUTLINES SECTION. Tube

requires noval nine-contact socket and may be mounted in

volts (ac/dc), 18.9; amperes, 0.15. Except for heater rating,
with miniature type 6T8.

POWER TRIODE

Glass type used as output amplifier in dry-
battery-operated receivers. Filament volts (dc),
8.3; amperes, 0.132. Characteristics as class A,
20 amplifier: plate volts, 135 max; grid volts,
-22.5; plate ma., 6.5; plate resistance, 6300
ohms; amplification factor, 3.3; transcondue-
tance, 525 pmhos; load resistance, 6500 ohms;
output mw., 110. This is a DISCONTINUED
type listed for reference only.

20CP4 KINESCOPES
2] AP4 For technical data, see pages 312 and 313.

SHARP-CUTOFF TETRODE

Glass type used as rf amplifier in dry-bat-
tery-operated receivers. Outline 39, OUTLINES
SECTION. Filament volts (de), 3.3; 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., 1.3; plate resistance, 325000 ohms;
transconductance, 500 umhos. 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. Outline 39,

OUTLINES SECTION. Tube requires five-

24-A contact socket. Heater volts (ac/de), 2.5; am-
peres, 1.75. Typical operation and maximum

ratings as class A; amplifier: plate volts, 250

(275 mazx); grid-No.2 volts, 90 max; grid-No.1

volts, -3; plate resistance, 0.6 megohm; trans-

any position. Heater
this type is identical

P

N

conductance, 1050 umhos; plate ma., 4; grid-No.2 ma., 1.7 maz. This type is used principally for
G2

renewal purposes.

POWER PENTODE

Metal type 25A6 and glass-octal type

25A6 25A6-GT are used in output stage of ac/dc
receivers. Outlines 6 and 22, respectively, OUT-

LINES SECTION. Tubes require octal socket

25A6-GT and may 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

5:25A6
NC:25A6-GT

Gt

watts; grid-No.2 input, 1.9 watts. Type 25A6 is used principally for renewal purposes. Type 25A6-GT

is a DISCONTINUED type listed [or reference only.

Typical Operation: CLASS A; AMPLIFIER

Plate Voltage. .. ....... ... ... . i iiiiin.. 95 135
Grid-No.2 (Screen) Voltage. . .................. 95 135
Grid-No.l1 (Control-Grid) Voltage. . ............ -15 -20
Zero-Signal Plate Current. . . ............ ... 37
Zero-Signal Grid-No.2 Current 4 8
Plate Resistance. ... ............. 35000
Transconductance . 2450
Load Resistance. . .......... 4000
Maximum-Signal Power Outpu 2

160
120
-18
33
6.5
42000
2375
5000
2.2

volts
volts
volts
ma

ma
ohms
pmhos
ohms
watts
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° F RECTIFIER —POWER PENTODE
P Glass octal type used as combined half-
Po () A . <
3 o wave rectifier and power amplifier. Outline 22,
OUTLINES SECTION. Heater volts (ac/dei,
25; amperes, 0.3. Typical operation of pentode 25A7_GT
ul2 we H unit as class A; amplifier: plate volts and grid-
No.2 volts, 100 (117 max); grid-No.1 volts, -15;
DEAOMS
Gap

i

plate ma., 20.5; grid-No.2 ma., 4; plate resist-
¥p ance, 50000 ohms, transconductance, 1800
#mhos; 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
S HIGH-MU POWER TRIODE
P .
Glass octal type used in output stage of 2 C
e ac/de receivers. Outline 22, QUTLINES SEC- 5A 5-
TION. Heater volts (ac/de), 25; amperes, 0.3.
H \ | 7 o H N.Ia{(imqm ratings: plate volts, 180 maxr; plate GT
dissipation, 10 max watts. Type 25AC5-GT is
o e used principally for renewal purposes.
NC [
DIRECT-COUPLED

POWER AMPLIFIER

Glass type used as class A power amplifier.
One triode, the driver, is directly connected
* within the tube to the second, or output, triode. 2585
Heater volts {(ac/dc), 25; amperes, 0.3. Maxi-
mum ratings and characteristics are the same as
for type 25N6-G. This is a DISCONTINUED
type listed for reference only.

POWER PENTODE

Glass octal type used in output stage of
ac/dc receivers. Outline 35, OUTLINES SEC-
TION. Heater volts (ac/dc), 25; amperes, 0.8,
Typical operation as class A; amplifier: plate
volts, 200 maz; grid-No.2 volts, 135 max; grid- 2586-6
No.1 volts, ~23; plate ma., 62; grid-No.2 ma.,
1.8; plate resistance, 18000 ohms; transcon-
ductance, 5000 umhos; 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 22, OUTLINES SEC-
TION. Heater volts (ac/dc), 25; amperes, 0.15. 2588'GT
Typical operation of pentode unit as class A
amplifier: plate volts and grid-No.2 volts, 100;
grid-No.1 volts, -3; plate ma., 7.6; grid-No.2
ma., 2; plate resistance, 185000 ohms; transcon-
ductance, 2000 ymhos, grid-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, 75000; transcon-
ductance, 1500 ymhos. This is a DISCONTINUED type listed for reference only.

BEAM POWER AMPLIFIER 25BQ6-GT

For technical data, see page 313.

G2 (1}
OO, BEAM POWER AMPLIFIER
o’ Glass octal type used as output amplifier

Outline 35, OUTLINES SECTION. Heater
volts (ae/dc), 25; amperes, 0.3. Refer to type 25C6'G

e ° 6Y6-G for typical operation as a class A, am-
s “o/ " plifier. This is a DISCONTINUED type listed
K

o for reference only.
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25L6
25L6-GT

BEAM POWER AMPLIFIER

Metal type 25L6 and glass-octal
type 25L6-GT are used in output stage
of ac/dec receivers. OQutlines 6 and 22,

e’
H N ‘n
o

respectively, OUTLINES SECTION. .55 (1)

These tubes require octal sockets an

d NC:25L6-GT

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 50C5 for curves, installation, and application information, but take into
consideration the differences in heater ratings.

25N6-G

25W4-GT

25Y5

2525

DIRECT-COUPLED TWIN
POWER AMPLIFIER

Glass octal type used as class A power am-
plifier. One triode, the driver, is directly con-
nected within the tube to the second, or output,
triode. Heater volts (ac/dc), 25; amperes, 0.3.
Characteristics as class A: amplifier—input
triode: plate volts, 100 (180 mazx); grid volts, 0;
peak af grid volts, 29.7; plate ma., 5.8. Output
triode: plate volts, 180 maz; plate ma., 46; load
resistance, 4000 ohms; output watts, 3.8. This
is & DISCONTINUED type listed for refer-
ence only.

HALF-WAVE VACUUM RECTIFIER

Glass octal type used as damper diode in
magnetic deflection circuit of television receivers
and as a rectifier in conventional power-supply
applications. Qutline 21, OUTLINES SEC-
TION. Heater volts (ac/dc), 25; amperes, 0.3.
Except for heater rating and, in damper service,
a peak inverse plate voltage rating of 2000 mazx
volts and a peak heater-cathode voltage rating
of 450 max volts with heater negative with
respect to cathode, this type is identical with
glass octal type 6W4-GT.

VACUUM RECTIFIER-DOUBLER

Glass type used as half-wave rectifier or
voltage doubler in ac/dc receivers. Outline 32,
OUTLINES SECTION. Heater volts (ac/dc),
25; amperes, 0.3. Maximum ratings: peak in-
verse plate volts, 700; peak plate ma. per plate,
450; peak heater-cathode volts, 350; dc output
ma. per plate, 75. This is a DISCONTINUED
type listed for reference only.

VACUUM RECTIFIER-DOUBLER

Glass type used as half-wave rec-
tifier or voltage doubler in ac/dc re-
ceivers. For voltage-doubler consider-
ations, refer to ELECTRON TUBE
APPLICATIONS SECTION. Qutline

/ 5 PD‘

RD2 "0y

32, 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

Metal type 25Z6 and glass-octal
type 25Z6-GT used as half-wave rec- 2526

tifiers or voltage-doublers in ac/dc re-
ceivers. These types are used partic- 25 Z6- GT
512526 ularly in ‘transformerless’” receivers
NC:2526-GT of either the ac/dc type or the voltage-
doubler type. Outlines 6 and 22, respectively, OUTLINES SECTION. Tubes re-

quire octal socket and may be mounted in any position. Type 25Z6 is used princi-
pally for renewal purposes.

KDy

BEBATER VOLTAGE (AC/DC) - . .ottt ittt ettt e e e 25 volts
BEBATER CURRENT . . ...ttt itte ettt et e ieaenss 0.3 ampere
Maximum Ratings: HALF-WAVE RECTIFIER

PEAK INVERSE PLATE VOLTAGE . . - .. .o\tittitet i eean s 700 maz volts
PEAK PLATE CURRENT PER PLATE. . .. ...ttt e, 450 max ma
DC OUTPUT CURRENT PER PLATE. . ......00iiittteanseeennnnnnn,s 75 mazx ma
PEAX HEATER-CATHODE VOLTAGE. . . .. ...\ riit s eaesenrnnernnnnnns 350 max volts

Typical Operation {Capacitor-Input Filter):®
{Unless otherwise indicated, values are for both plotes in porallel.)

AC Plate-Supply Voltage per Plate (rms) ....... 117 160 235 volts
Filter-Input Capacitor. .. ..................... 16 16 16 uf
Min. Total Effective Plate-Supply Impedance per

Platet............. ... .. ... 15 40 100 ohms
DC Output Current per Plate, ... ............. 75 76 76 ma
PC Output Voltage At Input to Filter (Approx.):

At half-load current (T5ma.)............... 115 - 265 volts

At full-load current (150 ma.)............... 80 - 200 volts
Voltage Regulation (Approx.):

Half-load to full-load current. .............. 36 - 55 volts

Maximum Ratings: VOLTAGE DOUBLER

{Same as for Half-Wave Rectifier.)

Typical Operation Half-Wave Full-Wave

AC Plate-Supply Voltage per Plate rms) . ................. 117 117 volts
Filter-Input Capaciter (Each)......................... . 16 16 uf
Min. Total Effective Plate-Supply Impedance per Platet. .. .. 30 15 ohms
DCOutput Current. .. .................cieiiiiiinno... 75 75 ma

° In halM-wave rectifier service, the two units may be used separstely or in parallel.
t When a filter-input capacitor larger than 40 uf is used, it may be necessary to use more plate-supply
tmpedance than the minimum value shown to limit the peak plate current to the rated value.

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
HALF-WAVE RECTIFIER FULL-WAVE VOLTAGE DOUBLER
T T T T T 1

TYPE 2526-GT  g#=25 VOLTS TYPE 25Z6-GT I E £=25VOLTS
P11 i i} et LAY
NPyt fiMeeD- { I
CURVE| VOLTS| ANCE INPUT VOLTS
i sy sl (AR R
pu— [ ,
« oew | w ?_:
9 4TOTAL EFFECTIVE i
- PLATE-SUPPLY _ | :
e IMPEDANCE
e 4
5 =
- 4CIr D
H 0% cs3 z 2R szl
z RN i ST - e
- 6] < s> |
< ~ .8 - ~
2 150 T 5 160 ~
§l - l ] N
C=3 4 ey
- \\\2&; S
)
& aol s I Sonee a o
s e ~8 5 80
3 o
° o
2 o

o a0 80 120 190 ° 20 40 60 80

DC LOAD MILLIAMPERES DC LOAD MILLIAMPERES
P2CM~4558T2 92CM=-4557T2
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MEDIUM-MU TRIODE @) (3
Glass type used as rf voltage amplifier in
26 ac-operated receivers. Outline 36, OUTLINES
SECTION. Tube requires four-contact socket.
Filament volts (ac/de), 1.5; amperes, 1.05. This 0*0
type is used principally for renewal purposes. F F
Characteristics: . CLASS A; AMPLIFIER
Pla_te Voltage (180 volts maxr) 90 135 180 volta
Grid Voltage. .. .. .............. -7 -10 -~14.5 voits
Amplification Factor............. 8.3 8.3 8.3
Plate Resistance. . ... 8900 7600 7300 ohms
Transconductance. . . 933 1100 1150 umhos
2. . .2

Plate Current. . ...

27

Characteristics:

Plate Voltage (275 volts max). .
Grid Voltage. . . ..
Amplification Factor

Plate Resistance

30

31

32

MEDIUM-MU TRIODE

Glass type used as voltage amplifier or de-
tector in ac-operated receivers. Outline 32,
OUTLINES SECTION. Tube requires five-
contact socket. Heater volts (ac/dc), 2.5; am-
peres, 1.75. This type is used principally for
renewal purposes.

CLASS A; AMPLIFIER

90 135

........... -6 -9
.......... 9
......... 11000 9000
......... 820 1000
2.7 4.5

MEDIUM-MU TRIODE

Glass type used as voltage amplifier or de-
tector in battery-operated receivers. Outline 32,
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 prinei-
pally for renewal purposes.

POWER TRIODE

Glass type used in output stage of battery-
operated receivers. Outline 32, OUTLINES
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 voits, —30; plate ma., 12.3; plate re-
sistance, 3600 ochms; amplification factor, 3.8;
transconductance, 1050 gmhos; 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. Qutline
39, 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 maz;
plate resistance, greater than 1 megohm; plate
ma., 1.7; transconductance, 650 pymhos. This
type is used principally for renewal purposes.
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C28 B RECTIFIER—BEAM POWER
AMPLIFIER

Glass octal type used ag combined half-
wave rectifier and output amplifier in ac/dec
receivers. Outline 22, OUTLINES SECTION. 32L7 GT
/ o H  Tuberequires octal socket. Heater volts (ac/dc), -
32.5; amperes, 0.3. Maximum ratings for rec-
Kg tifier unit: ac plate voits (rms), 125; de output
Ko Gag ma., 60. Typical operation of beam power unit
as class A; amplifier: plate and grid-No.2 volts,
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 vsed princi-
pally for renewal purposes.

POWER PENTODE

Glass type used in output stage of battery-
operated receivers. Outline 36, OUTLINES
SECTION. Tube requires five-contact socket.
Filament volts (dc¢), 2.0; amperes, 0.26. Typical 3 3

operation as class A: amplifier: plate and grid-
No.2 voits, 180 maxz; grid-No.1 volts, ~18; plate
P G3 ma., 22; grid-No.2 ma., 5; plate resistance,
F= 55000 ohms; transconductance, 1750 umhos;

load resistance, 6000 ohms; output watts, 1.4. This type is used principally for renewal purposes.

G

P G2 REMOTE-CUTOFF PENTODE
el e Glass type used as rf or if amplifier in bat-
tery-operated radio receivers, particularly those
employing avec. Outline 39, OUTLINES SEC- 34
TION. Tube requires four-contact socket. Fila-
o*o ment volts (dc), 2.0; amperes, 0.06. Character-
+

Ga istics as class A: amplifier: plate volts, 180 max;

P 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 pmhos; transconductance at grid-No.l bias of ~22.5
volts, 15 umhos. This type is used principally for rencwal purposes.

REMOTE-CUTOFF TETRODE

Glass type used as rf or if amplifier in ac
receivers. Outline 839, OUTLINES SECTION.
Tube requires five-contact socket. Heater volts 35
(ac/dc), 2.5; amperes, 1.75. Characteristics as
class A: amplifier: plate volts, 250 (275 max);
grid-No.2 volts, 90 mazx; grid-No.1 volts, -3
min; plate ma., 6.5; grid-No.2 ma., 2.5; trans-
conductance, 1050 pmhos; transconductance at

BEAM POWER AMPLIFIER

Glass lock-in type used in output stage of

ac/de receivers. Outline 19, OUTLINES SEC- 3 5 A 5
TION. Tube requires lock-in socket. Heater

volts (ac/de), 35; amperes, 0.15. For ratings,

and curves, refer to glass-octal type 35L6-GT.

@) o2 BEAM POWER AMPLIFIER
"Q (&) Miniature type used in output
\ stage of compact, ac/deradioreceivers. 3 5 B 5
A

5@ @ Because of its high power sensitivity

0 at plate and screen voltages available

ai in ac/de receivers, it is capable of pro-
viding a relatively high power output. Outline 15, OUTLINES SECTION. Tube
requires miniature seven-contact socket and may be mounted in any position.
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Within its maximum ratings, type 35B5 is equivalent in performance to glass-octal
type 35L6-GT, and miniature type 35C5. Refer to type 35C5 for typical operation,
maximum circuit values, installation, application information, and curves.

HEATER VOLTS (AC/DC) - . v o oottt ittt it e et i 85 volts
HEATER CURRBNT. . .. ..ottt itiineineinar e neraannasnenrossnsnnss 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES {Approx.):*
Grid No.l1toPlate. .. ... ... i i iiiieanean 0.4 puf
8 0¥ 7 2 11 uuf
OUBPUL. L. oottt et i et et 6.5 ppuf

% With no external shield.

Maximum Ratings:

PLATE VOLTAGE. . . . ittt iiineiasesntaaasenracnainesronsnns 117 maz volts
GRID-NO.2 (SCREEN) VOLTAGE. . . . . .. titiiiinartnareteinntensnsonans 117 maz volts
PLATE DISSIPATION . . . .o\ oi et tiin ittt eaaaeeaaseratatasananrnns 4.5 max watts
GRID-NO.Z INPUT . ...ttt tt ettt it itneenarniesenseaanaesssans 1.0 mazx watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. . ......... ... ... ...t ) 150 mazx volts
Heater positive with respect to cathode. . .. ............ .. cooiitn 150 mazx voits

BEAM POWER AMPLIFIER

Miniature type used in output

stage of compact, ac/dec 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, the36Chis capable of providing

a relatively high power output. 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-G'T. The basing arrangement of the 35C5 simplifies the problem of
meeting Underwriters’ Laboratories requirements in the design of ac/dc receivers.

HEATER VOLTAGE (AC/DC) . . et v vnueto eaenrouanerninesineeenarnnnasenens 35 volts
HEATER CURRENT. . . ..t ttitetietianerinnneanssonsenensssnssssonans . 0.16 ampere

DIRECT INTERELECTRODE CAPACITANCES ( Approx.):°

Grid No.l1toPlate . ......... ..., [N veeees. 087 nput
. 12 puf
6.2 ppf
° With no external shield.
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGH. . . .. itiiiiner ittt nsaasotonasonnosennsnsaaseanssroon 135 maz volts
GRID-NO.2 (SCREEN) VOLTAGE. .. .. ..vvvttttinnnnnernrenrorannenarcaanas 117 max volts
PLATE DISSIPATION. . . oo oo ivviinnr i innannereanconinns rreesseeennn 4.5 max watts
GRID-INOZ INPUT ..t ittt ittt iateraiannnenscnnnssossonsnnns reeeeeaen 1.0 max watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .............. eenerereesaaas 180 mazx volts
Heater positive with respect tocathode. . .............oiiiiieeiiananss 180 mazx volts
BuLB TEMPERATURE (At hottest point on bulb surface).................... 260 mazx °C
Typical Operation:
Plate Voltage. . . .. ..o oottt ittt eiariianasennensneanans eeeraes 110 volts
Grid-Ne.2 Voltage. . . ... .ovienicrrneniiatererennanenens P e 110 volts
Peak AP Grid-Ne.1 Voltage. ...........covvveinnns 7.6 volts
Zero-Signal Plate Current. ............c00te [ . . 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.oceveieueenneannas. 7 ma
Plate Resistance (Approx.) ............. P 13000 ohms
Transconductance. . .............cccoiveevnnns Ceeseseecnraeaaennens .... 5800 pmhos
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Load ReSIBtANCE. . . ..\ .\ttt it e e ohms
Total Harmonic Distortion............ ... ..ot iiviiinnnunn.. . per cent
Maximum-Signal Power Qutput. ... .......0.vivitvnnneivnersnnnaen weee 1.5 watts
Maximum Circuit Valves (For maximum rated conditions):

. PR : Cathode Bias. . ........... cciivivinnnnnnss 0.5 mar megohm
Grid-No.1-Circuit Resistance { Fixed Bias..............ooiviiitiivenennn 0.1 mar megohm

INSTALLATION AND APPLICATION

Type 35C5 requires miniature seven-contact socket and may be mounted in
any position. Outline 15, OUTLINES SECTION. It is especially important that
this tube, like other power-handling tubes, should be adequately ventilated.

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 85C5. For operation of the 35C5 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 35C5’s, the heater(s) of the 35C5(’s) should be placed
on the positive side of the line. Under these conditions, heater-cathode voltage of
the 35C5 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
35C5's and several 0.15-ampere types, it is recommended that the heater(s) of the
35C5('s), be placed in the circuit so that the higher values of heater-cathode bias
will be impressed on the 35C5('s) rather than on the other 0.15-ampere types.
This is accomplished by arranging the 35C5('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 35C5(’s), any necessary
auxiliary resistance and the heater of the 35W4 are connected in series.

As a power amplifier (class A,), the 35C5 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-No.1 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-No.1
circuit. Transformer- or impedance-coupling devices are recommended.

AVERAGE PLATE CHARACTERISTICS
NECTION

PENTODE CON
125] v
TYPE 35C5
| Ef=35voLTS !
GRID-N22VOLTS =110 =0
ECiE
o ne! VOLTE ==
o 10 CRVD 7 et
& |
3
< -2.5
=) [T
2 1 F//
Z 15 3 "]
-~ T,
L] \ -5.0
3 \ 1 fesel
~N —
3 4 \‘ |t
3 L -15
o s
K e L T
[} o |
P4 / S ip //J —
o ( =10
o
2 AT L L
u 2g N oo ECis+e0 -12.5
< e 1
3 - Eci=-15
P+ ~. ~3 — !
S— [ e—— :—-—E +10 l-n.s
S
o 100 200 300 200
PLATE VOLTS 92CM-6312T1
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BEAM POWER AMPLIFIER
Glass octal type used in output

35L6-GT stage of ac/dc radio receivers. Out-

line 22, OUTLINES SECTION. Tube
requires octal socket and may be
mounted in any position. Refer to

miniature type 35C5 for installation, application information, and curves.

HEATER VOLTAGE (AC/DC) . . .\ttt ittt e e e een
HEATER CURRENT . . ...ttt ittt et e e
DIRECT INTERELECTRODE CAPACITANCES {Approx.):°

Grid No.L to Plate. . ... .. ottt it e

® With no external! shield.

Maximum Ratings:

PLATE VOLTAGE. .. .. ... . it iiinrneanrcanennnnas
GRID-N©0.2 (SCREEN) VOLTAGE
PLATE DISSIPATION. . ... ... ..ttt iieinrnntnnnaacnans
GRID-NO2INPUT ... ..\ttt ittt tnnanaanatananaenss
Peax HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. .., ............coveuviin...

Heater positive with respect tocathode. .............coiiivenn..n.
Typical Operation: Fized Bias
Plate Voltage. . . ...........ccvrenninrnnnn e eieaer e 110
Grid-No.2 Voltage. . ................... ... FS N 110
Grid-No.1 (Control-Grid) Voltage. . . ..............cocuun.. 7.5
Cathode Resistor........... ... iiiiiiiiiiiiinnnnnennnn -
Peak AF Grid-No.l Voltage. . . ... ...................... 7.5
Zero-Signal Plate Current. .. ............................. 40
Maximum-Signal Plate Current........................... 41
Zero-Signal Grid-No.2 Current (Approx.). .................. 3
Maximum-Signal Grid-No.2 Current (Approx.).............. 7
Plate Resistance (APproX.) . ... .......o. i inrnnnnnnnn. 14000
Transconductance. .. ....... ... ... oiuiniiiiiniiaa., 5800
Toad Resistance. . ........... ... .. ... ... ... .. iiiiiiaaian 2500
Total Harmonic Distortion. . . ......... .. ................ 10
Maximum-Signal Power Qutput. .......................... 1.5

HALF-WAVE VACUUM
RECTIFIER

Miniature type used in power sup-

35w4 ply of ac/dc receivers. Equivalent in
performance to glass-octal type

35Z5-GT. The heater is provided with

a tap for operation of a panel lamp.

HEATER VOLTAGE (AC/DC): *
ENTIRE HEATER (PINS3AND4). .. .........ciiiinnnnn, 35
PANEL LAMP SECTION (PINS4 AND6) . ..........0ouv.... 7.5

HEATER CURRENT:

BETWEEN PINS3AND 4. ... ... ... ... .. il 0.15
BETWEEN PINS3ANDG. ... ... ... ... . i, -

* Without panel lamp. ** With No.40 or No0.47 panel lamp.

Maximum Ratings: HALF-WAVE RECTIFIER

PEAK INVERSE PLATE VOLTAGE. .. .. ... ... L ittt

PEAK PLATE CURRENT. . . .. .. it ittt erinctnannanran,

DC OurpuTr CURRENT:

. No Shunting Resistor. . ......................
With Panel Lamp and { Shunting Resistor. . .. .................... .

Without Panel Lamp. . . .. ...ttt iin ettt ianinannana,

G2 Gy
(-

o/

OMO2
NC

35
0.15

0.8
13
9.5

200 mazx
125 maz
8.5 max
1.0 max

90 mazx
90 max

Cathode Bias
200
110
180

8

43

43

2

5.5
34000
6100
5000
10

*%

32
5.5

0.15

330 maz
600 mazx

60 max
90 max
100 max

C3

volts
ampere

uuf
wul
wulf

volits
volts
watts
watt

volts
volta

volts
volts
volts
ohms
volts
ma
ma

ma

ma
ohms
upmhos
ohms
per cent
watts

volts
volts

ampere
ampere

voits
ma

ma
ma
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R — M———
PANEL-LAMP-SECTION VOLTAGE (rms):
When Panel Lamp Fails. . ........................... N 15 mazx volts
PeEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................ 330 mazx volts
Heater positive with respect to cathode. ... 330 max volts
Typical Operation with Panel Lamp:f
AC Plate-Supply Voltage (rms) . ............ [P .o 117 117 117 117 volts
Filter-Input Capacitor. . . .......... ... civveennnn e... 40 40 40 40 uf
Minimum Total Effective Plate-Supply
Impedance. ... ......... . . it iennanrnnnannnnn 15 15 15 15 ohms
Panel-Lamp Shunting Resistor. . ..............ccc0uvnn. - 800 150 100 ohms
DCOutput Current. . .......oiveiiiieinierinennaran, 60 70 80 90 ma
1 No0.40 or N0.47 panel lamp used in circuit given below with capacitor-input filter.
Typical Operation without Panel Lamp:
AC Plate-Supply Voltage (rms) . ................... e 117 volts
Filter-Input Capacitor. . . ... ..ttt iiiriiiniiananinrereeennnaans 40 uf
Minimum Total Effective Plate-Supply Impedance...................... 15 ohms
DC Output Current. . .. ... .. ittt ittt iitittieereitenaninns 100 ma
DC Output Voltage at Input to Filter (Approx.):
At half-load eurrent (50 ma.}. . .. ...cvvrivnvnnnannnnnn reesians P 135 volts
At full-load current (100 ma.)......... Ceseervetsresesvonnnann 120 volts
Voltage Regulation (Approx.):
Half-load to full-load current. ... ...ieevesseceecsnsscescascssncsonss 15 volts
Maximum Circuit Values:
Panel-Lamp Shunting Resistor*:
M ma...... Creesereriracassiaans 800 mazx ohms
For dec output current of {80 ma............ . 400 max ohms
OB, ... ... it 250 mazx ohms

* Required when de¢ output current is greater than 60 milliamperes.

INSTALLATION AND APPLICATION

Tube requires miniature seven-contact socket and may be mounted in any
position. Outline 15, OUTLINES SECTION. For heater considerations, refer to

miniature type 35C5.

OPERATION CHARACTERISTICS

With the panel lamp connected as shown

HALF-WAVE RECTIFIER in the diagram, the drop across R and all
| TvpE 35W4 heaters (with panel lamp) should equal 117
E=35VOLTS BETWEEN PINS N23 & volts at 0.15 ampere. The shunting resistor
- N2 4 (NO TAP CONNECTION) . .
PLATE VOLTSSII7RMS Rs is required when de output current ex-
TOTAL EFFECTIVE PLATE-SUPPLY 1113
T T EDANCE 214 s ceeds 60 milliamperes. Values of Rs for dc
C=CAPACITOR INPUT TO FILTER output currents greater than 60 milliamperes

are given in tabulated data.

DC OUTPUT VOLTS AT INPUT TO FILTER
8
(=]

150
S -
P C:40,, TYPEL
N T~ ~ 35w4
100 ~{e] 3
PANEL
CAMP

50

uzr-v

LINE “’;{‘s’\’j

25 50 75 100
LOAD MILLIAMPERE S
92CM-6615T!

OTHER
HEATERS

I

213
ouTRUT
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35Y4

35Z3

35Z4-GT

35Z25-GT

HALF-WAVE VACUUM RECTIFIER

Glass lock-in type used in power supply
of ac/dc receivers, The heater is provided with
tap for the operation of a panel iamp. Outline
19, 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
Glass lock-in type used in power supply of
ac/dc receivers. Outline 19, OUTLINES SEC-
TION. Tube requires lock-in socket. Heater
volts (ac/dc), 35; amperes, 0.15. For maximum
ratings and typical operation, refer to glass-
octal type 35Z5-GT without panel lamp.

HALF-WAVE VACUUM RECTIFIER

Glass octal type used in power supply of
ac/dc receivers. Outline 22, QUTLINES SEC-
TION. Tube requires octal socket. Heater volts
(ac/dc), 85; amperes, 0.15. For maximum ratings
and typical operation, refer to glass-octal type
3525-GT without panel lamp. This type is used
principally for renewal purposes.

HALF-WAVE VACUUM
RECTIFIER

Glass octal type used in power
supply of ac/de receivers. The heater
is provided with a tap for operation
of a panel lamp. Outline 22, OUT-
LINES SECTION. Tube requires

octal socket and may be mounted in any position. For installation and application
considerations, refer to miniature type 35W4.

HEATER VOLTAGE (AC/DC):

ENTIRE HEATER (PINS2AND 7). ... ... . oiuuivnnnn. 35
PANEL LAMP SECTION (PINS2 AND 8). .. ......ccvuvunnn. 7.5

HEATER CURRENT:

BETWEEN PINg 2 AND 7
BETWEEN PINs 3 AND 7

* Without panel lamp.

Maximum Ratings:

** With No.40 or No 47 panel lamp.
HALF-W AVE RECTIFIER

PRAK INVERSE PLATE VOLTAGE. . . . . ...ttt anannenan e

PEAK PLATE CURRENT. . .

DC OuTtpur CURRENT:

With Panel Lamp and {

Without Panel Lamp.

No Shunting Resistor. ..........,.... cerens
Shunting Resistor................... eeean

PANEL-LAMP-SECTION VOLTAGE (rms):

When Panel Lamp Fails

PEAK HEATER-CATEODE VOLTAGE:
Heater negative with respect tocathode. ............................
Heater positive with respect tocathode. . . ........ ... .............

Typical Operation with Panel Lamp:f

AC Plate-Supply Voltage (rms) . .
Filter-Input Capacitor. . .
Miniraum Totai Effective Plate-Supply Impedance. . ...
Panel-Lamp Shunting Resistor.................... - 300 150
DC Output Current. . . ..

*h
32
5.6

0.15

700 max
600 max

60 max
90 max
100 mazx

16 maz

350 max
3560 maz

117 235
40 40
15 100
100
90

volts
volts

ampere
ampere

volts
ma

ma
ma
ma
volts

volts
volts

volts

ohms
ohms

6 8 60
t N0.40 or No0.47 panel lamp used in circuit with capacitor-input ﬁlter given under type 35W4,
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Typical Operation without Panel Lamp:

AC Plate-Supply Voltage (rms) .. ....covtvrviinninneanns 117 235 volts
Filter-Input Capacitor. . .. ......oovuiivririiiiiernninnns 40 40 uf
Minimum Total Effective Plate-Supply Impedance. . .. 16 100 ohms
DCOutputCurrent. .. ..................... . . 100 100 ma
DC Output Voltage at Input to Filter (Approx.):
At half-load current (50 ma.). ........... . . 140 280 volts
At full-load current (100 ma.) . .......covitriieeniosanns 120 235 volts
Voltage Regulation (Approx.):
Half-load to full-load current........... Cereeeeierienas 20 45 volts
Maximum Circuit Valves:
Panel-Lamp Shunting Resistor*:
TOma.......cooviiiiiiiiiiiians 800 mazx ohms
For de output current of {80 ma 400 mazx ohms
GOMA. . ..ottt i i aee 250 mazx ohms

SHARP-CUTOFF TETRODE

Glass type used as rf or if amplifier or as
biased or grid-resistor detector in radio receiv-
ers. Outline 84, OUTLINES SECTION. Tube 36
requires five-contact socket. Heater volts
(ac/dc), 6.3; amperes, 0.3. Characteristics as
class A amplifier: plate volts, 250 max; grid-
No.2 volts, 90 maz; grid-No.1 volts, —3; plate
ma., 3.2; grid-No.2 ma., 1.7 max; plate resist-
once, 0.55 megohm; transconductance, 1080 umhos. This type is used principally for renewal purposes.

MEDIUM-MU TRIODE

Glass type used as voltage amplifier or de-
tector in radio receivers. Outline 32, OUT-
LINES SECTION. Tube requires five-contact
socket. Heater volts (ac/dc), 6.3; amperes, 0.3. 37
Characteristics as class A; amplifier: plate volts,
250 mazx; grid volts, —18; plate ma., 7.5; plate
resistance, 8400 ohms; amplification factor, 9.2;
transconductance, 1100 pmhos. This type is
used principally for renewal purposes.

POWER PENTODE

Glass type used in output stage of radio
.receivers. Outline 84, OUTLINES SECTION.
Tube requires five-contact socket. Heater volts
(ae/dc), 6.3; amperes, 0.3. Characteristics as
class A; amplifier: plate and grid-No.2 volts, 250 38
maz; grid-No.1 volts, —25; plate ma., 22; grid-
No.2 ma., 3.8; plate resistance, 0.1 megohm;
transconductance, 1200 umhos; load resistance,
10000 ohms; output watts, 2.5. This type is used
principally for renewal purposes.

REMOTE-CUTOFF PENTODE

Glass type used as rf or if amplifier in radio
receivers, particularly those employing ave.
Outline 34, OUTLINES SECTION. Tube re-
quires five-contact socket. Heater volts (ac/dc), 39 / 44
6.3; amperes, 0.3. Characteristics as class A; am-
plifier: plate volts, 250 max; grid-No.2 volts, 90
mazx; grid-No.l volts, -8 min; plate ma., 5.8;
grid-No.2 ma., 1.4; plate resistance, 1.0 meg-

ohm; transconductance, 1050 umhos; transconductance at grid-No.1 bias of 42,5 volts, 2 umhos. This
type I8 used principally for renewal purposes.
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41

42

43

45

FILAMENT VOLTAGE (AC/DC) . .

FILAMENT CURRENT. . .. ..

Typical Operation:

CEIVING TUBE MANUAL
MEDIUM-MU TRIODE
Glass type used as resistance-coupled or P '3
impedance-coupled amplifier in battery-oper- ) ©

ated receivers. Qutline 36, OUTLINES SEC-
TION. Filament voits (dc), 5; amperes, 0.25.
Characteristics as class A1 amplifier: plate-sup-
ply volts, 180; load resistance, 250000 ohms;
grid volts, —3; plate ma., 0.2; plate resistance,
150000 ohms; amplification factor, 30; trans-
conductance, 200 pmhos. This is a DISCON-
TINUED type listed for reference only.

POWER PENTODE

Glass type used in output stage of radio re-
ceivers. Outline 32. OUTLINES SECTION.
Tube requires six-contact socket. Heater volts
(ac/dc), 6.3; amperes, 0.4. This type is elec-
trically identical with type 6K6-GT. Type 41
is used principally for renewal purposes.

POWER PENTODE

Glass type used in audio output stage of
ac receivers. Outline 36, OUTLINES SEC-
TION. Tube requires six-contact socket. Heater
volts (ac/dc), 6.3; amperes, 0.7. This type is
electrically identical with type 6F6, Type 42 is
used principally for renewal purposes.

POWER PENTODE

Glass type used in audio output stage of
ac/dc receivers. Outline 36, OUTLINES SEC-
TION. Tube requires six-contact socket. Heater
volts (ac/dc), 25; amperes, 0.3. This type is
electrically identical with type 25A6. Type 43
is used principally for renewal purposes.

POWER TRIODE

Glass type used in output stage of radio re-
ceivers. Outline 36, OUTLINES SECTION.
Tube requires four-contact socket and should
preferably be mounted in vertical position.
Horizonta! operation is permissible if pins 1 and
4 are in vertical plane. This type is used princi-
pally for renewal purposes.

Plate Voltage (275 volts maz) . .. ..evvevnnnnn. 180 250

Grid Voltage*. ..........

Cathode-Bias Resistor. . ... .......coieviinetn 1470
Plate Current. .. ........iviiuiiennrncaannnsan 34
Plate Resistance. . . ... .......covieenivenennn, 1610
Amplification Factor. . ............ ... ot 3.5
TranscondUuctBnee. . . ......cvveerercaenreannns 2175
Load Resistance. ................ 3900
Undistorted Power Output 1.

L.
c3
H
Gi
Nos

F

volts
amperes

voits
volts
ohms

ma
ohms

pmbhos
ohms
watts

6 2.0
* 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.
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PUSH-PULL CLASS AB; AMPLIFIER

Typical Operation (Values are for two tubes): Fized Bias Cathode Bias
Plate Voltage (275 volts maz). .. ........ ... . ..coivvnienn. 275 275 volts
Grid Valtage. . . ... .0 viei i e i i -68 — volts
Cathode-Bias Resistor. . . ... ... ... oot iiniinnenanns - 175 ohms
Average Driving Power (Grid-to-grid) . ..........00uvvvvuns 656 460 mw
Zero-Signal Plate Current. . . .. ... ... ... ... ... 0ieiennns 28 36 ma
Maximum-Signal Plate Current. . . ............ ... ... 138 90 ma
Effective Load Resistance (Plate-to-plate). . .. 3200 5060 ohms
Total Harmonic Distortion. . . . .. 5 5 per cent
Maximum-Signal Power Output. .. 18 12 watts
K NC HALF-WAVE VACUUM RECTIFIER
OMC) o )
Miniature type used in power supply of
e () P small, portable, ac/dc/battery receivers where 4523
small size and low heat dissipation are impor-
tant. Outline 12, OUTLINES SECTION.Tube
P @ @ H requires miniature seven-contact socket and
may be mounted in any position. This type is
used principally for renewal purposes.
HEATER VOLTAGE (AC/DC) volts
HEATER CURRENT. . . ot tv et nee et aenn e itte et inn e eaan ampere
Maximum Ratings:
PEAK INVERSE PLATE VOLTAGE. . .. .. .ottt iieiaiaeiaanenranns 350 maz volts
PEAK PLATE CURRENT. . .. ...t iitittiuneiiian s etasaetiaannenasaannns 390 mazx ma
DC OUTPUT CURRENT. . . .o\ttt tttner it inaassaasassnanasnnaorsennn 65 max ma
PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode..................... .. ..., 175 mazx volts
Heater positive with respect to cathode. .............. ... civiils 175 max volts
Typical Operation (With Capacitor-Input Filter):
AC Plate Voltage (FM8) . . . . . ... .. ittt ittt iirtaranannn 117 volts
Filter-Input CApPacitor. .. .. ... ... i ittt iiiisaeoanaananns 16 nuf
Minimum Total Effective Plate-Supply Impedance. ..................... 15 ohms
DC Output CUTFENt. . .ttt ittt iie e e e etnneanaacnnnnnanns 65 ma
DC Output Voltage at Input to Filter (Approx.):
At half-lamd current (325 ma.)...... ... . i i i e 132 volts
At full-load current (65 mM&.). ... ... ittt 112 volts
Voltage Regulation (Approx.):
Halif-load to full-load current. . .........coviiiievvoninaoones PN 20 volts
P HALF-WAVE VACUUM RECTIFIER
° Glass octal type used in power supply
Ao e of ac/dc receivers. The heater is provided
with a tap for operation of a panel lamp. Out~
\ line 22, OUTLINES SECTION. Tube requires A sz 5 _GT
2 octal socket. Except for difference in heater
H wle H  voltage, this type has the same ratings and
o o typical operation values as glass-octal type
NE " 3525-GT.
HEATER VOLTAGE (AC/DC): * dok
ENTIRE HEATER (PINS2 AND 7). ... civuninininnneannn 45 42 volts
PANEL LAMP SECTIONS (PINS2 AND 3)........0ovvviinn. 7.5 5.5 volts
HEATER CURRENT:
BETWEEN PINS 2 AND 7. ... . oottt 0.15 - ampere
BETWEEN PINS 3 AND 7. .t vii it ciiiian ~ 0.16 ampere

* Without panel lamp. ** With No. 40 or No.47 panel lamp.

DUAL-GRID POWER AMPLIFIER

Glass type used as class A; or class B am~
plifier in radio equipment. Outline 41, OUT-
LINES SECTION. Tube requires five-con-
tact socket. Filament volts (ac/dc), 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-

46

plification factor, 5.6; transconductance, 2350 umhos; load resistance for maximum undistorted power
output, 6400 ohms; undistorted output watts, 1.25. This type is used principally for renewal purposes.
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PUSH-PULL CLASS B AMPLIFIER
(Grids No.1 and No.2 connected together at socket)

Maximum Ratings:

PLATE VOLTAGE........ volts
PEAK PLATE CURRENT ma
AVERAGE PLATE DISSIPATION watts
Typical Operation (Values are for two tubes}:

Plate Voltage. ...... ... ittt iiiiiiiineeennaaan 300 400 volts
Grid Voltage. . ... ... .. . i i i 0 0 volts
Peak AF Grid-to-Grid Voltage........................... 113 116 volts
Zero-Signal Plate Current. ... ...........ciivtineennnena. 8 12 ma
Effective Load Resistance (Plate-to-plate)................. 5200 5800 ohms
Maximum-Signal Power Qutput (Approx.)................ 16t 20 # watts

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

POWER PENTODE

Glass type used in audio output stage of
radio receivers. Outline 41, OUTLINES SEC-
TION. Tube requires five-contact socket and
47 should preferably be mounted in vertical posi-
tion. Horizontal operation is permissible if pins
1 and 5 are in vertical plane. Filament volts
(ac/dc), 2.5; amperes, 1.75. This type is used
principally for renewal purposes.

CLASS A; AMPLIFIER

Characteristics:

Plate Voltage (250 volts max) .. ... ... ...ttt 250 volts
Grid-No.2 (Screen) Voltage (250 volts ma2) . . .. ........cvoiiiinnninenan 250 volts
Grid-No.1 Voltage (Control-Grid)}.................. it -16.5 volts
Cathode-Bias Resistor. . . ........ ... ... ... . . i it 450 ohms
Plate Current.. ... ... e e e 31 ma
Grid-No.2 Current. . . ... oo i it i 6 ma
Plate ResiStance. . . . ... ... i iiiriiiaet ettt 60000 ohms
TranscondUCRICE. . ... ... ittt 2500 pmhos
Load ResSistance. ... ..........iiiiiiiitiiiiiin ettt eiiirannns 7000 ohms
Power Qutput. . .. ... e s 2.7 watts

t If filament is operated on dc, the grid bias should be -15.3 volts. The dc resistance in the grid circuit
should not exceed 0.5 megohm with cathode bias, or 100000 ohms with fixed bias.

POWER TETRODE
G2 G|

Glass type used in audio output stage of
radio receivers designed to operate from de e
powerlines, Outline 41, OUTLINES SECTION ,
Heater volts (dc), 30; amperes, 0.4. Typical

48 operation as class A: amplifier: plate volts, P
125 maz; grid-No.2 volts, 100 max; grid-No.1
volts, ~20; plate ma., 56; grid-No.2 ma., 9.5; <5
transconductance, 3900 umhos; load resistance, 0 e
1500 ohms; output watts, 2.5. This is a DIS- H H
CONTINUED type listed for reference only.

DUAL-GRID POWER AMPLIFIER

Glass type used in output stage of battery-
operated receivers. Outline 36, OUTLINES
SECTION. Tube requires five-contact socket.
Filament volts (dc), 2.0; amperes, 0.12. Typical

49 operation as class A: amplifier (grid No.2 con~
nected to plate at socket): plate volts, 135 max;
grid volts, —20; plate ma., 6; plate 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.
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PUSH-PULL CLASS B AMPLIFIER
(Grids No.1 and No.2 connected together at socket.)

Maximum Ratings:

PLATE VOLTAGE. .. .0\ titititttareieiarieinnsaasaesaeconnnaeassnens
PEAK PLATE CURRENT. . . ....oviierinnerennuneacananas b e i e

Typical Operation (Yalves are for two tubes):

Plate Voltage, . . .....coveeveneennrnineennnn e ietiaenaae 135
Grid Voltage. . ... e e e, SN 0
Zero-Signal Plate Current ............................. ves 2.6
Effective Load Resistance (Plate-to-plate)................. . 8000
Power Output (APProk.). .« o oot eieiannenn 2.3

POWER TRIODE

e G Glass type used in output stage of af am-
) ) plifiers employing transformer input coupling.
Outline 43, OUTLINES SECTION. Tube re-
quiresfour-contactsocketandshould be mounted

in vertical position with base down. Filament

volts (ac/dc), 7.5; amperes, 1.25. Characteristics

o*o as class A: amplifier: plate volts, 450 max; grid
F F volts, —-84; cathode resistor, 1530 ohms; plate
ma., 55; plate resistance, 1800 ohms; amplifica-

tion factor, 3.8; transconductance, 2100 umhos;

180 mazx
50 mazx

180

12000
3.5

50

volts

volts
volts

ohms
watts

load resistance, 4360 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. Qutline 19, OUTLINES SEC-
TION. Tube requires lock-in socket. Heater
volts (ac/dc), 50; amperes, 0.16. For ratings
and data, refer to glass-octal type 50L6-GT.

"G o BEAM POWER AMPLIFIER

\ . Miniature type used in output
(D, Stage of compact ac/dc receivers. Be-

D 7~ cause of its high power sensitivity at
plate and screen voltages available in

“ ac/de receivers, it is capable of pro-

50A5

S0BS5

viding a relatively high power output. Outline 15, OUTLINES SECTION. Tube
requires miniature seven-contact socket and may be mounted in any position.
Within its maximum ratings, type 50B5 is equivalent in performance to glass-octal
type 50L6-GT and miniature type 50C5. Refer to type 50C5 for maximum ratings,
typical operation, maximum circuit values, installation, application information,

and curves.

HEATER VOLTS (AC/DC). ....... Ceeaeaas
HEATER CURRENT. . ... 0itttiiineeererannnnnnnonn
DIBRECT INTERELBCTRODE CAPACITANCES (Approx.) *

Grid No.ltoPlate. ..........coiuienuniiininanns

* With no external shield.
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BEAM POWER AMPLIFIER

Miniature type used in output

stage of compact, ac/dc radio receiv-

50C 5 ers. Because of its high power sensi-

tivity and high efficiency at plate and

screen voltages available in ac/de re-

ceivers, the 50C5is capableof providing

a relatively high power output. Except

for terminal connections and slightly higher ratings, 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 meet-
ing Underwriters’ Laboratories requirements in the design of ac/dc receivers.

HEATER VOLTAGE (AC/DC) « 1 o v ittt ittenernneeeneerasssancesnsosancessn 50 volts
HEATER CURRENT. . . ottt vttenrunnerunansoeesnneonnsanesosunnsnnsenas 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):®

Grid No.1 to Plate uuf
Input.............. .. upnf
OUEPUL . . oottt i et oanosonseeosnnnsosonaeesnsassnnns . uuf
€With no external shield.
CLASS A; AMPLIFIER
Maximum Ratings:
PLATE VOLTAGE. . ... .vvvnennennn G seasearsanesoascrsestarrtasrnseseas 135 max volts
GRID-NO0.2 (BCREEN) VOLTAGE. . . st tivvervrrunrsunveasaosssoonssoassacsas 117 max volts
PLATE DISSIPATION. . . .ttt iit it eniatiniioaroananenansssassesarsannoas 6.6 max watts
GRID-NO.Z INPUT. . .. ittt ieiiinetaineraeesrasnsnsnssassascns 1.25 mex watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. .................. 180 max volts
Heater positive with respect to cathode . .............. 180 mox volts
BuLB TEMPERATURE (At hottest point on bulb surface) 250 max °C
Typical Operation:
Plate VOIEAEE. . .. oot ittt ittt iiiietteraeserasatasaonesosnoracansan volts
Grid-No.2 Voltage. . . .. ... ittt it ittt tinoasostsessassonsossansens volts
Grid-No.1 (Control-Grid) VoltBZe. .. . ... ciiviererennerrosesonennanenns . volts
Peal AF Grid-No.1 Voltage. ... ... .. iiiiiiinrneairernncenronncansa, . volts
Zero-Signal Plate Current. ... ... ... . .. .. ittt iiiiireriaen e, ma
Maximum-Signal Plate Current. .. ........ciitereirrinetenrsocnsnanssrons ma
Zero-Signal Grid-No.2 Current (APProX.). . . . v.veivoetnsvessasvenanncosss ma
Maximum-Signal Grid-No.2 Current (Approx.)....... . ma
Plate Resistance (APProx.). ........ovievunnnnnsn ohma
wumhos
ohma
per cent
watts
Maximum Circuit Values {For maximum rated conditions):
. R . Cathode Bias. .......oovviveivnniiennonnnns 0.6 maz megoh
Grid-No.1-Circuit Resistance { Fixed Bifl®. . .. cvvieerirennrarrneeneennnn 0.1 maz megoh:

INSTALLATION AND APPLICATION

Type 50C5 requires miniature seven-contact socket and may be mounted in
any position. Qutline 15, OUTLINES SECTION. It is especially important that
this tube, like other power-handling tubes, should be adequately ventilated.

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 50C5. For operation of the 50C5 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.
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In a series-heater circuit of the «“dc power line’’ type employing several 0.15-
ampere types and one or two 50C5's, the heater(s) of the 50C5(’s) should be placed
on the positive side of the line. Under these conditions, heater-cathode voltage of
the 50C5 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
50C5's, and several 0.15-ampere types, it is recommended that the heater(s) of the
50C6’s be placed in the circuit so that the higher values of heater-cathode bias will
be impressed on the 50C5(’s) rather than on the other 0.15-ampere types. This is
accomplished by arranging the 50C5('s) on the side of the supply line which is
connected to the cathode of the rectifier, i.e., the positive terminal of the rectified
voltage supply. Between this side of the line and the 50C5(’s), any necessary
auxiliary resistance and the heater of the 35W4 are connected in series.

As a power amplifier (class A;), the 50C5 is recommended for use either singly
or in push-pull combination in the power-output stage of ‘ac/dc’’ receivers. The
operating values shown under typical operation have been determined on the basis
that grid-No.1 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-No.1
circuit. Transformer- or impedance-coupling devices are recommended.

‘When the tube is operated at maximum rated conditions, the grid-No.1 circuit
should have a dec resistance not higher than 0.1 megohm for fixed bias; for higher
values, cathode bias is required. With cathode bias, the grid-No.1 circuit may have
a dc resistance as high as, but not higher than, 0.5 megohm.

AVERAGE PLATE CHARACTERISTICS
PENT

ODE_CONNECTION -
200 T T T
TYPE 50C5
E£=50 VOLTS
|75"— GRID-N®2 VOLTS =110
15 30
4 €c1=9
= Lot | )
MED e 25 O
& \ <1
: 8 2 ;
H 1 — 208
3 | et | z
2 \.g, ] <
s A . 153
> . LTS ECi=~ 3
3 /\)‘: GRID-N2| VO :
L B e Ec, 20 _e 0l
i
//—‘ T —— ~i0 H]
28 — o I ey e . il
> Pt a4
0
o 40 80 120 160 200 240
PLATE VOLTS 92CM-6603T
G2 Gi
P ’o ) BEAM POWER AMPLIFIER
o Glass octal type used in output stage of

ac/dc receivers. Outline 35, OUTLINES SEC~ 50C6-G

o TION. Heater volts (ac/de), 50; amperes, 0.15.
y /\H Except for heater rating, this type is identical
with glass octal type 6Y6-G.
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BEAM POWER AMPLIFIER c

Glass octal type used in output
stage of ac/dc radio receivers. Out- " 2
line 22, OUTLINES SECTION. Tube
50L6—GT requires octal socket and may be
mounted in any position. Refer tomin- ~ ©, \‘/ ©, H
iature type 50C5 for curves and instal-

~
°

lation and application information. N &

HEATER VOLTAGE (AC/DC) . .. ..ottt iiiiiiiiiiiaianan et riaaaans 50 . volts
HEATER CURRENT. . ... .ot tiiiieitinaianianranas [T PN 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES {Approx.):t

Grid No.l to Plate . 0.6 punl

Input.............. 15 puf

L8 11 17«2 U3 . 9.5 upul
1 With no external shield.

CLASS A; AMPLIFIER

Moximum Ratings:
PLATE VOLTAGE. . . ..ttt ttitieen e itiaeenatiaaassanneenennnnannn . 200 mazx volts
GRID-NO.2 (SCREEN) VOLTAGE. . . . o\t ititiitetiatonaninneeannannaininn 125 maz volts
PLATE DISSIPATION . ... oo i ittt ittt e ainiiainaanan 10 max watts
GRID-NO.Z INPUT. ..o ittt ii et iieiiaanann 1.25 max watts
PEAX HEATER-CATHODE VOLTAGE:

Heater negative with respect toeathode. .. ...... ... 00 vriirennnn.. . 150 ax volts

Heater positive with respect tocathode. . ........................... 150 mazx volts
Typical Operation: Fired Bias Cathode Bias
Plate Voltage. . ... ... i ittt i i 110 200 volts
Grid-No.2 Voltage. . ... ... . i it 110 125 volts
Grid-No.1 (Coatrol-Grid) Voltage. . ....................... -7.5 - volts
Peak AF Grid-No.1 Voltage. . ............. ... . euurnu... 7.5 8.0 volts
Cathode Resistor. ............. ... i, - 180 ohm
Zero-SignalPlate Current .....................ciiiiunn... 49 46 ma
Maximum-Signal Plate Current. .. ........................ 50 47 ma
Zero-Signal Grid-No.2 Current (Approx.). .................. 4 2.2 ma
Maximum-Signal Grid-No.2 Current (Approx.}.............. 10 8.5 ma
Plate Resistance (Approx.).............. e e 13000 28000 ohms
Transconductance. . . ...... ... ... ... iiiiiiiinianiin., 8000 8000 umhos
Load Resistance. .. ...... ... ... .. ... ... i iiiiiininnnn. s 2000 4000 ohms
Total Harmonic Distortion. . .. .. P PPN 10 10 per cent
Maximum-Signal Power Qutput. .. ........................ 2.1 3.8 watts

VACUUM RECTIFIER-DOUBLER

Lock-in type used as half-wave rectifier or
voltage doubler in ac/dc receivers. Outline 19,
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 2526-GT. Refer to
type 25Z6-GT for maximum ratings, typical
operation, and curves,

VACUUM RECTIFIER-DOUBLER “02 o D'
Glass octal type used as half-wave rectifier
or voltage doubler in ac/dc receivers. This type PD2 3
is used particularly in ‘transformerless” re-
50Y6_GT ceivers of either the ac/dc type or the voltage-
doubler type. Outline 22, OUTLINES SEC-~ w2 "o H
TION. Tube requires octal socket. Heater volts
(ac/dc), 50; amperes, 0.15. Except for heater ' e
" rating, this type is electrically identical with NC ¥D,

type 25Z6-GT.
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VACUUM RECTIFIER-DOUBLER

Glass octal type used as half-wave rectifier
or voltage doubler in ac/dc receivers. This type
is used particularly in “transformerless’ receiv- 5 OY7 T
ers of either the ac/dc type or the voltage- bt G
doubler type. The heater is provided with a tap
for operation of a panel lamp. Outline 22, OUT-
LINES SECTION. Tube requires octal socket.
For maximum ratings and typical operation as
half-wave rectifier or voltage doubler without panel lamp, refer to glass octal type 252Z6-GT. When
operated with a panel lamp and 250-ohm panel-lamp shunting resistor, ratings and typical operation are
the same as for type 26Z6-GT, except that dc output current per plate is 65 ma.

HEATER VOLTAGE (AC/DC): * ok
ENTIRE HEATER (PINS2 AND T). . cvvurvnnnnnnnnasinns . 50 46 volts
PANEL LAMP SECTION (PINB 6 AND 7). .. .....ovvvennnnns 7.5 5.5 volts

HEATER CURRENT:

BETWEEN PINB2 AND 7. ... ... c.iitiineinnnnnenennnann 0.15 ~ ampere
BETWEEN PINS 2 ANDG. ... ... TSN - 0.15 ampere
* Without panel lamp. ** With No. 40 or No. 47 panel lamp.

VACUUM RECTIFIER-DOUBLER

Glass octal type used as half-wave rectifier

HM or voltage doubler in ac/dc receivers. Outline

31, OUTLINES SECTION. The heater is pro-

vided with a tap for operation of a panel lamp. 5027 -G
H  Without panel lamp, heater volts (ac/dec) 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 maz;
peak plate ma. per plate, 400 maz; dc output ma. per plate witb panel lamp, 65 maz; peak heater-
cathode volts, 350 maz; panel lamp section volts (pins 6 and 7), 2.5 maz. This is a DISCONTINUED
type listed for reference only.

HIGH-MU TWIN POWER TRIODE

Glass type used in output stage of ac-
operated receivers as a class B power amplifier.
Outline 36, OUTLINES SECTION. Tube re-
quires medium seven-contact (0.855-inch pin- 53
circle diameter) socket. Heater volts (ac/dc),
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 34, OUTLINES
SECTION. Tube requires six-contact socket. 5 5
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 82,
OUTLINES SECTION. Tube requires five- 5 6
contact socket. Heater volts (ac/dc), 2.5; am~
peres, 1.0. Except for heater rating, this typeis
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. QOutline 38, OUTLINES
57 SECTION. Tube requires six-contact socket.
Heater volts (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 for renewal purposes.

REMOTE-CUTOFF PENTODE

Glass type used in rf and if stages of radio
receivers employing avc and as a mixer in super-
heterodyne circuits. Qutline 38, OUTLINES

58 SECTION. Tube requires six-contact socket.
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. Outline 41, OUTLINES

SECTION. Tube requires medium seven-con-

59 tact (0.855-inch, pin-circle diameter) socket.

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, 5000 ohms; undistorted output watts, 1.25. For typical operation as

class A: amplifier (pentode connection; grid No.3 tied to cathode at socket), refer to type 6F6 with
plate voltage of 250 volts. This type is used principally for renewal purposes.

CLASS B AMPLIFIER—Triode Connection*

Maximum Ratings:

400 mazx volts
200 maz ma
10 mazx watts
1.5 max watts

Typical Operation {Values are for two tubes):
Plate Voltage. .. ....... ... .. . ittt 300 400 volts
Grid Voltage. .................. .. 0 0 volts
Zero-Signal Plate Current 20 26 ma
Effective Load Resistance (Plate-to-plate). ................. 4600 6000 ohms
Power Output (APProX.) . .o it i e 15 20 watts

* Grid No.3 tied to plate; grids No.1l and No.2 tied together.

RECTIFIER—BEAM POWER
AMPLIFIER

Glass octal type used as combined half-

wave rectifier and output amplifier in ac/de

70L7-GT receivers. Outline 26, OUTLINES SECTION.

Tube requires octal socket. Heater volts {(ac/dc),

70; amperes, 0.15. Maximum ratings of rectifier

unit: peak inverse plate volts, 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 volts, 110 (117 max); grid-No.1 volts, ~7.5; plate ma., 40; grid-No.2

ma., 3; plate resistance, 15000 ohms; transconductance, 7500 umhos; load resistance, 2000 ohms;
output watts, 1.8; plate dissipation, 5 mex watts; grid-No.2 input, 1 maz watt.
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POWER TRIODE

@) © Glass type used in output stage of audio-
frequency amplifiers. Outline 36, OUTLINES
SECTION. Tube requires four-contact socket.
Filament volts (ac/dec), 5.0; amperes, 0.25. 7] —A
* Characteristics as class A; amplifier: plate volts,
° o 180 mazx; grid volts, —40.5; cathode resistor,
F £ 2150 chms; plate ma., 20; plate resistance, 1750
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

Giass type used as combined detector, am-
plifier, and ave tube in radio receivers. Outline
34, OUTLINES SECTION. Tube requires six-
contact socket. Heater volts (ac/dc), 6.3; am- 75
peres, 0.3. Except for interelectrode capaci-
tances and plate volts of 250 mazx, this type is
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 32, OUT-
o e o k LINES SECTION. Tube requires five-contact
socket. Heater volts (ac/dc), 6.3; amperes, 0.3. 76
. Characteristics as class A; amplifier: plate volts,
° ° 250 maxzx; grid volts, —13.5; plate ma., 5; plate
H H

resistance, 9500 ohms; transconductance, 1450

umhos. 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 34,
OUTLINES SECTION. Tube requires six-
contact socket. Heater volts (ac/dc), 6.3; am- 77
peres, 0.3, Except for capacitances and grid-No.
2 rating of 100 mazx 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 34, OUTLINES SECTION. Tube re-
quires six-contact socket. Heater volts (ac/dc), 7 8
6.3; amperes, 0.3. Except for capacitances, this
type is identical electrically with metal type
6K7. Type 78 is used principally for remewal
purposes.

HIGH-MU TWIN POWER TRIODE

Glass type used in output stage of radio
receivers as a class B power amplifier or a class
A driver. Outline 34, OUTLINES SECTION.
Tube requires six-contact socket. Heater volts 79
(ac/dc), 6.3; amperes, 0.6. Maximum ratings
and typical operation as class B power ampli-
fier: plate volts, 250 maz; grid volts, 0; zero-
gignal plate ma., 10.5; effective load resistance
(plate-to-plate), 14000 ohms; output watts (approx.), 8; peak plate ma. per plate, 90 maz; average plate
dissipation, 11.5 watts maz. For typical operation as a resistance-coupled amplifier, refer to Chart 24,
RESISTANCE-COUPLED AMPLIFIER SECTION. This type is used principally for renewal
purposes.
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FULL-WAVE VACUUM
RECTIFIER

Glass type used in power supply

80 of radio equipment having moderate
direct-current requirements. Qutline

36, OUTLINES SECTION. Tube re-

quires four-contact socket and should

Pp2 PDy

e‘ )
) ©

F

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

Glass type used in power supply of radio
receivers. Outline 43, OUTLINES SECTION.
Tube requires four-contact socket and should
be mounted preferably in a vertical position.
8] Horizontal mounting is permissible if pins 1 and
4 are in a vertical plane. Filament volts (ac), 7.5;
amperes, 1.25. Ratings as half-wave rectifier:
peak inverse plate volts, 2000 mazx; peak plate
ma., 500 mazx; de output ma., 85 max. This type
is used principally for renewal purposes.

FULL-WAVE MERCURY-VAPOR

RECTIFIER
8 2 Glass types used to supply de¢ power of uni-
form voltage to receivers in which the rectified
8 3 current requirements are subject to considerable
variation. Outlines 36 and 41, respectively,

OUTLINES SECTION. Tubes require four-
contact socket and should be mounted in verti-
cal position with base down. Type 82 is used
principally for renewal purposes.

Type 82

FILAMENT VOLTAGE (AC) 2.6
FILAMENT CURRENT. ... .ot ite i tiinnncnnsanannsonensenss 3
Maximum Ratings:
PEAK INVERSE PLATE VOLTAGE. . .. . ... ...t iiitiiiiaannn. 1550 max
PEAK PLATE CURRENT PER PLATE . . 0.6 mar
DC OUTPUT CURRENT. . ... ......iiurnnnn . . 115 maxr
CONDENSED-M ERCURY TEMPERATURE RANGE................ 24 to 60
Typical Operation {With Capacitor-Input Filter):
AC Plate-to-Plate Supply Voltage (rms) 900
Minimum Total Effective Plate-Supply Impedance

per Platet......... ... e 50
DC Qutput Current. .. .................. 115
Typical Operation (With Choke-Input Filter):
AC Plate-to-Plate Supply Voltage (rms).................... 1100
Minimum Filter-Input Choke........................c¢0.... 6
DC Output Current............. ... ... .. ciiiiiineecunnn. 115

o
z
(4]

PD2 Poy

Type 83
volts
3 amperes
1550 maz volts
1.0 maz ampere
225 max ma
20 to 60 °C
900 volts
50 ohms
225 ma
1100 volts
3 henries
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.

FULL-WAVE VACUUM RECTIFIER

Glass type used in power supply of radio
equipment having high dec requirements. Out-
tine 36, OUTLINES SECTION. Tube requires

8 3 -v four-contact socket. Heater volts (ac), 5.0; am-
peres, 2. This type is identical electrically with
glass-octal type 5V4-G. Type 83-v is used princi-
pally for renewal purposes.
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PO
3 FULL-WAVE VACUUM RECTIFIER

Glass type used in power supply of auto-
mobile and ac-operated radio receivers. Outline
PD2 e ° K 82, OUTLINES SECTION. Tube requires five~
contact socket. Heater volts (ac/de), 6.3; am- 84 6Z4
‘ peres, 0.5. Maximum ratings: peak inverse plate
o o volts, 1250 max; peak plate ma., 180 maz; de
output ma., 60 maz; peak heater-cathode volts,
450 smax. Typical operation with capacitor-
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; de output ma., 60, This type is used
principally for renewal purposes.

H H

TWIN DIODE—MEDIUM-MU TRIODE

Glass type used as a combined detector,
ampiifier, and ave tube. Outline 34, OUTLINES
SECTION. Tube requires six-contact socket.
Heater volts (ac/dc), 6.3; amperes, 0.3. Char- 85
acteristics of triode unit as class A; amplifier:
plate volts, 250 maz; grid volts, —20; amplifica-
tian factar, 8.3; transconductance, 1100 zmhos;
plate ma., 8.0; plate resistance, 7500 ohms; load
resistance, 20000 ohms; output watts, 0.35. For typical operation as a resistance-coupled amplifier, refer
to Chart 22, RESISTANCE-COUPLED AMPLIF1IER SECTION. This type is used principally for
renewal purposes.

TRIPLE-GRID POWER AMPLIFIER

Glass type used in output stage of radio
receivers. Outline 34, OUTLINES SECTION.
Tube requires six-contact socket. Heater volts
(ac/de), 6.3; amperes, 0.4. Maximum ratings as 89
class B amplifier (triode connection): plate
volts, 250 mazx; peak plate ma. per tube, 90 maz;
average grid input of grids No.l and No.2
tied together, 0.35 maz watt. This type is used
principally for renewal purposes.

CLASS A, AMPLIFIER

Triode Pentode
Typical Operation: Connection* Connection**
Plate Voltage (250 max) . ... ........cviiiiirivaranann. 180 180 volts
Grid-No.2 (Screen) Voltage (250 max). .. ................. - 180 volts
Grid-No.1 (Control-Grid) Voltage. . .. ......... ... ... ... —22.5 -~18 volts
Cathode Resistor 1125 85 ohms
Plate Current. .. .... 20 20 ma
Grid-No.2 Current. ... ....... - 3 ma
Amplification Factor - 4.7 -
Plate Resistance.......... - 3000 80000 ohms
Transconductance. .. ...... L. 1550 1550 pmhos
Load Resistance. ......... Ce 65001 8000 ohms
Power Output. . ... ... ... . . . . . e 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)]

Typica! Operation (Valves are for two tubes):

Plate Voltage 180 volts
Grid Voltage. 1] volts
Peak AF Grid-to-Grid Voltage 68 volts
Zero-Signal Plate Current. . ................ .. 6 ma
Effective Load Resistance (Plate-to-plate) ....................covivvun.. 9400 ohms
Total Harmonic Distortion 8 per cent
Power OUutpUt (ADPPrOX.) . . .ttt ettt et e e e aaaeaan 3.5 watts

1 Grids No.1 and No.2 tied together; grid No.3 tied to plate.
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DETECTOR AMPLIFIER TRIODE

v99 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 voits, 90
max; grid volts, -4.5; amplification factor,
6.6; transconductance, 425 pmhos; plate ma.,
2.5. Operation as grid-resistor detector: plate
volts, 45; grid resistor, 0.25 to 5 megohms; grid
x99 capacitor, 250 puf; grid return to (+) filament.
Operation as biased detector: plate volts, 90
mazx; grid volts (approx.), -10.5. These are
DISCONTINUED types listed for reference
only.

DETECTOR AMPLIFIER TRIODE

Glass type used as detector or amplifier in
battery-operated receivers. Outline 36, OUT- P,
LINES SECTION. Filament volts (dc), 5.0; @)
amperes, 0.25. Operation as class A amplifier:
plate volts, 180 max; grid volts, —13.5; ampli-
112-A fication factor, 8.5; transconductance, 1800

umhos; plate ma., 7.7; load resistance, 10650 o ‘ o

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.

RECTIFIER—BEAM POWER
AMPLIFIER

rl 7 |-7 / Glass octal type used as combined

M7 GT half-wave rectifier and output ampli-
= filer in ac/dc receivers. Outline 26,
OUTLINESSECTION. Tuberequires
octal socket. Heater volts (ac/de), 117;

-

amperes, 0.09. For ratings and operation of rectifier unit, refer to type 117TN7-GT

Maximum Ratings: AMPLIFIER UNIT AS CLASS A; AMPLIFIER

PLATE VOLTAGE. ... i\ttt ittt ittt e e 117
GRID-NO.2 (BCREEN) VOLTAGE. . . .. cittitiin ittt aieenaaeneanes 117
6.0

PLATE INPUT. ... i i i e et s

GRID-NO.2 DISSIPATION . . ..\ttt it iiaie i ia et 1.0
Typical Operation:

PLATE VOLTAGE. o0t ttt ettt ie i tiaannarnn e as e 105
Grid-No.2 Voltage. . ...ttt it 105
Grid-No.1 (Control-Grid) Voltage. .. ...ttt iiiiiiiniiennees -5.2
Peak AF Grid-No. Ll Voltage. . ... oo ittt iene it iannsnnen 5.2
Zero-Signal Plate Current. . .. .......... it iiitrenaanrsararaseonoenns 43
Maximum-Signal Plate Current. . . ............. ... iiiiinnnann N 43
Zero-Signal Grid-No.2 Current (ApPProX.)..........ciciviiiieinerarooneses 4
Maximum-Signal Grid-No.2 Current (ApPprox.). ..........c.cvvieivannanes 5.5
Plate Resistance (APProX.). .. ... .uuiineaniniiairnnaneersearaarossnans 17000
Transconductance. . . ... .. ... . iiiniinin it eistoaesaaannann 5300
Load ResiBtance. . ..ot o ittt ittt it i e e 4000
Total Harmonie Distortion. ... ... .. ... .. ittt 5
Maximum-Signal Power OQutput. ...... ... ... . .. .. i it 0.85

mazx
max
maxr
maxr

volts
volts
watts
watt

volits
volts
volts
volts
ma
ma
ma

ohms
pmhos
ohms
per cent
watt
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RECTIFIER—BEAM POWER
AMPLIFIER

Glass octal type used as combined
half-wave rectifier and output ampli- ]]7N7—GT
fier in ac/de receivers. Outline 26,
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-No.l 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-No.1 circuit may have a de resistance
as high as, but not higher than, 1.0 megohm.

RECTIFIER UNIT AS HALF-WAVE RECTIFIER

Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE. . ... iiiiiiiiiinennrneanoseonsnnnaes . 350 maz volts
PEAK PLATECURRENT. . .. ... .. .cviirnnnrnnns 450 mar ma
DC OUTPUT CURRENT. . .. .. ..vuinnnnnnes 75 max ma
PEax HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode...... Meeersesesneetterrasanna 175 mazx volts
Typical Operation {Capacitor-Input Filter):
AC Plate-Supply Voltage (rms). . ... ......c.cvvennns Ceereeerraeanea e 117 volts
Filter-Input Capacitor ... ... . ..ouiviieranirianrarennrnsnaneneanensn 40 uf
Minimum Total Effective Plate-Supply Impedancet.............covvvnne. 15 ohms
DCOutput Current. . .. .ovinieriririeennenisaneennens Ceeseaaaaes e 75 ma
DC Output Voltage at Input to Filter (ApproX.). .. ..... oot 122 volts

tWhen 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 iinrturnosrannsansannsssssetsssossnsasans 117 max volts
GRID-NO.2 (SCREEN) VOLTAGE . . s st evnvennaressasecstorsosonnnossnassons 117 maz volts
PLATE DISSIPATION. . ... e et s e it aeaatas ts e sseentannatanens 5.5 mazx watts
GRID-No.2INPUT . ........... Ce e ressaraasaatiaseeteaaansiaen eeeas 1.0 maz watt

Typical Operation:

Plate Voltage. . . ..ottt iiinr ittt tiestntosensacnesaneartasas 100 volts
Grid-No.2 Voltage. .. ...ttt ittt iertieanaannaesnaarasneans 100 volts
Grid-No.1 (Control-Grid) Voltage. . . . ... ... ittt iiieirveens -6 volts
Pealt AF Grid-No.1 Voltage. .. ... viieiiiiiiirnneseecnioncnonennanns 6 volta
Zero-Signal Plate Current. . . .. .. v iiiit ittt ittt 51 ma
Zero-Signal Grid-No.2 Current. . ..ot iiiiiniinrecnennonnanennnsans 5 ma
Plate Resistance (APPIOX.). . cuaecevvrvrireerussenneronnennssnnasaceesss 16000 ohms
Transconductance............... N 7000 umhos
Load Resistance. ................ e r ettt ettt e 3000 ohms
Total Harmonic Distortion. ... ....coviiiiiineninnnnnnes Chereeeiaaaas 6 per cent
Maximum-Signal Power Output. .............. .. ..., eeesrsaresenanans 1.2 watts

RECTIFIER—BEAM POWER
AMPLIFIER
Glass octal type used as combined half-
wave rectifier and output tube, OQutline 26, ]]7P7-GT
OUTLINES SECTION. Tube requires oectal
socket. Heater volts (ac/dc), 117; amperes,

0.09. This tube is electrically identical with
glass-octal type 117L7/M7-GT.
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P
HALF-WAVE VACUUM )
RECTIFIER G) 04
Miniature type used in power sup-
]]723 ply of ac/dc,battery radio receivers. nc@ (Dne
The heater is designed for operation 0
directly across a 117-volt ac or dc sup- &
ply line.
HEATER VOLTAGE (AC/DC) . ..ttt ittt ittt ieeiiiiiai s enannnnnans 117 volts
HEATER CURRENT. . .0ttt ittt itetatnr et asienennnennnnrsnsasnnasenns 0.04 ampere
Moximum Rotings:
PEAK INVERSE PLATE VOLTAGE 330 max volts
PEAK PLATE CURRENT. ........... 540 maz ma
DC OUTPUT CURRENT. . . . oottt ettt it ie s teeeannrenanannans 90 max ma
PEAK HEATSR-CATHODE VOLTAGE:
Heater negative with respect to cathode............ et aee e 175 max volts
Heater positive with respect to cathode.......... e teebea e 100 maz volts
Typical Operation {Capacitor-Input to Filter):
AC Plate-Supply Voltage (rms) .. ................... v e e 117 volts
Filter-Input Capacitor. . . . ... ... . i ittt 30 uf
Minimum Total Effective Plate-Supply Impedancet...................... 20 ohms
DC OQutput CUrrent. . . .. ... e e e 90 ma
DC Output Voitage at Input to Filter (Approx):
At half-load current (45 ma.}. . ... ... .. . ... . i 130 volts
At full-load current (90 ma.).................. e 110 volts
Voltage Regulation (Approx.):
Half-load to full-load current. . . ... ... .. . ... ... ... ... ... .. ..... 20 volts

‘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

INSTALLATION AND APPLICATION

the rated value.

Type 117723 requires miniature seven-contact socket and may be mounted in
any position. Outline 15, OUTLINES SECTION. It is especially important that
this tube, like other power-handling tubes, should be adequately ventilated.

Refer to the CIRCUITS SECTION for typical application of the 11723 as a

half-wave rectifier in a portable 8-way superheterodyne receiv

OPERATION CHARACTERISTICS

TYPENTZ3

Ef=HTVOLTS

PLATE VOLTS=I7RMS

TOTAL EFFECTIVE PLATE -
SUPPLY IMPEDANCE =20 OHMS
C=CAPACITOR INPUT TO FILTER -

3

\\C

&

20,5
P 7

v/

o
4

S
o

<

[} 40 80 120
DC LOAD MILLIAMPERES
92CM-6633T\

DC OUTPUT VOLTS AT INPUT TO FILTER
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P HALF-WAVE VACUUM RECTIFIER
e Glass octal type used in power supply of
NC o ac/dc/battery radio receivers. Dimensions:

maximum overall length, 3 inches; maximum
seated height, 234 inches; maximum diameter, .I.I7Z4-GT
1-5/16 inches; T-9 bulb; intermediate-shell
e"’e octal 7-pin base. Tube requires octal socket.
o o Heater volts (ac/dc), 117; amperes, 0.04. Maxi-
NC h P /
mum ratings as half-wave rectifier: peak inverse
plate volts, 350 max; peak plate ma., 540 maz;
peak heater-cathode volts, 175 mazx. Typical operation with capacitor-input filter: ac plate supply volts
(rms), 117; minimum total effective plate-supply impedance, 30 chms; dc output ma., 90.

K

ko, i VACUUM RECTIFIER-DOUBLER

P0p (2 Glass octal type used as half-wave
2(3) rectifier or voltage doubler in ac/dc
receivers. Outline 22, OUTLINES '|'|7Z6_GT

" Q‘-’O « SECTION. Tube requires octal socket
DRIO and may be mounted in any position.

Heater volts (ac/de), 117; amperes,

KD,
e 0.075.
HALF-W AVE RECTIFIER

Moximum Ratings:

PEAK INVERSE PLATE VOLTAGE. . . . ..ot tiiivnercnnnenroannnesnns ‘e 700 max volts
PEAK PLATE CURRENT PER PLATE. . .. .. ... ... i iiiaenes 360 max ma
DC OuTPUT CURRENT PER PLATE. . ... ... it it i 60 max ma
PEAK HEATER-CATHODE VOLTAGE. . . ... tuuttnnnrnuanernarnransansonas 350 mazx volts

Typical Operation (Capacitor-lnput Filter}:°

AC Plate-Supply Voltage per Plate (rms)...... 117 150 235 volts
Filter-Enput Capacitor. .. ...............cvvenn 40 40 40 uf
Minimum Total Effective Plate-Supply Impedance

per Platef. ............ ... il 15 40 100 ohms
DC Output Current per 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. .. ..........iiiiiiiiiirrenanunns 40 40 uf
Minimum Total Effective Plate-Supply Impedance per Platet. . 30 15 ohms
DC Output Current. .. ..ottt 60 60 ma

© In half-wave rectifier service, the two units may be used separately or in parallel.
t 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
P (4 Glass type used in output stage of radio re-
@ ©, ceivers. Outline 36, OUTLINES SECTION.

Filament volts (ac/dc), 5.0; amperes, 1.25.

Characteristics: plate volts, 250; grid volts, —60; ] 83/483
plate ma., 30; amplification factor, 3; plate re-

‘ sistance, 1750 ohms; transconductance, 1700

o e pmhos; load resistance, 5000 ohms; output

F F watts, 1.8. This is a DISCONTINUED type
listed for reference only.
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DETECTOR AMPLIFIER TRIODE

Glass type used as detector or class A; am-
plifier in radio receivers. Qutline 32, OUT-
LINES SECTION. Heater volts (ac/dc), 3;am- P
485 peres, 1.25. Characteristics: plate volts, 180;
grid volts, —9; amplification factor, 12.5; plate
resistance, 8900 ohms; transconductance, 1400
pmhos; plate ma., 5.8. This is a DISCON- H H
TINUED type listed for reference only.

G
()

CURRENT REGULATORS

Constant-current regulating devices (bal-
last tubes) used in radio receivers. Bases fit the

876 standard mogul serew socket and tubes may be
mounted in any position. Tubes operate at high

886 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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in Typical RCA Electron Tube

e oAt

. ENVELOPE—Lime glass

. SPACER—Mica sprayed with mag-
nesium oxide

. PLATE—Carbonized nickel or nickel-
plated steel

. GRID WIRES—Manganese-nicke! or
molybdenum

. GRID SIDE-RODS~— Chrome copper,
nickel, or nickel-plated iron

. CATHODE—Nickel coated with bar-
ium-calcivm-strontivm carbonates

. HEATER—Tungsten or tungsten-mo-
lybdenum alloy with insulating coat-
ing of alundum

o)

1.
12,

13.

14.
. BASE—Bakelite
16.
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. CATHODE TAB— Nickel
. MOUNT SUPPORT — Nickel or nick-

el-plated iron

. GETTER SUPPORT AND LOOP~—

Nickel or nickel-plated iron
GETTER—Barium-magnesium alloys
HEATER CONNECTOR— Nickel or
nickel-plated iron

STEM LEAD-IN WIRES — Nicke!,
dumet, copper

PRESSED STEM—Lead glass

BASE PINS—Nickel-plated brass-



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 laboratory accuracy. Because the accuracy of the tube-testing
device need be no greater than the accuracy of the correlation between test results
and receiver performance, and since certain fundamental characteristics are 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 unsatisfactory is judged from the test result of this single character-
istic. Consequently, it is very desirable that the characteristic selected for the test
be one which is truly representative of the tube’s overall condition.

The following 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 characteristic 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. 78. 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- T’T’] [ﬁ [ﬁﬁ ("_T?]
[N

ages applied will depend on the type of tube [ T
being tested. Any two shorted electrodes com- Ot Ac
plete a circuit and light one or more lamps. Fig. 18

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 method 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 subjeet 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.

Fig. 79 shows the fundamental circuit diagram for an DIRECT-
SupRERT ()

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. Fig. 79

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. 80 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. 81 gives a fundamental
circuit with a tetrode under test. This method is superior to the static transcon-
ductanece test in that ac voltage is applied to the grid. Thus, the tube is tested
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o

Shihl 1
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I
i
Fig. 80 Fig. 81

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. 82 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 de 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. 83 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:

(de current in amperes)® X load resistance in ohmg
0.405

Power output (watts) =
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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.
1L4 1
1S5 2
104 3
105 2
2A6 4
2B7 5
6A6 6
6AQ6 7
6AQT-GT 7
6AT6 7
6AUG 8
6AV6 25
6B6-G 4
6B7 5
6B8 (G) 5
6BF6 9
6C4 10
6C5 (GT) 11
T 11
scegp 1
6C8-G 12
6F5 (GT) 18
6F8-G 13
6J5 (GT) 13
11
6J7(G,GT)3P u
6L5-G 15
6N7 (GT) 6
6Q7 (G,GT) 7
6RT (GT) 9
657 (G) 16
6S8-GT 4
6SC7 17
6SF5 (GT) 18
6SF7 19
6SHT 8
6SJ7 (GT) 20
6SL7-GT 7
6SN7-GT 13
6SQ7 (GT) 4

Type Chart No.
6SR7 9
6ST7 9
6SZ7 7
6T7-G 7
6TS 7
T 1
6W7-G%P 4
6Z7-G 21
12AT6 7
12AU6 8
12AV6 25
12AU7 10
12AX7 25
12C8 5
12F5-GT 18
12J5-GT 13
T 11
12J7—GT%P n
12Q7-GT 7
12S8-GT 4
12SC7 17
12SF5 18
12SF7 19
12SHT 8
128J7 (GT) 20
12SL7-GT 17
12SN7-GT 13
128Q7 (GT) 4
12SR7 9
19T8 7
53 6
55 22
56 23
T 11
57%P 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
over 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.
Cg» =Screen Bypass Capacitor (uf).

Eup =Plate-Supply Voltage (volts). E, =Peak Output Voltage (volts).
Voltage at plate equals plate- This voltage is obtained across
supply voltage minus drop in R, R (for following stage) at any
and Rk. See Note 1 below. frequency within the flat region

— Cathod : hms). of the output vs frequency curve,
gk _ g atho 1‘; R‘ezlstor (0 :1 $) and is for the condition where the
g =ocreen 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

Rp =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-
quency (f.) is that value at which the high-
frequency response begins to fall off. The fre-
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 fi 420~ f2
suitable for Rg, Re, Rp, and Ry resistors. FREQUENCY —=
Capacitors C and Cg; should have a working
voltage equal to or greater than Eyp. 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
Ind
o

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
£,  of C and Cx by 100/f,. In the case of eapacitor Cy, the
values shown in the charts are for an amplifier with dc
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
= £y = 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; 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 f, is well above the audio-frequency range for any value of R,.
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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/f;. The voltage output at f, for ‘‘n’’ like
ng l stages equals (0.8)2E, where E, is peak output

AN
e AR e

voltage of final stage. For an amplifier of
typical construction, and for Ry values of 0.1,
e - 0.25, and 0.5 megohm, approximate values of

bb - f; are 20000, 10000, and 5000 cps, respectively.
Note: The values of input-coupling capacitor
in miecrofarads 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, Cx, and Cg have been
chosen to give an output voltage equal to 0.7
E, for a frequeney (f,) of 100 cycles. For any
other value of f,, multiply values of C,Cx, and
Cg: by 100/1;. In the case of capacitor Cy, 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
Cyx 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 R, 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 Ry 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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R
(See page 247 for explanation of symbols)
[Eob [Rp [Re [Rz [Re [Caz [ | € [Eo] va.]
022 | 0.24 | ~ | 0.071 o011 | 12 16%
022 { 047 | 032 | - | 0.06 0.006 | 14 23
10 |03 | - [ ooss 0.0035 | 18 30
047 | 057 | ~ | 0.040 0.0052 | 14 22
45 1 047 | 1.0 | 064 | - | 0.047 0.0035 | 17 30
22 | o074 | - | 0044 00018 | 19 | 33 114
1o | 11 - | 0.036 0.0028 | 14 28
1.0 |22 | 125 | - | oo03s 0.0018 | 16 32
33 | 145 | - | o032 0.0015 | 18 38 See Circuit
0.22 | 0.4 ~ | o.089 0.011 26 28 Diagram 2
022 | 047 | 046 | -~ | o.081 0.0055 | 36 36
10 |oa7 | - | ooe 0.0035 | 42 41
047 | 084 | - | 0.07 0.0055 | 30 34
9 | 047 | 1.0 | 09 - | o.080 0.003 | 38 42
22 | 1.0 - | o0.062 0.0018 | 40 50
1.0 | 2.0 - 1 0.045 0.0028 | 30 45
10 |22 |21 - | o0.045 0.0018 | 35 55
33 | 2.2 - | o044 0.0012 | 40 61
0.22 | 0.5 =] o0.09 0011 | 42 34
022 | 047 | 0.63 | - | 0.074 0.0055 { 54 51
1.0 o067 | - | o072 0.0035 | 57 60
0.47 | 11 - | 00om 0.005 | 47 49
135 | 047 | 1.0 | 14 - | 006 0.0028 | 54 68
22 | 15 - | o.051 0.0018 | 60 87
1.0 [ 2.1 - | 0.059 0.0025 | 45 53
10 | 22 | 24 - | o.0s4 0.0018 | 57 a8
33 | 2.7 - | o048 0.0012 | 61 91
022 | 026 [ - | 0.042 0013 | 14 17
022 | 047 | 036 | ~ | 0.035 0.006 | 17 24
1.0 | 04 - | 0034 0.004 | 18 28
047 | 082 | - | o025 0.0055 | 14 25
45 | 047 | 10 | 1.0 - | 0023 0.003 | 17 33
22 | 11 - | o022 0002 | 18 38 1S5
1.0 | L9 - | 0.019 0.003 | 14 31 1U5
1.0 | 22 | 20 - | oot9 0.002 | 17 38
33 | 2.2 - | o018 0.0015 | 18 43
0.22 | 0.5 - | o0s 001t | 31 25 .
022 | 047 | 059 | ~ | o.0s 0.006 | 37 34 See C“c“‘zt
1.0 0.67 - 0.042 0.003 40 41 Diagram
047 | 1.2 = | 0.035 0005 | 31 37
9 | 047 { 10 | 1.4 - | 0.034 0.003 | 36 47
22 | 16 - | 0031 0.002 | 40 57
10 | 25 - | 0026 0.003 | 31 45
10 | 22 | 29 - | o.025 0.002 | 36 58
33 | 31 - | 0.024 0.0012 | 38 66
0.22 [ 0.66 | - | 0.052 0.011 | 45 31
022 | 047 { o1 | - | o.051 0.006 | 56 41
.0 {08 | - | 0.039 0.003 | 60 54
047 | 195 | - | 0.0e2 0.005 | 46 44
135 | 047 | 10 | 18 - | 0.034 0.003 | 54 62
22 | 19 ~ | o.033 0.002 | 60 71
1.0 | 3.1 0.03 0.003 | 45 56
10 | 22 | 37 - | o.029 0.0015 | 53 76
33 | 43 0.026 0.0014 | s6 88

% At 4 volts (rms) output.
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{See page 247 for explanalion of symbols)

lEbbl Rpl R,[Rgzl RlegZICkTC ]Eo[V.G.I

022| 006 | - ]|o0.046] - |oomt | 11 | 23
0.22| 047 0.07 - Joo0ss| - o006 | 15 | 33
10 jooun| - |oos | - |oo0o3 | 17 | 39
0.47 | 034 - Joos| - [oo00os | 13| 34
45 | 047 1.0 | 044 - |oo022] - [o003 | 16 | 46
14 22 | 05 - loo22| - |o002 | 18 | s
1.0 | 10 - Joo6| - |oo0s | 14 | a3
1.0 22 | 10 - o6 | - Joooz | 17| s
See Circuit 33 | 11 - Joois| - |ooor | 17 | e0
Diagram 2 0.22 | 03 - 10046 | - | o001 27 | 37
0.22| 047 | 036 - |oo0e | - | o006 | 36 | 34
1.0 | 04 - |o0038| - {0003 | 386 | 63
047 | 0.9 - Joo2z| - |ow00ss| 20 | &
o [ 047{ 1.0 | Lo - |oo23| - o003 | 35 | a2
2.2 | 1.1 - Joo22| - |o002 | 38| 96
1.0 | 1.9 - 1 0.02 - [ o.0025 | 30 | 77
10 | 22 | 20 - 1 0.02 - o002 | 35 | o8
33 | 22 - loos| - |oo001 | 37 | 114
0.22 | 0.4 - [oos2| - {oo11 | 44 [ 46
0.22 | 047! 049 - |o037{ - |owoos | ss | n
1.0 | 0.52 - |o0034! - {0003 | 60 | s3
0.47 | 1.1 - }oo029] - Joooes| 45 | 77
135 | 047 | 10 | 13 - Jo0023| - |ooo3 | 53| 106
2.2 | 1.4 - 10022 - [o0002 | 59 | 123
1.0 | 23 - loo21 | - o025 | 45 | 104
10 | 22 | 25 - Joows| - {00015 53 | 136
33 | 29 - Joo16| - [oo001 | s6 | 163
0.1 - le300 | - 22 [oo2 3| 230
01 [ 025 - f[6600 [ - |17 {001 s | 208
0.5 - |6r00 | - |17 | 0006 6 | 3x
025 | - [wooo | - |1.24]0.01 5 | a4m
9 | 0.25] o5 - |iteoo | - | 1.07 | 0.006 7 | a0n
2A6 1.0 - J1soo | - Jo9 |ooos [ 10| 40
6B6-G 0.5 - le2w0 | - Jo7sfooos | 7| a0
6S8-GT 05 | 1.0 - fi6600 | - {07 |0003 | 10 | a4
2.0 - {17400 | - | o065 | 00015 | 13 | 48
65Q7 0.1 - |2600 | -~ {33 |o025s | 16 | 29
65Q7-GT o1 | o025 - | 2900 -~ |29 foos | 22 | 36
1258-GT 0.5 - J3000 | - |27 |ooo7r | 23 | 37
- 025 | - |4300 | - |21 [oo01s | 21 | 43
125Q7 180 | o2s| o5 | - [4800 | - |18 foo007 | 28 | so
125Q7 GT 1.0 - 5300 - 1.5 0.004 33 53
75 0.5 ~T7000 | - |13 [o0007 [ 25 | s2
05 | Lo - |800 | - |11 |oow4 | 33| s7
2.0 - | 800 | - |09 |o0002 | 38 | s8
0.1 - 1900 | - |40 |oe3 31 | a1
—-— o1 | o2s| - |2200 | - |35 |[oo01s [ a1 | 30
SEf: Circuit 0.5 - 2300 - 3.0 | 0.007 45 42
Diagram 1
025 | - |3300 | - |27 |oois | 42 | as
300 | 025 | 05 - |3%0 [ - (20 {oo007 | s1 { 53
1.0 - L4200 | - |18 [o000s | 60 | 56
0.5 - |s30 | - |1.6 o007 | 47 | s8
05 | 10 - Jet00 | - |13 |ooos | 62 | 60
2.0 - |7000 | - |12 o002 | 67 | 63

@~ At 2 volts (rms) output. ® At 3 volts (rms) output. ¥ At 4 volts (rms) output.
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[E ]

Rp | Re [Ra2| Rk [C2 [Ck | C | Eo | VG|

01 | 037 | 2000 | 0.07 | 3.0 | 0.02 19 24

01 | 025 | 05 | 2200 | 0.07 | 3.0 | 0.01 28 33
05 | 06 | 2000 [ 0.06 | 2.8 | 0.006 29 37

0.2 | 1.18 | 3500 [ 0.04 | 1.9 | 0.008 26 43

90 ] o025} 05 | 11 | 3500 | 0.04 | 2.1 | 0.007 33 55
1.0 | 135 | 3500 | 0.04 | 1.9 | 0.003 32 65

05 | 2.6 | 5000 | 0.04 | 1.5 | 0.004 22 63

05 | 1.0 | 28 | 6000 [ 0.04 | 1.55] 0.003 29 85
20 | 29 | 6200 | 0.04 | 1.5 | 0.003 27 | 100

01 | 0.44 | 1000 { 0.08 | 4.4 | 0.02 30 30

01 | 025 | 05 | 1200 | 0.08 | 4.4 | 0.015 52 41
05 | 06 | 1200 | 0.07 | 4.0 | 0.008 s3 46

025 | 1.18 | 1900 { 0.05 | 2.7 | 0.0 39 55

180 | 025 [ 05 | 1.2 | 2100 | 0.06 | 3.2 | 0.007 55 69
1.0 | 1.5 | 2200 | 0.05 | 3.0 | 0.003 53 83

05 | 2.6 | 3300 | 0.04 | 21 | 0.005 47 81

os | 1.0 | 2.8 | 3500 | 0.04 [ 2.0 | 0.003 55 | 118

20 | 30 | 3500 | 0.04 | 2.2 | 0.002 s3 | 116

01 | 05 950 | 0.09 | 4.6 | 0.025 60 36

01 ] 025 | 055 { 1100 | 0.09 | 5.0 | 0.015 89 47

05 | 06 900 | 0.08 | 4.8 | 0.009 86 54

025 | 1.2 | 1500 | 0.06 | 3.2 { 0.015 70 64

300 | 025 | 05 | 1.2 | 1600 | 0.06 | 3.5 | 0.008 | 100 79
10 | 1.5 | 1800 [ 0.08 | 40 | 0.004 95 | 100

05 | 27 | 2400 | 0.0s | 2.5 | 0.006 80 96

05 | 1.0 | 29 | 2500 | 0.05s | 23 | 0.003 | 120 | 150
20 | 34 | 2800 |0.05 | 28 | 0.0025 | 90 | 145

0.1 - | 1900 ] - - | o.025 13 16

o1 | o2 | - [ a22s0%] - - [ om 19 19
0.5 - | 2s00%] - - | 0.006 20 20

025 | - | 40s0*| -~ - | oot 16 20

90 | 025 [ 05 - | 49s0* | - - | 0.006 20 22
1.0 - | sa00%| - - | 0.003 24 23

0.5 ~ | 7000*| - - 10.006 18 22

05 | 10 ~ | 8500%]| ~ ~ | 0.003 23 23
2.0 - | 9650 - - [ o0o00t5 | 26 23

0.1 - | 1300*} - - ] oo03 3s 19

o1 | 025 | - | 1700%} =~ - | 0015 46 21

0.5 - | 1950 | ~ - | o.007 50 22

025 | - | 29s0° - | 0.015 40 23

180 { 0.25 { 0.5 - | 3800 | -~ - | 0.007 50 24
1.0 - | 4300* - 00035 | 57 24

0.5 - | s2s0*} -~ ~ | o.007 44 24

05 | 10 - ] es00*| -~ - | 00035 | 54 25
2.0 - | 7es0*| -~ - | o.002 61 25

0.1 - | nso*| ~ - { 0.03 60 20

o1 | 025 | - | 1s00%| - - | 0015 83 22
0.5 - | asod| - - | 0.007 86 23

025 | - | 2650*| -~ - | oos 75 23

300 | 0.25| 0.5 - | 3400% - - { 00055 | 87 24
10 - | 4000*| ~ - | 0.003 | 100 24

0.5 - | 48so*| - - | o00ss| 76 23

05 | 10 - | 6100*| - - | 0.003 %4 24
2.0 - | nso+| ~ - | 0.0015 | 104 24

# The cathodes of the two units have a common terminal
*Values shown are for phase-inverter service.
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6B7
6B8
6B8-G
12C8

See Circuit
Diagram 3

6A6+
6N7 =
6N7-GT+
53+
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Diagram 4
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(See page 247 for explanation of symbols)
[Evb| Ro | Re | Rz [ Re [Caa [ o] € [Eo [ va.]
0.1 4200 | =~ 2.5 {0025 | 5.4 220
0.1 0.22 4600 | ~ 22 (0014 | 7.5 270
0.47 4800 | ~ | 20 | o0.0065 | 9.1 30
0.22 7000 | =~ 1.5 | 0013 | 7.3 308
6AQ6 90 | 022 | 047 7800 | ~ | 1.3 [0007 | 10| 34w
6AQ7-GT 1.0 8100 - 1.1 0.0035 12 kY2
6AT6 0.47 12000 | ~ | 0.83 | 0.006 10 368
047 | 1.0 14000 { ~ | 0.7 |0.0035 | 14 394
6Q7 2.2 15000 - 0.6 | 0.002 16 41%
6Q7-G 0.1 1900 - 3.6 | 0.027 19 30%
01 | o0.22 2200 | - | 31 | 0.014 25 35
6Q7-GT 0.47 2500 | - | 2.8 00065 | 32| 37
6SL7-GT* 0.22 3800 | - |22 |oo014 | 24| 38
6527 180 | 0.22 | 0.47 4100 | - 1.7 | 0.0065 | 34 42
1.0 4600 | ~ 1.5 | 0.0035 | 38 44
6717-G 0.47 6600 | - 1.1 | 0.0065 | 29 44
6T8 047 | 1.0 8100 | -~ |09 |o0.0035| 38 46
2.2 9100 | - |08 |o0.002 43 47
12ATé6
0.1 1500 | - | 4.4 |o0.027 40 34
12Q7-GT v 2100 | = |30 |oooss | &3 | 3
y -~ . . 4
125L7-GT*
0.22 2600 | - 2.5 |0.013 51 42
1978 300 | 0.22 | 047 3200 | ~ 1.9 |0.0065 | 65 46
o1 30 | ~ 1.6 [0.0035 [ 77 48
See Circuit 0.47 5200 - 1.2 | 0.006 61 48
Diagram 1 047 | 1.0 6300 | ~ 1.0 [0.0035 | 74 50
2.2 7200 | - |09 |o.002 85 51
1800 }0.11 9.0 |0.021 25 52
0.1 2100 |0.1 8.2 |0.012 32 72
2100 |0.1 8.0 |0.0065 | 37 88
3100 |0.08 6.2 | 0.009 25 72
90 | 0.22 3200 {0.078 | 5.8 |0.0055 | 32 99
6AU6 3700 [0.085 | 5.1 |0.003 34 | 128
6SH7 6300 [0.042 | 3.4 [0.0035 | 27 | 102
0.47 6500 |0.042 | 3.3 |0.0027 | 32 | 126
12AU6 6700 [0.04 | 3.2 {00018 [ 36 | 152
1 7 800 |0.15 | 14.1 ] 0.021 57 74
25H 0.1 900 |0.126 | 14.0 | 0.012 82 | 116
1000 | 0.1 12.5 | 0.006 81 | 141
See Circuit 1500 | 0.09 9.6 | 0.009 59 130
- 180 | 0.22 1700 | 0.08 8.7 | 0.005 67 |
Diagram 3 1900 |0.066 | 8.1 |0.003 71 | 200
3100 | 0.06 5.7 | 0.0045 | 54 | 172
0.47 3400 | 0.05 5.4 00028 | 65 | 232
3600 | 0.04 3.6 | 0.0019 | 74 | 272
500 | 0.13 | 18.0 | 0.019 76 | 109
o1 600 {0.11 | 16.4 | 0.011 | 103 | 145
700 | 011 | 153 | 0006 | 129 | 168
1000 | 0.1 12.4 | 0.009 92 | 164
300 | 0.22 1000 | 0.098 | 12.0 { 0.007 [ 108 | 230
1100 [0.09 | 11.0 | 0.003 | 122 | 262
1800 | 0.075 | 8.0 | 0.0045 | 94 [ 248
0.47 1900 | 0.065 | 7.6 | 0.0028 | 105 | 318
2100 | 0.06 7.3 [ 00018 | 122 | 3n

@~ At 2 volts (rras) output, ® At 3 volts (rms) output. ¥ At 4 volts (rms) outpt.

® One triode unit,
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[ Evv [ Rp | Re [R2 [Re [Caz [Cx [ € [Eo [VG.]

0.047 - 2200 | - 2.5 | 0.063 14

f 0.047 | 0.1 - 2800 - 2.0 |0.033 18 10

] 0.22 - 3200 - 1.7 |0.015 20 10
4

i 0.1 - 4100 - 1.4 | 0.032 13 10

90 { 0.1 0.22 - 5400 - 1.0 |0.013 20 11

0.47 - 6400 - 0.9 | 0.007 24 11

0.22 - 8500 - 0.67 | 0.015 18 11

0.22 | 0.47 - 12000 - 0.5 | 0.0065 23 11

1.0 - 14000 - 0.43 | 0.0035 | 27 1t

0.047 - 2000 - 2.9 10.062 32 10

0.047 | 0.1 - 2500 - 2.2 ! 0.033 42 10

0.22 - 3000 | - 1.9 |0.016 47 11

0.1 - 3800 { -~ 1.5 [ 0.033 36 11

180 | 0.1 0.22 - 5100 - 1.1 | 0.015 47 11

0.47 - 6200 - 0.9 | 0.007 55 12

0.22 - 8000 - 0.73 | 0.015 41 12

0.22 | 0.47 - 11000 - 0.5 | 0.007 54 12

1.0 - 13000 - 0.4 | 0.0035 | 69 12

0.047 - 1800 - 3.0 | 0.063 58 10

0.047 | 0.1 - 2400 | - 2.4 | 0.033 74 11

0.22 - 2900 - 2.0 | 0.016 85 11

0.1 - 3600 - 1.6 | 0.033 65 12

300 | 0.1 0.22 - 5000 - 1.2 | 0.015 85 12

0.47 - 6200 - 0.95 { 0.007 96 12

0.22 - 7800 - 0.73 | 0.015 74 12

0.22 | 0.47 - 11000 - 0.5 | 0.007 95 12

1.0 - 13000 - 0.43 | 0.0035 | 106 12

0.047 - 1600 | - 3.2 {0.061 9 108

0.047 | 0.1 - 1800 - 2.5 10.033 11 11%

0.22 - 2000 - 2.0 | 0.015 14 11

0.1 - 3000 | - 1.6 | 0.032 10 11%

90 | 0.1 0.22 - 3800 | - 1.1 | 0.015 15 11

0.47 - 4500 - 1.0 | 0.007 18 11

0.22 - 6800 - 0.7 | o0.015 14 11

022 | 047 - 9500 - 0.5 | 0.0065]| 20 11

1.0 - 11500 - 0.43 | 0.0035 | 24 11

0.047 | -~ 920 - 3.9 | 0.062 20 11

0.047 { 0.1 - 1200 - 2.9 | 0.037 26 12

0.22 - 1400 | - 2,5 | 0.016 29 12

0.1 - 2000 | -~ 1.9 | 0.032 24 12

180 | 0. 0.22 - 2800 | -~ 1.4 | 0.016 33 12

0.47 - 3600 | - 1.1 | 0.007 40 12

0.22 - 5300 | -~ 0.8 | 0.015 31 12

0.22 | 0.47 - 8300 | - 0.56 | 0.007 44 12

1.0 - 10000 - 0.48 | 0.0035 | 54 12

0.047 - 870 | - 4.1 { 0.065 38 12

0.047 | 0.1 - 1200 | - 3.0 | 0.034 52 12

0.22 - 1506 | - 2.4 | 0.016 68 12

0.1 - 1900 | - 1.9 | 0.032 44 12

300 | 0.1 0.22 - 3000 | - 1.3 | 0.016 68 12

0.47 - 4000 | - 1.1 § 0.007 80 12

0.22 - 5300 | - 0.9 | o.015 57 12

0.22 | 0.47 - 8800 | - 0.52 | 0.007 82 12

1.0 - 11000 | - 0.46 | 0.0035 | 92 12

® At 3 volts (rms) output.

% At 4 volts (rms) output.
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6BFé6
6R7
6R7-GT
6SR7
6517
125R7

See Circuit
Diagram 1

6C4
12AU7°

See Circuit
Diagram 1
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(See page 247 for explanation of symbols)
[Eob [ Rp [ Rg [Re2 [ Re [Coa [ [ ¢ [Eo. | va.]
0.05 - 2800 | - 20 |o.05 14 9
0.05 | 0.1 - 3400 | - 1.62 |0.025 | 17 9
0.25 - 3800 | - 13 | 0.0t 20 10
0.1 - 4800 | - 112 {0.025 | 16 10
9 | o1 0.25 - 6400 | - 0.84 | 0.01 22 11
6C5 0.5 - | 7s00 [ - | 066 |000s | 23 | 12
6C5-GT 0.25 - |1400 | - | 052 o001 18 12
0.25 | 0.5 - |14s00 [ - 04 (0006 [ 23 12
1.0 - {17300 | - 0.33 [0.004 | 26 13
As Triode: 005| - | 2200! - | 22 [oo0ss | 34 | 10
6C6 0.05 | 01 - {2700 | - | 21 |o03 s | 1
617 0.25 - 3100 | - 1.85 | 0.015 | 54 1
0.1 - 3900 | - 1.7 {0035 | &1 12
6J7-G 180 | o1 jo2s| - | ss0] - | 125 |oo1s | s4 | 12
6J7—GT 0.5 - 6200 - 1.2 0.008 55 13
6W7-G 0.25 - 9500 | - 0.74 | 0.015 | 44 13
0.25 | 0.5 -~ {12300 | - 0.55 | 0.008 | 52 13
12J7-GT 10 ~ j14700 | - ] 0.47 | 0.004 | 59 13
57 0.05 - 2100 | - | 3.6 | 0.075 | 57 1
0.05 | 0.1 - 2600 | - 23 | 0.04 70 11
0.25 - 3100 | - 22 {0015 | 83 12
See Circuit 0.1 - 3800 | - 1.7 | 0.035 65 12
Diagram 1 300 | 01 0.25 - 5300 | - 1.3 | 0.015 84 13
0.5 - 6000 | - 1.17 | 0.008 | 88 13
0.25 - 9600 | ~ 09 Jo.015 | 73 13
025 | 05 - {12300 { - 0.59 | 0.008 | s8s 14
1.0 - |14000 | - 037 | 0003 | 97 14
0.1 - 3040 | - 2.34 ) 0.028 | 13 18
0.1 0.25 - 3700 | - 148 | o.0115 | 17 20-
0.5 - 4520 | -~ 1.29 | 0.006 | 19 21 ..
0.25 - 6770 | - 095 | 0011 { 15 21
6C8-G* 9% |( 025 | 05 - 7870 | - 0.81 [ 0.0065 { 19 23
- 1.0 - 8830 | - 0.69 | 0.0035 | 21 23
0.5 - J12400 | - 0.51 | 0.006 | 16 22
0.5 1.0 - 115000 | - 0.43 | 0.0035 | 20 2
2.0 - lies00 | - 0.38 | 0.0015 | 25 24
0.1 - 2420 - 2.34 | 0.028 30 20
0.1 0.25 - 3080 | - 1.84 {0.012 | 40 22
See Circuit 0.5 - 3560 | - 1.6 |0.0065 | 45 23
Diagram 1 0.25 - 5170 | - 125 |0.012 | 35 24
180 | 0.25 | 0.5 - 6560 | - 0.95 | 0.007 | 45 25
1.0 - 7550 | - 0.85 | 0.0035 | 50 26
0.5 - 9840 | - 0.66 |0.007 | 38 25
0.5 1.0 - 12500 | - 05 |o0.004 | 44 26
2.0 - 15600 | - 0.44 |0.0015 | 51 26
0.1 - 2120 | - 3.93 [0.037 | 55 22
0.1 0.25 - 2840 | - 2.01 [0.013 | 73 23
0.5 - 3250 | - 1.79 {0.007 | 80 25
0.25 - 4750 | ~ 1.29 J0.013 | 64 25
300 | 0.25 | 0.5 - 6100 | - 0.96 | 0.0065 | 80 6
1.0 - 7100 | - 0.77 {0.004 | 90 27
0.5 - 9000 | - 0.67 |0.007 | 67 27
0.5 1.0 - |nseo | - 0.48 |{0.004 | 83 27
2.0 - 14500 | - 037 Jo.002 | 96 28
@ One triode unit,
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(See page 247 for explanation of symbols)
[Ew | Rp [Re [R2 [ Re [C2 [ [ C | Eo [VG. ]
005 | ~ 1650 | - 2.80 | 0.06 11 11
0.05 | 0.1 - 2070 - | 2.66 {0.020 | 14 12
025 | - 2380 - 195 | 0.012 | 17 13
0.1 - 3470 - 1.85 | 0.035 12 13
90 [ 01 | 025 - 3940 | - 1.29 [ 0.012 | 17 13
0.5 - | sa20f - | 10 Joooz | 19 | 13 6F8-G°*
025 | - | 7860] - | 073 |oo135| 14 | 13 6J5
025 | 0.5 - 9760 | - 055 | 0,007 | 18 13
1.0 - J10e90) - 0.47 {0.004 | 20 13 6J5-GT .
0.05 - 190{ - 3.27 | 0.06 24 13 6SN7-GT
0.05 { 0.1 - 1490 | =~ | 2.86 {0.032 | 30 13 12J)5-GT
025 | - 1740 | - 2.06 |0.0115 | 36 13 12SN7-GT*
-
0.1 - 2330 | - 219 [0.038 | 26 14
180 | 01 | o025 | - 2830 | - 135 {0.012 | 34 14
0.5 - 3230| - 1.15 |0.006 | 38 14
| o2 | - 5560 | - | 0.81 [0.013 | 28 14
025 | 0.5 - 7000 - | 0.62 |0.007 | 36 14
1.0 - s110{ - | 05 |o0.004 | 40 14 See Circuit
0.05 - 1020 - 3.56 {0.06 41 13 Diagram 1
0.05 | 0.1 - 1270 - 2.96 | 0.03¢ | 51 14
025 | - 1500 | =~ 215 {0.012 | 60 14
0.1 - 1900 | ~ 231 {0.035 | 43 14
300 | 0.1 0.25 - 2440 - 1.42 | 0.0125 | 56 14
0.5 - 2700 | -~ 1.2 |0.0065 | 64 14
0.25 - asgo| - | 0.87 |o.o13 | 46 14
025 | 0.5 - 5770 - | 0.64 |0.0075 | 57 14
1.0 - 6950 | - | 0.54 |o.004 | 64 14
o1 { 037 {1200 |0.05 | 52 {o.02 17 a1
01 {025 | 044 | 1100 {005 | 53 |o0.01 22 55
05 | 044 | 1300 {005 | 4.8 |0.006 33 66
025 | 1.1 | 2400 [ 0.03 | 3.7 |o.008 23 70
90 | 025 | o5 118 | 2600 | 0.03 | 3.2 |o0.005 32 85
1.0 | 1.4 | 3600 | 0.025| 2.5 [0.003 33 92
0.5 | 218 | 4700 | 0.02 | 2.3 o005 | 28 | 93 6C6
05 {10 | 26 | 5500 |005 | 20 {00025 | 20 | 120 6J7
20 | 27 | 5500 {002 | 20 [o.0015| 27 | 140
01 | 044 | 1000 005 | 65 |o.02 42 51 6J7-G
01 | 025 | 05 750 | 0.05 | 6.7 {o0.01 52 69 6J7-GT
05 | 05 800 | 005 | 6.7 |0.006 59 83 6W7-G
025 | 1.1 | 1200 | 0.04 | 5.2 |o.008 4 93
160 | 025 | o5 | 128 | 1600 | 0.04 | 43 |ooos | e0 | 118 12J7-GT
1.0 | 1.4 | 2000 | 0.04 | 38 {0.0035| 60 | 140 57
05 | 245 | 2600 | 0.03 | 3.2 [o0.005 45 | 135
05 | 1.0 | 29 | 3100 |0.025] 2.5 |o.0025 | s6 | 165
s 20 | 2.7 | 3500 [0.02 [ 2.8 {0.0015] 60 [ 165
[ 01 | 044 | 500 | 007 | 85 |o.02 55 | 61 lS)e.e Cir, cug
a1 | o2 ] o0s 450 { 0.07 | 83 |o0.01 81 82 1agram
05 | 053] 600 |0.06 | 80 |o0.006 96 %4
025 | 118 | 1100 [ 0.04 | 5.5 [o0.008 81 | 104
300 025 { 0.5 118 | 1200 | 0.04 5.4 ]0.005 104 140
1.0 | 145 | 1300 | 005 | 5.8 }o.005s | 130 | 185
05 | 245 [ 1700 [ 0.04 | 4.2 {o.005 75 | 161
05 |10 | 29 | 2200 { 0.04 | 41 |o.003 97 | 200
20 | 295 { 2300 | 0.04 { 4.0 {00025 | 100 | 230

® One triode unit.
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RCA RECEIVING TUBE MANUAL

(See page 247 for explanation of symbols)

{Etb [ Ro | Re [Re2 [ Rk [Cp2 [ | € [Eo [v.6Y

005 | - 2120 - | 23 |o.0s 14 | e3

0.05 | 0.1 - 2500 | - 1.86 | 0.03 18 10

025 | - 2000 | - 1.65 | 0.014 | 21 1

0.1 - asio | - 1.36 | 0.03 16 1

9 | 01 0.25 - 4620 | - 108 | 0.015 | 22 12

6L5-G 0.5 - | s200| - {10 |oooss| 23 | 12
025 | - 8050 | - | 0.61 | 0.0125| 18 12

0.25 | 05 - 110300 - | 0.49 | 0.0085 | 22 12

See Circuit 1.0 - 12100 - 0.42 | 0.0055 24 12
Diagram 1 005 | - 1810 { - | 29 |o0.06 32 10
0.05 | 0.1 - 2240 | - 2.2 {0.03 41 11

025 | - 2660 | - 1.8 0014 | 46 12

0.1 - 3180 | - 1.46 | 0.03 36 12

180 | 01 | 0.25 - 4200 | - 1.1 |o0.0145 | 46 12

0.5 - 4790 | - 1.0 |o0.009 | so 12

0.25 - 7100 | - |07 |o014 | 38 12

0.25 | 0.5 - 9200 | - [ 0.54 | 0.009 | 46 12

1.0 - J109s0 ] - | 0.46 ]| 0.0055 | 52 13

005 | - 1740 | -~ 2.91 | 0.06 56 1

0.05 | 0.1 - 2160 | - 2.18 { 0.032 | 68 12

025 | - 2600 | - 1.82 [ 0015 | 79 12

0.1 - 3070 | - 1.64 | 0.032 | 60 12

300 | 01 | 025 { - 4140 | - 1.1 o014 | 79 13

0.5 - 4700 | - | 0.81 | 0.0075 | 89 13

025 | - 6900 | - | 0.57 [ @.013 | 64 13

025 { 05 - 9100 | - | 0.46 | 0.0075 | 80 13

1.0 - |10750 | - |04 |o.00s | ss 13

01 | o059 | 870 (0.065 [ 51 |o0.018 | 16 33

0.1 025 | 0.65 | 900 {0.061 | 5.0 |o0.01 21 47

0.5 | 0.7 910 | 0.057 | 4.58 | 0.007 | 23 54

025 | 1.5 | 1440 [0.044 | 3.38 | 0.007 | 14 56

90 | 025 | 05 | 1.6 | 1520 |0.044 | 3.23 | 0.0055 | 18 66

6S7 1.0 | 1.7 | 1560 |0.043 | 3.22 | 0.004 | 19 77
6S7-G 0.5 3.2 2620 | 0.029 | 2.04 | 0.004 12 70
05 | 1.0 | 35 | 2800 {003 | 1.95 [ 0.0026 | 15 84

2.0 | 3.7 | 3000 |0.031 | 1.92 | 0.0024 | 16 94

L. o1 | 0s8 | s3 |0073 |72 [007 | 33 47
See Circuit 0.1 025 | 068 | 540 |0.07 | 69 |o.01 43 66
Diagram 3 0.5 0.71 540 |0.065 | 6.6 |0.0063 | 48 75
025 | 1.6 850 [0.05 | 46 |o0.0071 | 33 79

180 [ 025 | 05 | 18 890 |0.044 | 4.7 [0005 | 40 | 104

1.0 1.9 950 0.046 4.4 0.0037 44 118

05 | 33 [ 1410 {0.041 | 3.5 |0.0041 | 30 | 109

0.5 1.0 3.6 1520 0.037 3.0 0.003 3as 134

20 | 38 | 1600 [0.031 | 29 | 00024 | 42 147

01 | 059 | 430 |o.007 | 85 |o0.0167 | 57 57

o1 | 025 | 067 | 440 Jo0.071 [ 80 {001 75 78

05 | 071 | 440 |0.071 | 80 | 0.0066 | 82 89

0.25 | 1.7 620 [0.058 [ 6.0 [0.0071 [ 54 98

300 | 025 | 0.5 195 | 650 |0.057 | 5.8 |o0.005 | 66 122

1.0 | 21 700 |0.055 | 5.2 |o0.0036 | 76 136

05 | 3.6 | 1000 [0.04 |41 [o0.0037 ] s2 136

05 | 10 | 39 [1080 [0.041 {39 [0.0029] 66 | 162

20 | 41 |1120 }0.043 {38 {00023 | 73 174

% At 4 volts (rms) output.
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RCA RECEIVING TUBE MANUAL.

—
(See page 247 for explunation of symbols)
[Bob [ Rp [ Rg JRg2 | Re [Ge2| Cc | C | Eo | V.G/]
0.1 - | 18s0+ | - - loo | 41| 13e
or |o025 | - | 1960% | - - Jloo12 | 59 | 23w
0.5 - |} 2050% | - - loooss| 69 ] 25%
025 | - | 34000 | - - Jo.011 | 62 | 26%
%0 | o025 | os - 1 37sox | - - looos | 86| 30 #
1.0 - | 3900¢ | - - |o.003 10| 33 65C7 .
0.5 - | ssoo* | - - Joo00s | 74| = 125C7
0.5 | 1.0 - | 6300 | - - lo.003 10] 33
2.0 - | 74500 | - - loo01s} 12| 36
0.1 - 960% | - - lo.031 17 | 25 .
o1 |o2s| - |00 - - Joo12 | 24| 29 See Circuit
0.5 - | 12200 | - - |oooes| 27| 33 Diagram 4
025 | - | 1sso* | - - lo.on 21| 35
180 | 0.25 | 0.5 - | 2150% | - - 10.006 28 | 39
1.0 - | 2400x | - - lo.003 32| @
0.5 - | 3050 | - - 10.006 24 | 40
05 |10 - | 3a20v | - - }0.003 321 a3
2.0 - | 3890* | - - |o.002 36 | 45
0.1 - 750* | -~ - o033 351 29
01 o025 | - 930* | - - {o.014 50 | 34
025 | - | 1040* | - - {o0.007 54 | 36
025 | - | 1400* | - - lo.012 45 | 39
300 | 025 | o5 - | 1680 | - - |o.006 55 | 42
1.0 - | 18405 | - - |o.003 64| 45
0.5 - | 2330¢ | - - | o.006 50| 4s
05 | 1.0 - | 2980* | -~ - lo.003 62| 48
2.0 - | 3280+ | - - o002 72 | 49
0.1 Z 4400 | ~ | 2.5 o.02 4| 28
01 {025 ] - 4800 | - | 21 Jo.o1 5| 34w
0.5 - 5000 | - 1.8 |0.005 6| 35%
025 | - 8000 | - 133 |0.01 6| 3w
9% | o025 |05 - 8800 | - | 118 |o0.00s 7| 43
1.0 - 9000 | ~ | 09 |o.003 10 | 44 6F5
0.5 - 12200 | - | 0.76 o.005 B 43 6F5-GT
05 | 1.0 - |13s00 | -~ | 0.67 [0.003 10] 46
2.0 - |14700 | ~ | 058 [o0015| 12| 4s 6SF5
0.1 - | 1800 | -~ | 44 loo02s | 16| 37 6SF5-GT
o1 (o025 ] - 2000 [~ | 3.3 [0.015 23 | 44
0.5 - 2200 | -~ 2.9 |o.006 25 | 46 12F5-GT
025 | - 3500 | ~ | 23 [om 21 | 48 125F5
180 | 0.25 | o5 - 4100 | - | 1.8 |o0.006 26 | s3
1.0 - 4500 | ~ | 1.7 [o.004 32 | s7
0.5 - 6100 | - 1.3 | 0.006 24 | s3 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 [o.02s 33| 42
01 o025 | - 1600 | -~ | 37 |oo1 43| 49
0.5 - 1700 | -~ | 3.2 |o0.006 48 | s2
025 | - 2600 | ~ | 25 |om 41| s6
300 | 0.25 | 05 - 3200 | -~ | 21 |o0.007 54 | 63
1.0 - 350 | -~ | 2.0 {0004 63 | 67
0.5 - 4500 | ~ | 1.5 [o.006 50 | 65
05 | 1.0 - 5400 | ~ | 1.2 |o.004 62| 70
2.0 - 6100 | - | 0.93 | 0.002 70| 70

o At2volts (rms) output. m At 3 volts (rms) output. # At 4 volts (rms) output.
# The cathodes of the two units have a common terminal.
* Values are for phase-inverter service.
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—

(See page 247 for explanation of symbols)

[Eo] ] & [Fa = [Ca [&] © [& [va]

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 37

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

65 F7 1.0 0.84 | 2600 | 0.084 | 3.0 0.0035 29 52
125F7 0.47 1.5 4200 { 0.06 2.1 0.0045 21 50
0.47 1.0 1.6 4400 | 0.06 1.9 0.003 26 59

2.2 1.7 4800 | 0.058 | 1.6 0.002 29 64

8ee Circuit 0.1 0.33 1000 | 0.13 6.7 0.02 32 a3
Diagram 3 0.1 0.22 0.5 1200 | 0.12 5.8 0.011 37 45
gr 0.47 0.6 1300 | 0.11 5.5 0.006 43 52

i 0.22 0.76 1700 | 0.11 4.5 0.0095 37 47

180 0.22 0.47 0.9 1700 | 0.1 4.5 0.0055 44 68

1.0 1.0 1800 | 0.1 4.2 0.003 47 82

0.47 1.8 3300 | 0.09 29 0.0045 38 70

0.47 1.0 2.0 3800 | 0.08 2.4 0.003 S0 85
2.2 2.1 4000 | 0.07 2.3 0.002 s7 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 .7 0.0055 78 88

1.0 0.98 1500 | 0.11 .0 0.0035 9 97
S

5
5
0.47 1.7 2300 | 0.1 3. 0.0045 71 82
0.47 1.0 1.9 2500 | 0.1 3.5 0.003 89 109

2.2 2.0 2800 | 0.09 3.1 0.002 105 125

01 | 020 | 820 o009 | 88 | 0.02 18 | a1

01 | 025 | 020 | 880 |o0.085] 7.4 | 0.016 | 23 68

05 | 031 | 1000 | 0.075 | 6.6 | 0.007 | 28 70

0.25 | 0.69 | 1680 [ 0.06 | 5.0 [ 0.012 16 75

90 | 025| o5 | 092 { 1700 | 0.045 | 4.5 | 0.005 18 93

6SJ7 10 | 082 | 1800 | 0.04 | 4.0 | 0.003 22 | 104
65J7-GT 05 | 1.5 | 3600 | 0.045 | 2.4 | 0.003 18 01
12507 05 | 10 | 1.7 | 3800 { 003 | 2.4 | o002z | 22 | 119
20 | 19 | 4050 | 0.028 | 2.35] 00015 | 24 | 139

125J7-GT 01 | 0290 | 760|000 | 9.1 | 0019 | 49 55
01 | 025 031 | 800|009 [ 80 { 0.015 | 60 82

05 | 037 | 80 {009 | 7.8 | 0007 | 62 91

See Circuit 0.25 | 0.83 | 1050 | 0.06 | 6.8 | 0.001 38 | 109
Diagr 180 | 025! o5 ] 094 | 1060 | 0.06 | 6.6 | 0.004 | 47 | 131
: am 3 10 | 094 | 1100 [0.07 |61 | 0003 [ s4 | 161
05 | 1.85 | 2000 | 0.05 | 40 | 0003 [ 37 | 151

05 | 1.0 | 2.2 | 2180 {004 | 3.8 | 0.002 | 44 | 102

20 | 24 | 2410 | 0.035 | 3.6 | 0.0005 | 54 | 208

01 | 035 | soo {010 | 11.6] 0.019 | 72 67

01 | 025 | 037 | 530 [009 | 109] 0016 | 9 | 98

05 | 047 | 590 |0.09 | 99 | 0007 | 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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(See page 247 for explanation of symbols)
[Eob | Rp | Re |[Re2 | Re|C | Cx | € | Eo | VG|

0.1 — | 1as0*] -7 265 |0.025 8 | 21%
01 |o2s| - | 1760¢| - | 202 |oons| n 25
0.5 - | 1930¢| ~ | 1.7 |oo06s| 14 | 26
025 | - | 3000¢| - | 136 {o0.01 12 | 28
9 | 0.25 | 05 - | 3300*] - {11 |ooos | 15 | 30 627-G*
1.0 - | 3670¢| - | 08 Jooo3s| 18 | 33
0.5 ~ | ss00*] - | 065 |oo00ss] 14 | a1
05 | 1.0 - | soso+] -~ | o061 {0003 | 18 | 33
2.0 - | 6700%| - | 045 {oo0015| 20 | 35 See Cireuit
0.1 - 930%| -~ 3.4 0.028 18 26 Diagram 4
01 | oz | - 1noe*| - | 26 Joons| 28 | 3
0.5 - | 1210¢| - | 232 o007 | 33 | 32
025 | - | 1320¢] -~ | 111 |oo1z | 28 | 35
180 | 025 | 05 - | ene*| - | 138 |oo0o7 | 34 | 38
1.0 - { 2400¢| - | 11 {oo003s| 39
0.5 — | 3240¢] - | 09 |oo06 | 32 | 39
05 | 10 - | 38%0%| ~ | 0.703]0.003s| 38 | 40
2.0 - ] a360¢| ~ ] 0553)0002 | a4 | a1
0.1 - 670¢| -~ | 3.81 |o0028 | 38 | a1
o1 | o2s{ - oso*| ~ | 263 o012 [ s2 | 34
05 - | 1esox] ~ | 234 {0007 | 60 | 36
025 | - | 1a30¢ -~ | 187 {0012 | 50 | 38
300 | 0.25 | 05 - | 1680«| ~ ] 1246 |ooo6 | so | a0
1.0 - 1930¢| ~ | 1.0 {oo003s| 66 | 43
0.5 - | 2540%| - | 097 |o0006 | 55 | 42
05 | 10 - | 310l - | 072 |ooo3s| 70 | a4
2.0 - | 3560¢| -~ | 056 {0002 | 75 | 4s
00s| - | 3800 | ~ | 1.4 |o.06 16 | as
005 | 01 - | a00| ~ | 11 |o03 19 | av
025 | - | se00| - | 086 |oo1s | 23 | sax
0.1 - | 6620] -~ |07 Joos 17 | sa
90| 00 o025 - | s000 | ~ | 055 loors | 22 | 54
0.5 -~ |10300| - | o5 |oo07 | 25 | 55 55
025 | - |1s100] ~ | 031 |oo015 | 18 | s23 85
025 | 05 ~ {20500 | ~ {025 {0007 [ 23 | 5.5
1.0 - l24300| - | 02 |oc0a | 26 | s6
00s | - | 3200 - | 1.8 |o.06 33 | 49 I
005 | 01 | - 4100 ] - | 1.6 o045 | aa | s.2 See Circuit
0.25 - 5000 | ~ 1.2 |o.02 49 5.3 Diagram 1
0.1 - | 6200 - [ 09 {004 37 | sa3
180 | o1 |o2s| - | s00| - |07 |oois| a7 | 55
0.5 - |10000{ ~ | 057 [0008 | so | 55
025 | - |1as00 | - | 043 Joo1s | 40 | s6
025 | 05 - {20000 | - | 029 o008 | a8 | 57
0.1 - |24000 | - | 024 |o00s | 53 | s7
005 | - | 3200| - | 1.9 |o.8 50 | s.2
0.05 | 0.1 - | 400 - |15 |ooas | 74 | 55
025 [ - | swo] -~ |12 loois| 85 | 56
0.1 - | ss00 [ - [ o8 [o03 64 | 55
300 00 |o2s| - | 80| - | 054 o015 | 82 | 57
0.5 - {9600] - | 043 |ooos | 88 | 58
025 | - |14300 ]| - | 03 |o.01 7 | 57
025 | 05 - |19200 | - | 022 |ooos | 8¢ | 57
1.0 - |23600 ] - |02 f(ocos | o4 | 538

v 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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. (See page 247 for explanalion of symbols)

[Ewb | Ro | Re |Ra2 | R [Cr] e | ¢ [Eo [Va.]

00s|] - | 2500| - | 20 [o.06 16 | 7.0

0.05 | 0.1 - | 3220] - | 1.6 |o0o03 n |77

025 | - ) 3800 | -~ | 125 |oors | 23 | a1

0.1 - [ 4500 | - | 105 |o.03 19 |81

9 J o1 |o2s] - | 6s00] - | 082 001s | 23 | 8o

56 0.5 - 7500 | - | o068 j0007 | 25 | o3
76 025 | - oo | = | o048 oors | 21 | 04
0.25 | o - 15100 | - | 036 |0007 | 24 | 07

1.0 ~ Ji830 | - | 032 |o0003s | 28 | os

. 005 | - | 2200] - | 25 |o.06 36 | 7.7
S”D. c‘"’“‘; 0.05 | o.1 - ] 3000 - | 19 [003s | 48 | &2
\agram 025 | -~ 13700 | - | 1650015 | s5 | 9.0
0.1 - | as00 | - | 145 |0.035 | a5 | 93

180 f o |o025| - | 6500 | - | 097 [0015 | 55 | o5

0.5 - 7600 | - | 0.8 0008 | 57 | o8

025 | - f10700 | - | 06 |0015 | a9 | o7

0.25 | 05 - l14700 | - | 045 |owo7 | se | 10

1.0 - f17700 | - | 0.4 |oooss | &4 | 10

005 | - 2400 | - | 2.8 |o.08 65 | 83

0.05 | 0.1 - 3100 | - | 22 |oo04s | s0 | 8o

025 | - | 30 | - | 1.8 ]oo02 95 | 9.4

0.1 - Jas00 | - | 1.6 [o.04 74 |os

300 [01 |o2s| - | 6400 | - | 12 |oo02 95 | 10

0.5 - 7500 | - | 098 [0.009 |104 | 10

025 [ - [11100 | - | 0.69 |0.02 82 | 10

0.25 | 0.5 -~ {15200 [ - | 05 [0009 | 96 | 10

1.0 - |1830 | - | 04 {oocos |108 | 10

0.1 - | 2050t ] - - {o.04 58 | 23m

o1 |oz2s | - 22000 - - loois | 84 | 20k

0.5 - 1230t | - - o009 | 95 | 2

02s | - | 4000 | - - oo | 71 | m1x

, 9 | 025 | 05 - | a2s0" | - - looos | 97 | 33
79% 1.0 - | 4650* | - - |0.004 12 | 35
0.5 - Je1s0° | - - {0006 | 88 | 34

05 | 10 - | 68s50* | - - |o.004 12 | 38

2.0 - | 75000 | - - |o.002 15 | a0

See Circuit 0.1 ~ 110sor | - - lo.04 2 | 27
Diagram 4 o1 |o2s | - [a12s0°| = - loo2 27 | @
0.5 - |13s0* | - - |o.009 31 | 34

025 | - |20s0°] - - Jo.o02 26 | 37

180 | 025 | o5 - | 24s0* | ~ - Joo 34 | &

1.0 - [2750* | - - |o0.005 40 | 42

0.5 - | 3450* | - - Jooee | 30 | 42

05 |10 - {4100* | - - loooss | 39 | 44

2.0 - |aeso* | - - |o.002 14 | 45

0.1 - 800* | - - Joozs | 40 | 20

o1 {o2s | - |1oe0*| - - jo.o 57 | 34

0.5 - imnoo | - - Jooo6 | 60 | 36

025 | - |16sor| - - lom s6 | 39

300 | 025 {05 - {2050* | - ~ joooss | 66 | 42

1.0 - fassor | - - {0.003 77 | 43

0.5 - |2ssor | - ~ Jo.ooss | 61 | 44

0s |10 - ]3600* | - - |o.003 75 | 46

2.0 - Ja4s00 | - - ooo1s | 82 | 46

® At 3 volts V( ;xﬁz;} 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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— a— —

(Se¢ page 247 for explanation of symbols)

[Evb [Rp [Re Rz [Re [Caa [Cx | C [Eo |VG. ]

0.1 - | 4400 | - 2.7 0,023 | 5 | 200
01 [o0.22 | - |40 | - 2.4 |0.013| 6 | 358
0.47 | - 4800 | - 2.3 |0.007 | 8 | 418
0.22 ] - 7000 | - 1.6 |0.000 | 6 | 39e
90 jo0.22 |0.47 | - 7400 | - 1.4 }0.006 | 9 458 6AV6
1.0 - 7600 | - 1.3 [0.003 | 11 | 48k 12AV6
0.47 { - |12000 | - 0.9 [0.006 | 9 | 48m
0.47 [ 1.0 - {13000 | - | 0.8 {0.003 | 11 | s2% 12AX7°*
2.2 - 14000 | - | 0.7 |0.002 | 13 | ssn
0.1 - 1800 | - | 4.0 Jo.025 | 18 | 40
0 |o0.22| - 2000 | - | 3.5 |0.013} 25 | 47 L.
0.47 | - | 2200 | - | 3.1 ]0.006 | 32 | 52 See Camult
022 - | 3000 | - 2.4 [0.012 | 24 | s3 &
180 {0.22 [0.47 | - | 3s00 [ - 2.1 [ 0.006 | 34 | 59
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
0.1 |o0.22]| - 1500 | - 4.0 {o0.013 { 57 | s2
.47 | - 1700 3.6 { 0.006 | 66 | 57
0.22 | - 2200 -~ | 3.0 [0.013 | s4 | s9
300 | 0.22 | 0.47 | - 2800 | - 2.3 | 0.006 | 69 | 65
1.0 - 3100 | - 2.1 {0.003 | 79 | 68
0.47| - | 4300 - 1.6 | 0.006 | 62 | 69
0.47 | 1.0 - 5200 | - 1.3 {0003 | 77 | 73
2.2 - | se00 | - 1.1 | 0.002 | 92 | 75

& At 2 volta(rms) output. ® At 3 volts{rms)output. ¥ At4 voltéYfzfoSS output.
@ One triode unit.
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MATERIALS USED IN RCA EECTRUN 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, commercial 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 cireuits 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
assistance in understanding and utilizing the circuits.

The following circuits will be found in the subsequent pages:

Circuit No.
Portable Superheterodyne Receiver . . . . . . . . . . . 16-1
Portable 3-Way Superheterodyne Receiver . . . . . . . . . 162
AC-Operated Superheterodyne Receiver . . . . . . . . . . 16-3
AC/DC Superheterodyne Receiver . . . . . . . . . . . 164
Automobile Receiver P [ 31
Superregenerative Receiver . . B
AC-Operated Regenerative Short-Wave Recelver e e e e .. 16T
Battery-Operated Short-Wave Receiver . . . . . . , . . . 16-8
FM Tuner . . T S
Class A, Audio Amphﬁer (4 watts) .. . e e . . . . 1610
Micrephone and Phonograph Amplifier (6 watts) .. 16-11
High-Fidelity Audio Amplifier with Independent Bass and Treble Controls
and High and Low Input Levels (10 watts) . . . . . . . ., 16-12
High-Power Audio Amplifier, Class AB, (25 watts) e e v« . . l6-13
High-Power Audio Amplifier, Class AB, (45 watts) . . . . . . . 16-14
Class B Amplifier for Mobile Use (10 watts) . . . . . . . . . 16-16
Two-Channel Audio Mixer . . c e e« e+ e o« . 1lB-16
Non-Motorboating Re51stance-CoupIed Amphﬁer B S U
Code Practice Oscillator s e . ooy e e e e e . 1618
Intercommunication Set .. I e L
Electronic Volt-Ohm Meter . e e . . 1620
AF Voltage Ampiifier with Signal Mlxer, Master Mlxer, and
Compressor-Expander . . . . . . . . . . . . . . 1821
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- (16-1)
PORTABLE SUPERHETERODYNE RECEIVER

DIOOE DETECTOR avC
IF AMPLIFIER AUDIO AMPLIFIER POWER AMPLIFIER
TYPE T4 X TYPE WS TYPE 354

Lcw]1a

il X4

TCis

R3

Ca== Cia== C7H
- - -
R—a; l
H—o, © =spiji—]
A oy
.5»/‘{6_2’! 67.5v

L i}

025A ¥ a5MA
Cy Cy=Ganged tuning capaci- Cry=10 uf, electrolytic, §0 v. Ri0=820 ohms, 0.256 watt
tors: Ci, 10-274 uuf; Cs, Cig=0.005 uf, tubular, 600 v. S1 =Switch, double-pole, single
7.6-122.5 puf Li=Loop antenna, 540-1600 K¢ throw
C2Cs = Trimmer capacimrs, Ri=0.1 megohm, 0.25 watt Ti=0scillator coil; for use
© 2-15 puf Rz=15000 ohms, 0.25 watt with tuning capacitor of
Cz=056 u;f, ceramic Rs Re=3.3 megohms, 0.25 watt 7.5-122.5 uuf, and 465 Ke if
Ce C7 Cio Cuu = Trimmer ca- R4=68000 ohms, 0.25 watt transformer
pacitors Rs="Volume control, potenti- T2 Ty = Intermediate-frequency
Cs=10.05 pf, tubular, 400 v. ometer, 2 megohms transformers, 455 Ke
Co Cis=0.02 u (B tubular, 100 v. Ra=10 megohms, 0.25 watt Ts=Qutput trangformer for
C13=82 R7=4.7 megohms, 0.25 watt matching impedance of vaice
CuCis= 0.002 uf tubulnr, 150v. Rs=1 megohm, 0.25 watt coil to 5000-ohm tube load

Cu=288 uuf, ceramic
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PORTABLE 3-WAY SUPERHETERODYNE RECEIVER

PENTAGRID ©OIODE DETECTOR, AVC,
RF_AMPLIFIER CONVERTER If_AMPLIFIER AUDIO AMPLIFIER POWER AMPLIFIER
Ll TYPE M4 TYPE IRS TYPE T4 TYPE US TYPE 3va
7o
== i f —
C|9__ K
R L
Cy R jE :: :"3 T [ce2

16 o { 3n R

Cos{‘ ih 12

L [Rre
s S
7
15 2ra
YVV'Re
K : ! b! 202 Cao
S
TCea SRe  CooT SR 7Cas 277 M2 zmcae Trie$ =0 ey
RECTHIER  uge
TYPE NT23 ((’_iz_vffgiix 90V
H7v
233R)g AC OR DC
CHASSIS -DO

NOT
CONNECT TO GROUND

C1Cs Cs=Ganged tuning ca-
pacitors, 20-450 uuf
C2 Cs C7 Cut Ciz2 Cuy Gro=Trim-
mer capacitors
Cs Cio Cis Cr17 =100 pupf, ceramic
Ce=82 uuf, ceramic
Co= 560 upf, ceramic
Cis=0.01 uf, tubular, 400 v,
Cis Ca=0.002 uf, tubular,
400 v.
Csp=270 ppf, ceramic
Ca=0.02 uxf, tubuiar, 400 v,
Cz C=0.005 uf, tubular,

400 v.
Cz= 0.1 uf, 400 v,
Ca=0.05 uf, 200 v.
Cas Cos Ca7 C29=0.05 uf, 400 v,
Cn=40 uf, 25 v,

C=160 uf, 25 v.

Ca Caa=20 pf, 150 v,

Li=Loop antenna, 540-1600 K¢

Ri Rz Ru =4.7 megohms, 0.25
watt

Ri=2.2 megohms, 0.25 watt

II{.. 0.10 megohm, 0.25 watt

Re=

.6 megohms, 0.25 watt
0.027 megohm, 0.25 watt
R7=0.068 megohm, 0.25 watt
Re= 3.3 megohms, 0.25 watt
Re= Volume control, potenti-
ometer, 1 megohm

Rio=10 megohms, 0.25 watt
Riz2=0.220 megohm, 0.25 watt
Riy=1 megohm, 0.25 watt

Ri¢ Ris= 1800 ohms, 0.25 watt
Ris=0.220 megohm, 0.5 watt
Ri7=1000 ohms, 0.25 watt
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Ras=2700 ohms, 0.25 watt
Ris=1500 ohms, 0.25 watt
R20=1800 ohms, 10 watts
Rxn=2300 ohms, 10 watts

S =
throw
S3=Switeh, double-pole, single-

throw : .
Tx; RF transformer, 5640-1600

Switch, 4-pole double-

c

Ta= Osciliator coil for use with
a 560-upf padder, 20460 yuf
tuning capacitor, and 466 Ke
if transformer

T3 Ta=Intermediate-frequency
transformers, 456 Ke

Ts=Output transformer for
matehing impedance of voice
coil to 10000-chm tube load
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AC-OPERATED SUPERHETERODYNE RECEIVER

RF AMPLIFIER
TYPE 6BA6

CONVERTER
TYPE 6BE6

IF AMPLIFIER
TYPE 6B8A6

DIODE DETECTOR, AVC,
AUDIO AMF’LKFIE
TYPE 6AVE

Ci1 Cs Cs=Ganged tuning
capacitors, 365 uuf

C: Cs Co=Trimmer capacitors,

=30 g

Cs Ci3=0.05 uf, paper, 50 v.

C4=0.05 uf, paper, 300 v.

Cr=O0scillator padding
capacitor—follow oscillator-
eoll manufacturer’s recom-
mendation

C1o=56 puf mica

Cu Ci2 Cu Cis=Trimmer
capacitors for if transformers

Cie C17=180 puf, mica

=0.01 uf, paper, 50 v.
C1y C0=20 uf, electrolytie, 450 v.

PHASE
INVERTER
TYPE 6AV6

T

PM
SPEAKER

C2n=120 ¢uf, mica

Ca3 C24=0.02 uf, paper, 50 v.

C2=20 pf, 50 v

Ca6=0.05 uf, paper, 600 v.

L=Loop antenna, 540-1600 Kc

R: Rs=180 ohms, 0.5 watt

R2==12000 ohms, 2 watts

R3=22000 ohms, 0.5 watt

R¢ Rs=2.2 megohms, 0.5 watt
:=100000 ohms, 0.5 watt

Rs=Volume control,
potentiometer, 1 megohm

Re Riz=10 megohms, 0.5 watt

R10=1800 ohms, 2 watts

Ru Ry2=220000 ohms, 0.5 watt

Ri¢ R1s=470000 ohms, 0.5 watt

R1:=8200 ohms, 0.5 watt
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Ri17=270 ohms, § watts
Rix=15000 ohms, 1 watt
S=8witch on volume control
Txi—(ARF transformer, 540-1600

c

T2=0scillator coil for use with
365-puf tuning capacitor and
455-Kc if transformer

Ts T4—Intermedmte-frequency
transformers, 455 K

T:;=Power tnnsformer 250-0-
250 volts rms, 100 ma. dc

Ts=0Output transformer for
matcding impedance of voice
coil to a 10000-ohm plate-to-
plate tube load
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(16-4)
AC/DC SUPERHETERODYNE RECEIVER
PENTAGRID DIODE DETECTOR,AVC, POWER
CONVERTER IF AMPLIFIER AUDIO AMPLIFIER AMPLIFIER
TYPE 12BE6 T2 TYPE 12BA6 3 TYPE 12AVE TYPE 50C5
L ————— - == N

/7
CHASSIS

RECTIFIER
TYPE 35w4

PM
SPEAKER

/

n7-v.
AC
TYP|

LINE E
12AV6

Lo

l

Al
L

TYPE
12BE6

PANEL LAMP L
N240 OR 47 L
o

TYPE

TYPE
12BA6 50C5

C: Cs=Ganged tuning capaci-
to{s; Ci, 10-365 puf; Cs, 7-115

pu

Cs Ce¢=Trimmer capacitors,
2-17 pyf

Cs Ci5=0.05 uf, paper, 400 v.

Ca=0.1 uf, paper, 400 v.

C7=56 uuf, ceramic

Cs=50 uf, electrolytic, 150 v.

Cs C10=150 puf, ceramic

Cu C1=0.02 uf, paper, 400 v.

C12=0.002 uf, paper, 400 v.
C13=330 puf, mica
C15=30 uf, electrolytic, 150 v.
L=Loop antenna, 540-1600 Ke
Ri Re=220000 ohms, 0.5 watt
Ra=22000 ohms, 0.5 watt
Ra=100 ohms, 0.5 watt
R4+=3.3 megohms, 0.5 watt
Rs=47000 ohms, 0.5 watt
Re=Volume control, potenti-
ometer, 0.5 megohm
R7=4.7 megohms, 0.5 watt
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Re=470000 ohms, 0.5 watt

Rie=150 ohms, 0.5 watt

Ri:=1200 ohms, 1 watt

T:=Oscillator coil for use with
tuning capacitor of 7-115 uuf,
and 456-Kc¢ intermediate-
frequency transformer

Tz Ty=Intermediate-frequency
transformers, 456 Kc¢

Ta=Output transformer for
matching impedance of voice
coil to 2500-ohm tube load
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AUTOMOSILE: RECEIVER

DIODE DETECTOR,AVC, POWER
RF AMPLIFIER CONVERTER {F AMPLIFTER AUDIO AMPLIFIER AMPLIFIER
TYPE 6BA6 TYPE 6BE6 TYPE 6BA6 TYPE 6AVE TYPE 6AQ5

T

5

o O—O{D—"OEO%"O/
BATTERY o~

Ci: Cr Cu=Ganged tuning
capacitors, 365 uuf

C2 C¢ Cr2= Trimmer capacitors,
4280 upuf

Cs Cs=220 puf, mica

C¢=10.05 uf, paper, 50 v.

Cs=0.06 uf, paper, 300 v.

Co=47T ppuf, mica

Cio=0Oscillator padding ca~
pacxt.or—!ollow oscillator-coil
manuiacturer s recommen-~
dation

Cus Cy4 Cui-Cis= Trimmer ca-
pacitors for if transformers

Ciz Cis= 100 puf, mica

Ci9=0.01 &f, paper, 50 v.

Cse0=120 upf, mica

Ca = 0.005 pf, paper, 300 v.

C2=0.006 uf, paper, 4560 v.

RECTIFIER
TYPE 6X4

129
L

=
v
=3k
A

icze

Ca =20 uf, electrolytic, 25 v.
Cou Cas=0.5 pf, paper, 50 v.
C2 =470 wuf, mica
Czr=0.006 pf, paper, 15600 v,
Czs C19 20 uf, electrolytic,

F= Fuse 10a.

L~ Oscillator coil, tapped, for
use with 365-uuf tuning ca-
pacitor, and 455 Ke if trans-
former

Lz Ls Li=RF choke, 10 a.

Ri Rs=1 megohm, 0.5 watt

R2=150 ohms, 0.5 watt

Rs=12000 ohms, 2 watts

Ry =22000 ohms, 0.6 watt

R:s=100 ohms, 0.5 watt

R7=47000 ohms, 0.5 watt

Rs=Volume control potentx—
ometer, 1 megohm
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6.3V DC
I TO ALL HEATERS

Re =10 megohms, 0.5 watt
Rio=10.27 megohm, 0.5 watt
Ru =0.47 megohm, 0.6 watt
Ri12=390 ohms, 2 watts
Ri3=2.2 megohms, 0.5 watt
Ris=220 ohms, 0.5 watt
Ri; = 1500 ohms, 1 watt
T;l’ga = RF transformers, 540-
Ts Ty= Intermedlate-frequency
transformers, 455 Ke
Ts =Output transformer for
matching impedance of voice
coil to 5000-ohm tube load
Te=Vibrator transformer,
Stancor P-4062, or equivalent
Vibrator = Mallory Type No.
859, or equivalent
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SUPERREGENERATIVE RECEIVER

RECTIFIER

TYPE 6X4

AF AMPLIFIER
TYPE 6AV6

POWER
AMPLIFIER
TYPE 6AQS

Cy C2= 0.1 uf, paper, 400 v,
C3 Ca= 100 ppf, mica, 500 v.
Cs Cr Cr= 20 uf, electrolytic,
450 v,
Cs = 25 uf, electrolytic, 50 v.
Cy = 25 uf, electrolytic, 25 v.
Cio=0.002 nf, paper, 600 v,
Cu = 90.01 uf, paper, 400 v.
Cr2= 0.005 uf, paper, 400 v.
Ci3 = 50 puf, silver mica, 300 v.
Cus = 10 puf max. per section
C1s= 0.006 puf, mica, 300 v.
Cis = 8-80 upf, ceramic or mica
Ji = Jack for earphones

L1= Antenna pickup loop

L2 =4 turns of No. 12 copper
wire on a 14” I.D. form
(144 Mec): adjust spacing to
set band

Ls = Speaker field or filter choke,
12 henries, 70 ma.

R: = Potentiometer, 47000
ohms, 1 watt, wire wound

Rz Rz = 47000 ohms, 1 watt

R4 = 27000 ohms, 0.5 watt

R:= 2700 ohms, 1 watt

R¢ R7= 0.1 megohm, 0.6 watt
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Rs= 270 ohms, 1 watt

Rs = Volume control, potenti-
ometer, 500000 chms

Rio= 4.7 megohms, 0.5 watt

RFC=One-quarter wavelength
of No. 23 Enam. close wound
on a Y1’ form (144 Mc)

RFC: = RF choke, 8 mh,

T: = Power transformer,
300-0-300 volts rms, 70 ma.

Tz = Output transformer for
matching impedance of voice
coil to 5000~chm tube load
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AC-OPERATED REGENERATIVE SHORT-WAVE RECEIVER

RF AMPLWFIER DETECTOR AF AMPLIFIER POWER AMPLIFIER
TYPE €JS TYPE 6K6- 5T

TYPE 6SK? TYPE 65K7

il

B ) {
it
: g e Co
ANTENNA, 48 4 j
SYSTEM 7é ”,~ % Cg Ca
€1 jC3

SPEAKER

1 Cs
& M Sa,
= 4
(=1 R2 cr
—“»l
R3
1 [
Riz
JJ +250 v,
C1 C2=385 uuf R3=100000 ohms, 1 watt R14=5600 ohms, 1 watt
Ca C4=Midget tuning R4=56000 ohms, 1 watt Si1=S8Switch, single-pole,
capacitors, 140 uuf Rs=2 to 5 megohms, 0.5 watt single-throw
Cs Cs C7 C13=0.06 uf Re=270000 ohms, 1 watt Ti=RF coil of the 4-prong,
Cs=0.01 pf, 400 v. Ri=1 megohm, 0.5 watt plug-in type for use with a
Ca C10=0.00025 nf, mica Rs=1500 ohms, 1 watt 140-uuf tuning capacitor
Cu=1 uf, 200 v. R9=47000 ohms, 0.5 watt T:=Regenerative detector coil
Ci2=8 uf, electrolytie, 25 v. Rio=Volume control, potenti- of the 5-prong, 2-winding,
Cu=16 uf, electrolytic, 25 v. ometer, 500000 ohms plug-in type with tapped
L:=RF choke, 8 mh. Ru=560 ohms, 1 watt grid winding for electron-
L2=AF choke, 300-500 mh, Ri2=15000 ohms, 5 watts coupled cireuit
R1=270 ohms, 0.5 watt Ris=Regeneration control, Ts=Output transformer for
R:=Potentiometer, 10000 potentiometer, 500000 ohms matching impedance of voice

ohms, wire wound
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coil to a 7500-ohm tube load
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BATTERY-OPERATED SHORT-WAVE RECEIVER
1.4-Volt Types

RF  AMPLIFIER CETECTOR POWER AMPLIFIER

TYPE 3va
—

TYPE U4 T2 TYPE U4

ANTENNA
SYSTEM

.

Cy Ce = Midget tuning capaci- Ri = 100000 ohms, 0.5 watt T: = RF coil of the 4-prong, 2-
tors, 140 uuf R: = 2 - 6 megohms, 0.5 watt winding, plug-in type for use
C2 Ci = 35 uuf R: = 0.25 megohm, 0.5 watt with 140-uuf tuning capacitor
Cs Cq C. Cu = 0.05 uf R« = Volume control, potenti- T:= Regenerative detector coil
Cs Cro = 0.00025 uf ometer, 0.5 megohm of the 6-prong, 3-winding,
Cs =1 uf R: R7 = Potentiometers, 50000 plug-in type for use with 140-
Crz = 0.002 uf ohms uuf tuning capacitor
Ciz = 8 uf, electrolytic, 100 v, Re¢ = 470 ohms, 005 watt Ty = Output transformer f_or
Li La = RF chokes, 8 mh. Rs = 30000 ohms, 0.5 watt matehing impedance of voice
L; = AF choke, 300-500 mh, 81 S2 = Ganged switch, double- coil to 9000-ohm tube load
pole, single-throw
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= r——————
RF AMPLIFIER MIXER IF AMPLIFIER IF AMPLIFER
TYPE 686 TYPE 6BE6 TYPE 685 TYPE 68,6 RATO DETECTOR
(88-108 MO (88108 Mo) (107 MO 007 MO

" Caq

y4
C

LIMITER 49 DISCRIMINATOR
&
OSCILLATOR X T3 . TYPE 6AU6 5 TYPE 6ALS
TYPE 6C4 o
(987 70 118.7 Mc) [ o)
2

TO USE LUMITER & DISCRIMINATOR
IN PLACE OF RATIO DETECTOR,CON-
NECT LEADS X,Y & Z TO CORRES-
PONDING POINTS MARKED ON CIR-
CUIT ABOVE

"
>
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Ci1 Co Cis= Ganged tuning ca-
pacitors, 7.5 - 20 upf

C2 Cro Ci19= Trimmer ca-
pacitors, 1.6—5.0 puf, ceramic

Cs=0.01 uf, mica, 200 v.

Ce Cuu C2¢ Co7 Cat C35 Csa Cos =
1500 ppf, mica, 200 v.

Cs C7 Cis Ci7 Co2 Cos C29 Cat Cor
Cs2=1500 guf, mica, 400 v.

Ce=10.1 uf, paper, 400 v.

Cs =33 puf, mica, 400 v.

Cu=3 upuf, silver mica, 200 v.

Ciz Czs Caz Cas C:4=0.01 4f,
paper, 200 v.

Cia=0.01 uf, paper, 200 v.

Cis C2z Cas Cao Cas Caz Cus Cas
Cw Css Cor = Trimmer
capacitors, 22-50 uuf, mica,
usually part of if transformer

Ca0=33 upf, silver mica, 200 v.

Cn =100 pguf, mica, 200 v.

Ca Coo=2330 ppf, mica, 200 v,

Cu =0.05 pf, paper, 200 v.

Caz Cas=0.005 uf, paper, 200 v.

FM TUNER (Cont'd)

Cu =10 uf, electrolytic, 200 v.
Cs Case=250 ppf, mica, 200 v.
Cur=0.1 uf, mica, 200 v.

Co =500 puf, mica, 400 v.

I, =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 3£’/
from L

15 L4 Ly Lis Ls Lo Ly = Choke, 1
uh (approx.), 26 turns of
No.24 Enam. close-wound
on resistor (47000 ohms, 0.6
watt), connected in parallel
with resistor.

Ls==2.5 turns of No.14 Enam.
spaced 1 wire diameter,
wound on 34’/ form.

I.=2 turns of No.14 Enam.
spaced 1 wire diameter,
wound on 34" form, tapped

turn from ground end:
Lu = Choke, 2
Ri1 Rs=50 ohme, 0 5 watt
R2 Ri2 Ryje=0.04 megohm, 0.5
watt
Ra R7 Ria Riz=500 ohms, 0.5
watt
R4 Rzs Rew=
watt
Rs=0.03 megohm, 1 watt
Rs=0.05 megohm, 0.5 watt
Ro=0.005 megohm, 1 watt
R0 Ris Rsz=0.2 megohm, 0.5
watt
Ru Ris Rao= 68 ohms, 0.5 watt.
Ris=56 ohms, 0.5 watt
R Ro7=Volume controlg,
potentiometers, 1 megohm
R2=0.0156 megohm, 0.5 watt
Rz =820 ohms, 0.5 watt
Rz =560 ohms, 0.5 watt
Ro2s Rsi = 2 megohms, 0.5 watt
Ras R = 0.1 megohm, 0.5watt
R»=0.15 megohm, 1 watt

0.01 megohm, 0.5

Fig. 156-7 illustrates the circuit for an FM tuner. The basic circuit has been
arranged to show the use of a ratio detector, hut the limiter/discriminator circuit.
shown 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-
gtruction 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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CLASS A, AUDIO AMPLIFIER
For Use On DC Power Line—Power Output, 4 Watts*

PHASE INVERTER

TVPE

BEAM POWER
AMPLIFIER

12sc? TYPE 50L6-CT

; SPEAKER
i ]
J‘@
v
L2
csle
> 8 pBEaw POWER
AMPLIFIER
T TYPE S0L6-GT
I I
[
o« Fust e Ao S0LE6-GT  SOLE-GT  125C7
nx o Y TGy
< [T
L= A
F—AAA—
- "

CHASSIS DONOTC N
¥ TO GROUND

(31(3z== 0.006 uf

Cs = 25 uf, electrolytlc, 26 v.
Ca = 0.035 uf
Cs = 0.1 uf, paper, 150 v,
Ce = 2 p, electrolytic, 150 v.
Cr7 = 4 uf, electrolytic, 150 v.
L1 = Filter choke, 10 henries at

125 ma., 60 ohms

L2 = Speaker field, 115 volts d¢

Ri = Volume control, potenti~
ometer, 500000 ohms

Rz = 4000 ohms, 0.5 watt

R; R« Ru 250000 ohms, 0.5

watt
R; = 475000 ohms, 0.5 watt
R¢ = 16000 ohms, 0.5 watt

Signal voltage input for full power output = 0.25 volt peak
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Rz = 500000 ohms, 0.5 watt
Rs = 70 ohms, 1 watt
Rs = 4000 ohms, 2 watts

Rio = 33 ohms, 1.0 watt

T = Output transformer for
matching the impedance of
voice coil to 3000-ohm plate-
to-plate tube load
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MICROPHONE AND PHONOGRAPH AMPLIFIER
Power Output, 6 Watts

T

TO SPEAKER
VOICE' CoiL

C1=16 uf, electrolytic, 150 v,
C2 Cs Ce=0.1 uf, paper, 200 v.

C3 C1a=104f, electrolytic, 450 v.

Ca C9=0.05 uf, paper, 400 v.
Cs=0.25 uf, paper, 200 v.
C1=820 uuf, mica, 500 v.
C1o=20 uf, electrolytic, 25 v.

Cu Ci2=254f, electrolytic, 450 v.

F=Fuse, 1 ampere

Ji=Jack for high-impedance
crystal microphone input,
maximur input: 2 volts peak

Je=Jack for low-impedance
phono-pickup input, maxi-
mum input: 0.135 volt peak

=Cyy

s AR

+ +]
Gzl %3

Js=Jack for high-impedance
phono-pick up input, maxi-
mum input: 20 volts peak

Ri Rs=Volume control,
potentiometer, 0.5 megohm

R2=2200 ohms, 0.5 watt

R3=1500 ohms, 0.5 watt

Rs Ruu=1.2 megohms, 0.5 watt

Rs Ri3=82000 ohms, 0.5 watt

Re=270000 ohms, 0.5 watt

R: Re=470000 ochms, 0.5 watt

Ri0=47 ohms, 0.5 watt

Ru=Tone control,
potentiometer, 5000 ohms
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Ri3=1000 ohms, 0.5 watt
R15=220000 chms, 0.5 watt
R16=330000 ohms, 0.5 watt
R17=220 chms, 2 watts
Ris R1e=33 ohms, 0.5 watt
R20=440 ohms, 10 watts
R2=8200 obhms, 0.5 watt
Rz R=33000 ohms, 2 watts
Ti1=Output transformer for
matching impedance of voice
coil to 4000-ohm tube load
T2=Power transformer, 350-0-
350 volts rms, 125 ma,
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HIGH-FIDELITY AUDIO AMPLIFIER

With Independent Bass and Treble Controls and Preamplifier
for Low-Level Inputs—10 Watis

2-STAGE 5 BASS VOLTAGE TREBLE PHASE P L
SREAMPLIFIER 32  aAMPLIFIER AMPLIFIER  AMPLIFIER INVERTER AN
TYPE TYPE TYPE
< 65NT-GT Cla ™ esnr-or| C21
; S 4

c22|

TYPE
5va-G L

XX
\V,
R.
30} % PUSH-PULL

(4] OUTPUT STAGE

G1 C: Cuu=0.05 uf, paper, 600 v.
Cs C4=20 uf, electrolytic, 450 v.
Cs Cy=0.01 uf, paper, 600 v.
Cs Ci6 C2o Ca1 Coz C C%=0.02
uf, paper, 600 v.
C1 Cs=25 uf, electrolytic, 50 v.
Cio C1e C17=0.005 nf, paper,
600 v.

Ci2==0.1 uf, paper, 400 v,
Cra=8 uf, electrolytic, 450 v.
Cis Cro=15uf, electrolytic, 450 v.
Cis=10 nf, electrolytic, 450 v.
Cza Co5=204f, electrolytic, 150 v.
F=1 ampere
-Ji=Jack for low-impedance
phono-pickup input
-J2=Closed-circuit Jack for high
impedance phono-pickup
input

Li=VFilter choke, 12 henries,
230 ohms, 150 ma.

N=0verload indicator, neon
lamp, ¥{ watt

Ri=5600 ohms, 0.5 watt

Rz R3=3.3 megohms, 0.5 watt

Ri4 R; R%=33000 ohms, 0.5 watt

Rs=200000 ohms, 0.5 watt

R1=27000 ohms, 0.5 watt

Rs=180000 ohms, 0.5 watt

Ro R10=68000 ohms, 0.5 watt

Rui=Volume control,
potentiometer, 0.5 megohm

Riz Riz R==1500 ohms, 0.5 watt

Rt Rt R2: Rst Rat Rag Rwo=0.5
megohm, 0.5 watt

Ri; R Ri;=100000 ohms,
0.5 watt

Ris=Bass control,
potentiometer, 1 megohm

TO LINE
VOICE COIL

Ri7 R%=10000 ohms, 0.5 watt

Ris R2o R2s Res Rar Ras=47000
ohms, 0.5 watt

R1s=20000 chms

Rxu=Treble control,
potentiometer, 0.25 megohm

Ras=4700 ohms, 0.5 watt

Ra=10000 ohms, 2.0 watts

Rs: Raz Rs; Res=2700 ohms

Rau Ri2=2500 chms, wire-wound,
10 watts

Ru=75000 ohms, 0.5 watt

T;=Power transformer, 375-0-
375 volts rms, 160 ma.

Te=0utput transformer for
matching impedance of line
or voice coil to 5000-ohm
plate-to-plate tube load

Norte: Refer to type 6AS7-G in TUBE TYPES SECTION for operation characteristic and operating

-conditions for this circuit.
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HIGH-POWER AUDIO AMPLIFIER
Class ABi; Output, 25 Watts

TYPE 6L8-C
BASS TREBLE
R20 Cia
TYPE 6J7 TYPE 65K7 C_-,1 TYPE 85L7-GT =
R cit o T2
Rigg™
Res Ray Xx
v TO
et i
R,
Ri3) 3 R 382 24, con.
RisSRig mn T
R phes
& | e, %ﬂ & =
23
oes
" le, Ciod C3
T 9 '1 1323
R
1, 25
F x Ros
nrv. g_..x
AC
o0—0"" E T8
TYPE
5U4-G Rz
C1 Cs Cy15=20 uf, Rz R4=82000 ohms, 0.5 watt Ris R19=220000 ohms, 1 watt
electrolytic, 25 v. Rs R13=47000 ohmas, 0.5 watt Rz=560000 ohms, 0.5 watt
Cz Cs Cr=0.01 uf, paper, 400 v. Rs R; Rs=Volume control, po- Ra Rzx=270000 ohms, 0.5 watt
Cs=0.005 uf, paper, 100 v. tentiometer, 1.5 megohm, tap- R2»=12000 ohms, 0.5 watt
Cs=0.5 uf, paper, 400 v. ped at 0.25 and 0.5 megohm. R2=185 ohms, 10 watts
Cs=330 yuf, mica Rs is 0.25-megohm section. R2:=10000 ohms, 1 watt
Cy Cr3=380 uf, electrolytic, 450 v. .Ry=390 ohms, 0.5 watt Ras=2000 ohms, 20 watts
C1o Cu Ciy Cu=0.1 uf, paper, R10=120000 ohms, 0.5 watt Ror=12500 ohms, 20 watts
400 v. Ru=15000 ohms, 0.5 watt Ti=Power transformer, 400-0-
Cis=40 uf, electrolytice, 450 v. Riz=Bass control, 400 volts rms, 200 ma.
F=Fuse, 3 amperes potentiometer, 0.5 megohm T:=0Output transformer for
J=Jdack for high-impedance Rius=Treble control, matching impedance of voice
phono-pickup input potentiometer, 0.6 megohm coilto 6600-ohm plate-to~-plate
Ri=1 megohm, 0.5 watt Ris Ri1s=4700 ohms, 0.5 watt tube load.
R2=1800 ohms, 0.5 watt R17=250000 ohms, 0.5 watt

NorEe: The value of Ri7should be adjusted for minimum power-supply ripple in output.
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HIGH-POWER AUDIO-AMPLIFIER
Class AB2 6L6’s, Output 45 Watts

NO SIGNAL

T
T

<1 [

Ci1 Cs= 25 uf, electrolytic, 25 v.

Cz = 0.035 uf, 1000 v.

Ca = 16 uf, electrolytic, 450 v.

C4 Cs = 8 pf, electrolytic, 450 v.

Li = 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

R: = 650 ohms, 0.5 watt
Ria = 5000 ohms, 20 watts
R4 = 50000 ohms, 5 watts
Rs = 3500 ohms, 30 watts
Ré = 200 ohms, 5 watts

T; = Interstage transformer for
matching a single 6F6.to push-
pull 6L.6°s as class ABs ampli-
fiers

T2 = Output transformer for
matching the impedance of
voice coil to a 3800-ohm plate-
to-piate tube load

Ta = Power transformer, 440~
0-440 volts rms, 175 ma. de

TPy = Power transformer, 315~
0-315 volts rms, 150 ma.de
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CLASS B AMPLIFIER FOR MOBILE USE .
Power Output 10 Watts*

CLASS B
DRIVER AMPLIFER
TYPE 6N7 TYPE 6N7

TYPE 65F5

Ci =5 uf, electrolytic, 25 v. R2=1300 ohms, 0.5 watt T2 = Input transformer for °

Cs =4 uf, electrolytic, 250 v. Rs Rs=100000 ohms, 0.5 watt matching parallel-connected

Cz = 0.025 puf R4=50000 ohms, 0.5 watt 6N7 toa 6N7 class B

Ci= 25 uf, alectrolytic, 26 v. Rs=Voltage control, variable amplifier

M = Microphone, single-button, resistor, 1000 ohms, set for Ts= Output transformer for

ahms 2.0 volts matching impedance of voice

Ri=Volume control, potenti- Ti=Transformer for matching coil to 8000-ohm plate-to-

ometer, 500000 ohms a single-button microphone plate tube load

to a single grid

¥ Peak signal-input voltage to 6SF5 grid is 0.15 volt for full power output

(16-16)

TWO-CHANNEL AUDIO MIXER
Voltage Gain From Each Grid of 65C7 to Output is Approximately 15

TYPE 6SC7

ouTPUT TO
INPUT N2 GRID OF
! c2 NEXT STAGE
Ra R
A
v Sa

o— Ny = Re
% qz -
INPUT N2 2
i %—‘ <
-
- +250v.
Cr = 8 ul, electrolytic, 26 v. R: = 2000 ohms, 0.5 watt R: Ra= 250000 ohms, 0.6 watt

Ca= 0.005 uf, paper, 400 v. R4 Rs Re = 1 megohm, 0.6 watt
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NON-MOTORBOATING RESISTANCE-COUPLED AMPLIFIER
Yoltage Gain, 9000

YYPE 6J7 TYPE 6547

NAP';JT YO
POWER
AMPLIFIER

C1 Cu= 8 uf, electrolytic, 25 v. Ri = Volume control, potenti- R4 Ry = 100000 ohms, 0.5 watt

Cs = 0.06 uf, voltage rating ometer Rs = Volume control, potenti-

as high as voltage supply Rz Res= 600 ohms, 0.5 watt ometer, 0.5 megohm, ganged
Cs Ce= 0.006 uf, voltage rating  Ra Rz Ro= 500000 ohms, 0.5 with Ri

as high as voltage supply 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-
{requency 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-
$upply lead of one or more of the voltage amplifier stages. The constanta of decoupling filters depend
on the design requirementas of the amplifier.

CODE PRACTICE OSCILLATOR
R TYPE
4 3525-G7
et L
< Ry 3
Ry
»
Csa R o—@
[4
T 2 WTv AC
Lo q%
. b , wy
&omscr TO ONLY ONE SIDE GROUND| AC RETURN
OF AC LINE =
81 Cz=0.001 uf, mica, 300 v. Ri= 27000 ohms, 0.5 watt Rs = Volume control, potenti=
2= 0.01 uf, paper, 400 v, Ra = 0.27 megohm, 0.5 watt ometer, 0.1 megohm
Ca=0.002 uf, mica, 300 v. Ra= 0.22 megohm, 0.5 watt Re= 2.2 megohms, 0.5 watt
GCs = 0.003 uf, paper, 400 v. Ri= Potentiometer, 1.0 meg- Rz= 47000 ohms, 0.5 watt
Co = 20 uf, electrolytic, 260 v. ohm, carbon Rs= 470 ohms, 25 watts
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INTERCOMMUNICATION SET
With Master Unit and Six Remote Units

TALK-LISTEN SWITCH
SHOWN IN LISTEN POSITION
LOCK-IN TALK TALK

TO ANY
TERMINAL 1 TO 6

Looee

ONE OF
og— | | e
L

LISTEN

PUSHBUTTON | ] ] .
U ES
it Saauuus) Byl
(L 2

AUDIO AMPLIFIER
, TYPE 65L7-GT

POWER AMPLIFIER

TYPE 6v6-GT

Ca

L3
<
>
Rz

Fm—m———n

A3

1t
it

Rg

Fomeemeen
[P

niy
AC

C1=10.0025 uf, 400 v,
C2=470 uuf, 500 v.

C3s =330 uuf, 500 v,
Cs=0.01 uf, 600 v.

Cs=0.1 pf, 400 v.

Ce = 5600 uuf, 500 v,

C7 Cs=20 uf, 350 v.
Ri=12 ohms, 0.5 watt
Ra=0.47 megohm, 0.5 watt

RECTIFIER
TYPE 6X5-GT
Rz
Ter Tes

Ry =10 megohms, 0.5 watt

Rs=330 ohms, 0.5 watt

Rs= 656000 ohms, 0.5 watt

Rg= Volume control, potenti-
ometer, 0.5 megohm

R7 Rs Rie=0.33 megohm, 0.5
watt

Ro=82000 ohms, 0.5 watt

Ri1 =270 ohms, 0.6 watt
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Ri2=470 ohms, 2 watts

81 S2=Speakers, permanent-
magnet

T, =Input transformer, pri-
mary to secondary turns
ratio 1:47.5

T3=Qutput transformer for
matching impedance of voice
coil to 5000-ohm tube load
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ELECTRONIC VOLT-OHM METER

o
ZERO CENTER
ACVOLTS

Ci1 Ca=0.05 uf, oﬂ-ﬁlled 600 v.
Ca=47 ppf, ceramic

Cu Ca Cs=3300 upf mica
C7=0.25 uf, tubular, 400 v,

R1 =82 ohms, 0.5 watt

R:=2Z4 ohms, 1 watt

R Ris=3.9 megohms, 0.5 watt
Ri=1 megohm, 0.5 watt
Rs=0.12 megohm, 0.5 watt
Rs=0.27 megohm, 0.5 watt
R7=0.91 megohm, 0.5 watt
Rs=3.3 megohms, 0.5 watt
Ro=9.9 megohms =+ 1%, 0.5

watt
Ri0=90000 ohms = 1%, 0.5

watt
Ru=9000 ohms = 1%, 0.5
watt
Ri2=900 ohms =+ 1%, 0.5 watt
Ri3=90 ohms == 19, 0.5 watt
R1=9.6 ohms = 17, 0.5 watt

=]

TYPE
6X4

5.7V RMS
é TO ALL HEATERS

R2s= 8.2 megohms, 0.5 watt

Rar= Potentiometer, 20 ohms,
5 watts

Ro2s Rss= 3.3 megohms, 0.5 watt

R3 = 3000 ohma, 0.5 watt

Rso= 39000 ohms, 0.5 watt

Raiz= 3300 ohmag, 0.5 watt

Ras R4 =18000 ohms, 0.5 watt

Ras = Potentiometer, 30000
ohms, 2 watts

R3s Ruwo= Potentiometers, 7000

ohms, 2 watts

Rur Ry Ras= Potentiometers,
8000 ohms, 2 watts

Re=5.6 megohms, 1 watt

Ru= 6200 ohms, 0.5 watt

Ru= 15000 ohms, 0.5 watt

Rus = 20000 ohms, 0.5 watt

T) = Power transformer, 100-0-
100 volts rms, dc load cur-
rent less than 5 ma.

= e

Ri5=0.121 megohm == 1%, 0.5
watt
Rie=0.290 megohm = 1%, 0.5
watt
R11= 0.830 megohm =+ 19, 0.5 R
att

Rls=3 12 megobhms =+ 19, 0.5
watt

Rzo 7 megohms (two 3.5-
megohm =+ 1%, 2-watt re-
sistors in series)

Ra =2 megohms = 19%,, 1 watt

Rz = 0.70 megohm == 1%, 0.5
watt

R =0.20 megohm == 1%, 0.5
watt

Ru="T0000 obhms = 1%, 0.5

watt
Ry =30000 obms = 1%, 0.6
watt
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AF VOLTAGE AMPLIFIER WITH SIGNAL MIXER, MASTER MIXER
AND COMPRESSOR-EXPANDER

OUTPUT OF OTHER

INPUT MIXER INPUT MIXERS MASTER MIXER
TYPE 6L7 OR 1612 TYPE 6L7 OR 1612 €1
—
aF
ar ouTPUT
INPUT
Ci2
=
o0
HONO R
PICKUP 20
com
TYPEGLTOR 812 [ PRESS
[ W C‘s -
L |compressor-
f— M EXPANDER
Cia R28
T 3
+
8.3V
o-60Vv.( R28 : ; J-
Ca2 Cig
oy L5 ]
r l o "7 V. )
-8 +300 V. AC

C31 Ci C6 C1oCiy Cus Cu Cis C1
Cus Czo Ca= 0.05 uf

Cz2Cs= uf

Ci Cr C9 Cn— 8 uf

uf
Rl = 50000 ohms, 0.5 watt
Rz Riz=1.2 megohms, 0.5 watt
R Ris = 820000 ohms, 0.5 watt
R« Ru = Potentiometers,
250000 ohms

R; Ris = 1000 chms, 0.5 watt

Rs R7 Ris Riz= 30000 ohms,
0.5 watt

Rs Ris= 150000 ohms, 1 watt

Rs Ri9 R24 = 300000 ohms, 0.5
watt

Rio R20 = 50000 ohms, 0.5 watt

Rt Rz = 100000 ohms, 0.5

watt
Ra1 = 150000 ohms, 0.5 watt
Raz2 = 500 ohms, 0.5 watt
Ras = 40000 ohms, 0.5 watt
Rae = Potentiometer, 1 megohm

Rz7 = Bleeder resistor, tapped
at 50 to 60 volts to provide
heater-circuit bias

R2s= 100000 ohms, 0.5 watt

R = 5000 ohms, 0.5 watt

S; = Switch, music-speech,
single-pole, single-throw

82 = Switch, expand-compress,
double-pole, double-throw

S3 = Switch, phonograph; close

when phonograph is not in

use
Transformer, microphone
input

T =

NOTE 1: Potentiometer R4 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 R«, gain is at maximum. Because the leads
to R4 do not carry af voltage, R4 can be connected to the circuit through a long cable for remote control.
Potentiometer Ris controls the no-signal gain of the master mixer stage. When the circuit is to be used
as & 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 Ri«. The degree of expansion or compression
can be controlled by Rss. Maximum expansion or compression is obtained with the contact at the posi-
tive end. Rus and Res can also be connected to the circuit through cables for remote control.

NOTE 2: Volume expander circuits are discussed on page 31 of the ELECTRON TUBE APPLICA-
TIONS SECTION.
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o | Y g MAX, e
- 6 -



RCA

RECEIVING TUBE

e —

GLASS TUBES—Outlines 8-19

- l‘-AOO’MAX. f‘_%"MAX
' A

Ld

o o . L .y

200 Y% 1Y LI 2

. 2 4 ) 1Yy

% £060° max. max. |T3%2| B, MAX.

MAX. l £%p I

SMALL -~ BUTTON \
SMALL -BUTTON

SUB-MINAR
8-PIN BASE
—8—
-
-1 ¥ MAX.!-—
T9
3,
LA 2%
MAX. Max.

1| 933 | INTERMEDIATE»
MAX. 1 SHELL OCTAL
—11-

-

2l
To Max. 22933
MAX.
(o]
1 3g | ‘Lock-IN
e MA')‘?:—J TYPE
-14 -
°l|3/|é'rw¢\x.
2V
T9 2
MAX.
Lo
3 Y%e
MAX
) 9/32'_':]\INTERMEDI—ATE-
a SHELL OCTAL

MAX.
-17-

MINIATURE 7-PIN

.9
3, MAX.
7| o
" wia 1'%
2l ] I/Z MAX,
MAX 4 3/35
NIHEY
SMALL -BUTTON
MINIATURE 7-PIN
—12—
..l '4—3/4"MAX.
23y
5" L)
2%, 27 Max,
MAX. +¥35
IR T

SMALL -BUTTON
MINIATURE 7-PIN

_15 -

7.

*max]
rEf:

Tel

e
SMALL-BUTTON
NOVAL 9-PIN

_16-

MANUAL

—T 3/|gMAx.’6-
13"

T9 MAX,
(o] I 2%,
T MAX,

! e | tock-in

MAX, TYPE
“10~-
- =75 MAX.
{ 115,
” P i
2 Y, “1%  max.
MAX. [T6ls| 23,7
SMALL -BUTTON
NOVAL 9-PIN
-13-
7%
-~ [ TaMax.
2% 23"
| l )
max. | T 6y ¥ow  MAX,

2 ”
£¥a5

SMALL-BUTTON
NOVAL 9-PIN

—16-
s»ll Y6 MAX.
5
To 2
MAX.
3%,
MAX.
O
J
L
1 3/.é'_l LOCK-IN
T MAX. TYPE
_19—

*MEASURED FROM BASE SEAT TO BULB TOP LINE AS DETERMINED BY RING GAUGE OF ?,6" 1.0,
"MEASURED FROM BASE SEAT TO BULB TOP LINE AS DETERMINED 8Y RING GAUGE OF .210 1.0,
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CEIVING TUBE

—

MANUAL

E g \SKIRTED

MINIATURE

max” > car
"
To | 2%
;

2% 5 ”

3%

MAX,

)} 955 | INTERMEDIATE=
MAX, ™ SHELL OCTAL

-20-

3" SKIRTED
16 5 MINIATURE
MAX. CAP

GLASS TUBES—Outlines 20-28

1 %¢

rMAx,"i

\ 9/327‘ NSHORT
MAIZ— INTERMEDIATE-
© ' SHELL OCTAL

| /“’”“i'l;l___

25 3
T9 6 T9 2
30 - MAX
2% - 35"
3% 16
MAX. MAX.
1 % _ | SMALL-wAFER 154 |sMaLL-waFer
MAX.™ OCTAL, SLEEVE < MAX. ™ OCTAL, SLEEVE
-23- ~24-
#  SKIRTED
1 3/IG"_i PI\AA/'S MINIATURE
"' MAX. | CAP
0"
To 27 3%
MAX,
MAX. 5 "_ }
3 %g 2o
MAX. 3

} %32 | INTERMEDIATE-
MAX. ™ SHELL OCTAL

26~

INTERMEDIATE »
SHELL OCTAL

286

e T

T

INTERMEDIATE~
MAX,™ SHELL OCTAL

-22-
"
1 %
l’MAX.—1
TS 2g
MAX. o
B
MAX.

| 935° | INTERMEDIATE-
Ax, ™™ SHELL OCTAL

25~

13, " SWIRTED
16 oy MINIATURE
MAX _~ CAP

%
3"_” MAX
3%
\

9. INTERMEDIATE =
32 SHELL OCTAL
MAX.

-28~
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R
GLASS TUBES—Outlines 29-37
. L% |9/,6"_MAx.-|
V ¥e_,, SMALL ! 1 %4 MAX.
[*=max. ] _~cas (M% _:’ s ID_
oy
SA NG NG
£y 3w
To . To 6 4. sTI2 +¥g
3 Yg 4 e at’
A MAX )
+ Y iy mMax
) S
3,
t e
i
| 9al | ISHORT NG P T r
32 | INTERMEDIATE - | g SMALL-SHELL SMALL-SHELL
MAX. T SHELL OCTAL = MAax ™ SMALL 6-PIN OCTAL
-29- -30- -31-
1%¢ MAX. 1 Y6 MAX.
2 SKIRTED 2o SMALL
1 YgMAX. 1 %6 MaX. po| MINIATURE Fe MAX- T e
“ ——me [ | —= ]
—~|| 3/|6MAX.F:—
r I I
1Yy a th
L L
B 3" 25. "
sTI2 N sTi2 3%, sTI2 3732
16 " " 5/32 + l/a”
¥ PR 7, "
MAX. 32 4 732
MAX MAX.
U SMALL-SHELL U RSpALL-SHELL
OCTAL 6.
g  TORTANTY
SMALL~SHELL
SMALL 4.56,
-32- OR 7-Pi -33- -34-
13, * ! g MAX. SKIRTED
"
1138 Max. 1138 max. @,émx.‘l/mmmmac
" ;
—-I 1 Vg MAX, t %6 MAX. ) CAP
T e M _ __1_ ! i t
[ T_
113, "
13,7 2 15
113, i
32 3l 6
.
o % 3 a %3
o . + 5n%
sTia + g sTia - e sTI2 32
.5 W 7w
6 N 4 e 47
a % MAX MAX
MAX,
MEDIUM~ X MEDIUM - SHELL =
SHELL SMALL 4.5,0R 6-PIN SMALL SHELL
1 MEDIUM 7-PIN § |
-35- -36- 37~
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RECEIVING

TUBE

MANUAL

GLASS TUBES—Outlines 38-43

——

2 %6 MAX.
“
1 Tie MAX. 1 '3/,6 MAX. .-' I—-I Y6 MAX
3 SMAL I <
1 Hgmax. ) SMALL 1 hmax. e S SMALL |
.
- I—, l t %
v
1 Hg 113, J__
2 g v ° 9"
a3l 472 4 s
16 N l/ll " 3/ -
sTi2 I 8 STI6 8 .
L 5,
a 15/]6” S s 4 5 Ve
MAX. MAX. MAX.
Y SMALL-SHELL FMEDIUM- SHELL MEDIUM~
SMALL 6,0R 7-PiN SMALL 4,0R 5-PIN | SHELL OCTAL
-38- -39~ -40-
"
2 Ug MAX.
2t o SMALL
2 big max. -1 Hgmax | ~cap
! Y6 MAX*]
| —l—
P "
1 %e t %
"
1 4303,
,,
4%e £%,
17,2
t Yy sTI6 5'7an
5,
53 t Y32
MAX.
RMEDTUM - SHEL L 3
SMALL 4.50R 6-FIN t MMUU “MEDIUM-SHELL
MEDIUM_7-PIN Y __OCTAL "4
41~ -42-
2 % MAX.
' Y6 Max
]
»
Ve
”
s Ug
v
£ %
.
sTi9 6y
MAX,
NMEDIUM-SHELL
SMALL 4-PIN__}

—43.
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RECEIVING

TUBE

MANUAL

KINESCOPES —Outlines 44-47

CPTICAL QUAL -

-4—-5t

—ﬂ

H.V. EXTERNAL,

P
tem7 g Vg

—46-

NOTE 1: Reference line is determined by posi-
tion where gauge 1.500"" +.003"’-.000” I.D. and

2'* long will rest on bulb cone.

NOTE 2: Plane through tube axis and vacant

ITY CIRCLE CONDUCTIVE 3"
2Vg" MIN.R.— " an COATING™ SCREEN DIA. 6%
SCREEN RAD. 155 '/21 “6) g 2 % il MIN.VALUE 6 te= 4 #
2la " MIN. —] [ i:a/‘:t’aﬁe /.6—.—; 11 PRy -
it B “ 3 3,7 b
T N 15" 2% 7] \-’-7% "‘lt’«t 43
7100" o 6 ? T yd »
9 4 tR-2°—~ o) § anooe 3 Y waxIXGy 25—]2 lsn/ (5755::3;&. *
4932" EXTERNAL 25 RECESSED SMALL EXTERNAL. B\(
43, INSULATING CAVITY CAP INAL =R, e
[ _COATING ~ _y (noTE 2) COATING ReCPE o
K ‘950" -- -, SMALL CAVITY
2% Vg'—] 950"MAX. 3, "
DIA. T 03 Ya CAP ‘fNO"f‘E 2)
"
REFERENCE 4 REFERENCE 3l 1Y% DIA. g%
LINE F +3p LINE (NOTE 1) b0 6
(NOTE 1) - BI’e 850" "MAX, ,3‘5
y " Loy
TE e exhe % | e
S SMALL-SHELL
+%6  COATING SMALL-SHELL DUODECAL
DUODECAL 7-PIN BASE
/7-PIN BASE
/" ®CONNECTED TO CAP
-44- -45=
W
b 7% " 10 2 by ——
P
SCREEN DIA. s‘/ (SCREEN DIA. 9% ‘3’16‘ Yo
—= MIN. VALUE 6 2 1M vatue 9l
¥ '1 l } _650% sl
_ . }
ST 7
A Vo
v 7h
- X 7 "
2 S Y e 20° F‘l/ X
9%  max. o
3,7 I/ 1/4 4
1ok’ 26 EXTERNAL | DIA.
, CONDUCTIVE £2°. ANGDE
13y COATING § % RECESSED|
3 - = ~SMALL CAVITY
34‘”![ 3/|s" CAP (NOTE 2)
Ve REFERENCE -9307 MAX. 7%,
MEDIUM - SHELL LINE L3,
DIHEPTAL (NOTE 1) *78
12-PIN BASE a3 " P SMALL ~ SHELL
16, T el DUODEC AL
33 ?/16 6 =76 5-PIN BASE

-47-

pin position No.3 may vary from plane through
tube axis and anode terminal by an angulur

tolerance (measured about the tube axiy) of
+10°. Anode terminal is on same side as vacant

289

pin position No.3.



RCA RECEIVING TUBE MANUAL
- — — —
.
KINESCOPES —Outlines 48-51
L)
[S— Y et
S ()
7 *” 1 ” 8
2%6t /s — " SCREEN DIAMETER
gt Yo R SCREEN DIA. 1134 2l sl 14 MIN.
200" MIN. VALUE 0" 5
900\ f
2% sY V" 1 " oo
Iy o, 10%g T e
tly 3,0 o
29 X7
EXTERNAL w o 6y | 4 e xTRRNALL
) )
CONOUCTIVE [aln s 9" COCN&%L'&'E
COATING 16
3" [-ANODE __ § P d
8% , 3 ANODE
3% %% Sy A RECESSED
78 3 GTE 2) REFERENCE SMALI{ C_a\:’”; f
i snalddony mul Rl LINE caP (NOTE 2) _7”
7%
LRE OTED) 3ty 173," (noTE 3) 6,
) 3" “ o SMALL = SHELL ¥,
B + % sy DUODECAL
L %6 £ 16 (CRT 5-PIN BASE L
8%
34~ SMALL-SHELL
% |~ DUODECAL
5-PIN BASE
H
-48- -49-.
M
fo————157%,"2 ¥
oy , 8%
'5%t% SCREEN DIAMETER
SCREEN DIAMETER av v | T el i
141" MIN. 2 4] 2
t
.
ANODE
RECESSED r w ANODE
SMALL R RECESSED
Y CAVITY CAP . SMALL
2% [~ (NOTE 2) 147 ;/ CAVITY CAP
£ " (NoTE 2)
" ” ¥ / Loy
s 373” " p % ‘lA/'5
3" 3" 22y DIA.
0% § o NN 3 7 | EXTERNAL ; I
tY REF ERENCE 5 7 CO%?:JTCTNE " B
LINE . \T ¢ e S -
(NOTE 1) 2T AEFERENCE Ta/” ,,
2", 3” LINE "
e £ sMALL-sHELL & Vg (vote p . "
DUODECGAL . SMALL - SHELL 43,
5-PIN BASE 1%e tH DUODECAL ()
16 =16 5-PIN BASE

*In type 12KP4-A, this dimension is 115 inch
shorter.

o In type 12KP4-A, this angle is 54° with vertex
.950 inch from reference line.

NOTE 1: Reference line is determined by posi-
tion where gauge 1.500” .0037—.000” I.D. and
2" long will rest on bulb cone.

NOTE 2: Plane through tube axis and vacant
pin position No.3 may vary from plane through

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 3: With tube neck inserted through
flared end of reference-line gauge (see page 291)
and with tube seated in gauge, the reference
line is determined by the intersection of the
plane CC’ of the gauge with the giass funnel.
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.
KINESCOPES —Outlines 52-54
15% t % - 157 £l
SCREEN DiA 14%" SCREEN DIA. 145, Lo
. vy m £
MIN. VALUE 14 % Yot ¥ L MIN. VALUE 143 2tg
: ] 72 ]
k4 = = —
— T T \
| i LN o/ e
KN i
P ANODE %6 ( 4°N TERMINAL | 1 »
itha el A . . : 17'%¢
ERMINAL | 22%¢ 11 N\ ! 7/ WEraL cone| MAX.
3ty MAX. L ; e
5% METAL EXTERNAL - can” I63/4'
+%e CONE p INSULATI MAX. 13y
2'2’?, coemlc_?_ il
. + 3 B T ReFERENCE
TERNAL 3" 8 k/
INSUCATING sYaMax SN 8% LINE (NOTE 2)
e S — e o UL e
i MIN. f —F REFERENCE AREA, t 46t 4e
CONTACT g | { olov LINE (NOTE oA VT ;
Ef.;z- 3/'9 MAX. At pr T NSMALL-SHELL DUODECAL
EMAX. 1 VTl Y 7 %o 5-PIN BASE
N, 8t e
"
—l ‘a2 . %6
"
- Y%e | SMALL-SHELL DUODECAL “gR MAX.
Vg R MAX. 5-PIN BASE DETAIL OF LIP
DETAIL OF LIP
-52-~ -53~
18 %t "
SCREEN 01A. 17 3’
MIN. VALUE 74" ATy
1000”0015 DIA. —_
3000”+0015” D NOTE 2) e
1.542"40.003" —— T
1A ; 0.650% L 56>
0.005"
< < *0¢ 10% N z
28R~/
A 0.aa8" W/ 43y < A';'_?F?E
.
—t +l \ / TERMINAL
0.500" N ° \ P
20005 R, 6° TAPER METAL
ﬂ WITHIN 2% CONE
INDICATED
AREA l EXTERNAL L
INSULATIN “ 1Y,
COATING 1 7%, 2 |2,
—y —> L .- -- - et 3
15087 +0.003% e
-0.000 Y " ~T40  REFERENCE
Dra. S/MIN. CONTACT Tl ! LINE (NOTE 1)
AREA L _—
REFERENCE - LINE GAUGE ‘Vér 4 | “e6te
N *  SMALL-SHELL DUODECAL
.I /32 5-PIN BASE

”

o«
BRMAX.  %g
DETAIL OF LiP

-54—

NOTE 1: Reference line is determined by posi-
tion where hinged gauge 1.500”'+.0603-.000"
1.D. and 2” long will rest on bulb cone.

NOTE 2: With tube neck inserted through

flared end of reference-line gauge (above) and
with tube seated in gauge, the reference [ine is
determined by the intersection of the plane CC’
of the gauge with the glass funnel.

2

&
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RCA RECEIVING TUBE MANUAL
——
KINESCOPES—Outline 55
»
o\*"o:t"'\m
N Y ey
£ 9%6+Mig 736t %g
. - \\ ~. 5UatY; DIA.
( 213 MAX. R, _I.—
N SCREEN
HEKI;H'T 23, )
8l 923,
er%. t'/:“z E
VALUE . -~ ANODE
\ 2o 8¢ 27 Ry SRECESSED SMALL,
L23s 'R, )/ y ATy AP
s /, . " e
[— 25 %
" _SCREEN WIDTH 113/
MIN. VALUE 1%,
fo——121 735 # Vg e
225
. RUE:!‘ENCE
f : ‘J/(N'C-)TE )
118"
i t e
N SMALL-SHELL DUODECAL
i 5-PIN BASE
-55e

eIn type 14CP4, this dimension is }{ inch
longer.

NOTE 1: With tube neck imserted through
flared end of reference-line gauge (see page 291)
and with tube seated in gauge, the reference
line is determined by the intersection of the
plane CC’ of the gauge with the glass funnel.

NOTE 2: Plane through tube axis and vacant
pin position No.6 may vary from plane through
tube axis and anode terminal by angular toler-
ance (measured about the tube axis) of =30°
Anode terminal is on same side as vacant pin
position No.6.
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KINESCOPES —Outline 56

e
50“(’ \51' ®
- 2 IS
/O\V‘C’

[(<2% R N\

MIN.
SCREEN
HEIGHT

3

—4-3'/4'}'/8“»2.

//

' MiIN. SCREEN

)
WIDTH 137,

a3, 1 ¥g

REFLERENCE
i iN
N\ (NOTE 1)

” »® I o
Yt

115 MAX.

o
t%e t ‘g

™ SMALL-SHELL DUODECAL
. 5-PiN BASE

»
VS o
L, 0%
715 ¥

}
1yt g i

.
alyily
A/~ aNODE
RECESSED SMALL

—T CAVITY CAP
(NOTE 2)

"
35yt Yo

-56=

*In type 16T P4, this dimension is 3§ inch shorter.
o In type 16 KP4, this dimension is 2 inches.

NOTE 1: With tube neck inserted through
fiared end of reference-line gauge (see page 291)
and with tube seated in gauge, the reference line
is determined by the intersection of the plane

CC’ of the gauge with the glass funnel.

NOTE 2: Plane through tube axis and vacant
pin position No.6 may vary from plane through
tube axis and anode terminal by angular toler-
ance (measured about the tube axis) of %30°,
Anode terminal is on same side as vacant pin
position-No.6.
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KINESCOPES—Outline 57

SCREEN
HEIGHT

IGH
nhe

SCREEN WIDTH 14%g

MIN,VALUE 144"

5%t 3

EXTERNAL
CONDUCTIVE
COATING
o
) 7
118"
SMALL - SHELL 2o
DUODECAL [~-1%6% %6
S~ PIN BASE ]

10%g's ¥

"oy
e t Yo ———rte—7"%"tH¢

L2 L
_[5/41’./4 DIA.

ANODE
T~ RECESSED
| F  SMALL
CAVITY CAP
(NOTE 2)
PN
—-45/3 F 1 3/3

257

NOTE 1: With tube neck inserted through
flared end of reference-line gauge (see page 291)
and with tube seated in gauge, the reference line
is determined by the intersection of the plane
CC’ of the gauge with the glass funnel.

NOTE 2: Plane through tube axis and vacant
pin position No.6 may vary from the plane
through the tube axis and anode terminal by an
angular tolerance (measured about the tube
axis) of =30°. Anode terminal is on same side as
vacant pin position No.6.
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KINESCOPES —Outline 58

"
SCREEN WIDTH 14 9

MIN. VALUE 143"

N, ‘5‘5/|5”2 I/e”

ANODE
LIP - TERMINAL

*

b 19%5”  MAX.

“ * [
r——.lag(s :7/'6".___——..
" " " .

e 2 g - 7Y% %]

L #
aly
1 PE.
/Bn
\ / » +%e
EXTERNAL KX %)
INSULATING /////,//%'////
COATING %), A
T\ T /rererence )
¥ LINE cp‘.\&
7 " (NOTE 1) 5 o -
! %6 * 76 I N,
" SMALL - SHELL CONTACT
- DUODECAL 5" AREA
0 5-PIN BASE 1% /
(NOTE 2) g,
]' AT 7]
o "3, " o
2 £ ¥ e max. 276
DETAIL_OF LIP 7/,5"R. MAX,
=58>

*In types 17CP4 and 17CP4-A, this dimen-
sion is 5/16 inch shorter.

NOTE 1: With tube neck inserted through
flared end of reference-line gauge (see page 291)
and with tube seated in gauge, the reference line
is determined by the intersection of the plane
CC’ of the gauge with the glass funnel.

NOTE 2: Plane through tube axis and pin posi-
tion No.6 may vary from the horizontal axis of
glass face by an angular tolerance (measured
about the tube axis) of =10°. Types 17GP4 and
17TP4 have 6-pin base.

NOTE 3: Support tube by lip only at corners
within this space.
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KINESCOPES—Outline 59

SCREEN
HEIGHT
Bl
MIN.
VALUE
123,
"
SCREEN WIDTH (7Y
MIN. VALUE 7"
A ", ..
=18 gt ¥e
”
REFERENCE
LINE
{NOTE 1}

——f—us"

“ W
—t %Y

" SMALL-SHELL DUODECAL
: S-PIN BASE -

21Ve t Y-

e Lk S— gt %o~

"
14'%g
% |

-59~

NOTE 1: With tube neck inserted through
flared end of reference-line gauge (see page 291)
and with tube seated in gauge, the reference line
is determined by the intersection of the plane
CC’ of the gauge with the glass funnel.

NOTE 2: Plane through tube axis and vacant pin
position No.6 may vary from the pland through
the tube axis and anode terminal by an angular
tolerance (measured about the tube axis) of =30°.
Anode terminal is on same side as vacant pin
position No.6.
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KINESCOPES — Outline 60

\q'ble
o see
O\P"\) ol® NOTE 3
>alRS .
P, =
W — — -t
e
SCREEN
EIGHT .
a9
MMN.
VALUE
13tlg
/
SCREEN WIDTH 183
MIN. VALUE 185
|923/3£ Y ‘/e"
ANODE e 1
LIP-TERMINAL @4y 3
* Tk [ x—
»
T 1 g
o Ly
10'%g 86
b METAL 1
B, SHELL, !
%6 @
REFERENCE 20%
" Ll
L MAx. K (NOTE ) 3%g
EXTERNAL” ]
INSULATING e
COATING - i
e 1
! 46 ‘e

T "SMALL-SHELL DUODECAL
5-PIN BASE
(NOTE 2)

”
o229 MAX s
[Pl A |
b - 3 -~ 3 -
133, %¢ te 7Y £ Y5 o]
2
18
.~
% 33" 3¢
2 [t
t% a0l5R:
\ 47
19R,_~
t
et B,
X 6-%g

al

In..! X

I MIN,

CONTACT
AREA

NOTE 1: With tube neck inserted through
flared end of reference-line gauge (see page 291)
and with tube seated in gauge, the reference line
is determined by the interse¢tion of the plane
CC’ of the gauge with the glass funnel.

NOTE 2: Plane through tube axis and vacant

pin position No.6 may vary from the horizontal
axis of glass face by an angular tolerance (meas-
ured about the tube axis) of =10°,

NOTE 3: Support tube by lip only at corners
within this space.
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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

134 times actual size

24 — Exhaust Tip
25 — Aligning Key
26 — Solder

27 — Aligning Plug

Structure of a Metal Tube
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Admittance, Input........0ovveeeneses. 16

Amplification Factor (u)..... eresanaens .12
Amplifier:
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audio mixer, circuit............... 279, 283

cathode follower

remote-cutoff. . .
sharp-cutoff. .

voltage. . ...............

voltage-compressor circuit. ........... 283
volume-expander. . .................. ..31
volume-expander, circuit......... .... 283

Amplitude Modulation (AM)........... 35
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Anode-Grid..........coiiiiiieenans ve. 45
Arc-Back Limit....................... 68
Automatic Frequency Control (AFC).... 46
Automatic Volume Control (AVC)....... 40
Beam Power Tube Considerations....... 8
Bias
battery 51
51
37
grid-resistor. . .................. 38, 51, 52
gelf (cathode)................... 0., 51
Calculation of:
amplification factor. ................. 12
cathode (sell-bias) resistor............ 51
cathode load resistor............ . 29, 30
control-grid-plate transconductance.... 12
filament resistor power dissipation..... 48
filament (or heater) resistor value...... 48
harmonic distortion. ......... 18, 19, 21, 24
load resistance.............. e .20, 21, 23
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CULVES. oottt it iie e eues 21
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plate efficiency. . .................... 12
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transconductance........... ...12, 28, 29
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connection........ooiviiniiinenenenans 50
current. . . .......oieienibianaann .. 51
directly heated................. . 4
follower 28
indirectly heated 4
resistor 61
|2 <L TR e . 3

Characteristic Curves, Interpretation of ... .69

Characteristics:
amplification factor. ................. 12
control-grid-plate transconductance 12
conversion transconductance..... .12
dynamic..........oiiiiiiiinns . 12
plate resistance .12
static, .. .oiiiiiiiii it oo 13
Charts and Tables:
materials chart. .................. ... 262
outline drawings...............ovuune 284
preferred types list. ..... Inside Back Cover
resistance-coupled amplifiers. ......... 246
structure of a kinscope gun
structure of metal tube..........

structure of miniature tube
tube classification by use and by ﬁlament

or heater voltage. . ................ 62
tube-part materials. . ............... . 241
types not recommended for new

equipment design...... Inside Back Cover

Choke-Input Filter. ................. .. b4

Circuit Diagram of:
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receiver (16-7)................... .. 270
ac-operated superheterodyne receiver
(16-8). .ot e e 266

af voltage amplifier w1th signal
mixer, master mixer, and compressor-

expander (16-21)............ ..., 283
audio mixer (16-16)............... ... 279
automobile receiver (16-5)........... . 268
battery-operated short-wave receiver

(16-B) ..t . 27T
class A audio amplifier (1‘6 10)...... . 274
class B amplifier for mobile use (16-16). 279
code practice oscillator (16-18)........ 280
electronic volt-ohm meter (16-20)...... 282
FM tuner (16-9)............ eereseas 272



INDEX (Continuved)

Page
high-fidelity audio amplifier
class A;—10 watts (16-12)........... 276
high-power audio amplifier:
clags AB1—25 watts (16-13) . ........ 279
clags B—45 watts (16-14) ... ........ 278
intercommuniecation set (16-19)........ 261
microphone and phonograph amplifier—
6 watts (16-11).................... 275
non-motorboating resistance-coupled
amplifier (16-17)................... 280
portable superheterodyne receiver
(A6-1) . i 264
portable 3-way superheterodyne
receiver (16-2)..................... 265
superregenerative receiver (16-6)....... 269
Conversion Curves, Useof , ... ......... 21
Conversion Transconductance........... 12
Corrective Filter....................... 30
Cross-Modulation, . .................. 15, 52
Current:
eathode...................... . ... 51
deoutput........oviiiiiiiiia, 59
grid.... ... i 13, 22
peak plate. ... ......... .. ... ... .... 59
plate. ... ... . 5
Curves, Interpretation of Characteristic 59
Cutoff..... ... i i 15
DcC Amptifier ...............o0iiil 43
Degeneration (See Inverse Feedbacek)
Delayed Automatic Volume Control
(DAVC) . oo e e 41
Demodulation...................000u.. 35
Design-Center System of Ratings........ 59
Detection:
diode.............iiiiiiiie o, 35
discriminator........................ 38
full-wave diode...................... 36
grid bias. ... ........... ... ... 38
grid-resistor and capacitor............ 38
ratio detector. . . .................... 39
Diode:
biaging.................. ... L. 37
considerations 5
detection. . ... 35
load resistor 36
Diseriminator................... R 38
Dress of Circuit Leads. ..... teerevean.. B4
Driver................. ceveress..16,22, 25
Dynamic Characteristies.......... eeeas 12

302

Page

Electron:
considerations....................... 3
SeCONdary...........vvvieiinnnnnnn, 8,9
Electron Tube Applications............. 18
Electron Tube Characteristics........... 11
Electron Tube Installation.............. 47
Electron Tube Testing. . ............... 242

Electrons, Electrodes, and Electron Tubes 3

Electron-Ray Tubes. .. ................ 42
Emission:
QUITENL. . . .ottt nieanaa, 6
secondary. . ........ ..., 8,9
test. i 243
Feedback:
inverse...... ... ... .iiiiiiiiiiia., 25
undesired........................... 54
Filament (also see Heater and Cathode):
operation. ... ....... ... ...0.iuiinun.. 3, 47
resistor. .. ........ ..o, 48
series operation...................... 48
shunt resistor. ...................... 49
supply voltage. . .................... 47
Filter:
capacitor-input. . .................... 55
choke-input. .............. ... .. ..., 55
corrective......... ... ... . i, 30
radio-frequency...................... 55
smoothing. ......................... 556
Formulas (see Calculation)
Frequency Conversion.................. 44
Frequency Modulation (FM).......... 35, 38
Full-Wave Diode Detection............. 36
Full-Wave Rectifier................ ....5,38
Fuses, Useof ......................... 50
Gain (Voltage Amplification) .......... . 14
Grid:
anode. ... ..l i 45
bias...........cooiiiii e, 51
bias detection...................... . 38
considerations. . ..................... 6
CUMTENL. .ttt eeiinen s aansaananannn 13, 22
| 1143 o v....14, 51
resistor and capacitor detection........ 38
voltage supply............. P 50
Grid-Plate Capacitance................. 7
Grid-Plate Transconductance........... 12
Hait-Wave Rectifier............. cees..5,33
Harmonic Distortion. .......... 18, 19, 21, 24



INDEX (Continued)

Page

Heater:
cathode........ P
cathode bias................oceuuins 51
cathode connection. . ................ 50
resistor............... 51
series operation. . 48
shunt resistor. . . 49
supply voltage. .. ................... 47
Hexode Mixer.......... ... ...couuvn.. 46
lmpedance, Input................. ..., 15
Input Capacitance..................... 13
Instantaneous Peak Voltage............. 55
Interelectrode Capacitances .. .......... 7,18
Intermediate Frequency, Production of... 44
Interpretation of Tube Data............ 58

Inverse Feedback:
constant-current type
constant-voltage type

Key to Socket Connection
Diagrams.............. Inside Front Cover

Kinescope:
corona considerations. .. .............
deflection......... ...l

handling precautions........
high-voltage considerations
humidity considerations...........
safety considerations. ...

Kinescope Gun Structure,.............. 2
Limiter. ..... e e 32, 39
Load:

TeSIBtANCE. . . ... ti e 20, 21, 23

resistance line. , 17, 19, 20, 22

Materials Chart....................... 262
Metal Tube, Structureof............... 299
Mercury-Vapor Rectifier:

considerations. ...................... 6

interference from.................... 55
L T 12
Micromho. ......... ...l 12
Miniature Tube, Structure of. .. ........ 64
Mixer:

AUdIO. .. i i e 279, 283

hexode. ............ ...l 46

pentagrid. ............. ... 0oL 45

303

Modulated Wave
Modulation. ..

Modulation-Distortion................ 15, 53
Multi-Electrode Tube.................. 9
Multi-Unit Tubes.........ccoeuvennnnn.. 9
Multivibrator............. ceeeaereenes 44

Mutual Conductance
(see Transconductance)

Occillator:
considerations. . ................ ceess
multivibrator
relaxation................

Output Capacitance........... erees 13
Output-Coupling Devices.........0..... 566
Parallel Operation..............cccu... 17
Parasitic Oscillations. .. ................ 17
Peak Inverse Plate Voltage ............. 58
Peak Plate Current. ................... 59
Pentagrid Converter................... 9, 45
Pentagrid Mixer. . ................... 81, 46
Pentode Considerations................. 8
Phase Inverter...................... 81, 248
Plate:

current. .. ....... ...l 5

dissipation........................ . 58

efficiency. ........... .. ... ol 12

load. ... .. ...t 20, 21, 23

resistance......... ... i, 12

voltagesupply. . .................uL. 56
Plate-Cathode Capacitance............. 7,13
Power Output:

caleulations. .................... 17, 21, 23

test. ... e 244
Power Sensitivity................... ... 12
Power Supply........... ..o, 51
Preferred Types List....... Inside Back Cover
Push-Pull Operation........... .17, 19, 22, 25
Radio—Frequency:

amplifier

filter...........
Ratings, Design-Center System.......... 59
Ratio Detector............ ciseeceeese. 39
Reading List............ . Ceneaean 320



INDEX (Continved)

Page
Receiving Tube Classification Chart,.... 62
Recently Added Tube Types............. 305
Rectifiers:
full-wave...........coiiiiiiinenn.n, 5, 33
half-wave...............coiiu... 5, 83
jonic-heated cathode................. 6
parallel operationof .. .., ............. 33
voltage doubler...................... 34
Relaxation Oscillator................... 48
Remote-Cutoff Tubes................. 15, 43
Resistance Coupling. . ................. 14
Resistance-Coupled Amplifier. ... .. 27, 81, 246
Resistor:
cathode (self-biasing)................. 51
center taP. . ... ... 51
filament............... . o 48
Blter. ..ot 55
grid. .. .. e 14
plateload........... .. .00t 20, 21, 23
L ¢ 53
Saturation Current............ e 5
Screen (Grid No. 2):
considerations. ... ... .ioiiiiaiiiaaen 7
input....,......... e, 58
voltage supply. . .....o.vvvennena.., 58
Secondary Emission.................... 8
Becondary Electrons. . ................. 8,9
Self-bias (cathode bias)................. 51
Bhielding. ........oooiiiiiiiiiiiaia, 54
Bhort-Circuit Test..............ouuuns 242
SJocket Connection Diagrams,
Keyto......oovvvenn.. Inside Front Cover
Space Charge...............co0inuin.nn 59
Static Characteristics. ................. 11
Structure of a Metal Tube. ............. 299
Structure of a Miniature Tube.......... 64
Suppressor (Grid No. 3)................ 8
Symbols Used in Resistance-Coupled
Amplifier Charts......... -~ Y &

304

Page

Tabies and Charts:

(see Charts and Tables)
Technical Data for Tube Types....... 65,305
Testing Electron Tubes................. 242
Tetrode Considerations, ................ 7
Transconductance:

CONVETSION. .. ...t iieerinanaencnnn 12

grid-plate. ... . ... .. ...l 12

BB, it ey 243
Triode Considerations. ................. 6
Tube:

materials chart

outlines. . ., ............

ratings, interpretation of

structure of a kinescope gun. ... ....., 2

structure of metal. . . ....... ... ..., 299

structure of miniature................ 64

tester requirements. . . ............... 245
Tube Types:

technical data..................... 65,305
Tuning Indicators. ............ PN 42
Twin Diode:

pentode. . ... ... e i 10

triode. ..., e 10, 36
Typical Operation Values,

Interpretationof................... 59, 61
VOltage:

amplification, class A................. 13

doubler rectifier. . . .................. 34

peak heater-cathode.................. 58

peak inverse plate. . . ................ 58

BUPPLY . . i e et 47
Voltage Conversion Factor.............. 21
Voltage Doubler................c.0vue, 34
Volume Control:

automatic (AVC).................... 40

by grid-voltage variation............. 52

by screen-voltage variation........... 53

delayed automatic (DAVC)........... 41
Volume Expander. ....,.............. 31, 283
Zero-Bias Operation. . ...... tveesseses, B



Recently Added RCA Tube Types

This section contains technical descriptions of tubes that have been recently-
added to the RCA line.

MEDIUM-MU TWIN TRIODE

Miniature type used as first rf am-
plifier in tuners of vhf television re- 6BQ7
ceivers or as low-noise if pre-amplifier
tubein uhf television receivers employ-
ing a crystal mixer. It is especially use-
ful in the rf stage of television receivers utilizing a driven grounded-grid amplifier-
of the direct-coupled type or in push-pull grounded-grid rf amplifiers. Qutline 13,
OUTLINES SECTION. Tube requires noval nine-contact socket and may be:
mounted in any position.

HEATER VOLTAGE (AC/DC). . ..ottt ittt e e e e 6.3 volts

BEATER CURRENT. . .. .. .. it e 0.4 ampere

DIRECT INTERELECTRODE CAPACITANCES (Approx.):°©

Triode Unit T Triode Unit T2

GridtoPlate. . ............. ... . ... ... ... 1.15 1.15 puf
Input. . ... ... . .. . .. 2.85 — puf”
Input (Grounded Grid)...... ... ... ... ..... — 4.95 pufl
Output. . . ... ... .. . . 1.35 — ppf
Output (Grounded Grid) ... ... ............... -~ 2.27 puf
Plate to Cathode. . .......................... 0.15 max 0.156 max puf’
Heater to Cathode. . . ...... .. .. ......... .. 2.20 2.30 npf
Plate of Unit No.l to Plate of Unit No.2 . 0.010 mazx nuf

Plate of Unit No.2 to Plate and Grid of Unlt No 1.0 . 0,024 max upf’
CLASS A, AMPLIFIER (Each Unit)
Maximum Ratings:
PLATE VOLTAGE. .. ................ J N .. 250*mazx volts.

PLATE DISSIPATION. . 2 max watts
CATHODE CURRENT 20 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to eathode. ........ ... ... .. ... .......... 200*max volts
Heater positive with respect to cathode. . ... ... ... ... ... ... ...... 200 mazx volts
Characteristics:
Plate Voltage. . . . ... .. i i et 150 volts
Cathode-Bias Resistor. . .. ... ... .. .. ... . . . . i 220 ohms
Amplification Factor. .. ... ... . . ... L i i e 35
Plate Resistance. . . . ... ... ... . . ... i e 5800 ohms
Transconductance. . . .. ... ... ... .. e e 6000 umhos
Plate Current. . ... . ... ... .. 9 ma
Grid Bias (Approx.) for plate current of 10a............................ ~10 volts

° With external shield connected to cathode.
* Under cutoff conditions, in grounded-grid circuits with direct-coupled drive, it is permissible for this:
voltage to be as high as 300 volts.

AVERAGE PLATE CHARACTERISTICS
FOR EACH UNIT
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TRIODE-PENTODE CONVERTER

6X8 Miniature type used as combined

oscillator and mixer tube in television

receivers utilizing an intermediate fre-

quency in the order of 40 megacycles

per second. In such service, the 6X8

gives performance comparable to that obtainable with a 6AG5 mixer and an

oscillator consisting of one unit of a type 6J6. When used in an AM/FM receiver,

the triode unit is used as an oscillator for both sections. In the AM section, the

pentode unit is used as a high-gain pentode mixer; in the FM section, the pentode

unit is used either as a pentode mixer or as a triode-connected mixer depending on

signal-to-noise considerations. Outline 13, QOUTLINES SECTION. Tube requires
noval nine-contact socket and may be mounted in any position.

HEATER VOLTAGE. . .. ..\ttt et 6.3 volts
HEATER CUBRRENT. . ... .. ittt ittt et earanan 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Without With
External External
Shield Shield
TrIODE UNIT:
GridtoPlate. . ....... ... ... ... .. ... 1.4 1.4 upf
InpUL. . o eie i i e e e 2.0 2.6 uuf
OULPUL. . . i i e e 0.5 1.0 paf
PENTODE UNIT:
Grid No.ltoPlate. ........................ 0.09 max 0.06 max unf
Input. . ...oveiiii i e 4.3 4.5 puf
OUEPUL. . o vttt i 0.7 1.4 ppf
Pentode Grid No.l1 to Triode Plate.............. 0.045 mazx 0.035 max upf
Pentode Plate to Triode Plate. ................. 0.040 max 0.008 max unf
Characteristics: Triode Unit Pentode Unil
Plate Voltage. . ............... ... 100 250 volts
Grid No.3 (Suppressor) . ............couuivinn .. - Connected to cathode at socket
Grid-No.2 Voltage. .. ..........coiiivinnnn... - 150 volts
Cathode-Bias Resistor. . ....................... 100 200 ohms
Amplification Factor. . . ... .................... 40 -
Plate Resistance (Approx.). ...........coove.... 6900 750000 ohms
Transconductance. . . ... .......ouevuininnnnn... 5800 4600 umhos
AVERAGE PLATE CHARACTERISTICS
" TRIODE UNIT
\ [)( ! TYPE 6X8
\ = \\ Y, ‘7 E;P:e.: voLTS
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E 4 : ""/ = 7/— L2
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Grid-No.1 Bias for plate current of 10 ya ........ -10 -10 volts
Plate Current. ................... ... .. ... ... 8.5 7.7 ma
Grid-No.2 Current. ........................... - 1.6 ma

CONVERTER SERVICE

. . Triode Unit de Unil

Maximum Ratings: ru()” ogc. Pghl)l/lﬁer ”
PLATE VOLTAGE. . ............ .ot 250 max 250 max volts
GRID-NO.2 (SCREEN) VOLTAGE. .. ............... - 150 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Negative bias value. .. . ... .............. ... 40 maz 40 max volts

Positive bias value. ... . ... .. .. 0 maz 0 maz volts
PLATE DISSIPATION. ... ............ 1.5 mazx 2.0 mazx watts
GRID-NO.2 INPUT. ... ... ... ... . .. .. - 0.4 max watt
GRID-NO.1INPUT. . ............... ... ......... 0.5 mazx - watt
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . . .. .. 100 maz 100 max volts

Heater positive with respect to cathode. . . . . .. 100 mazx 100 mazx volts

. . Tri nil Pentode Uni
Typical Operation: as 2.?:;}3{(.:] Osc. as Mia:er*‘
Plate Voltage. . ............................... 150 150 volts
Grid No.3........ ~ Connected to cathode at socket
Grid-No.2 Voltage. .. ..... ... ...... .. e - 150 volts
Mixer Grid-No.1 Supply Voltage....... N - -3.5 . volts
Oscillator Voltage at Mixer Grid No.1 - 2.6 rms volts
Mixer Grid-No.1-Circuit Resistance. . ........... - 120000 ohms
Oscillator Grid Resistor. .. ............. eiieees 2700 - ohms
Conversion Transconductance. . ... ............. - 2100 umhos
Plate Current. .......... . ..................... 13 6.2 ma
Grid-No.2 Current. ............... - 1.8 ma
Grid-No.1 Current. ............... - 2.0 ua
Oscillator Power Output (Approx.)........... ‘e 0.5% - watt
Maximum Circuit Valuves:
Grid-No.1-Cirecuit Resistance:

For fixed-bias operation........... cersauans Ceeesaiians [N 0.1 max megohm

For cathode-bias operation. .. .....c.viitieeinerernserennnens 0.5 max megohm

*With separate excitation and triode unit grounded.

tIn TV or FM receivers, it is generally desirable to operate the oscillator with less power input than
shown in the tabulated data in order to avoid over-exeitation and excessive oscillator radiation.

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT
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KINESCOPE

-I OFP 4 A Directly viewed picture tube used
- in television receivers. Features high-
efficiency, metal-backed white fluo-
rescent screen and faceplate of ‘‘Filter-
glass” to provide increased contrast.
It utilizes phosphor No.4 of the sulfide type. For curve showing spectral-energy
emission characteristic of this phosphor, refer to type 12LP4-A. Has a deflection
angle of approximately 50° and utilizes magnetic focus and magnetic deflection to
provide a rectangular picture with rounded corners about 8 x 6 inches. Tube uses
either duodecal five-contact segment socket or the duodecal twelve-contact socket.
Outline 47, OUTLINES SECTION. For support and mounting considerations,
refer to type 10BP4-A; for installation and handling considerations, refer to the
ELECTRON TUBE INSTALLATION SECTION. For tabulation of electrical
.and physical characteristics, refer to RCA KINESCOPE CHARACTERISTICS
‘CHART, pages 314 and 315.

KINESCOPE

Directly viewed picture tube used

]2KP4"A in television receivers. Features high-

efficiency metal-backed white fiuo-

rescent screen and faceplate of “Filter-

glass’’ to provide increased contrast.

It utilizes phosphor No.4 of the sulfide type. For curve showing spectral-energy

.emission characteristic of this phosphor, refer to type 12LP4-A. Has a deflection

angle of approximately 54° and utilizes magnetic focus and magnetic deflection to

provide a rectanguiar picture with rounded corners about 1014 x 785 inches. Tube

uses either duodecal five-contact segment socket or the duodecal twelve-contact

:socket. Outline for this tube is essentially the same as Qutline 48, OUTLINES

SECTION except neck length and overall length are 114 inch shorter and deflection

angle is 54°. For support and mounting considerations, refer to type 12LP4-A; for

installation and handling considerations, refer to the ELECTRON TUBE IN-

STALLATION SECTION. For tabulation of electrical and physical character-

istics, refer to RCA KINESCOPE CHARACTERISTICS CHART, pages 314
and 315.

e
KINESCOPE e
@
Directly viewed rectangular pic-
]4CP 4 ture tube used in television receivers. ©c
Features high-efficiency white fluo- A 6 i
rescent screen and faceplate of “Filter- & D "

glass” to provide increased contrast.

It utilizes phosphor No.4 of the sulfide type. For curve showing spectral-energy
emission characteristic of this phosphor, refer to type 12LP4-A. Has a horizontal
deflection angle of approximately 65° and utilizes magnetic focus and magnetic
deflection to provide a rectangular picture area 1134 x 814 inches with slightly
curved sides and rounded corners. Tube uses either duodecal five-contact segment
socket or the duodecal twelve-contact socket. OQutline 55, OUTLINES SECTION,
except that neck length and overall length are !4 inch longer. For support and
mounting considerations, refer to type 12LP4-A; for installation and handling
considerations, refer to the ELECTRON TUBE INSTALLATION SECTION.
For tabulation of electrical and physical characteristics, refer to RCA KINE-
SCOPE CHARACTERISTICS CHART, pages 314 and 315.
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KINESCOPE

Directly viewed rectangular pic-
ture tube used in television receivers. ]4EP4

Features high-efficiency white fluo-

rescent screen and faceplate of “Filter-

glass” to provide increased contrast.

It utilizes phosphor No.4 of the sulfide type. For curve showing spectral-energy
emission characteristic of this phosphor, refer to type 12LP4-A. Has a horizontal
deflection angle of approximately 65° and utilizes magnetic focus and magnetic
deflection to provide a rectangular picture area 1134 x 814 inches with slightly
curved sides and rounded corners. Tube uses either duodecal five-contact segment
socket or the duodecal twelve-contact socket. Outline 55, OUTLINES SECTION.
For support and mounting considerations, refer to type 12LP4-A; for installation
and handling considerations, refer to the ELECTRON TUBE INSTALLATION
SECTION. For tabulation of electrical and physical characteristics, refer to RCA
KINESCOPE CHARACTERISTICS CHART, pages 314 and 315.

KINESCOPE

Directly viewed picture tube used
ot O in television receivers. Features high- ]6DP4‘A
e\ 6 efficiency white fluorescent screen and
RIROLI OIS faceplate of “Filterglass’ to provide
noH increased contrast. It utilizes phosphor
No.4 of the sulfide type. For curve showing spectral-energy emission characteristic
of this phosphor, refer to type 12LP4-A. Has a deflection angle of approximately
60° and utilizes magnetic focus and magnetic deflection to provide a rounded-end
picture 1414 x 1014 inches. Tube uses either duodecal five-contact segment socket
or the duodecal twelve-contact socket. Outline 50, OUTLINES SECTION. For
support and mounting considerations, refer to type 12LP4-A; for installation and
handling considerations, refer to the ELECTRON TUBE INSTALLATION
SECTION. For tabulation of electrical and physical characteristics, refer to RGA
KINESCOPE CHARACTERISTICS CHART, pages 314 and 315.

KINESCOPE

Directly viewed rectangular pic-
ture tube used in television receivers. I6KP4

Features high-efficiency white fluo-

rescent screen and faceplate of “Filter-

glass” to provide increased contrast.

It utilizes phosphor No.4 of the sulfide type. For curve showing spectral-energy
emission characteristic of this phosphor, refer to type 12LP4-A. Has a horizontal
deflection angle of approximately 65° and utilizes magnetic focus and magnetic
deflection to provide a rectangular picture area 1314 x 1034 inches with slightly
curved sides and rounded corners. Tube uses either duodecal five-contact segment
socket or the duodecal twelve-contact socket. Qutline 56, OUTLINES SECTION.
For support and mounting considerations, refer to type 12LP4-A; for installation
and handling considerations, refer to the ELECTRON TUBE INSTALLATION
SECTION. For tabulation of electrical and physical characteristics, refer to RCA
KINESCOPE CHARACTERISTICS CHART, pages 314 and 315.
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KINESCOPE

-I 6|.P 4 A Directly viewed picture tube used
- in television receivers. Features high-
efficiency white fluorescent screen and
faceplate of ‘‘Filterglass” to provide
increased contrast. It utilizes phosphor
No. 4 of the sulfide type. For curve showing spectral-energy emission characteristie
of this phosphor, refer to type 12LP4-A. Has a deflection angle of approximately
52° and utilizes magnetic focus and magnetic deflection to provide a rounded-end
picture 1414 x 1014 inches. Tube uses either duodecal five-contact segment socket
- or the duodecal twelve-contact socket. Qutline 51, OUTLINES SECTION. For
support and mounting considerations, refer to type 12LP4-A; for installation and
handling considerations, refer to ELECTRON TUBE INSTALLATION SEC-
TION. For tabulation of electrical and physical characteristics, refer to RCA
KINESCOPE CHARACTERISTICS CHART, pages 314 and 315.

KINESCOPE

-I 6RP 4 Directly viewed rectangular pic-

ture tube used in television receivers.

Features high-efficiency white fluo-

rescent screen and faceplate of “Filter-

glass” to provide increased contrast.

It utilizes phosphor No.4 of the sulfide type. For curve showing spectral-energy

emission characteristic of this phosphor, refer to type 12LP4-A. Has a horizontal

deflection angle of approximately 65° and utilizes magnetic focus and magnetic

deflection to provide a rectangular picture area 1814 x 1014 inches with slightly

curved sides and rounded corners. Tube uses either duodecal five-contact segment

socket or the duodecal twelve-contact socket. Outline 56, OUTLINES SECTION.

For support and mounting considerations, refer to type 12LP4-A; for installation

and handling considerations, refer to the ELECTRON TUBE INSTALLATION

SECTION. For tabulation of electrical and physical characteristics, refer to RCA
KINESCOPE CHARACTERISTICS CHART, pages 314 and 315.

KINESCOPE

Directly viewed rectangular pic-

16TP4 ture tube used in television receivers.

Features high-efficiency white fluo-

rescent screen and faceplate of “Filter-

glass” to provide increased contrast.

It utilizes phosphor No.4 of the sulfide type. For curve showing spectral-energy

emission characteristic of this phosphor, refer to type 12LP4-A. Has a horizontal

deflection angle of approximately 65° and utilizes magnetic focus and magnetic

deflection to provide a rectangular picture area 1314 x 1014 inches with slightly

curved sides and rounded corners. Tube uses either duodecal five-contact segment

socket or the duodecal twelve-contact socket. Qutline 56, OUTLINES SECTION.

For support and mounting considerations, refer to type 12LP4-A; for installation

and handling considerations, refer to the ELECTRON TUBE INSTALLATION

SECTION. For tabulation of electrical and physical characteristics, refer to RCA
KINESCOPE CHARACTERISTICS CHART, pages 314 and 315.
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KINESCOPE

Directly viewed picture tube used
in television receivers. Features high- ]6WP4-A
efficiency white fluorescent screen and
faceplate of “Filterglass’ to provide
increased contrast. It utilizes phosphor
No.4 of the sulfide type. For curves showing spectral-energy emission character-
istic of this phesphor, refer to type 12LP4-A. Has a deflection angle of approxi-
mately 70° and utilizes magnetie focus and magnetic deflection to provide a
rounded-end pieture 1414 x 1014 inches. Tube uses either duodecal five-eontact
segment socket or the duodecal twelve-contact socket. Outline 49, OUTLINES
SECTION. For support and mounting considerations, refer to type 12LP4-A; for
installation and handling considerations, refer to ELECTRON TUBE INSTAL-
LATION SECTION. For tabulation of electrieal and physical characteristics, refer
to RCA KINESCOPE CHARACTERISTICS CHART, pages 314 and 315.

KINESCOPE

Directly viewed rectangular pic-
ture tube used in television receivers. ]7BP4'A
Features high-efficiency white fluo-
rescent screen and faceplate of “Filter-
glass” to provide increased contrast.
It utilizes phosphor No.4 of the sulfide type. For curve showing spectral-energy
emission characteristic of this phosphor, refer to type 12LP4-A. Has a horizontal
deflection angle of approximately 65° and utilizes magnetic focus and magnetic
deflection to provide a picture area 1434 x 11-1/16 inehes with slightly eurved sides
and rounded corners. Tube uses either duodecal five-eontact segment soeltet or the
duodecal twelve-contact socket. Outline 57, OUTLINES SECTION. For support
and mounting considerations, refer to type 12LP4-A; for installation and handling
considerations, refer to the ELECTRON TUBE INSTALLATION SECTION.
For tabulation of electrical and physical characteristics, refer to RCA KINESCOPE
CHARACTERISTICS CHART, pages 314 and 315.

KINESCOPE
O ol Directly viewed rectangular pic- ]7CP4
5 ‘ 6 2 ture tubes of the metal-shell type used
S OLI OIS in television receivers. Both types fea- 17CP4-A
H o H ture a high-efficiency white fluorescent

screen made of “Filterglass’ to pro-

vide increased contrast. The screen utilizes phosphor No.4 of the sulfide type. For
curve showing spectrai-energy emission characteristic of this phosphor, refer to
type 12LP4-A. Type 17CP4 has a frosted faceplate; to diffuse reflections of bright
objects which would otherwise be objectionable. Has a horizontal deflection angle
of approximately 66° and utilizes magnetic focus and magnetic deflection to pro-
vide a picture area 1454 x 11 inches with slightly curved sides and rounded corners.
Tube uses either duodecal five-contact segment socket or the duodecal twelve-
contact socket. Outline 58, OUTLINES SECTION. For support and mounting
considerations, and for the recommended sequence of adjustments in lining up this
tube with its associated components, refer to type 16GP4. For installation and
handling considerations, refer to ELECTRON TUBE INSTALLATION SEC-
TION. For tabulation of electrical and physical characteristies, refer to RCA
KINESCOPE CHARACTERISTICS CHART, pages 314 and 315.
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KINESCOPE

‘7GP 4 Directly viewed rectangular pic-

ture tube of the metal-shell type used

in television receivers. Features high-

efficiency white fluorescent screen and

faceplate of ‘Filterglass” to provide

increased contrast. It utilizes phosphor No.4 of the sulfide type. For curve showing

spectral-energy emission characteristic of this phosphor, refer to type 12LP4-A.

Faceplate is frosted to diffuse reflections of bright objects which would otherwise

be objectionable. Has a horizontal deflection angle of approximately 66° and

utilizes electrostatic focus and magnetic deflection to provide a picture area 1454 x

11 inches with slightly curved sides and rounded corners. Focusing voltage required

i in the order of 8000 volts. Tube uses duodecal twelve-contact socket. Outline 58,

OUTLINES SECTION. For support and mounting considerations, refer to type

16GP4; for installation and handling considerations, refer to ELECTRON TUBE

INSTALLATION SECTION. For tabulation of electrical and physical character-

istics, refer to RCA KINESCOPE CHARACTERISTICS CHART, pages 314
and 315.

Cq
KINESCOPE ®
Directly viewed rectangular pic-
‘7 TP4 ture tube of the metal-shell type used  ©2%|
in television receivers. Features high- A Ve,
efficiency white fluorescent screen and «@ OME Oy
faceplate of ‘‘Filterglass” to provide Hooh

increased contrast. It utilizes phosphor No.4 of the sulfide type. For curve showing
spectral-energy emission characteristic of this phosphor, refer to type 12LP4-A.
Faceplate is frosted to diffuse reflections of bright objects which would otherwise be
objectionable. Has a horizontal deflection angle of approximately 66° and utilizes
electrostatic focus and magnetic deflection to provide a picture area 1454 x 11
inches with slightly curved sides and rounded corners. Focusing voltage required
is in the order of 0 to 400 volts. Tube uses duodecal twelve-contact socket. Qutline
68, OUTLINES SECTION. For support and mounting considerations, refer to
type 16GP4; for installation and handling considerations, refer to ELECTRON
TUBE INSTALLATION SECTION. For tabulation of electrical and physical
characteristics, refer to RCA KINESCOPE CHARACTERISTICS CHART,
pages 814 and 315.

b
KINESCOPE .
Directly viewed rectangular pic-
2OCP4 ture tube used in television receivers. ®6,
Features high-efficiency white fluo- e\ 6
rescent screen and faceplate of “Filter- G "

glass” to provide increased contrast.
It utilizes phosphor No.4 of the sulfide type. For curve showing spectral-energy
emission characteristic of this phosphor, refer to type 12LP4-A. Has a horizontal
deflection angle of approximately 66° and utilizes magnetic focus and magnetic
deflection to provide a picture area 1714 x 1314 inches with slightly curved sides
and rounded corners. Tube uses either duodecal five-contact segment socket or the
duodecal twelve-contact socket. Outline 59, OUTLINES SECTION. For support
and mounting considerations, refer to type 12LP4-A; for installation and handling
considerations, refer to the ELECTRON TUBE INSTALLATION SECTION.
For tabulation of electrical and physical characteristics, refer to RCA KINESCOPE
CHARACTERISTICS CHART, pages 314 and 315.
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KINESCOPE
Directly viewed rectangular pic-
G630 © ture tube of the metal-shell type used 2]AP4
ct B A\ X 2 in television receivers. Features high-
i " efficiency white fluorescent screen and
how faceplate of “Filterglass” to provide

increased contrast. It utilizes phosphor No.4 of the sulfide type. For curve showing
spectral-energy emission characteristic of this phosphor, refer to type 12LP4-A.
Faceplate is frosted to diffuse reflections of bright objects which would otherwise
be objectionable. Has a horizontal deflection angle of approximately 66° and
utilizes magnetic focus and magnetic deflection to provide a picture area 1834 x
13-15/16 inches with slightly curved sides and rounded corners. Tube uses either
duodecal five-contact segment socket or the duodecal twelve-contact socket. Out-
line 60, OUTLINES SECTION. For support and mounting considerations, and
for the recommended sequence of adjustments in lining up this tube with its asso-
ciated components, refer to type 16GP4. For installation and handling consider-
ations, refer to ELECTRON TUBE INSTALLATION SECTION. For tabulation
of electrical and physical characteristics, refer to RCA KINESCOPE CHARAC-
TERISTICS CHART, pages 314 and 315.

BEAM POWER AMPLIFIER

Glass octal type used as horizon-
tal deflection amplifier in circuits of 25 BQ6'GT
television equipment of the “trans-
formerless’” type. Outline 28, OUT-
LINES SECTION. Tube requires
octal socket and may be mounted in any position. Heater volts (ac/dc), 25; amperes,
0.3. Except for heater rating, this type is identical with glass octal type 6BQ6-GT.

313



RCA Kinescope

Exiermal
@ Coaling Focwsiag | Deflction|  Ton- | Aparor """""..J':""“"
T, i Pz M, |3 Method | Metiod IT:H D::r Oversl | Evvelape LN..h
wod unl Degoes | Losyth | Diometw | Wuth | Hee | eches
3KP4 Glass Round Clear None | None E Eo | None | None [ 1137 3l — _— —_—
5TP4" Glass Round Clear 500 | 100 | E M 1 50 {1214 stz | — | — | 7%
7DP4 Glass Round Clear 1500 | 400 E M |[Double| 50 147 3% — — (373
7Jr4 Glass Clear None | None | E Eo | None | None | 147% 7% | — — _—
9AP4 Glass Round Clear None | None E M None 40 21%% 914 —_ - 10
108P4 Same as 10BP4-A, except has clear glass faceplate.
10BP4-A Glass Round Filterglass 2500 500 M M | Double 52 18 1054 —_ — 83
10FP4-A Glass Round Filterglass 2500 500 M M by S0 18 1084 —_ — 83
12AP4 Glass Round Clear None { None E M None 40 2534 | 1235 — — 9%¢
12KP4-A Glass Round Filterglass 2500 | 500 M M 1 54 |18 120 | — — | 7%
12LP4 Same as 12LP4-A, except has clear glass faceplate.
12LP4-A Glass Round Filterglass 2500 | 750 M M |Double| 57 191§ 128 | — — 8Y
14CP4 Glass Rectangular Filterglass 2000 | 750 M M Single 65 1714 1351 122G 9lG) 714
14EP4 Glass Rectangular Filterglass 2000 750 M M Single 65 1674 | 139 | 12041 9%G! 73
16AP4 Same as 16AP4-A, except has clear glass faceplate.
16AP4-A Metal Round Filtesglass None [ None M L M | Double 53 2255 | 16 — - 7%
16DP4-A Glass Round Filterglass None ] None| M i M Doubl:] 60 21 16 — — 7%
16GP4 Same as 16GP4-B, except has Filterglass faceplate.
16GP4-A Same as 16GP4-B, except has clear glass faceplate.
16GP4-B Metal Round Frosted Filterglass [ None [None | M | M [single | 70 [t 16 | — T — T 6%
16GP4-C Same as 16GP4-B, except has frosted clear glass faceplate.
16KP4 | Glass Rectangular Filterglass 2000 | 750 | M | M | Single | 65 | 191z 161 | 1475 | 1154 ] 734
16LP4-A Glass Round Filterglass 3500 | 1500 M M | Double 52 2255 | 16 -— - 734
16RP4 Glass Rectangular Filterglass 2000 750 M M Single 65 1914 ] 1654 | 1414 | 14| 716
16TP4 Glass Rectangular Filterglass | 2000 | 750 M M- | Single | 65 1815 1 163 | 14135 | 1134|674
16WP4-A Glass Round Filterglass 2000 750 M M | Doubie 70 1814 | 16 —_ — ™
178P4-A | Glass Rectangular Filterglass 2000 750 M M Single 65 199G | 1634 | 1514 | 12134 714
17CP4 Metal Rectangular | Frosted Filterglass { None | None M M Single | 66 19 17 164 | 1234 | 734
17CP4-A Same as 17CP4, except has Filterglass faceplate.
17GP4 Metal Rectangular | Frosted Filterglass | None | None E M Single 66 195 | 17 164 | 12% | 714
177TP4 Metal Rectangular | Frosted Filterglass | None | None§ E M | Single 66 195 | 17 164 | 1234 | 7%
19AP4 Same as 19AP4-B, except has clear glass faceplate.
19AP4-A Same as 19AP4-B, except has Filterglass faceplate.
19AP4-B Metal Round Frosted F)ltuglassT None 1 None L MJ M —@j’ 66 T 22 r_ 54 L-— — 7%
19APA-D Same as 19AP4-B, except has frosted clear glass faceplate.
20€P4 Glass Rectangular Filterglass ﬁone None MJ M TSingle l 66 I 21“(5‘ ZO%JJB % | 156 | 734
21AP4 Metal Rectangular | Frosted Filterglass ﬁone None M I M TSingle l 66 WZ-’ L JJQ”& 15% | 7%
E = M= $ Utilizes metal-backed screen to prevent ion-spot 4 For rectangular tubes, horizontsl deflection angle
Note: All kmgcopes shown have 6.3-volt/0.6-am- blemish. is shown; corresponding diagonal deflection angle
heaters except types 9AP4 and 12AP4 B Projection type. is 70%

wh\c.h have 2.5-volt/2.1-ampere heaters. © Grid-No. 2 connected to final high-voltage elece

trode within tube.
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Characteristics Chart

Maximum Ratings Typical Opesating Condlitions
Picture Higs- ume [ uuTm @
Voltaty Elctrode Fomleg | G | Ml Elctrode Focrsing [ G-
Size Terminal (ULTOR ") Elecirods Ma? Blas {ULTOR") Blctrede Ma? il Catolt m
Vaits Vaits Vaits Valts§ Yolts. Volts Yaits Yasw
206 x 114 Base Pin 2500 1000 m 200 | 1500 to 2500 | 320to 600 | « | —38to —90 3KP4
24 x18 Small Cavity Cap 27000 6000 350 150 | 20000 to 27000 | 4320 to 5400 | 200 | —42 to —98 5TP4"
635 x 43{ | Small Cavity Cap 8000 2400 | 410 | 125 | 5000 to 8000 | 1200 to 1650 | 250 | —27 to —63 70P4
6lsx 4l4 Base Pin 6000 2800 L 200 3000 to 6000 | 1620 to 2400 @ —72to —168 7JP4
53 x 74 Medium Cap 7000 2000 300 125 5000 to 7000 | 1190 to 1790 | 250 —20 to —60 9AP4
Ratings and characteristics are same as for type 10BP4-A, 10BP4
934 x 7 Small Cavity Cap 12000 — 410 | 125 | 8000 to 12000 — 250 | —27to ~63 | 1OBP4-A
8§ x 6 Small Cavity Cap 12000 —_ 410 | 125 | B0O0O to 12000 — 250 | —27to —63 | 10FP4-A
9 x 734 Medium Cap 7000 2000 300 125 6000 to 7000 | 1190 to 1790 | 250 | —20 to —60 12AP4
1014 x 7%% | Small Cavity Cap 12000 — 410 | 125 | 9000 to 12000 — 250 | —27t0 —63 | 12KP4-A
Ratings and characteristics are same as for type 12LP4-A. 12LP2
1134 x 8% | Small Cavity Cap 12000 - 410 125 9000 to 12000 — 250 | —27 to —63 12LP4-A
1134 x 835 | Small Cavity Cap 14000 —_ 410 | 125 | 10000 to 14000 — 300 | —33to —77 14CPa
1134 x 8% | Small Cavity Cap 14000 — 410 | 125 | 10000 to 14000 — 300 | —33 to —77 14EP4
Ratings and characteristics are same as for type 16AP4-A. 16AP4
145 x 11 Metal-Shell Lip 14000 | — [ 410 [ 125 | 9000 to 14000 | . 300 | —33to —77 | 16AP4-A
1414 x 1074 | Small Cavity Cap 15000 | — ] 410 | 125 | 12000 to 15000 | — 250 | ~33to ~77 | 16DP4-A
Ratings and characteristics are same as for type 16GP4-B. 16GP4
Ratings and characteristics are same as for type 16GP4-B. 16GP4. A
143 x11 | Metal-Shell Lip 14000 | — 410 | 125 [ 12000 to 14000 | — 300 [ —33t0 =77 | 16GP4-B
Ratings and characteristics are same as for type 16GP4-B. 16GP4-C
1314 x 1014 | Small Cavity Cap 16000 _— 410 125 | 12000 to 16000 — 300 | —33to —77 16KP4
144 x 1074 | Small Cavity Cap 14000 — 410 125 | 12000 to 14000 — 300 | —33to ~77 16LP4-A
1314 x 1014 | Small Cavity Cap 16000 — 410 125 | 12000 to 16000 — 300 | —-33t0 =77 16RP4
1314 x 1014 | Small Cavity Cap 14000 — 410 | 125 | 12000 to 14000 — 300 | —33 to —77 16TP4
1414 x 1074 | Small Cavity Cap 16000 — 410 | 125 | 12000 to 16000 — 250 | —27to —63 | 16WP4-A
1435 x 1133 | Small Cavity Cap 16000 — 410 | 125 | 12000 to 16000 — 300 | —33to —77 | 17BP4-A
145 x 11 Metal-Shel! Lip 16000 —_ 410 125 ;| 12000 to 16000 — 300 } —33to =77 17CP4
Ratings and characteristics are same as for type 17CP4. 17CP4-A
14% x 11 Metal-Shell Lip 16000 5000 | 500 | 125 ﬁggg :g;g :: ;Z:g :gg :gg tz :;; 17GP4
456x11 | MetalShell Lip | 16000 s00 [ 500 | 125 Jao hstredll ool bt I 14 7]
Ratings and characteristics are same as for type 19AP4.B. 19AP4
Ratings and characteristics are same as for type 19AP4-B. 19AP4-A
17%x13 | Metal-Shell Lip 19000 | — [410 ] 125 [ 12000 to 19000 | — 300 [ ~33t0 =77 | 19AP4-B
Ratings and characteristics are same as for type 19AP4-B. 19AP4-D
17Y x 13}{ | Small Cavity Cap 18000 — | 410 [ 125 | 14000 to 18000 | — 300 | ~33to —77 20CP4
1834 x 13'%;| Metal-Shell Lip 18000 — [ 410 | 125 | 14000 to 18000 | — 300 | —33t0 —77 | 21AP4

§ Positive bias value = 0 volts; positive peak value
= 2 voits.

#The cutoff biss requirements for a tube in opera-
tion are sbout 5 volts less negative than the indi-
ues.

cated val

O Deflection Factors (volts dc/in) for typical
shown:

operating conditions

7JP4

186 to 246

Trm | 0J; & D) (vewrer struen) | D)y & DU, (earw Sass)
3KP4 ] 100 to 136 | 76 to 104

150 to 204
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* ULTOR ia defined a3 the cloctrode, or the clec-
trode in combination with enc or more additional
clectrodes connected within the tube to it, to
which is applied the bighest de voltage for accel-
erating the electrons in i
deflection.

the beam prior to its
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RCA Tube Department

Technical Publications

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.

Electron Tubes

* TUBE HANDBOOK—ALL TYPES HB-3 (734" x 5”'). The bible of the industry—
contains over 2600 pages of loose-leaf data and curves on all RCA receiving tubes,
power tubes, cathode-ray tubes, phototubes, 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.

® RECEIVING TUBE MANUAL--RC-16 (834" x 514”)—820 pages. Supersedes
RC-15. Revised and brought up to date. Contains the latest receiving tubes, in-
cluding miniature types and kinescopes. Features tube theory written for the
layman, application data and circuits for both AM and FM equipment, and ex-
panded Resistance-Coupled Amplifier Section. Lie-flat binding. Price 50 cents.*

¢ PHOTOTUBES BOOKLET—PT-20R1 (11" x 815" )—16 pages. Phototube theory,
data on 15 older types, curves, and circuits for light-operated relays, light measure-
ments, and sound reproduction. Single copy free on request.

® RADIOTRON DESIGNER'S HANDBOOK — (9" x 6'')—3856 pages. Edited by E.
Langford Smith of Amalgamated Wireless Valve Company Pty. Ltd. in Australia.
Of value to anyone interested in fundamental principles of practical circuit design.
Copiously illustrated. Price $1.25.*

¢ POWER AND GAS TUBES FOR RADIO AND INDUSTRY —Bulletin PG-101-A
(11" x 814'")—20 pages. Technical information on air-and-water-cooled trans-
mitting tubes, rectifiers, thyratrons, ignitrons, and voltage regulators. Includes
terminal connections. Price 15 cents.*

o PHOTOTUBES, CATHODE-RAY AND SPECIAL TYPES—Bulletin CRPS-102-A
(11" x 814’")—20 pages. Technical information on gas- and vacuum-type photo-
tubes, cathode-ray tubes, camera tubes, low-microphonic types, acorn types, and
other small tubes for special applications. Includes terminal connections. Price
15 cents.*

e RECEIVING TUBES FOR AM, FM, AND TELEVISION BROADCAST— Bulletin 1275:E
(11”7 x 834’")—24 pages. Completely revised and brought up to date. Contains
characteristics for all RCA receiving tubes includirg kinescopes. Socket connec-
tion diagrams arranged for quick and easy reference. Price 10 cents.*

® INSTRUCTION BOOKLETS—Complete authorized information on RCA non-re-
ceiving types by type. Be sure to mention tube-type booklet desired. Single copy
on any type free on request.

‘® AIR-COOLED TRANSMITTING TUBES MANUAL—TT3 (834" x 5%”)—192 pages.
Published several years ago, this book still retains popularity for instruction pur-
poses. 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.*

 HEADLINERS FOR HAMS—Bulletin HAM-103A (11’ x 814’")—4 pages. Tech-
nical information and terminal connections on RCA “HAM” PREFERENCE
TYPES: class B modulators, class C amplifiers and oscillators, frequency multi-
pliers, rectifiers, thyratrons, and voltage regulators. Single copy free on request.

“Prices shown apply in U.S.A. and are subject to change without notice:
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® TRIPLE PINDEX—2F366R (8 x 3834{")—Completely revised. Receiving and
kinescope tube base-diagram guide on over 650 types arranged in numerical-alpha-
betical sequence. The diagrams of any three tubes can be located and kept in front
of you at the same time. Price 75 cents.*

¢ RCA PREFERRED TYPES LIST—Bulletin PTL-501-B (11" x 814)—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.

¢ RCA INTERCHANGEABILITY DIRECTORY ON TUBES FOR COMMUNICATIONS AND
INDUSTRY —Bulletin ID-1020 (11" x 815’ )—20 pages. Lists 1600 type designa-
tions of 24 different manufacturers arranged in alphabetical-numerical sequence;
shows the RCA Direct Replacement Type or the RCA Similar Type. Price 15 cents.*

® RCA KINESCOPES— Bulletin KB-1022 (11" x 81%'')—20 pages. Contains character-
istics and basing diagrams for all RCA kinescopes. Includes interchangeability
directory and features a conversion chart helpful in modifying television receivers
for larger kinescopes. Price 15 cents.*

® RCA POWER-TUBE FITTINGS—PFT-1012 (117 x 81%”)—24 pages. Lists and
describes 39 power-tube fittings designed for supporting and cooling water-cooled
and forced-air-cooled power tubes, and illustrates their use with power tubes made
by RCA and other manufacturers. Price 25 cents.*

Components and Service Parts

¢ RCA VICTOR SERVICE DATA—Cover RCA Victor radios, phonographs, and
television receivers of 1923 through 1951. Material includes schematic and wiring
diagrams, electrical and mechanical specifications, alignment and adjustment
procedures, complete service parts lists, chassis layouts, and much other useful
servicing data. This material is available in two forms: (1) six bound volumes
covering the years 1923 through 1950; (2) booklets covering individual or similar
models released in 1950 and 1951.

BOUND VOLUMES—RADIO, PHONOGRAPH, TELEVISION

Volume No. Years Pages Price*
I 1923 to 1937 880 $3.50
II 1938 to 1942 816 $4.00
I 1943 to 1946 290 $4.00
v 1947 to 1948 566 $6.00
A" 1949 330 $5.00
VI 1950 472 $5.50

® BOOKLETS ON 1950 AND 1951 TV RECEIVERS—Model Nos. 2T81, 4T101,
4T141, 6T72, 7TT143, 9789, 9T147, 81000, T100, T120, T121, TA128, TA129,
TA169, [2T51, 2T60)°, [6T84, 6T86, 6T87]°, [6T53, 6T54, 6T64, 6T65, 6T71, 6T74,
6T75, 6T76]°, [TT103, 7T103B, 7TT104, 7T104B, 7T112, 7T112B, 7T122, 7TT122B,
7T123, 7T123B, 7T124, 7T125B, 7T132)°, [9T57, 9T77, 9T79)°, [9T105, 9T126,
9T128})°, [TC124, TC125, TC127)°. Price per booklet, 50 cents.*

¢ BOOKLETS ON 1950 RADIOS AND PHONOGRAPHS—Model Nos. A55, AT7S8,
A106, BX6, BX55, BX57, 45EY, 45J, RP190, X711, [X551, X552]°, [960282-1,
960282-2]°, [960284-1, 960284-21°, 960285-1. Price per booklet, 25 cents.*

® SERVICE PARTS DIRECTORY FOR RCA VICTOR TV RECEIVERS—SP-1007 (1024 x
1634")—80 pages. Schematic diagrams and replacement parts lists for all RCA
Victor television receivers manufactured from 1946 through June 1950 (56 models).
Large-size book opens so that schematic diagrams face corresponding parts lists
for quick reference. Price 75 cents.*

?Models within brackets are covered in one booklet.
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e SERVICE PARTS DIRECTORY FOR RCA VICTOR RADIOS—SP-1008 (117 x 81%'")
—24 pages. Lists stock numbers of major replacement parts by receiver model
numbers for over 600 RCA Victor radio receivers. Covers period from 1938 through
1950. Price 15 cents.*

® RCA COMPONENTS DIRECTORY FOR TV RECEIVERS—SP-1006A (117 x 8l4'")
—16 pages. Lists approximately 500 television receivers of 88 manufacturers and
their major replacement parts. Price 10 cents.*

e RCA TV COMPONENTS—CTV-1011-A (11" x 814'')—172 pages. Complete speci-
fications on over 60 RCA TV components. Gives electrical ratings and character-
istics, terminal connection diagrams, outline drawings, typical circuits, associated
components, and installation recommendations. Price 25 cents.*

o TELEVISION SERVICE DATA—TV1003 (11" x 814’') 112 pages. For RCA Victor
Models 630TS and 648PTK. Contains alignment procedures, schematic diagrams,
complete parts lists, wiring diagrams, and chassis layout. Price $1.50.*

® RCA TELEVISION “PICT-O-GUIDE” VOLUMES | & Il—Covers different phases of
TV trouble shooting by picture analysis. Vol. I contains 100 pages and more than
40 photographs; Vol. I, 224 pages and more than 80 photographs. Each volume
contains circuit diagrams, basic television information, and detailed descriptions
of picture troubles. Price per volume $2.50.*

o RCA CRYSTAL CARTRIDGE DATA—SP-1010 (11’ x 814’')—4 pages. Lists and
illustrates replacement crystal cartridges and stylii for RCA Victor record players.
Single copy free on request.

Test and Measuring Equipment

o INSTRUCTION BOOKLETS—Complete instruction booklets, containing specifica-
tions, maintenance and operating data, replacement parts lists, and schematic
diagrams, are available for all RCA test equipment. Instruction booklets for the
following popular instruments are available at the prices indicated.

25 cents each 50 cents each

WO-55A (3" Oscilloscope) WO-56A (7 Oscilloscope)
WO-58A (5" Oscilloscope) WO-57TA (3" Oscilloscope)
WR-39A (TV Calibrator) WO-57B (38” Oscilloscope)
WR-~59A (TV Sweep Generator) WO-60C (5" Oscilloscope)
WR-67A (Test Oscillator) WO-T9A (3" Oscilloscope)
WV-65A (VoltOhmystt) WO-79B (3" Oscilloscope)
WV-75A (VoltOhmystt) WR-39B (TV Calibrator)
WV-84A (Microammeter) WR-39C (TV Calibrator)
WV-95A (VoltOhmystt) WR-59B (TV Sweep Generator)
165-A (VoltOhmystt) WR-59C (TV Sweep Generator)
195-A (VoltOhmystt) WV-9TA (VoltOhmystt)

Prices for booklets on other RCA test instruments are available on request.

Batteries

® RCA RADIO BATTERIES FOR FLASHLIGHT, RADIO, AND INDUSTRIAL APPLICATIONS
—BAT-134A (11" x 814’')—8 pages. Contains characteristics, terminal types, and
socket patterns of 84 RCA dry batteries for radio, flashlight, and industrial appli-
cations. Includes interchangeability directory, and a battery replacement guide for
1948, 1949, 1950, and 1951 for portable radios. Single copy free on request.

{Trade Mark Reg. U.S. Pat. Off.
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Reading List

This list includes references 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.
CEHAFFEE, E. L. Theory of Thermionic Vacuum Tubes. McGraw-Hill Book Co., Inc.
CHUTE, G. M. Electronics in Industry. McGraw-Hill Book Co., Inc.

CooKE, N. M. Mathematics for Eleciricians and Radiomen. McGraw-Hill Book
Co., Inec.

Dow, W. G. Fundamentals of Engineering Elecironics. John Wiley and Sons, Inc.
EASTMAN, A. V. Fundamentals of Vacuum Tubes. McGraw-Hill Book Co., Inc.
EvVERITT, 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., 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:

oY4 2A4-G ’ 6D6 1223 45
0Z4-G 2A5 6D8-G 19 4573
1A4-P 2A6 6F7 24-A 46
1A6 2A7 6J7-G 25A6 47
1B4-P 2B7 6J8-G 25AC5-GT 49
1B5/258 2E5 6K5-GT 2576 50
1C5-GT 3A8-GT 6K7-G 26 53
1Cé 5T4 6K8-G 27 55
1C7-G 5W4 6L5-G 30 56
1D5-GP 5X4-G 6L7-G 31 57
1D7-G 5Y3-G 6N6-G 32 58
1E5-GP 5Y4-G 6P5-GT 32L7-GT 59
1E7-GT 6A3 6Q7-G 33 71-A
1F4 6A6 6S7-G 34 75
1F5-G 6A7 6T7-G 35 76
1F6 6A8-G 6UT-G 35Z4-GT 7
1F7-G 6AC5-GT 6W17-G 36 78
1G5-G 6B5 6X5 37 79
1H4-G 6B6-G 6Z7-G 38 81
1H6-G 6B7 6ZY5-G 39/44 82
1J6-GT 6B8-G 9AP4 41 83-v
1Q5-GT 6C6 12A7 42 84/6Z4
184 6C8-G 12AP4 43 85
1-v 89

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.






