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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, service 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 1950 are now chiefly of renewal interest; in their place,
new advanced types are being used. Consequently, in the Tube
Types Section, the presentation on the older types has been limited
to essential basic data while detailed information has been given on
the newer more important types.

In addition to the tube types for home-entertainment use cov-
ered in this Manual, the ELECTRON TUBE DivisioN of Rapio CoRr-
PORATION OF AMERICA offers other small receiving-type tubes for
industrial and specialized applications, such as the “Special Red”
tubes, premium tubes, computer tubes, voltage regulators, acorn
tubes, and pencil tubes. Other lines of RCA electron devices include:
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Transmitting and Spectal-Purpose
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TELEVISION CAMERA TUBES and Oscillograph Types
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and Multiplier Types Traveling-Wave Tubes
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Photoconductive and Transistors and
Photojunction Types Silicon Rectifiers
For Sales Information, For Technieal Information,
write to Sales write to Commercial Engineering
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Electrons, Electrodes,

The eleetron tube is a marvelous
device. It makes possible the performing
of operations, amazing in conception,
with a precision and a certainty that are
astounding. It is an exeeedingly sensi~
tive and accurate instrument —the prod-
uct of coordinated efforts of engineers
and craftsmen. Its construction requires
materials from every corner of the earth.
Its use is world-wide. Its future possi-
bilities, even in the light of present-day
accomplishments, are but dimly fore-
seen; for each development 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 elec-
trons supplied by the cathode. It accom-
plishes this control with a minimum of
energy. Because it is almost instantane-
ous 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, which, in turn, are com-
posed of atoms. Atoms have a nucleus
which is 2 positive charge of electricity,
around which revolve tiny charges of
negative electricity known as electrons.
Scientists have estimated that electrons
weigh only 1/80-billion, billion, biilion,
billionths of an ounce, and that they
may travel at speeds of thousands of
miles per second.

Electron movement may be accele-
rated by the addition of energy. Heat is
one form of energy which can be con-
veniently used to speed up the electron.
For example, if the temperature of a
metal is gradually raised, the electrons
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in the metal gain velocity. When the
metal becomes hot enough, some elec-
trons 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 eath-
ode, which supplies electrons, and one or
more additional electrodes, which econ-
trol and collect these electrons, mounted
in an evacuated envelope. The envelope
may be made of glass, metal, ceramic, or
a combination of these materials.

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 di~
rectly heated cathode, or filament-cath-
ode, 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 conduc-
tion from the heater.

A filament, or directly heated cath-
ode. such as that shown in Fig. 1 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. Because they
must operate at high temperatures (a



dazzling white) to emit sufficient elec-
trons, a relatively large amount of fila~
ment power is required.

Thoriated-tungsten filaments are
made from tungsten impregnated with
thorium oxide. Due to the presence of
thorium, these filaments liberate elec-
trons at a more moderate temperature
of about 1700°C (a bright yellow) and
are, therefore, much more economical of
filament power than are pure tungsten
filaments.

Alkaline earths are usually applied
as a coating on a nickel-alloy wire or
_ ribbon. This coating, which is dried in a

relatively thick layer on the filament,
requires only a relatively low tempera-
ture of about T00-750°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
determine the choice for a particular
application.
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Directly heated filament-cathodes
require comparatively little heating
power. They are used in almost all of
the tube types designed for battery op-
eration because it is, of course, desirable
to impose as small a drain as possible on
the batteries. Examples of battery-oper-
ated filament types are the 1R5, 1U4,
1UB, and 8V4. AC-operated types hav-
ing directly heated filament-cathodes
include the 2A8 and 5Y8-GT.

An indirectly heated cathode, or
heater-cathode, consists of a thin metal
sleeve coated with electron-emitting ma-
terial such as alkaline-earth oxides. With-
in the sleeve is a heater which is insu-
lated from the sleeve, as shown in Fig. 2.
The heater is made of tungsten or tung-
sten-alloy wire and is used only for the
purpose of heating the cathode sleeve
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and sleeve coating to an electron-emit-
ting temperature. Useful emission does
not take place from the heater wire.

The heater-cathode construection 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 shield-
ing 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 inter-
ference which might enter the tube cir-
cuit through the heater-supply lne.
From the viewpoint of circuit design,
the heater-cathode construction offers
advantages in connection flexibility be-
cause of 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
having close spacing between its cathode
and plate, and of an amplifier tube hav-
ing close spacing between its cathode
and grid. In a close-spaced rectifier tube,
the voltage drop in the tube is low, and,
therefore, the regulation is improved. In
an amplifier tube, the close spacing in-
creases 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,

Generic Tube Types

Electrons are of no value in an elec-
tron tube unless they can be put to
work. Therefore, a tube is designed with
the parts necessary to utilize electrons
as well as those required to produce
them. These parts consist of a cathode
and one or more supplementary elec-
trodes. The electrodes are enclosed in an
evacuated envelope having the neces-
sary 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, elec~
trons leave the cathode surface and form
an invisible cloud in the space around it.
Any positive electric potential within
the evacuated envelope offers a strong
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attraction to the electrons (unlike elec-
tric charges attract; like charges repel).
Such a positive electric potential can be
supplied by an anode (positive elec-
trode) located within the tube in prox-
imity to the cathode.

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-elec-
trode tube. In a diode, the positive po-
tential is supplied by a suitable electrical
source connected between the plate
terminal and a cathode terminal, as
shown in Fig. 3. Under the influence of
the positive plate potential, electrons
flow from the cathode to the plate and
return through the external plate-bat-
tery circuit to the cathode, thus com-
pleting the circuit. This flow of electrons
is known as the plate carrent.

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 cur-
rent will flow. If an alternating voltage
is applied to the plate, the plate is alter-
nately made positive and negative. Be-
cause plate current flows only during the
time when the plate is positive, current
flows through the tube in only one direc-
tion and is said to be rectified. Fig. 4
shows the rectified output current pro-
duced by an alternating input voltage.

Diode rectifiers are used in ac re-
ceivers to convert the ac supply voltage
to de voltage for the electrodes of the
other tubes in the receiver. Rectifier
tubes having only one plate and one
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cathode, such as the 35W4, are called
half-wave rectifiers, because current
can flow only during one-half of the
alternating-current cycle. When two
plates and one or more cathodes are

used in the same tube, current may be
obtained on both halves of the ac eycle.
The 6X4, 5Y8-GT, and 5U4-GB are ex-
amples of this type and are ecalled
full-wave rectifiers.

Not all of the electrons emitted by
the cathode reach the plate. Some return
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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 im-
pedes their passage to the plate. The ex-
tent of this action and the amount of
space-charge depend on the cathode
temperature, the distance between the
cathode and the plate, 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 other electrons. 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 in-
creasingly higher plate voltages will
succeed in attracting a greater propor-
tion of the free electrons.

Beyond a certain plate voltage,
however, additional plate voltage has
little effect in increasing the plate cur-
rent because all of the electrons emitted
by the cathode are already being drawn
to the plate. This maximum current,
illustrated in Fig. 5, is called saturation
current, Because it is an indication of
the total number of electrons emitted, it
is also known as emission current or
simply emission.

Althoughtubesaresometimesiested
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by measurement of their emission cur-
rent, it is generally not advisable to
measure the full value of emission be-
cause this value would be sufficiently
large to cause change in the tube’s char-
acteristics or even to damage the tube.
Consequently, while the test value of
emission current is somewhat larger than
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the maximum current which will be re-
quired 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 num-
ber of electrons for satisfactory opera-
tion of the tube.

If space charge were not present to
repel electrons coming from the cathode,
thesame 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 having heater-cathodes,
suech as the 5V4-GA and the 8AX5-GT.
In these types the radial distance be-
tween cathode and plate is only about
two hundredths of an inch.

Another method of reducing space-
charge effect is utilized in mercury-
vapor rectifier tubes. When such tubes
are operated, a small amount of mercury
contained in the tube is partially vapor-
ized, filling the space inside the bulb
with mercury atoms. These atoms are
bombarded by electrons on their way to
the plate. If the electrons are moving at
a sufficiently high speed, the collisions
tear off electrons from the mercury
atoms. The mercury atom is then said
10 be “ionized,” i.¢., it has lost one or
more electrons and, therefore, has a
positive charge. Ionization is evidenced
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by a bluish-green glow between the
cathode and plate. When ionization oe-
curs, the space charge is neutralized by
the positive mercury atoms so that in-
creased numbers of electrons are made
available. Mercury-vapor tubes are used
primarily for power rectifiers.

lonie-heated-cathode reetifier
tubes, such as the 0Z4 and 0Z4-G, also
depend on gas ionization for their opera-
tion. These tubes are of the full-wave
design and contain two anodes and a
coated cathode sealed in a bulb contain-
ing a reduced pressure of inert gas. The
cathode in each of these types becomes
hot during tube operation, but the heat-
ing effect is eaused by bombardment of
the cathode by ions within the tube
rather than by heater or filament cur-
rent from an external source.

The internal structure of an ionie-
heated-cathode tube is designed so that
when sufficient voltage is applied to the
tube, ionization of the gas occurs be-
tweenthe anode whichisinstantaneously
positive and the cathode, Under normal
operating voltages, ionization does not
take place between the anode that is
negative and the cathode so that the
requirements for rectification are satis-
fied. The initial small flow of current
through the tube ig sufficient to raise the
cathode temperature quickly to incan-
descence whereupon the cathode emits
electrons. 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 tempera-
ture. 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.
The grid usually consists of relatively
fine wire wound on two support rods and
extending the length of the cathode.The
spaces between turns are comparatively
large so that the passage of electrons
from cathode to plate is praetically un-
obstructed by the grid wires. The pur~
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pose of the grid is to control the flow of
plate current. When a tube is used as an
amplifier, 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 the plate depends on the combined
effect of the grid and plate polarities, as
shown in Fig. 6. When the plate is posi-
tive, as is normal, and the dc grid volt-
age is made more and more negative, the
plate is less able to attract electrons to it
and plate current decreases. When the
grid is made less and less negative (more
and more positive), the plate more read-
ily attracts electrons to it and plate cur-
rent increases. Hence, when the voltage
on the grid is varied in accordance with
a signal, the plate current varies with
the signal. Because a small voltage ap-~
plied to the grid can control a compara-
tively large amount of plate current, the
signal is amplified by the tube. Typical
three-electrode tube types are the 6C4
and 6AF4-A.

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.
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These capacitances are known as inter-
electrode capacitances. Generally, the
capacitance between grid and plate is of
the most importance. In high-gain radio-~
frequency amplifier circuits, this capaci-
tance may act to produce undesired
coupling between the input eircuit, the
circuit between grid and cathode, and
the output cireuit, the circuit between
blate and cathode. This coupling is un-
desirable in an amplifier because it may

cause instability and unsatisfactory per-
formance.

Tetrodes

The capacitance between grid and
plate can be made small by mounting an
additional electrode, called the screen
grid (grid No.2), in the tube. With the
addition of the grid No.2, the tube has
four electrodes and is, accordingly, called
a tetrode. The screen grid or grid No.2
is mounted between the grid No.1 (con-
trol grid) and the plate, as shown in Fig.
7, and acts as an electrostatic shield be-
tween them, thus reducing the grid-to-
plate capacitance. The effectiveness of
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this shielding action is inecreased by a
bypass capacitor connected between
screen grid and cathode. By means of the
screen grid and this bypass capacitor,
the grid-plate capacitance of a tetrode is
made very small. In practice, the grid-
plate capacitance is reduced from sev-
eral micromicrofarads (uuf) for a triode
to 0.01 uuf or less for a screen-grid tube.

The screen grid has another desir-
able effect in that it makes plate current
practically independent of plate voltage
over a certain range. The screen grid is
operated at a positive voltage and,
therefore, attracts electrons from the
cathode. However, because of the com-
paratively large space between wires of
the screen grid, most of the electrons
drawn to the screen grid pass through it
to the plate. Hence the screen grid sup-
plies an electrostatic foree pulling elec-
trons from the cathode to the plate. At
the same time the screen grid shields the
electrons between cathode and screen
grid from the plate so that the plate ex-
erts very little electrostatic force on
electrons near the cathode.

Solong as the plate voltage is higher
than the screen-grid voltage, plate cur-
rent in a screen-grid tube depends to a
great degree on the screen-grid voltage
and very little on the plate voltage. The
fact that plate current in a screen-grid



tube is largely independent of plate volt-
age makes it possible to obtain much
higher amplification with a tetrode than
with a triode. The low grid-plate capaci-
tance makes it possible to obtain this
high amplification without plate-to-grid
feedback and resultant instability. In
receiving-tube applications, the tetrode
has been replaced to a considerable de-
gree by the pentode.

Pentodes

In all electron tubes, electrons strik-
ing the plate may, if moving at sufficient
speed, dislodge other electrons. In two-
and three-electrode types, these dis-
lodged 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 ecalled
secondary emission because the effect is
secondary to the original eathode emis-
sion.

In the case of sereen-grid tubes, the
proximity of the positive screen grid to
the plate offers a strong attraction to
these secondary electrons and particu-
Jarly so if the plate voltage swings lower
than the sereen-grid voltage. This effect
lowers the plate current and limits the
useful plate-voltage swing for tetrodes,

The effects of secondary emission
are minimized when a fifth electrode is
placed within the tube between the
screen grid and plate. This fifth electrode
is known as the suppressor grid {(grid
No.3) and is usually connected to the
cathode, as shown in Fig. 8. Because of
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its negative potential with respect to the
plate, the suppressor grid retards the
flight of secondary electrons and diverts
them back to the plate.
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The family name for a five-electrode
tube is “pentode”. In power-output
pentodes, the suppressor grid makes pos-
gible higher power output with lower
grid-driving voltage; in radio-frequency
amplifier pentodes the suppressor grid
makes possible high voltage amplifica-
tion at moderate values of plate voltage.
These desirable features result from the
fact that the plate-voltage swing can be
made very large. In fact, the plate volt-
age may be as low as, or lower than, the
screen-grid voltage without serious loss
in signal-gain capability. Representative
pentodes used for power amplification
are the 3V4 and 6K6-G'T; representative
pentodes used for voltage amplification
are the 1U4, 6AU6, 12SK7, and 6BAS.

Beam Power Tubes

A beam power tube is a tetrode or
pentodein which directed electron beams
are used to increase substantially the
power-handling capability of the tube.
Such a tube contains a cathode, a con-
trol grid (grid No.1), a sereen grid (grid
No.2), a plate, and, optionally, a sup-
pressor grid (grid No.3). When a beam
power tube is designed without an ac-
tual suppressor grid, the electrodes are
so spaced that secondary emission from
the plate is suppressed by space-charge
effects between screen grid and plate.
The space charge is produced by the
slowing up of electrons traveling from a
high-potential screen grid to a lower-
potential plate. In this low-velocity re-
gion, the space charge produced is suffi-
cient to repel secondary electrons emit-
ted 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 re-
turning to the screen grid outside of the
beam. A feature of a heam power tube
ig its low sereen-grid current. The sereen
grid and the control grid are spiral wires
wound so that each turn of the screen
grid is shaded from the cathode by a
grid turn. This alignment of the sereen
grid and control grid eauses the electrons
to travel in sheets between the turns of
the screen grid so that very few of them
strike the screen grid. Because of the
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effective suppressor action provided by
space charge and because of the low cur-
rent drawn by the sereen grid, the beam
power tube has the advantages of high
power output, high power sensitivity,
and high efficiency.

Fig. 9 shows the structure of a beam
power tube employing space-charge sup-
pression and illustrates how the electrons
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are confined to beams. The beam condi-~
tion illustrated is that for a plate po-
tential less than the screen-grid poten-
tial. The high-density space-charge re-
gion 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 re-
gion is extended beyond the beam
boundaries and stray secondary electrons
are prevented from returning to the
screen grid outside of the beam. The
space-charge effect may also be obtained
by use of an actual suppressor grid. Ex-
amples of beam powertubes are 6AQ5-A,
6L6-GB, 6V6-GT, and 50C5.

Multi-Electrode and
Multi-Unit Tubes

Tarly in the history of tube develop-
ment and application, tubes were de-
signed for general service; that is, a
single tube type—a triode—was used as
a radio-frequency amplifier, an inter-
mediate-frequency amplifier, an audio-
frequency amplifier, an oscillator, or a
detector. Obviously, with this diversity
of application, one tube did not meet all
requirements to the best advantage.

Later and present trends of tube de-
sign are the development of “specialty”
types. These types are intended either to
give optimum performance in a particu-
lar application or to combine in one bulb
funetions which formerly required two
or more tubes. The first class of tubes in-
cludes such examples of specialty types
as the 6CB6 and 6BY6. 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
6BY6 is an especially interesting typein
this class. This tube has an unusually
large number of electrodes, namely
seven, exclusive of the heater. Plate cur-
rent in the tube is varied at two different
frequencies at the same time. The tube
is designed primarily for use as a com-
bined syne separator and syne clipper in
television receivers.

The second class includes multi-
unit tubes such as the twin-diode triodes
6BF6 and 6AV6, as well as triode-pen-
todes sueh as the 6U8-A and 6X8. This
class also includes class A twin triodes
such as the 6CGT and 12AX7, and types
such as the 6CMT containing dissimilar
triode units used primarily as combined
vertical oscillators and vertical deflec-
tion amplifiers in television receivers.
Full-wave rectifiers are also multi-unit
types.

A third class of tubes combines fea-
tures of each of the other two classes.
Typical of this third class are the penta-~
grid-converter types 1R5, 6BES, and
6SA7. These tubes are similar to the
multi-electrode types in that they have
seven electrodes, all of which affect the
electron stream; and they are similar to
the multi-unit tubes in that they per-
form simultaneously the double function
of oscillator and mixer in superhetero-
dyne receivers.

Television Picture Tubes

The picture tube, or 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 fluores-
cent screen.

The electron gun includes a cathode
for the production of free electrons, one
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or more control electrodes for aceceler-
ating the electrons in the beam, and,
optionally, a device for “trapping” un-
wanted ions out of the electron beam.
Focusing of the beam is accom-
plished either electromagnetically by
means of a focusing coil placed on the
neck of the tube, or electrostatically, as
shown in Fig. 10, by means of focusing
electrodes {(grids No. 4 and No. 5) with-
in the envelope of the tube. The screen
is a white-fluorescing phosphor P4 of
either the silicate or the sulfide type.
Deflection of the beam is accom-
plished either electrostatically by means
of deflecting electrodes within the enve-
lope of the tube, or electromagnetically

10

by means of a deflecting yoke placed on
the neck of the tube. Fig. 10 shows the
structure of the gun section of a pic-
ture tube and illustrates how the elec-
tron 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 electromag-
netic deflecting yoke.

The color kinescope 21CYP22
consists of three electron guns and an
aluminized,tricolor,phosphor-dot screen
on the inner surface of the spherical fil-
terglass faceplate. It utilizes magnetic
convergence, electrostatic focus, and
magnetic deflection.



Electron Tube Characteristics

The term “‘characteristics” is used
to identify the distinguishing eleetrical
features and values of an electron tube.
These values may be shown in curve
form or they may be tabulated. When
the characteristics values are given in
curve form, the curves 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 eircuits under eertain definite
conditions of voltages. Characteristics
may be further described by denoting
the conditions of measurements. For ex-
ample Static Characteristies are the val-
ues obtained with different de potentials
applied to the tube electrodes, while Dy-
namic Charaecteristics are the values ob-
tained with an ae voltage on a control
grid under various conditions of de po-
tentials on the electrodes. The dynamic
characteristics, therefore, are indicative
of the performance capabilities of a tube
under actual working conditions.

Static characteristies may beshown
by plate characteristics curves and trans-
fer (mutual) characteristics curves. These
curves present the same information,
but in two different forms to increase its
usefulness. The plate -characteristic
curve is obtained by varying plate volt-
age and measuring plate current for dif-
ferent grid bias voltages, while the trans-
fer-characteristic curve is obtained by
varying grid bias voltage and measuring
plate current for different plate voltages.
A plate-characteristic family of curvesis
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 transeonductance,
and certain detector characteristies, and
may be shown in curve form for varia-
tions in tube operating conditions.

The amplification faetor, or u, is
the ratio of the change in plate voltage
to a change in control-electrode voltage
in the opposite direction, under the con-
dition that the plate current remains un-~
changed and that all other electrode
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voltages are maintained eonstant. For
example, if, when the plate voltage is
made 1 volt more positive, the control-
electrode (grid-No.1) voltage must be
made 0.1 volt more negative to hold
piate current unchanged, the amplifica-
tion 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
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plate-voltage change—the latter equal
to the product of the grid-voltage change
and amplification factor. The y of a tube
is often useful for calculating stage gain.
This use is discussed in the ELECTRON
TUBE APPLICATIONS SECTION.
Plate resistance (rp) of an electron
tubeis the resistance of the path between
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cathode and plate to the flow of alter-
nating current. It is the quotient of a
small change in plate voltage divided by
the corresponding change in plate cur-
rent 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.
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Control-grid—plate transconduct-
ance. or simply transcondnctance {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
has also been known as mutual conduct~
ance. Transconductance may be more
strictly defined as the quotient of a small
change in plate current (amperes) di-
vided by the small change in the eontrol-
grid voltage producing it, under the con-
dition that all other voltages remain un~
changed. 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 consgtant, the trans-
conductance is 0.001 divided by 0.5, or
0.002 mho. A “mho’ is the unit of con-
ductance and was named by spelling
ohm backwards. For convenience, a
millionth of a mho, or a micromho
{umho),is used to express transconduct-
ance. Thus, in the example, 0.002 mho
is 2000 micromhos.

Conversion transconduetance (g¢)
is a characteristic associated with the
mixer (first detector) function of tubes
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and may be defined as the quotient of
the intermediate-frequency (if) current
in the primary of the if transformer di-
vided by the applied radio-frequency
(rf) veltage producing it; or more pre-
cisely, 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 transeonductance is used in
the same way as control-grid—plate
transconductance is used in single-fre-
quency amplifier computations.

The plate efficiency of a power am-
plifier tube is the ratio of the ac power
output (P,) to the product of the aver~
age dc plate voltage (Ey) and de plate
current (Iv) at full signal, or

Plate (eggiency_ Po walts X 100

“Eb volts X Ib amperes

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

Po watts

Power sengitivity (mhos) = (—m



Electron Tube Applications

The diversified applications of an
electron receiving tube have, within the
scope of this section, been treated under
seven headings. These are: Amplifica-
tion, Rectification, Detection, Auto-
matie Volume or Gain Control, Oscilla-
tion, Frequency Conversion, and Au-
tomatic Frequency Control. Although
these operations may take place at either
radio or audio frequencies and may in-
volve the use of different cireuits and
different supplemental parts, the gen-
eral considerations of each kind of oper-
ation are basic.

Amplification

The amplifying action of an electron
tube was mentioned under Triodes in
the section on ELECTRONS, ELEC-
TRODES, 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 serviee 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 *‘cutoffl bias” used in these
definitions is the value of grid bias at
which plate current is some very small
value,

Classes of Service

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,

A class AB amplifier is an ampli-
fier in which the grid bias and alter-
nating grid voltages are such that plate
current in a specific tube flows for ap-
preciably more than half but less than
the entire electrical cycle.

A class B amplifier is an amplifier
in which the grid bias is approximately
equal to the cutoffi value, so that the
plate current is approximately zero
when no exciting grid voltage is applied,
and so that plate current in 2 specifie
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tube flows for approximately one-half
of each cycle when an alternating grid
voltage is applied.

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

The suffix 1 may be added to the letter
or letters of the class identification to
denote that grid current does not flow
during any part of the input eyele. The
suffix 2 may be used to denote that grid
current flows during some part of the
cycle.

For radio-frequency (rf) amplifiers
which operate into a selective tuned cir-
cuit, asinradio transmitter applications,
or under requirements where distortion
is not an important factor, any of the
above classes of amplifiers may be used,
either with a single tube or a push-pull
stage. For audio-frequency (af) ampli-
fiers in which distortion is an important
factor, only class A amplifiers permit
single-tube operation. In this case, oper-
ating conditions are usually chosen so
that distortion is kept below the conven-
tional 5 per cent for triodes and the con-
ventional 7 to 10 per cent for tetrodes or
pentodes. Distortion can be reduced be-
low these figures by means of special cir-
cuit arrangements such as that discussed
under inverse feedback. With class A
amplifiers, reduced distortion with im-
proved power performance can be ob-
tained 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 augdio
service,

Class A Voltage Amplifiers

As a class A voltage amplifier, an
electron tube is used to reproduce grid-
voltage variations across an impedance
or a resistance in the plate circuit. These
variations are essentially of the same
form as the input signal voltage im-
pressed on the grid, but thejr amplitude



is increased. This increase is accom-
plished by operation of the tube at a
suitable grid bias so that the applied
grid input voltage produces plate-cur-
rent variations proportional to the signal
swings. Because the voltage variation
obtained in the plate circuit is much
larger than that required to swing the
grid, amplification of the signal is ob-
tained.

Fig. 18 gives a graphical illustration
of this method of amplification and
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Fig. 18

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. The output signal (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
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resistance to the input signal voltage is
the voltage amplification, or gain, pro-
vided by the tube. The voltage ampli-
fication due to the tube is expressed by
the following convenient formulas:

s X RL

RL+ rp

or g X rp X RL
1000000 X (rp 4 RL)

where p is the amplification factor of
the tube, Ry is the load resistance in

Voltage amplification =
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ohms, 1y, is the plate resistance in ohms,
and gm is the transconductance in
micromhos.,

From the first formula, it can be
seen that the gain actually obtainable
from the tube is less than the tube’s am-
plification factor but that the gain ap-
proaches the amplification factor when
the load resistance is large compared to
the tube’s plate resistance. Fig. 15
shows graphically how the gain ap-
proaches the amplification factor of the
tube as the load resistance is increased.
From the curve it can be seen that a
high value of load resistance should be
uszed to obtain high gain in a voltage
amplifier.

In a resistance-coupled amplifier,
the load resistance of the tube is approx-
imately 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 necessary to use a plate resistor and a
grid resistor of large resistance. How-
ever, the plate resistor should not be too
large because the flow of plate current
through the plate resistor produces a
voltage drop which reduces the plate
voltage applied to the tube. If the plate
resistor is too large, this drop will be too
large, the plate voltage on the tube will
be too small, and the voltage output of
the tube will be too small, Alse, 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 be-
cause 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 posi-
tive 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 in-
creased current may overheat the tube
and cause liberation of more gas which,
in turn, will cause further decrease in
bias. The action is cumulative and re-
sults in a runaway condition which can
destroy the tube.

A higher value of grid resistance is
permissible when eathode-resistor bias
is used than when fixed bias is used.
When cathode-resistor bias is used, 2
loss in bias due to gas or grid-emission



effects is almost completely offset by an
increase in bias due to the voltage drop
across the cathode resistor. Typical val-
ues of plate resistor and grid resistor for
tube types used in resistance-coupled
circuits, and the values of gain obtain-
able, are shown in the RESISTANCE-
COUPLED AMPLIFIER SECTION.

The input impedance of an electron
tube (that is, the impedance between
grid and cathode) consists of (1) a reac-
tive component due to the capacitance

[+
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frequencies to affect appreciably the
gain and selectivity of a preceding stage.
Tubes such as the “acorn” and “peneil”
types and the high-frequency miniatures
have been developed to have low input
capacitances, low electron-transit time,
and low lead inductance so that then*
input impedance is high even at the
ultra-high radio frequencies. Input
admittance is the reciprocal of input
impedance.

A remote-cutoff amplifier tube is
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between grid and cathode, (2) a resistive
component resulting from the time of
transit of electrons between cathode and
grid, and (8) a resistive component de-
veloped 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 fre-
quency of the incoming signal. The in-
put impedance is very high at audio
frequencies when a tube is operated with
its grid biased negative. In a class A, or
AB, transformer-coupled audic ampli-
fier, therefore, the loading imposed by
the grid on the input transformer is
negligible. As a result, the secondary
impedance of a class A, or class ARB; in-
put transformer can be made very high
because 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 ap-
preciable lead reactance.This impedance
drops very rapidly as the frequency is
raised, and inereases input-circuit load-
ing. In fact, the input impedance may
become low enough at very high radio

a modified construction of a pentode or
a tefrode type designed to reduce modu-
lation-distortion and cross-modulation
in radio-frequency stages. Cross-modu-
lation is the effect produced in a radio
or television receiver by an interfering
station “riding through” on the carrier
of the station to which the receiver is
tuned. Modulation-distortion is a dis-
tortion of the modulated carrier and ap-
pears as audio-frequency distortion in
the output. This effect is produced by
a radio-frequency amplifier stage opera-
ting on an excessively curved character-
isticwhenthegrid biashasbeeninecreased
to reduce volume. The offending stage
for cross-modulation is usually the first
radio-frequency amplifier,while for mod-
ulation-distortion the cause is usually
the last intermediate-frequency stage.
The characteristics of remote-cutoff
types are such as to enable them to
handle both large and small input sig-
nals with minimum distortion over a
wide range of signal strength,

Fig. 16 illustrates the construction
of the grid No.1 (control grid) in a re-
mote-cutoff tube. The remote-cutoff ac-
tion is due to the structure of the grid
which provides a variation in amplifica-
tion factor with change in grid bias. The
grid No.l is wound with open spacing at



the middle and with close spacing at the
ends. When weak signals and low grid
bias are applied to the tube, the effect of
the non-uniform turn spacing of the grid
on cathode emission and tube character-
istics is essentially the same as for uni-
form spacing. As the grid bias is made
more negative to handle larger input

SUPPRESSOR  GRID SCREEN
GRID GRID

Fig. 16

signals, the electron flow from the sec-
tions of the eathode 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 mini-
mum distortion due to cross-modulation
and modulation-distortion.

Fig. 17 shows a typical plate-cur-
rent vs. grid-voltage curve for a remote~
cutoff type compared with the curve for
a type having a uniformly spaced grid.
It will be noted that while the curves are
similar at small grid-bias voltages, the
plate current of the remote-cutoff tube
drops quite slowly with large values of
bias voltage. This slow change makes it
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possible for the tube to handle large sig-
nalssatisfactorily. Becauseremote-cutofl
types can accommodate large and small
signals, they are particularly suitable for
use in sets having automatic volume
control. Remote-cutofl tubes also are
known as variable-mu types.
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Class A Power Amplifiers

As a class A power amplifier, an
electron tube is used in the output stage
of a radio or television receiver to supply
a relatively large amount of power to
the loudspeaker. For this application,
large power output is of more impor-
tance than high voltage amplification;
therefore, gain possibilities are sacrificed
in the design of power tubes to obtain
power-handling capability.

Triodes, pentodes, and beam power
tubes designed for power amplifier serv-
ice have certain inherent features for
each structure. Power tubes of the triode
type for class A service are characterized -
by low power sensitivity, low plate-
power efficiency, and low distortion.
Power tubes of the pentode type are
characterized by high power sensitivity,
high plate-power efficiency and, usually,
somewhat higher distortion than class A
triodes. Beam power tubes have higher
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power sensitivity and efficiency than
triode or cenventional pentode types.

A class A power amplifier is also
used as a driver to supply power to a
class AB, or a class B stage. It is usually
advisable to use a friode, rather than a
pentode, in a driver stage because of the
lower plate impedance of the triode.

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 effec-
tive transconductance of the stage is
doubled, and the effective plate resist-
ance and the load resistance required
are halved as compared with single-
tube values.

The push-pull connection (Fig. 19),
although it requires twice the grid-signal
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voltage, provides increased power and
has other important advantages over
single-tube operation. Distortion caused
by even-order harmonics and hum caused
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by plate-voltage-supply fluctuations are
either eliminated or decidedly reduced
through cancellation. Because distortion
for push-pull operation is less than for
single-tube operation, appreciably more
than twice single-tube output can be ob-
tained with triodes 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 elec-
trode currents are doubled while all de
eleetrode 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. If oscilla~
tions occur with either type of connec-
tion, they can often be eliminated by the
use of a non-inductive resistor of ap-
proximately 100 ohms connected in
series with each grid at the socket
terminal.

QOperation of power tubes so that
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Power-Output Colculations

Calculation of the power ocutput of
a triode used as a class A amplifier with
either an output transformer or a choke
having low de resistance can be made
without serious error from the plate
family of curves by assuming a resist-
ance load. The proper plate current,
grid bias, optimum load resistance, and
per-cent second-harmonice distortion can
also be determined. The calculations are
made graphieally and are illustrated in
Fig. 20 for given conditions. The pro-
cedure i as follows:

(1) Locate the zero-signal bias point
P by determining the zero-signal bias
Ee, 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 p is the amplification
factor of the tube. This quantity is
shown as negative to indicate that a
negative bias is used.

(2) Locate the value of zero-signal
plate current, L, corresponding to point
P. :

(8) Locate the point 21,, 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 de
bias eurve at zero voits, E. = 0, corre-
sponding to the value of Inay.

(5) Draw astraight line XY through
X and P.

Line XY is known as the load re-
sistance line. Its slope corresponds to

FLATE VOLTS
Fig. 20

the grids run positive is inadvisable
except under conditions such as those
discussed in this section for class AB
and class B amplifiers,
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the value of the load resistance.The load
resistance in ochms is equal to (Bmax~
Emin) divided by (Imax — Imin), where E
is in volts and 1 is in amperes.



It should be noted that in the case
of filament types of tubes, the caleula-
tions are given on the basis of a de-
operated filament. When the filament is
ac-operated, the caleulated value of de
bias should be increased by approxi-
mately one-half the filament voltage
rating of the tube.

The value of zero-signal plate cur-
rent I, should be used to determine the
plate dissipation, an important factor
influencing tube life. In a class A ampli-
fier under zero-signal conditions, the
plate dissipation is equal to the power

. input, i.e., the product of the de plate
voltage E, and the zero-signal dc plate
current I,. If it is found that the plate-
dissipation rating of the tube is exceeded
with the zero-signal bias Ee, calculated
above, it will be necessary to increase
the bias by a sufficient amount so that
the actual plate dissipation does not ex-
ceed therating before proceeding further
with the remaining calculations.

For power-output caleulations, 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 (B, = 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 cur-
rent reach values of Emayx and Ipun; dur-
ing the positive swing, they reach values
of Epin and Inex. Because power is the
product of wvoltage and current, the
power output P, as shown by a watt-
meter is given by

IS (Imax— Imin) X (Emax - Emin}
o = 2

where E is in volts, I is in amperes, and
P, is in watts.

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

Tmax+ Imin 1
T T
Imax ~ Imin
where I, is the zero-signal plate current
in amperes. If the distortion is excessive,
the load resistance should be increased
or, occasionally, decreased slightly and

g, distortion = ® 100
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the calculations repeated.

Example: Determine the load re-
sistance, power output, and distortion
of a triode having an amplification fac-
tor of 4.2, a plate-dissipation rating of
15 watts, and plate characteristies curves
as shown in Fig. 20. The tube is to be
operated at 250 volts on the plate.

Procedure: For a first approxima-
tion, determine the operating point P
from the zero-signal bias formula, Ee, =
—(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 rat-
ing is exceeded (0.08 X 250 = 20 watts).
Consequently, it is necessary to reduce
the zero-signal plate current to 0.06 am-
pere at 250 volts. The grid bias is now
seen to be —43.5 volts. Note that the
curve was taken with a de filament sup-
ply; if the filament is to be operated on
an ac supply, the bias must be inecreased
by about one-half the filament voltage,
or to —45 volts, and the circuit returns
made to the mid-point of the filament
cireuit,

Point X can now be determined.
Point X is at the intersection of the de
bias curve at zero volts with Iy, where
Imax = 2I, = 2 X 0.06 = 0.12 ampere.
Line XY is drawn through points P and
X. Emsx, Emin, and Imin are then found
from the curves. Substituting these val-
ues in the power-output formula, we
obtain

Po= {ﬁ.m—o.mz);( (365-108) _

The resistance represented by load

line XY is

(365~ 105)
A8 - 0.612) ~ 2410 ohms

When the values from the curves
are substituted in the distortion formula,
we obtain

3.52 watts

0.12 + 0.012

% distortion =

- 0.06
.15 0015 X 100=55%

It is customary to select the load
resistance so that the distortion does not
exceed five per cent. When the method
shown is used to determine the slope of
the load resistance line, the second-har-
monic distortion generally does not ex-
ceed five per cent. In the example, how-
ever, 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 opera-
tion 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, opera-
tion which is discussed later.

The method for ecaleulating maxi-
mum power output for triodes in push-
pull class A operation is as follows:
Erect a vertical line at 0.6 E, (see Fig.
21), intersecting the Eq=0 curve at the
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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 eut-
off 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 eurrent is found
from the plate family to be 0.054 am-
pere 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 oper-
ation of these tubes at a2 plate voltage of
300 volts, the dissipation cannot be re-
duced 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 he
—-43.5 volts. For this value, the plate cur-
rent is 0.06 ampere, and the plate dissi-
pation is 15 watts. Then, following the
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point Imax. Then, I,y is determined
from the curve for use in the formula

Po= (Itmax X Eo}/8

If Tmax is expressed in amperes and E,
in volts, power output is in watts,

The method for determining the
proper load resistance for triodes in
push-pull is as follows: Draw a load line
through Im.x on the zero-bias curve and
through the E, point on the zero-current
axis. Four times the resistance repre-
sented by this load line is the plate-to-
plate load (R,p) for two triodes in a
class A push-pull amplifier. Expressed
as a formula,

Rpp = 4 X (Eo ~ 0.6E0)/Imax
where E, is expressed in volts, Iy in
amperes, and Ry, in ohms.
Example: Assume that the plate
voltage (E,) is to be 800 volfs, and the
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method for ecalculating power output,
erect a vertical line at 0.6E, = 150 volts.
The intersection of the line with the
curve Eq = 0is Engx 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 de-
termined from the load formula: Plate-
to-plate load (R.,;) = 4 X (250 — 150)
/0.2 = 2000 ohms.

Power output for a pentode or a
heam power tube as a class A amplifier
can be calculated in much the same way
as for triodes. The ealculations can be
made graphically from 2 special plate
family of eurves, as illustrated in Fig. 22.

From a point A at or just below the
knee of the zero-bias curve, draw arbi-
trarily selected load lines to intersect the
zero-plate-current axis. These lines
should be on both sides of the operating
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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 AQO,. On the same
line, lay off an equal distance, O,A.. For
optimum operation, the change in bias
from A to O: should be nearly equal to
the change in bias from O, to A.. If this
condition can not be met with one line,

MILLIAMPERES

PLATE
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% total (2nd and 3rd) harmonic distortion =
V{%2nd)® + (%3rd)?

Conversion Factors
Operating conditions for voltage
values other than those shown in the
published data can be obtained by the
use of the nomograph shown in Fig. 23
when all electrode voltages are changed
simultaneously in the same ratio. The

as is the case for the line first chosen,
then another should be chosen. When
the most satisfactory line has been se-
lected, its resistance may be determined
by the following formula:

Emax - Emin

Load resistance (Ry) = Tooe T

The value of RL may then be sub-
stituted in the following formula for
calculating power output.

Po = [Tmax - Imin +1.41 (Ix =~ Iy)]* Ry
32

In both of these formulas, I is in
amperes, E is in volts, R, is in ohms,
and P, is in watts. I, and Iy are the cur-
rent values on the load line at bias volt-
ages of Ee; =V — 0.707V=0.293V and
Ee;=V + 0.707V=1.707V, respectively.

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

¢, 2nd-harmonic distortion =
Imax + Imin - 2 Io
Twas ~ Imin 4 1.41 {Ix - Iy)
% Srd-harmonic distortion =
Tmax ~ Imin ~ 1.41 {Tx - I3}
Imax - Imin + 1.41 (Ix ~ Iy}

X 100

X 100

o
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Fig. 22

nomograph ineludes conversion factors
for current (¥;), power output (F.),
plate resistance or load resistance (F;),
and transconduetance (Funy) for voltage
ratios between 0.5 and 2.0. These factors
are expressed as functions of the ratio
between the desired or new voltage for
any electrode (Eqges) and the published
or original value of that voltage (Eu).
The relations shown are applicable to
triodes and multigrid tubes in all classes
of service.

T'o use the nomograph, simply place
a straight-edge across the page so that
it intersects the scales for Eqes and Epun
at the desired values. The desired con-
version factor may then be read directly
or estimated at the point where the
straight-edge interseets the Fy, F}, F, or
Fym scale.

For example, suppose it is desired
to operate two 6L8-GB’s in class A push-
pull, fixed bias, with a plate voltage of
200 volts. The nearest published oper-
ating conditions for this class of service
are for a plate voltage of 250 volts. The
operating conditions for the new plate
voltage can be determined as follows:

The voltage conversion factor, Fe,
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is equal to 200,250 or 0.8, The dashed
lines on the nomograph of Fig. 23 indi-
cate that for this voltage ratio Fj is ap-
proximately 0.72, F, is approximately

Electron Tube Applications

Because contact-potential effects become
noticeable only at very small de grid-
No.1 (bias) voltages, they are generally
negligible in power tubes. Secondary

Fr  Fgm Edes Epub Edes Fi Fp
070 - 144 50
. 140 20 10 20 28455
18 0 18 2650
16 X
075 4 . : 2.4 : ‘2
130 2zt
12 , 12
2.0
0,80 0 0 1o~ 30
120 : 6 : :3
085 w 1.6
2 7 ? ' 20 «
“ e 5 ° L5 e
< os0 w s 3 sy slete
el < 4
= L1 E g s % s E -§ L3 16 w
s g K 4 : 2 w2 L4 §
- 4 13 L3
. = 8 3 s TR
® S 2 Pt 4 o z
Z L0000 © o p - 51010 §
s ® ® a3 [ 3¢ > o
S g h Ao 2 g 03
-
3 S w - - <08 0.8 =
: . 2 Tt z
s 3 L N, S N - §os07 2
v Lo £ .2 ot o= = v
s - 09057 & > el TSy o2 YW
- - a = e So7 H
o I3 L o
2 15 2 ‘1.8 0.5 a
085"
1,20 8 o8 0.4
L6
0.80 Lo 10 P
o9 4 09 y 0.3
.30 o8 o8
075 o1 2 o1
06 06 04T o2
140 0.5 1o 0.5 o8
Las Q.70 - ) N - 0.34
Fig. 23

0.57, Fy is 1.12, and Fgm is approxi-
mately 0.892. These factors may be ap-
plied directly to operating values shown
in the tube data, or to values calculated
by the methods desceribed previously.

Because this method for conversion
of characteristics is necessarily an ap-
proximation, the aceuracy of the nomo-
graph decreases progressively as the
ratio Eges/Epuy departs from unity. In
general, results are substantially correct
when the value of the ratio Eaes/Epun is
between 0.7 and 1.5. Beyond these lim-
its, the accuracy deereases rapidly, and
the results obtained must be considered
rough approximations.

The nomograph does not take inte
consideration the effects of contact po-
tential or secondary emission in tubes.

emission may occur in conventional tet-
rodes, however, if the plate voltage
swings below the grid-No.2 voltage.
Consequently, the conversion factors
shown in the nomograph apply to such
tubes only when the plate voltage is
greater than the grid-No.2 voltage. Be-
cause secondary emission may also oc-
eur in certain beam power tubes at very
low values of plate current and plate
voltage, the conversion factors shown in
the nomograph do not apply when these
tubesareoperated undersuch conditions.

Class AB Power Amplifiers

A class AB power amplifier em-
ploys two tubes connected in push-pull
with a higher negative grid bias than is
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used in a class A stage. With this higher
negative bias, the plate and screen-grid
voltages can usually be made higher
than for class A ampilifiers because the
increased negative bias holds plate cur-
rent 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 current. In class AB,,
the peak signal voltage is greater than
the bias so thal the grids are driven
positive and draw current.

Because of the flow of grid current
in a class AB, stage there iz a loss of
o's
RCA~243
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power in the grid circuit. The sum of
this loss and the loss in the input trans~
former is the total driving power re-
quired by the grid circuit. The driver
stage should be eapable of a power out-
put considerably larger than this re-
quired power in order that distortion
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
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fluctuations in the voltage output of the
power supply, with the result that power
output is decreased and distortion is in-
creased. To obtain satisfactory regula-
tion it is usually advisable to use a low-
drop rectifier, such as the 5V4-GA, with a
choke-input filter. In all cases, the resist-
ance of the filter choke and power trans-
formers should be as low as possible.

Class AB\ Power Amplifiers

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
desired 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 peosition is not affected by
the operating grid bias provided the

Ee-

TA80 =60 =40 ~20
GRID VOLTS
Fig. 25

plate-to-plate load resistance remains
constant.

Under these conditions, grid bias
has no appreciable 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. Because
the grid bias is higher in class AB, than
in class A service for the same plate volt-
age, a higher signal voltage may be used
without grid current being drawn and,
therefore, higher power output is ob=
tained 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 ampli-
fier is Rpp=4E,/I’, where I’ is the plate
current. value in amperes at which the
load line as projected intersects the plate
current axis, and E, is in volts. This
formula is another form of the one
given under push-pull class A amplifiers,
Rup = 4(Ey - 0.6E5) /Ipax, but is more
general. Power output = (Imax/+/2 )2 X
Rpo/4, where Lingy is the peak plate cur-
rent at zero grid volts for the load chosen.
This formula simplified is (Imex)? X Rpp/
8. The maximum-signal average plate
current is 2Inac/7 or 0.636 Imuy; the
maximum-signal average power input is
0.636 Linax X Eo.

It is desirable to simplify these
formulas for a first approximation. This
simplification can be made if it is as-
sumed that the peak plate current, Imax,
oceurs at the point of the zero-bias curve
corresponding approximately to 0.6 E,,
the condition for maximum power out-
put. The simplified formulas are:

Po {for two tubes} = (Imax X Eo)/5
Bpp = L6Eo/Imax

where E, is in volts, Imuy is in amperes,
Ryp is in ohms, and P, is in watts.

It may be found during subsequent
caleulations that the distortion or the
plate dissipation is excessive for this ap~
proximation; in that case, a different
load resistance must be selected using
the first approximation as a guide and
the process repeated to obtain satisfac-
tory operating conditions.

Example: Fig. 24 illustrates the
application of this method to a pair of
2A3%%s operated at E,=300 volts. Each
tube has a plate-dissipation rating 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
Tmax=0.26 ampere. Using the simplified
formulas, we obtain

Rop = (1.6 X 300)/0.26 = 1845 chms

Po = (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
Inmax) mentioned previously, the maxi-
mum-signal average plate current is
0.166 ampere. The product of this cur-
rent and the operating plate voltage is
49.8 watts, the average input to the two
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tubes. From this value, subtract the
power output of 15.6 watts to obtain the
total dissipation for both tubes which is
34.2 watts, Half of this value, 17 watts,
is in excess of the 15-watt rating of the
tube and it is necessary, therefore, to as-
sume another and higher load resistance
80 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 re-
quire 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 re-
sistance 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 cur-
rent, Imax, can be read at 0.2 ampere,
Then

Po= (Imax/ 2 )% X Rop/4
= (0.2/1.41)% X 8000/4
= 15 watis

Proceeding as in the first approximation,
we find that the maximum-signal aver-
age plate current, 0.636Imax, is 0.127
ampere, and the maximum-gignal aver-
age power input is 88.1 watts. This input
minus the power output is 38.1 — 15=
23.1 watts. This value 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 eurrent may now be found
by use of a curve which is derived from
the plate family and the load line. Fig.
25 i8 a curve of instantaneous values of
plate current and de 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 -80 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 procedurelocates the operating
point for each tube at P. The plate cur-
rent must be doubled, of course, to ob-
tain the zero-signal plate current for
both tubes. Under maximum-signal con-
ditions, the signal voltage swings from
zero-signal bias voltage to zero bias for
each tube on'alternate half eycles. Hence,
in the example, the peak af signal volt-
age per tube ig 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 canceled by
virtue of the push-pull eonnection. Third-
harmonie distortion, however, which
may be larger than permissible, can be
found by means of composite character-
istic curves. A complete {family of curves
can be plotted, but for the present pur-
pose only the one corresponding to a
grid bias of one-half the peak grid-volt-
age swing is needed. In the example, the
peak grid voltage per tube is 60 volts,
and the half value is 30 volts. The com-
posite curve, since it is nearly a straight
line, can be constructed 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 80 volts, we have assumed a devia-
tion of 30 volts from the operating grid
voltage of —60 volts. Next assume 2 de-
viation from the operating plate voltage
of, say, 40 volts. Then at 300 — 40 = 260
volts, erect a vertical line to intersect
the (—60) - (~30) = —30-volt bias curve
and read the plate current at this inter-
section, which is 0.167 ampere; likewise,
at the intersection of a vertical line at
300 + 40 = 340 volts and the (—60) -+
(-80) = -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
composite 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 0.045 ampere (F). A straight line
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through these points is the composite
curve for a bias of -80 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 com-
posite plate current at the point of one-
half the peak signal swing is determined.
This current value, designated I,.; and
the peak plate current, Iy, are used in
the following formula to find peak value
of the third-harmonic component of the
plate current.

Ths = (2Los ~ Imax)/3

In the example, where I,.; is 0.097 am-
pere and Imax is 0.2 ampere, In, = (2X
0.097-0.2) /3= (0.194-0.2) /8= ~0.006/

= —{.002 ampere. (The fact that Iy, is
negative indicates that the phase rela-
tion of the fundamental (first-harmonie)
and third-harmonic components of the
plate current is such as to result in a
slightly peaked wave form. In; is posi-
tive in some cases, indicating a flatten~
ing of the wave form.)

The peak value of the fundamental
or first-harmonic component of the plate
current is found by the {following
formula:

Ih; = 2/8 X {(Imax -+ Ias)

In the example, In 2/3 X (02 +
0.097) = 0.198 ampere. Thus, the per-
centage of third-harmonic distortion is
(Tns/In:) X 100 = (0.002/0.198) X 100=
1 per cent approx.

Class AB: Power Amplifiers

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 for somewhat more than half the
electrical cycle but less than the full
cycle, the peak signal voltage is greater
than the dec bias voltage, grid current is
drawn, and consequently, power is con-
sumed in the grid cireuit. These condi-
tions permit high power output to be
obtained without excessive plate dissi-
pation,

The sum of the power used in the
grid cireuit and the losses in the input
transformer is the total driving power
required by the grid cireuit. The driver
stage should be capable of a power out-
put considerably larger than this re-
quired power in order that distortion
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introduced in the grid cireuit 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 driv-
ing power; a satisfactory set of operating
conditions involves a series of approxi-
mations. The load resistance and signal
swing are limited by the permissible grid
current and power, and the distortion.
If the load resistance is too high or the
signal swing is excessive, the plate-dissi-
pation rating will be exceeded, distortion
will be high, and the driving power will
be unnecessarily high.

Closs B Power Amplifiers

A elass B amplifier employs two
tubés connected in push-pull, so biased
that plate current is almost zero when
no signal voltage is applied to the grids.
Because of this low value of no-signal
plate current, class B amplification has
the same advantage as class AB,, i.e.,
large power output can be obtained
without excessive plate dissipation. Class
B operation differs from class AB, in
that plate current is cut off for a larger
portion of the negative grid swing, and
the signal swing is usually larger than in
class AB, operation.

Because tubes designed for use as
class B amplifiers usually operate at
zero or low bias, each grid is at a positive
potential during all or most of the posi-
tive half-cycle of its signal swing and
consequently draws considerable grid
current. There is, therefore, a loss of
power in the grid cireuit. This condition
imposes the same requirement in the
driver stage as in a class AB. stage, that
is, the driver should be capable of de-~
livering considerably more power output
than the power required for the class B
grid eireuait in order that distortion be
low. Likewise, the interstage transformer
between the driver and class B stage
usually has a step-down turns ratio.
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Determination of load resistance,
plate dissipation, power output, and dis-
tortion is similar to that for a class AB,
stage.

Power amplifier tubes designed for
class A operation can be used in class AR,
and class B service under suitable oper-
ating conditions, There are several tube
types designed especially for class Bserv-
ice. The characteristic common to all of
these types is a high amplification fac-
tor. With a high amplification factor,
plate current is small even when the grid
bias is zero. These tubes, therefore, can
bhe operated in class B service at a bias
of zero volts so that no bias supply is re-
quired. A number of class B amplifier
tubes consist of two triode units mounted
in one tube. The two units can be con-
nected in push-pull so that only one
tube is required for a class B stage. An
example of a twin triode used in class B
serviee is the 6N7.

Cathode-Drive Circuits

The preceding text has discussed
the use of tubes in the conventional
grid-drive type of amplifier—that is,
where the cathode is common to both
the input and output circuits. Tubes
may also be employed as amplifiers in
cirecuit arrangements which utilize the
grid or plate as the common terminal.
Probably the most important of these
amplifiers are the cathode-drive cireuit,
which is discussed below, and the cath-
ode-follower circuit, which will be dis-
cussed later in connection with inverse
feedback.

A typical cathode-drive circuit is
shown in Fig. 26. The load is placed in

<

OUTPUT
VOLTAGE

the plate cireuit and the output voltage
is taken off between the plate and ground
as in the grid-drive method of operation.
The grid is grounded, and the input

A1
i

Fig. 26



voltage is applied across an appropriate
impedance in the cathode circuit. The
cathode-drive circuit is particularly use-
ful for vhi and uhf applications, in which
it is necessary to obtain the low-noise
performance usually associated with a
triode, but where a conventional grid-
drive circuit would be unstable because
of feedback through the grid-to-plate
capacitance of the tube. In the cathode-
drive circuit, the grounded grid serves
as a capacitive shield between plate and
cathode and permits stable operation at
frequencies higher than those in which
conventional circuits can be used.

' The input impedance of a cathode-
drive circuit is approximately equal to
1/gv when the load resistance is small
compared to ther, of the tube. A certain
amount of power is required, therefore,
to drive such a circuit. However, in the
type of service in which cathode-drive
circuits are normally used, the advan-
tages of the grounded-grid connection
usually outweigh this disadvantage.

Inverse Feedback

An inverse-feedback circuit, some-
times called a degenerative circuit, is
one in which a portion of the output
voltage of a tube is applied to the input
of the same or a preceding tube in oppo-
site phase to the signal applied to the
tube.Two important advantages of feed-
back are: (1) reduced distortion from
each stage included in the feedback cir-
cuit 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 feed-
back ecircuit.

Inverse feedback is used in audio
amplifiers to reduce distortion in the
output stage where the load impedance
on the tube is a loudspeaker. Because
the impedance of a loudspeaker is not
constant for all audio frequencies, the
load impedance on the output tube varies
with frequency. When the output tube
is a pentode or beam power tube having
high plate resistance, this variation in
plate load impedance can, if not cor-
rected, produce considerable frequency
distortion. Such frequency distortion
can be reduced by means of inverse
feedback. Inverse-feedback circuits are
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of the constant-voliage type and the
constant-current type.

The application of the constant-
voltage type of inverse feedback to a
power output stage using a single beam
power tube is illustrated by Fig. 27. In
this circuit, R, Ry, and C are connected
as a voltage divider across the output of
the tube. The secondary of the grid-
input transformer is returned to a point
on this voltage divider. Capacitor C
blocks the de plate voltage from the
grid. However, a portion of the tube’s
af output voltage, approximately equal
to the output voltage multiplied by the
fraction R./(R1 -+ R}, is applied to the
grid. This voltage lowers the source im-
pedance of the circuit and a decrease in
distortion results which is explained in
the curves of Fig. 28.

Consider first the amplifier without
the use of inverse feedback. Suppose
that when a signal voltage e is applied
to the grid the af plate current i’, has an
irregularity in its positive half-cycle.
This irregularity represents a departure
from the waveform of the input signal
and is, therefore, distortion. For this

;
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Fig. 27

plate-current waveform, the af plate
voltage has a waveform shown by €’,.
The plate-voltage waveform is inverted
compared to the plate-current wave-
form because a plate-current increase
produces an increase in the drop across
the plate load. The voltage at the plate
is the difference between the drop across
the load and the supply voltage; thus,
when plate current goes up, plate volt-
age goes down; when plate current goes
down, plate voltage goes up.

Now suppose that inverse feedback
is applied to the amplifier. The voltage
fed back to the grid has the same wave-
form 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’gr. This voltage

ey v@.

Fig.

applied to the grid produces a compo-
nent of plate current i’y It is evident
that the irregularity in the waveform of
this component of plate current would
act to cancel the original irregularity
and thus reduce distortion.

After inverse feedback has been ap-
plied, the relations are as shown in the
curve for i,. The dotted curve shown by
i'pt is the component of plate current
due to the feedback voltage on the grid.
The dotted curve shown by i’y 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 ip. Since i’, is the plate
current that would flow without inverse
feedback, it can be seen that the appli-
cation of inverse feedback has reduced
the irregularity in the output current.
In this manner inverse feedback acts to
correct any component of plate current
that does not correspond to the input
signal voltage, and thus reduces dis-
tortion.

From the curve for iy, 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 ampli-
fier there is a decrease in gain or power
sensitivity as well as a decrease in dis-~
tortion. Hence, the application of in-
verse feedback to an amplifier requires
that more driving voltage be applied to
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obtain full power output, but this out-

put is obtained with less distortion,
Inverse feedback may also be ap-

plied to resistance-coupled stages as

28

shown in Fig. 29. The circuit is conven-
tional except that a feedback resistor,
R, is connected between the plates of
tubes T: and T,. The output signal volt-
age 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 com-
paratively low. With sufficient inverse
feedback of the constant-voltage type
in a power-output stage, it is not neces-
sary to employ a network of resistance
and ecapacitance in the output circuit to
reduce response at high audio frequen-
cies. Inverse-feedback circuits can also
be applied to push-pull class A and class
AB.: amplifiers.

Constant-current inverse feedback
is usually obtained by omitting the by-
pass capacitor across a cathode resistor.

VA
Ti R3
% A
Ry

C-

B+

B~C+
Fig. 29
This method decreases the gain and the

distortion but increases the source im-
pedance of the circuit. Consequently,
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the output voltage rises at the resonant
frequency of the loudspeaker and ac-
centuates hangover effects.

Inverse feedback is not generally
applied to a triede power amplifier, such
as the 2A8, because the variation in
speaker impedance with frequency does
not produce much distortion in a triode
stage having low plate resistance. It is
sometimes applied in a pentode stage
but is not always convenient. As has
been shown, when inverse feedback is
used in an amplifier, the driving voltage
must be increased in order to give full
~ power output. When inverse feedbaek is
used with a pentode, the total driving
voltage required for full power output
may be inconveniently large, although
still less than that required for a triode.
Because a beam power fube gives full
power output on a eomparatively small
driving voltage, inverse feedback is
especially applicable 1o beam power
tubes. By means of inverse feedback,
the high efficiency and high power out-
put of beam power tubes can be com-
bined with freedom from the effects of
varying speaker impedance.

Cathode-Follower Circuits

Another important application of
inverse feedback is in the eathode-fol-
lower circuit, an example of which is
given in Fig. 80. In this application, the
load has been transferred from the plate
cireuit to the cathode circuit of the tube.
The input voltage is applied hetween
the grid and ground and the output volt-
age is obtained between the cathode and
ground.The voltage amplification (V.A.)
of this circuit is always less than unity
and may be expressed by the following
convenient formulas,

For a triode:

V. A= » X Ry,

rp+ RLX (u+ 1)
For a peniode: .
gm L
V- A=TT @m X RO

In these formulas, u is the amplifi-
cation factor, RL is the load resistance
in ohms, r, is the plate resistance in
ohms, and gm is the transconductance
in mhos.

The use of the cathode follower per-
mits the design of circuits which have
high input resistance and high output
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voltage. The output impedance is quite
low and very low distortion may be ob~
tained. Cathode-follower circuits may
be used for power amplifiers or as im-
pedance transformers designed either to
match a transmission line or to produce
a relatively high output voltage at a low
impedance level,

In a power amplifier which is trans-
former coupled to the load, the same
output power can be obtained from the
tube as would be obtained in a conven-
tional grid-drive type of amplifier. The
output impedance is very low and pro-
vides excellent damping to the load,
with the result that very low distortion
can be obtained. The peak-to-peak sig-
nal voltage, however, approaches 114
times the plate supply voltage if maxi-
mum power output is required from the
tube. Some problems may be encoun-
tered, therefore, in the design of an ade-

INPUT
SIGNAL
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quate driver stage for a eathode-follower
output system.

When a cathode-follower cireuit is
used as an impedance transformer, the
load is usually a simple resistance in the
cathode eircuit of the tube. With rela-
tively low values of cathode resistor, the
circuit may be designed to supply sig-
nificant amounts of power and to match
the impedance of the device to a trans-
mission line. With somewhat higher val-
ues of cathode resistor, the circuit may
be used to lower the output impedance
sufficiently to permit the transmission
of audio signals along a line in which ap-
preciable capacitance is present.

The cathode follower may also be
used as an isolation deviee to provide
extremely high input resistance and low
input capacitance as might be required
in the probe of an oscilloscope or vacu-
um-tube voltmeter. Such circuits can be

OUTPUT

AD
i i

Fig. 30



designed to provide effective impedance
transformation with no significant loss
of voltage.

Selection of a suitable tube and its
operating conditions for use in a cath-
ode-follower circuit having a specified
output impedance (Z,) can be made, in
most practieal cases, by the use of the
following formula to determine the ap-
proximate value of the required tube
transconductance,

1,000,000
Zo (ohms)

Once the required transconductance
is obtained, a suitable tube and its oper-
ating conditions may be determined
from the technical data given in the
TUBE TYPES SECTION. The conver-
sion nomograph given in Fig. 23 may be
used for calculation of operating condi-
tions for values of transconductance not
included in the tabulated data. After
the operating conditions have been de-
termined, the approximate value of the
required cathode load resistance may be
calculated from the following formulas.

Required gm (umhos) =

For iriode:

_ Zo X 1p
Cathode RL-r———p T e X T

For penlode:

Cathode Rr= Zo

1— (gm X Zo)
Resistance and impedance values are in
ohms; transconductance values are in
mhos.

If the value of the cathode load re-
sistance calculated to give the required
output impedance does not give the re-
quired operating bias, the basic cathode-
follower circuit can be modified in a
number of ways. Two of the more com-
mon modifications are given in Figs.
31 and 32.

In Fig. 81 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. 32
the bias is reduced 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 dc voltage drop
across the added resistance. The size of
the bypass capacitor should be large
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enough so that it has negligible reactance
at the lowest frequency to be handled.
In both cases the B-supply should be in-

INPUT
SIGNAL

I

creased 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 cireuit having an ocutput im-
pedance that will matech a 500-0hm
transmission line. Procedure: First, de-
termine the approximate transconduc-
tance required.

:

1,000,000
T 560

Required gm = = 2000 gmhos

A survey of the tubes that have a
transconductance in this order of mag-
nitude shows that type 12AX7 is among
the tubes to be considered. Referring to
the characteristics given in the technieal
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

i,
W

INPUT
SIGNAL

OUTFUT
LOAD
%RESISTANCE VOLTAGE
=
¥ig. 32

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 ex-
pression for determining the ecathoide
load resistance, we obtain

500 X 62500

Cathode Ry= m=2600 ohms

The voltage across this resistor for
a plate current of 0.0012 ampere is
2600 X 0.0012 = §.12 volts. Because the
required bias voltage is only -2 volts,
the e¢ircuit arrangement given in Pig. 30
is employed. The bias is furnished by 2
resistance that will have a voltage drop
of 2 volts when it carries a current of
0.0012 ampere. The required bias resist~
ance, therefore, is 2/0.0012 1670
ohms, If 60 eycles per second is the low-
est frequency to be passed, 20 micro-
farads is a suitable value for the bypass
capacitor, The B-supply, of course, is in-
creased by the voltage drop across the
cathode resistance which, in this exam-
ple, is approximately 5 volts. The B-
supply, therefore, is 250 + 5 = 255 volts.

Because 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 eathode 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 amplifieation factor of 70, a plate
resistance of 54000 ohms, a transcon-
ductance of 1300 mieromhos, and a plate
current of 0.0008 ampere.

Then,
Cathode Ry =

50N X 54000

54000 — 500 X (10515~ 1460 ohms

The bias voltage obtained across
this resistance is 1460 X 0.0008 = 1.17
volts. 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 (V.A.) for the
cathode-follower circuit utilizing the
triode section of type 6ATS is

_ 70 X 1480
A= 51000 + 1460 % (o 3 — 65

v
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For applications in which the cath-
ode follower is used to isolate two cir-
cuits—for example, when it is used be-
tween a circuit being tested and the
input stage of an oscilloscope or a vacu-
um-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 cathodeload resistance, such as 50,000
ohms, in order to get the maximum volt-
age output. In order to obtain proper
bias, a eircuit such as that of Fig. 32
should be used. With a high value of
cathode resistance, the voltage amplifi-
cation will approximate unity.

Corrective Filters

A corrective filter ean 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 output transformer. The magni-
tudeof thisreflected impedanceincreases
with increasing frequency in the middle
and upper audio range. The impedance
of the filter, however, decreases with in-
creasing frequencey. It follows that by
use of the proper values for the resist-
ance and the capacitance in the filter,
the effective load impedance on the out-
put tubes can be made practically con-
stant for all frequencies in the middle
and upper audio range. The result is an
improvement in the frequency charac-
teristic of the output stage.

The resistance to be used in the fil-
ter for a push-pull stage is 1.3 times the
recommended plate-to-plate load resist-
ance; or, for a single-tube stage, is 1.3
times the recommended plate load re-
sistance. The capacitance in the filter
should have a value such that the volt-
age gain of the output stage at a fre-
quency of 1000 eycles 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 sig-



nal 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 correet value of capaei-
tanceis 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 microfarad.

Volume Exponders

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 may not be feasible
to make the ratio of maximum ampli-
tude to minimum amplitude as large on
the record as it is in the original musie,
The recording process may therefore be
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 vari-
able gain which is greater for a high-
amplitude signal than for a low-ampli-
tudesignal. The volume expander, there~
fore, amplifies loud passages more than
soft passages.

A volume expander circuit is shown
in Fig. 83. In this circuit, the gain of the
617 as an audio amplifier can be varied

TYPE

{
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grid of the 6J5, is amplified by the 6J5,
and is rectified by the 6H6. The rectified
voltage developed across Rs, the load
resistor of the 8HS6, is applied as a posi-
tive bias voltage to grid No. 8 of the 617,
Then, when the amplitude of the signal
input increases, the voltage across Ry
increases, and the bias on grid No. 3 of
the 617 is made less negative. Because
this reduction in bias increases the gain
of the 6L.7, the gain of the amplifier in-
increases with increase in signal ampli-
tude and thus produces volume expan-
sion of the signal. The voltage gain of
the expander varies from 5 to 20,

Grid No. 1 of the 6L7 is a variable-
mu grid and, therefore, will produce dis-
tortion if the input signal voltage is too
large. For that reason, the signal input
to the 617 should not exceed a peak
value of 1 volt. The no-signal bias volt-
age on grid No. 3 is controlled by adjust-
ment of contact P. This contact should
be adjusted initially to give a no-signal
plate current of 0.15 milliampere in the
6L.7. No further adjustment of contact
P is required if the same 6L7 is always
used. If it is desired to delay volume ex-
pansion until the signal input reaches a
certain amplitude, the delay voltage can
be inserted as a negative bias on the 6H6
plates at the point marked X in the dia-
gram. All terminal points on the power-
supply voltage divider should be ade-
quately bypassed.

C,Cs Cs = 0.1 pf
Cs, Cy, Co= 05 puf
Ri= 1-Megohm Potentiometer

F

(Volume Control)

TYPE 645 TYPE 646

Ho=1 Megohm
Rz, Rg = 100,000 ohms, 1 watt

R4 = 1-Megohm Potentiometer
(Expansion Control}

R:= 10,000 ohms, 0.1 watt

R;: = 100,000 ohms, 0.1 watt
Rs = 250,000 chms, 0.1 watt
Ry = 500,000 ohms, 0.1 watt

DELAY VOLTAGE

Fig. 83

by changing the bias on grid No. 3. When
the bias on grid No. 3 is made less nega-
tive, the gain of the 6L7 increases. The
sighal to be amplified is applied to grid
No, 1 of the 6L7 and is amplified by the
8L7. The signal is also applied to the

Phase Inverters
A phase inverter is a circuit used to
provide resistance coupling between the
output of a single-tube stage and the in~
put of a push-pull stage. The necessity
for a phase inverter arises because the
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signal-voltage inputs to the grids of a
push-pull stage must be 180 degrees out
of phase and approximately equal in
amplitude with respect to each other.
Thus, when the signal voltage input to
a push-pull stage swings the grid of one
tube in a positive direetion, it should
swing the grid of the other tube 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 in-
_put voltage is obtained by means of the
inverter action of a tube.

Fig. 34

Fig. 84 shows a push-pull power
amplifier, resistance-coupled by means
of a phase-inverter circuit to a single~
stage triode T.. Phase inversion in this
cireuit is provided by triode T, The out~
put voltage of T, is applied to the grid
of tricde Ty A portion of the output
voltage of T, is also applied through the
resistors R; and R; to the grid of T;. The
output voltage of T, is applied to the
grid of triode T..

When the output voltage of T,
swings in the positive direction, the
plate current of T, increases. This action
increases the voltage drop across the
plate resistor R. and swings the plate of
T, in the negative direction. Thus, when
the output voltage of T swings positive,
the output voltage of T swings negative
and is, therefore, 180° out of phase with
the output voltage of T..

In order to obtain equal voltages at
E. and Eu, (Rs+R:)/R; should equal
the valtage gain of Ts. Under the condi-
tions where a twin-type tube or two
tubes having the same characteristics are
used at T and T», R, should be equal to
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the sum of Ry and Rs. The ratio of
Rs+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 Ry
divided by the voltage gain of Ty; Rs is
equal to R; minus R;. Values of Ry, Ro,
R; plus R;, and R, may be taken from
the chart in the RESISTANCE-
COUPLED AMPLIFIER SECTION.
In the practical application of this cir-
cuit, it is convenient to use 2 twin-triode
tube combining T: and T,.

Tone Controls

A tone control is a variable filter (or
one in which at least one element is ad~
justable) by means of which the user
may vary the frequency response of an
amplifier to suit his own faste. In radio
receivers and home amplifiers, the tone
control usually consists of a resistance-
capacitance network in which the resist-
ance is the variable element.

The simplest form of tone control
is a fixed tone-compensating or “equali-
zing” network such as that shown in
Fig. 85. This type of network is often
used to equalize the low- and high-fre-
quency response of a crystal phono-
graph pickup. At low frequencies the at-
tenuation of this network is 20.8 db. As
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Fig. 85

the frequency is increased, the 100-mi-
cromicrofarad capacitor serves as a by-
pass for the 5-megohm resistor, and the
combined impedance of the resistor-ca-
pacitor network is lowered. Thus, more
of the crystal output appears across the
0.5-megohm resistor at high frequencies
than at low frequencies, and the fre-
quency response at the grid is reason-
ably flat over a wide frequency range,
Fig. 36 shows a comparison between the
output of the crystal (curve A) and the
output of the equalizing network (curve
B.) Theresponsecurvecanhbe*flattened’”
still more if the attenuation at low {re-



quencies is increased by changing the
0.5-megohm resistor to 0.125 megohm.
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The tone-control network shown in
Fig. 37 has two stages with completely
separate bass and treble controls. Fig. 38
shows simplified representations of the
bass control of this ecircuit when the
potentiometer is turned to its extreme
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quency voltage divider. With proper
values for the components, it may be
made to respond to changes in the R;
potentiometer setting for only low fre-
quencies (below 1000 eycles).

Fig. 89 shows extreme positions of
the treble control. The attenuation of
the two circuits is approximately the
same at 1000 cycles. The treble “boost”
circuit is similar to the erystal-equaliz-
ing network shown in Fig. 85. In the
treble “eut” circuit, the parallel RC ele-
ments serve to attenuate the signal vol-
tage further beeause the capacitor by-
passes the resistance across the output.
The effect of the capacitor is negligible
at low frequencies; beyond 1000 cycles,
the signal voltage is attenuated at a
maximum rate of 6 db per octave,
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variations (usually labeled “Boost” and
“Cut”). Inthis network, asinthe erystal-
equalizing network shown in Fig. 35,
the parallel RC combination is the con-
trolling factor. For bass “boost”, the
capacitor C, bypasses resistor R; so that
jess impedance is placed across the out-
put to grid B at high frequencies than

T

TREBLE

37

The location of a tone-control net-
work is of considerable importance. In a
typical radio receiver, it may be inserted
in the plate circuit of the power tube,
the coupling circuit between the first af
amplifier tube and the power tube, or
the grid circuit of the first tube. In an
amplifier using a beam power tube or

BASS BOOST BASS CUT
TREBLE BOOST REBLE cur
Ry B A Ry Ci Ra
R
3 c I l D
Ca
Rz Ry
Cs7T 2Rs
Cs
O O T O O O
Fig. 89

at low frequencies. For bass “cut,” the
parallel combination is shifted so that
C, bypasses R;, causing more high-fre-
quency than low-frequency output. Es-
sentially, the network is a variable-fre-

pentode power amplifier without nega-
tive feedback, it is desirable to connect
a resistance-capacitance filter across the
primary of the output transformer. This
filter may be fixed, with a supplemen-
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tary tone control elsewhere, or it may
form the tone control itself. If the am~
plifier incorporates negative feedback,
the tone control may be inserted in the
feedback network or else should be con-
nected to a part of the amplifier which
is external to the feedback loop. The
over-all gain of a well designed tone-con-
trol network should be approximately
unity. ..
Limiters

An amplifier may also be used as a
limiter. One use of a limiter is in receiv-
ers designed for the reception of fre-
quency-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 theresult of noise disturbances,
the use of a limiter prevents such dis-
turbances from being reproduced in the
audio output. The limiter usually fol-
lows the last if stage so that it can mini-
mize the effects of disturbances coming
in on the rf carrier and those produced
locally.

The limiter is essentially an if volt-
age amplifier designed for saturated
operation. Saturated operation means
that an increase in signal voltage above
a certain value produces very little in-
crease 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 repro-
duction of frequency variations.

Plate-current saturation of the im-
iter may be obtained by the use of grid-~
No.l-resistor-and-capacitor bias with
plate and grid-No.2 voltages which are
low compared with customary if-ampli-
fier operating conditions.

As a result of these design features,
the limiter is able to maintain its output
voltage at a constant amplitude over a
wide range of input-gignal voltage varia-
tions. The output of the limiter is fre-
guency-modulated if voltage, the mean
frequency of which is that of the if am-
plifier. This voltage is impressed on the
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input of the deteector.

The reception of FM sxgnals thh—
out serious distortion requires that the
response of the receiver be such that
satisfactory amplification of the signal
is provided over the entire range of fre-
quency deviation from the mean fre-
quency. Since the frequency at any in~
stant depends on the modulation at that
instant, it follows that excessive attenu-
ation toward the edges of the band, in
the rf or if stages, will cause distortion.
In a high-fidelity receiver, therefore, the
amplifiers must be capable of amplifying,
for the maximum permissible frequency
deviation of 75 kilocycles, 2 band 150
kiloeyeles wide. Suitable tubes for this
purpose are the 6BA6 and 6BJ6.

Television RF Amplifiers

All amplifier stages generate a cer-
tain amount of neise as a result of
thermal agitation of electrons in resistors
or other components, minute variations
in the cathode emission of tubes (shot
effect), and minute grid currents in the
amplifier tubes. In a radio or television
receiver, noige generated in the first am-
plifier stage is often the controlling fac-
tor in determining the over-all sensitivity
of the receiver. The “front end” of a
receiver, therefore, is designed with
special attention to both gain and noise
characteristics.

Tunerinput circuits of vhi television
receivers use either a triode or a pentode
in the rf amplifier stage, Such stages are
required to amplify signals ranging from
55 to 218 Mc and having a bandwidth
of 4.5 Me, although the tuner is usually
aligned for a bandwidth of 8 Me to as-
sure complete coverage of the band. In
the early rf tuners, pentodes rather than
triodes were used because the grid-plate
capacitance of triodes created stability
problems. In a direct-coupled cathode-
drive cireuit, however, the stable opera~
tion previously obtained only with pen-
tode amplifiers can be combined with
the low-noise characteristics of triodes.

In such circuits, one triode unit of
a high-gain twin triode sueh as the
6BQ7-A or 6BZ7 is used as the direct-
coupled driver for the other unit. The
relatively high transconductanceof these
tubes permits high gain and low equiva~
lent noise resistance. These tubes also



provide high input impedance which
aids in obtaining high input-cireuit gain
over the vhf television broadecast range.
The twin-triode circuit permits better
isolation between the antenna ecircuit
and the oscillator stage than a pentode
amplifier circuit.

The gain of the rf amplifier stage is
improved in the upper vhf range by use
of a series inductance between the plate
of the first triode unit and the cathode
of the second triode unit of the 6BQT7-A
or 6BZ7. This inductance resonates in
series with the total (tube plus stray)
capacitance between the cathode of the
second triode unit and ground. The value
of series inductance is chosen so that
the resonance oceurs above the upper end
of the vhi broadcast range. The use of
this series resonant circuit minimizes
{eedback of rf voltage from the plate of
the first triode unit to the input grid.
In the lower vhf range, the effect of the
series resonant circuit is negligible. This
eircuit has a sufficiently broad frequency
response to permit the use of fixed com~
ponents.

Thedirect coupling between the two
triode units of the 6BQ7-A or 6BZ7
causes the voltage between plate and
cathode to increase when a bias voltage
is applied to the first triode unit, thereby
extendingthetube’s cutoff characteristic.
This extension minimizes cross-modula~
tion when automatic gain control (age)
bias iz applied to the grid of the first
triode unit.

For most effective gain control over
a wide range of input levels, however,
it is desirable to allow the bias of the
second triede unit also to vary some-
what with signal level. Consequently,
the grid of the second triode unit is con-
nected to a tap on a de voltage divider
between the plate of the second tricde
unit and a fixed voltage source. When
the input signal is strong, the applica-
tion of age bias to the grid of the first
triode unit increases the total voltage
drop across the tube and produces a
higher positive potential on the direct-
coupled cathode of thesecond triode unit.
The grid of the second triode unit, how~
ever, is prevented from following the
cathode potential completely because of
the voltage-divider connection to the
fixed-potentialsource. Therefore, thegrid
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bias developed in the second triode unit
depends on the ratio between the vol«
tage-divider connection and the plate
potential of the input triode. The values
of the fixed-potential source and the vol-
tage-divider resistors are chosen so that
the stage has a suitable gain character+
istie over a wide range of input-signal
levels.
Video Amplifiers

The video amplifier stage in a tele-
vision receiver usually employs a pen-
tode-type tube specially designed to am-
plify the wide band of frequencies con-
tained in the video signal and, at the
same time, to provide high gain per
stage. Pentodes are more useful than
triodes in such stages because they have
high transconductance (to provide high
gain) together with low input and out-
put interelectrode capacitances (to per-
mit the broadband requirements to be
satisfied). An approximate “figure of
merit” for a particular tube for this
application can be determined from the
ratio of its transconductance, gm, to the
sum of itsinput and output capacitances,
Ciu and Cout, as follows:

gm
Cin + Cout
Typical values for this figure are in the
order of 500 x 10% or greater.

A typical video amplifier stage,
such as that shown in Fig. 40, is con-
nected between the second detector of
the television receiver and the picture

Figure of Merit =
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tube. The contrast control, R,, in this
cireuit controls the gain of the video
amplifier tube. The induetance, L., in
series with the load resistor, R,, main-
tains the plate load impedance at a rela-
tively constant value with increasing
frequency. The inductance L, isolates
the output capacitance of the tube so



that only stray capacitance is placed
across the load. As a result, a higher-
value load resistor is used to provide
higher gain without affecting frequency
response or phase relations. The de-
coupling circuit, CiR., is used toimprove
the low-frequency response. Tubes used
as video amplifiers include types 6CL6
and 12BY7-A, or the pentode sections
of types 8AWR-A and 6ANS.

The luminanee amplifier in a color-
television receiveris a conventional video
amplifier having a bandwidth of approx-
imately 3.5 Mc. In a color receiver, the
_portion of the output of the second de-
tector which lies within the frequency
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band from approximately 2.4 to 4.5 Me
is fed to a bandpass amplifier, as shown
in the block diagram in Fig. 41. The color
synchronizing signal, or “burst,” con-
tained in this signal may then be fed to
a “burst-keyer" tube, At the same time,
a delayed horizontal pulse may be ap-
plied to the keyer tube. The output of
the keyer tube is applied to the burst
amplifier tube and the signal is then fed
to the 3.58-Mec osecillator and to the
“color-killer” stage.

The eolor killer applies a bias volt-
age to the bandpass amplifier in the ab-
sence of burst so that the color section,
or chrominance channel, of the receiver
remains inoperative during black-and-
white broadcasts. A threshold control
varies the bias and controls the burst
level at which the killer stage operates.

The output of the 3.58-Me oscil-
lator and the output of the bandpass
amplifier are fed into phase and ampli-
tude demodulator circuits. The output
of each demodulator circuit is an elec-

Fig. 41
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trical representation of a color-difference
signal, 1.¢,, an actual color signal minus
the black-and-white, or luminance, sig-
nal. The two color-difference signals are
combined to produce the third color-
difference signal; each of the three sig-
nals then represents one of the primary
colors.

The three color-difference signals
are usually applied to the grids of the
three electron guns of the color picture
tube, in which case the black-and-white
signal from the luminance amplifier may
be applied simultaneously to the eath-
odes. The chrominance and luminance
signals then combine to produce the
color picture. In the absence of trans-
mitted color information, the chromi-
nance channel is cut off by the color
killer, as deseribed above, and only the
luminance signal is applied to the pie-
ture tube, producing a black-and-white
picture,

Television Sync Circuits

In addition to picture information,
the composite video signal supplied to a
television receiver contains information
to assure that the picture produced on
the receiver is synchronized with the
picture being viewed by the camera or
pickup tube. The “sync¢” pulses, which
have a greater amplitude than the video
signal, trigger the scanning generators
of the receiver when the electron beam
of the pickup tube ends each trace.

The sync pulses in the composite
video signal may be separated from the
video information in the output of the
second or video detector by means of the
triode cireuit shown in Fig. 42. In this
cireuit, the time constant of the network
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R.C. is long with respect to the interval
between pulses. During each pulse, the
grid is driven positive and draws cur~



rent, thereby charging capacitor C.
Consequently, the grid develops a bias
which is slightly greater than the cutoff
voltage of the tube. Because plate cur-
rent flows only during the synec-pulse
period, only the amplified pulse appears
in the output. This syne-separator stage
discriminates against the video informa-
tion. Because the bias developed on the
grid is proportional to the strength of
the incoming signal, the cireuit also has
the advantage of being relatively inde-
pendent of signal fluctuations.

Because the electron beam scans
the face of the picture tube at different
rates in the vertical and horizontal di-
rections, the receiver incorporates two
different scanning generators. The repe-
tition rate of the vertical generator is 60
eycles per second, and the rate of the
horizontal generator is approximately
15,750 cyeles per second. The composite
video signal includes information which
enables each generator to derive its cor-
rect triggering. One horizontal syne pulse
is supplied at the end of each horizontal
line scan. At the end of each frame,
several pulses of longer duration than
the horizontal syne pulses are supplied
to actuate the vertical generator. The
vertical information is separated from
the horizontal information by differ-
entiating and integrating circuits.

Rectification

The rectifying action of a diode
finds important applications in supply-
ing a receiver with de power from an ac
line and in supplying high de voltage
from a high-voltage pulse. A typical
arrangement for converting ac to de in-
cludes 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. High-voltage pulse rectifi-
cation is described later under Horizon~
tal Quiput Cirewits.

The function of a filter is to smooth
out the ripple of the tube output, as in-
dicated in Fig. 43, and to increase recti~
fier efficiency. The action of the filter is
explained in ELECTRON TUBE IN-
STALLATION SECTION under Fil-
ters. The voltage divider is used to cut
down the output voltage to the values
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required by the plates and the other
electrodes of the tubes in the receiver.
A half-wave rectifier and a full-
wave rectifier circuit are shown in Fig.
44, In the half-wave circuit, current
flows through the rectifier tube to the
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Fig. 43
filter on every other hali-cycle of the ac
input voltage when the plate is positive
with respect to the cathode. In the full-
wave cireuit, current flows to the filter
on every half-cycle, through plate No. 1
on one half-cycle when plate No. 1 is

HALF-WAVE RECTIFIER

Fig. 44
positive with respect to the eathode, and
through plate No. 2 on the next hali-
eycle when plate No. 2 is positive with
respect to the cathode.
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Because the current flow to the fil-
{er is more uniform in the full-wave cir-
cuit than in the half-wave circuit, the
output of the full-wave circuit requires
less filtering. Rectifier operating infor-
mation and circuits are given under each
rectifier tube type and in the CIRCUIT
SECTION, respectively.

Parallel operation of rectifier tubes
furnishes an output current greater than
that obtainable with the use of one tube.
For example, when two full-wave recti-
fier tubes are connected in parallel, the
plates of each tube are connected to-
gether 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 eapability of the complete rec-
‘tifier is approximately doubled.

‘When mercury-vapor rectifier tubes
are connected in parallel, a stabilizing
resistor of 50 to 100 ohms should be con-
nected in series with each plate lead in
order that each tube will carry an equal
share of the load. The value of the re-
sistor to he used will depend on the
amount of plate current that passes
through the rectifier. Low plate current
requires a high value; high plate eur-
rent, a low value. When the plates of
mercury-vapor rectifier tubes are con-
nected in parallel, the corresponding
filament leads should be similarly con-
nected. Otherwise, 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 in-
ternal resistances, give somewhat in-
creased voltage output. With vacuum
types, stabilizing resistors may or may
not be necessary depending on the tube
type and the circuit.

A veoltage-donbler circuit of simple
form is shown in Fig. 45. The circuit de-
rives its name from the faect that its de
voltage output can be as high as twice
the peak value of ac input. Basically, a
voltage doubler is a rectifier circuit ar-
ranged so that the output voltages of
two half-wave rectifiers are in series,

The action of a voltage doubler can
be desecribed briefly as follows. On the
positive hali-cycle of the ac input, that
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is, when the upper side of the ac input
line is positive with respect to the lower
side, the upper diode passes current and
feeds a positive charge into the upper
capacitor. As positive charge aceumu-
lates on the upper plate of the capacitor,
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Fig. 45

a positive voltage builds up across the
capacitor. On the next half-cycle of the
ae input, when the upper side of the line
is negative with respeet to the lower
side, the lower diode passes current so
that a negative voltage builds up across
the lower capacitor.

So long as no current is drawn at
the output terminals from the ecapacitor,
each capacitor ean charge up to a volt-
age of magnitude E, the peak value of
the ac input. It can be seen from the
diagram that with a voltage of +FE 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 helow 2E
by an amount that depends on the mag-
nitude of the load current and the eapaci-
tance of the capacitors. The arrange-
ment shown in Fig. 45 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 de-
signed for use as voltage doublers are
the 25Z6 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. 46 and 47.

With the full-wave voltage-doubler
cireuit in Fig. 46, 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 circuit presents certain dis-
advantages when the heaters of all the
tubes in the set are connected in series
with a resistance across the ac line. Such

VOLTAGE~DOUBLER C!RCUIY
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queney modulated when its amplitude
remains essentially constant but its fre-
quency is varied.

The function of the receiver is to
reproduce the original modulating wave
from the modulated rf wave.The receiver
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a circuit arrangement may cause hum
because of the high ae potential between
the heaters and cathodes of the tubes.

The circuit in Fig. 47 overcomes
this difficulty by making one side of the
ac line common with the negative side
of the de load cireuit. In this circuit, one
half of the tubeis used to charge a eapaci-
tor which, on the following half cycle,
discharges in series with the line voltage
through the other half of the tube. This
circuit is called a half-wave voltage
doubler because rectified current flows
to the load only on alternate halves of
the ac input cycle. The voltage regula-
tion of this arrangement is somewhat
poorer than that of the full-wave voltage
doubler.

Detection

When speech, musie, or video infor-
mation is transmitted from a radio or
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stage in which this function is performed
is called the demodulator or detector
stage.

AM Detection

The effect of amplitnde modula-
tion on the waveform of the rf wave is
shown in Fig. 48. There are three differ-
ent basic circuits used for the detection
of amplitude-modulated waves: the di-
ode detector, the grid-bias detector, and
the grid-resistor detector. These circuits
are alike in that they eliminate, either
partially or completely, alternate half-
eycles of the rf wave. With alternate
half-cyelesremoved, 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. 49. The action of this circuit
when a modulated rf wave is applied is
illustrated by Fig. 50. The rf voltage

AMPLITUDE ~MODULATED
RF WAVE

Fig. 48

television 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 modu-
lated when its frequency remains con-
stant and the amplitude is varied. In the
other type, the wave is said to be fre-
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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 cath-
ode at a potential more positive than the
voltage applied to the anode.The capaci-
tor thus temporarily cuts off current
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Fig. 49

through the diode. While the diode cur-
- rent 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 cath-
ode, current flows again and the capaci-
tor 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 modu-
lation.

The curve for voltage across the
capacitor, as drawn in Fig. 50, is some-
what jagged. However, this jaggedness,
which represents an rf component in the
voltage across the eapacitor, is exagger-
ated in the drawing. In an actual circuit
the rf eomponent of the voltage across
the capacitor is negligible. Hence, when
the voltage across the capacitor is ampli-
fied, the output of the amplifier repro-
duces the speech or music originating at
the transmitting station. h

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. Be-
cause the de output voltage of a rectifier
depends on the voltage of the ac input,
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the de voltage across C varies in accord-
ance with the amplitude of the rf carrier
and thus reproduces the af signal. Ca-
pacitor C should be large enough to
smooth out rf or if variations but should
not be so large as to affect the audio
variations. Two diodes can be connected
in a cireuit similar to a full-wave rectifier
to give full-wave detection. However, in
practice, the advantages of this connec-
tion generally do not justify the extra
circuit complication.

The diode method of detection pro-
duces less distortion than other methods
because the dynamic characteristics of a
diode can be made more linear than
those of other detectors. The disad-
vantages of a diode are that it does not
amplify the signal, and that it draws
current from the input circuit and there-
fore reduces the selectivity of the input
circuit. However, because the diode
method of detection produces less dis-
tortion and because it permits the use
of simple ave circuits without the neces~
sity for an additional voltage supply,
the diode method of detection is most
widely used in broadecast receivers.

AF
ouTPUT

A typical diode-detector circuit using
a twin-diode triode tube is shown in Fig.
51. Both diodes are connected together.
R is the diode load resistor. A portion
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 con-
trol. 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 Cs. The
function of capacitor Cs is to block the

Fig. 51



dc bias of the cathode from the grid. The
function of capacitor C, is to bypass
any rf voltage on the grid to eathode. A
twin-diode pentode may also be used in
this circuit. With a pentode, the af out-
put should be resistance-coupled rather
than transformer-coupled.

Another diode-detector cireuit,
called a diode-biased circuit, is shown in
Fig. 52. In this circuit, the triode grid is
eonnected directly to a tap on the diode
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load resistor, When an rf signal voltage
is applied to the diode, the de voltage at
the tap supplies bias to the triode grid.
When the rf signal is modulated, the af
voltage at the tap is applied to the grid
and is amplified by the triode.

The advantage of the circuit shown
in Fig. 52 over the self-biased arrange-
ment shown in Fig. 51 is that the diode-
biased circuit does not employ a eapaci-
tor between the grid and the diode load
resistor, and consequently does not pro-
duce as much distortion of a signal
having a high percentage of modulation.

However, there are restrictions on
the use of the diode-biased circuit. Be-
cause the bias voltage on the triode de-
pends on the average amplitude of the
of voltage applied to the diode, the aver-
age 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 pro-
duce distortion. Because there is no bias
applied to the diode-biased triode when
no rf voltage is applied to the diode,
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Fig, 52

sufficient resistance should be included

in the plate circuit of the triode to limit
its zero-bias plate current to a safe value.

Theserestrictions mean, in practice,
that the receiver should have a separate-
channel automatie-volume-control (ave)
system. With such an ave system, the
average amplitude of the signal voltage
applied to the diode can be held within

Electron Tube Applications ——

very close limits for all values of signal
strength at the antenna.

The tube used in a diode-biased cir-
cuit 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 6SR7 having
a medium-mu triode. Tube types having
a high-mu triode or a pentode should not
be used in a diode-biased circuit,

A grid-bias detector circuit is
shown in Fig. 53. 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,
3 C-battery, or a bleeder tap. Because of
the high negative bias, only the positive
half-eycles of the rf signal are amplified
by the tube. The signal is, therefore, de-
tected in the plate circuit, The advan-
tages of this method of detection are
that it amplifies the signal, besides de-
tecting it, and that it does not draw
current from the input ¢ircuit and there-
fore does not lower the selectivity of the
input eircuit.

The grid-resistor-and-capacitor
method, illustrated by Fig. 54, is some-
what more sensitive than the grid-bias
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method and gives its best results on
weak signals, In this circuit, there is no
negative de bias voltage applied to the
grid. Hence, on the positive half-cycles
of the rf signal, current flows from grid
to cathode, The grid and cathode thus
act as a diode detector, with the grid
resistor as the diode load resistor and the
grid capacitor as the rf bypass capacitor.
The voltage across the capacitor then
reproduces the af modulation in the
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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.
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Fig. 54
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, im-
proved af response and stability are ob-
tained with lower values of grid-circuit
resistance. This detector cireuit ampli-
fies the signal, but draws current from
the input circuit and therefore lowers
the selectivity of the input circuit.

FM Detection

The effect of frequency modulation
on the waveform of the rf wave is shown
in Fig. 55. In this type of transmission,

FREQUENCY~- MODULATED RF WAVE

Fig. 556
the frequency of the rf wave deviates
from a mean value, at an af rate depend-
ing on the modulation, by an amount
that is determined in the transmitter
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and is proportional to the amplitude of
the af modulation signal.

For this type of modulation, a de-
tector is required to discriminate be-
tween deviations above and below the
mean f{requency and te translate those
deviations into a voltage whose ampli-
tude varies at audio frequencies. Since
the deviations occur at an audio fre-
quency, the process is one of demodula-
tion, and the degree of frequency devia-
tion determines the amplitude of the
demodulated (af) voltage.

A simple circuit for converting fre-
quency variations to amplitude varia-
tions is a circuit which is tuned so that
the mean radio frequency is on one slope
of its resonance characteristie, as at A

[ v - - —-———
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of Fig. 56. With modulation, the fre-
quency swings between B and C, and
the voltage developed across the cireuit
varies at the modulating rate. In order
that no distortion 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 de-
veloped is low. Because of these limita-
tions, this circuit is not commonly used
but it serves to illustrate the principle.

The faults of the simple cireuit are
overcome in a push-pull arrangement,
sometimes ealled a diseriminator cir-
cuit, such as that shown in Fig. 57. Be-
cause of the phase relationships between
the primary and each half of the second-
ary of the input transformer (each half
of the secondary is connected in series
with the primary through capacitor C,),
the rf voltages applied to the diodes be-
come unequal as the rf signal swings
from the resonant frequency in each
direction.
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Since the swing occurs at audio
frequencies (determined by the af modu-
lation), the voltage developed across the
diode load resistors, R: and R, connected
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in series, varies at audio frequencies.The
output voltage depends on the difference
in amplitude of the voltages developed
across Ri 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. 58.

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
modulation from the carrier. (See Lim-
iters under Amplifieation.)

Another form of detector for fre-
quency-modulated waves is called aratio
detector. This FM detector, unlike the
previous one which responds to 2 differ-
encein voltage, responds only to changes
in the ratio of the voltage across two
diodes and is, therefore, insensitive to
changes in the differences in the voltages
due to amplitude modulation of the rf
carrier,

The basie ratio detector is given in
Fig. 59. The plate load for the final if
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of the transformer is practically the
same as in the previous circuit and,
therefore, the rf voltages applied to the
diodes depend upon how much the rf
signal swings from the resonant fre-
quency in each direction. At this point
the similarity ends.

Diode 1, R, and diode 2 complete a
series circuit fed by the secondary of the
transformer T. The two diodes are con-
nected in series so that they conduct on
the same rf half-cycle. The rectified cur-
rent through R, causes a negative volt-
age 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
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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 instan-
taneous frequency of the carrier, the
voltages across C; and C, differ propor-
tionately, the voltage across C; being
the larger of the two voltages at carrier
frequencies below the intermediate fre-
quency and the smaller at frequencies
above the intermediate frequency,
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amplifier stage is the parallel resonant
cireuit consisting of C; and the primary
transformer T. The tuning and eoupling
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These voltages across C; and C, are
additive and their sum is fixed by the
constant voltage across C;. Therefore,
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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 frequency-
modulated rf earrier is applied to the
ratio detector; this audio voltage is ex~
tracted and fed to the audio amplifier.
For a complete circuit utilizing this type
of detector, refer to the CIRCUIT
SECTION.

Avutomatic Volume or Gain Control

The chief purposes of automatic
volume control (ave) or automatie gain
control (age) in a radio or television
- receiver are to prevent fluctuations in
loudspeaker volume or picture bright-
ness when the audic or video signal at
the antenna is fading in and out.

An automatie volume control cir-
cuit regulates the receiver 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 at the antenna
changes, the ave cireuit reduces the re-
sultant change in the voltage output of
the last if stage and consequently re-
duces the change in the speaker output
volume.

The ave circuit reduces the rf and if
gain for a strong signal usually by in-
creasing the negative bias of the ri, if,
and frequency-mixer stages when the
signal increases. A simple ave circuit is
shown in Fig. 60. On each positive half-
cycle of the signal voltage, when the
diode plate is positive with respect to
the cathode, the diode passes current.
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Fig. 60

Because of the flow of diode current
through R,, there is a voltage drop across
R which makes the left end of R. nega-
tive withrespect 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. When the
. signal strength at the antenna increases,
therefore, the signal applied to the ave
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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 de-
creased. Thus the increase in signal
strength at the antenna does not pro-
duece as much increasé in the output of
the last if stage as it would produce
without ave.

When the signal strength at the
antennadecreases from a previoussteady
value, the ave ecireuit aets, of course, in
the reverse direction, applying less nega-
tive bias, permitting the rf and if gain
to increase, and thus reducing the de-
crease in the signal output of the last
if stage. In this way, when the signal
strength at the antenna changes, the ave
cireuit acts to reduce change in the out~
put of the last if stage, and thus acts to
reduce change in loudspeaker volume.

The filter, C and R,, prevents the
ave voltage from varying at audio fre-
quency. The filter is necessary because
the voltage drop across R: varies with
the modulation of the carrier being re-
ceived. If ave voltage were taken directly
from R, without filtering, the audio
variations in ave voltage would vary the
receiver gain so as to smooth out the
modulation of the carrier. To avoid this
effect, the ave voltage is taken from the
capacitor C. Because of the resistance
R. in series with C, the capacitor C can
charge and discharge at only a compara-
tively slow rate. The ave voltage there-
fore cannot vary at frequencies as high
as the audio range but can vary at fre-
quencies high enough to compensate for
most fading. Thus the filter permits the
ave cireuit to smooth out variations in
signal due to fading, but prevents the
cireuit from smoothing out audio modu-
lation.

It will be seen that an ave circuit
and a diode-detector circuit are much
alike. It is therefore convenient in a re-
ceiver 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. 60, 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 rf and if gain



at the maximum possible value for a
weak signal, ave circuits are designed in
some cases to apply no ave bias until the
signal strength exceeds a certain value.
These ave circuits are known as delayed
ave or dave circuits.

A dave circuit is shown in Fig. 61.
In this cireuit, the diode section D, of
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the 66 acts as detector and ave diode.
R. is the diode load resistor and R; and
C,are the ave filter. Because the cathode
of diode D, is returned through a fixed
supply of —8 volts to the cathode of Dy, a
de current flows through R, and R, in
series with D,. The voltage drop caused
by this current places the avce lead at
approximately —3 volts (less the negligi-
ble drop through D.). When the average
amplitude of the rectified signal devel-
oped across R: does not exceed 8 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 ampli-
tude of rectified signal voltage across R,
exceeds 3 volts, the plate of diode D, be-
comes more negative than the cathode
of D, and current flow in diode D, ceases,
The potential of the ave lead is then con~
trolled by the voltage developed across
Ri. Therefore, with further increase in
signal strength, the ave circuit applies
an increasing ave hias voltage to the
controlled stages. In this way, the cir-
cuit regulates the receiver gain for
strong signals, but permits the gain fo
stay constant at a maximum value for
weak signals.

It can be seen in Fig, 61 that a por-
tion of the -3 volts delay voltage is
applied to the plate of the detector
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diode D,, this portion being approxi-
mately equal to Ri/(R: + R.) times -3
volts. Hence, with the circuit constants
a8 shown, the detector plate is made
negative with respect to its cathode by
approximately one-half volt. However,
this voltage does not interfere with de-
tection because it is not large enough to
prevent current flow in the tube.

Automatie gain control {age) com-
pensates for fluctuations in rf picture
carrier amplitude. The peak carrier level
rather than the average carrier level is
controlled by the age voltage because
the peaks of the sync pulses are fixed
when inserted on a fixed carrier level.
The peak carrierlevel may be determined
by measurement of the peaks of the
sync pulses at the output of the video
detector.

A conventional age circuit, such as
that shown in Fig. 62, consists of a diode
detector circuit and an RC filter. The
time constant of the detector circuit is
made large enough to prevent the pic-
ture content from influencing the mag-
nitude of the age voltage. The output
voltage (age voltage) is equal to the
peak value of the incoming signal.

The diode detector receives the in-
coming signal from the last if stage of
the television receiver through the ca-
pacitor C.. The resistor R, provides the
load for the diode. The diode conducts
only when its plate is driven positive
with respect to its cathode. Electrons
then flow from the cathode to the plate
and thence into capacitor C,, where the
negative charge is stored. Because of the
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Fig. 62

low impedance offered by the diode dur~
ing conduction, C: charges up to the
value of the peak applied voltage.
During the negative excursion of
the signal, the diode does not conduct,
and C. discharges through resistor R..
Because of the large time constant of
R.C,, however, only a small percentage
of the voltage across C. is lost during the
interval between horizontal syne pulses,



During succeeding positive cyeles, the
incoming signal must overcome the neg-
ative charge stored in C:before the diode
conducts, and plate current flows only
at the peak of each positive cycle. The
voltage across C, therefore, is deter-
mined by the level of the peaks of the
positive eycles, or the sync pulses.

The negative voltage developed
across resistor R: by the sync pulses is
filtered by resistor R, and capacitor C.
to remove the 15,750-cycle ripple of the
horizontal syne pulse. The de output is
then fed to the if and rf amplifiers as an

age voltage.

’ This age system may be expanded
to include amplification of the age signal
before detection of the peak level, or
amplification of the de output, or both.
A direct-coupled amplifier must be used
for amplification of the de signal. The
addition of amplification makes the sys-
tem more sensitive to changes in carrier
level.
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A “keyed” age system such as that
shown in Fig. 63 is used to eliminate flut~
ter and to improve noise immunity in
weak signal areas, This system provides
more rapid action than the conventional
age circuits because the filter cireuit can
employ lower capacitance and resistance
values.

In the keyed age system, the nega-
tive output of the video detector is fed
directly to the grid No.l of the first
video amplifier. The positive output of
the video amplifier is, in turn, fed di-
rectly to the grid No.1 of the keyed age
amplifier. The video stage increases the
gain of the age system and, in addition,
provides noise clipping. The plate volt-
age for the age amplifier is a positive
pulse obtained from a small winding on
the horizontal output transformer which
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is in phase with the horizontal syne pulse
obtained from the video amplifier. The
polarity of this pulse is such that the
plate of the age amplifier tube is positive
during the retrace time. The tube is
biased so that current flows only when
the grid No.1 and the plate are driven
positive simultaneously. The amount of
current flow depends on the grid-No.1
potential during the pulse. These pulses
are smoothed out in the RC network in
the plate circuit (R.C.). Because the de
voltage developed across R, is negative,
it is suitable for applieation to the grids
of the rf and if tubes as an age voltage.

Tuning Indication With
Electron-Ray Tubes

Electron-ray tubes are designed to
indicate visually by means of a fluores-
cent target the effects of a change in
controlling voltage. One application of
them is as tuning indicators in radio
receivers. Types such as the 6U5, 6E5,
and the 6AB5/6N5 contain two main
parts: (1) a triode which operates as a de
amplifier and (2) an electron-ray indi-
cator which is located in the bulb as
shown in Fig. 64. The target is operated
at a positive voltage and, therefore, at-
tracts electrons from the cathode. When
the electrons strike the target they pro-
duce a glow on the fluorescent coating
of the target. Under these conditions,
the target appears as a ring of light.

A ray-control electrode is mounted
between the cathode and target. When
the potential of this electrode is less posi-
tive than the target, electrons flowing to
the target are repelled by the electro-
static field of the electrode, and do not

CATHODE FLUORESCENT
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Fig. 64

reach that portion of the target behind
the electrode. Because the target does
not glow where it is shielded from elec-
trons, the control electrode casts a
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shadow on the glowing target. The ex-
tent of this shadow varies from approx-
imately 100° of the target when the con-
trol 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
electrode is determined by the voltage
on the grid of the triode section, as can
be seen in Fig. 65. The flow of the triode
plate current through resistor R produces
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Fig. 85

a voltage drop which determines the po-
tential of the eontrol electrode. When
the voltage of the triode grid changes in
the positive direction, plate current in-
ereases, the potential of the control elec-
trode goes down because of the increased
drop across R, and the shadow angle
widens. When the potential of the triode
grid changes in the negative direction,
the shadow angle narrows.

Another type of indiecator tube is
the 6AF6-G. This tube contains only an
indicator unit but employs two ray-con-
trol electrodes mounted on oppositesides
of the cathode and connected to indi-
vidual base pins. It employs an external
de amplifier. (See Fig. 66.) Thus, two

symmetrically opposite shadow angles
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may be obtained by connecting the two
ray-control electrodes together; or, two
unlike patterns may be obtained by in-
dividual connection of each ray-control
electrode to its respective amplifier.

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

Because 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.

The choice between electron-ray
tubes depends on the ave characteristic
of the receiver. The 6E5 contains a
sharp-cutoff triode which closes the
shadow angle on a comparatively low
value of ave voltage. The 6AB5/6N5-
and 6U5 each have a remote-cutoff tri-
ode which closes the shadow on a larger
value of ave voltage than the 6E5. The
6AF6-G may be used in conjunction
with de amplifier tubes having either
remote- or sharp-cutoff characteristics.

Oscillation

As an oscillator, an electron tube
can be employed to generate a continu-
ously alternating voltage. In present-
day radio broadeast receivers, this ap-
plication is limited practically to super-
heterodyne receivers for supplying the
heterodyning frequency. Several circuits
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Fig. 67
(represented in Figs. 67 and 68) 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 produced by electrostatic or

8- HEATER Bt
TRANSFORMER

Fig. 68
electromagnetic coupling between the
grid and plate circuits. When sufficient
energy is fed back to more than compen-
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sate 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 ecircuit constants of
inductance and capacitance. By proper
choice of these values, the frequency
may be adjusted over a very wide range.

Multivibrators

Relaxation oscillators, which are
widely used in present-day electronic
equipment, are used to produce non-
sinusocidal waveshapes sueh as rectangu-
lar and sawtooth pulses. Probably the
most common relaxation oscillator is the
multivibrator, which may be considered
as a two-stage resistance-coupled ampli-
fier in which the output of each tube is
coupled into the input of the other tube.

Fig. 69 is a basic multivibrator eir-
cuit of the free-running type. In this eir-
cuit, oscillations are maintained by the

3
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alternate shifting of conduection from
one tube to the aother. The eycle usually
starts with one tube, V., at zero bias,
and the other, V., at cutoff or beyond.
At this point, the capacitor C, is charged
sufficiently to cut off V,. C, then begins
to discharge through the resistor R,, and
the voltage on the grid of V, rises until
V. begins to conduet. The voltage on the
plate of V. then decreases, causing V, to
conduct less and less. At the same time,
the plate voltage of V. begins to rise,
causing V. to conduct still more heavily.
Because of the amplification, this cumu-
lative effect builds up extremely fast,
and conduction switches from V. to V,
within a few microseconds, depending
on the cireuit components.

In this cireuit, therefore, condue-
tion switches from V) to V. over the
interval during which C, discharges
from the voltage across R, to the cutoff
voltage for V.. The actual transfer of
conduction does not occur until cutoff

Fig. 69
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is reached. Conduction switches back to
Vi through a similar process to complete
the cycle. The plate waveform is essen-
tially rectangular in shape, and may be
adjusted as to symmetry, frequency,
and amplitude by proper choice of cir-
cuit constants, tubes, and voltages.
Although this type of multivibrator
is free-running, it may be triggered by
pulsesof agiven amplitudeand frequency
to provide a frequency-stabilized out-
put. Multivibrator circuits may also be
designed so that they are not free-run-
ning, but must be triggered externally
to shift conduction from one tube to the
other. Depending on the type of cireuit,
conduction may shift back to the first
tube after a given time interval, or the
second tube may continue conducting
until another trigger signal is applied.

Synchroguide Circuits

The “synchroguide’ is 2 eontrolled
type of oscillator used in television re-
ceivers to generate and control the syn-
chronized sawtooth voltage necessary for
adequate line- or horizontal-frequency
scanning. A simplified synchroguide cir-
cuit is shown in Fig. 70. This circuit pro-
vides stable, noise-free control of a block-
ing oscillator which generates a horizon-
tal-frequency signal. It permits com-
parison of the received syne pulses and
the generated sawtooth voltages so that
properly locked-in horizontal scanning
results.

The triode V.in Fig. 70 is a conven-
tional blocking oscillator which enables
a sawtooth voltage to be developed

1o

HORIZONTAL
SY‘NEK— [~ SCANNING
WeUT AMPLIFIER

Fig. 70

across the capacitor C.. A portion of this
sawtooth is fed back to the grid of the
control tube, V. The positive sync pulses



are also applied to the grid of V,. The
waveforms shown in Fig. 71 illustrate
the sawtooth and sync pulses (A and B)
and their proper “in-syne” combination
(C). The syne pulse oceurs partly during
the portion of the sawtooth voltage in
which the triode V. draws current. Any
shift in syne pulse as it is superimposed
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on the sawtooth, therefore, will affect
the amount of conduction of the control
tube. A change in control-tube conduc-
tion ultimately affects the bias on the
oscillator-tube grid by changing the
voltage to which the capacitor C, in the
cathode circuit may charge. An increase
in the positive bias increases the fre-
quency of oscillation.

For example, waveform D in Fig.
71 illustrates a condition in which the
sawtooth voltage is advanced in phase
with respect to the sync-pulses, The
widening of the pulse which oceurs at
the corner of the sawtooth waveform
allows the control tube to conduet more
current and, consequently, allows the
capacitor C.: to charge to a higher volt-
age. This increased reference voltage is,
in turn, fed to the oscillator (V,) grid
through the voltage divider (R,R:) and
inecreases the positive bias. The increased
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bias then speeds up the frequency of
oscillations until proper synchronization
results.

Deflection Circuits
Vertical Ouiput Circuits

A modified multivibrator in which
the vertical output tube is part of the
oscillator circuit is used in the vertical
deflection stage of many television re-
ceivers, This stage supplies the deflec-
tion energy required for vertical deflec-
tion of the picture-tube beam. A simpli-
fied combined vertical-oscillator-output
stage is shown in Fig. 72, Waveshapes at
eritical points of the cireuit are included
to illustrate the development of the de-
sired current through the vertical out-
put transformer and deflecting yoke.

The current waveform through the
deflecting yoke and output transformer
should be a sawtooth to provide the de-
sired deflection. The grid and plate volt-
age waveforms of the output tube could
also be sawtooth except for the effect of
the inductive components in the yoke
and transformer. The effect of these in-
ductive components must be taken in-
to congideration, however, particularly
during retrace. The fast rate of current
change during retrace time (which is
approximately 1/15 as long as trace
time) causes a high-voltage pulse at
the plate which could give a trapezoi-
dal waveshape to the plate voltage and
cause increased plate current, excess
damping, and lengthened retrace time,
However, the grid voltage is made suffi-
ciently negative during retrace to keep
the tube close to cutoff, as desecribed
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below.

The frequency, and the relative de~
viation of the positive and negative por-
tions of each cycle, are dependent on the
values of resistors R and R; and the RC
combination R;C,, as explained previ-
ously in the section on multivibrators.
The desired trapezoidal waveshape at
the grid of V. is created by capacitor C,
and resistor R.. If R, were equal to zero,
C, would cause the grid-voltage wave-
shape to take the form shown in Fig.
73(a), When R. is sufficiently large, G,

Fig. 73

does not discharge completely when V,
conducts. When V. is cut off, therefore,
the voltage on the grid of V, immedi-
ately rises to the voltage across C,. The
resulting waveshape is shown in Fig.
73(b). The negative-going pulse of the
grid-voltage waveshape prevents the
high plate pulse from causing excess
conduction, and thereby prevents over-
damping.

This vertical deflection stage uti-
lizes twin-triode tubes such as the 12BH7
and 6CM7. The 6CM7 is particularly
suitable for this application because it
incorporates dissimilar units to provide
for the different operating requirements
of the oseillator and output sections.

Horizontal Output Circuits

Fig. 74 shows a typical horizontal-
output-and-deflection circuit used in tele«
vision receivers. In addition to supplying
the deflection energy required for hori-
zontal deflection of the picture-tube
beam, this eircuit provides the high de
voltage required for the ultor of the pic-
ture tube and the ‘“boosted” B voltage
for other portions of the receiver. The
horizontal-output tube is usually 2 beam
power tube such as the 6DQ6-A or
6CD6-GA.

In this circuit, a sawtooth voltage
from the horizontal-oscillator tube is ap-
plied to the grid No.1 of the horizontal-
output tube. When this voltage rises
above the eutoff point of the output tube,
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the tube conducts a sawtooth of plate
current which is fed through the auto-
transformer to the horizontal-deflecting
yoke. At the end of the horizontal-scan-
ning cycle, which lasts for 63.4 micro-
seconds, the sawtooth voltage on the
grid suddenly euts off the output tube.
This sudden change sets up an oscillation
of about 50 to 70 Ke in the output cir-
cuit, which may be considered as an in-
ductor shunted by the stray capacitance
of the circuit. During the first half of
this oscillation, a positive voltage ap-
pears across the transformer, In the see-
ond half of the cycle, the voltage swings
below the plate supply voltage, and the
damper diode conducts, damping out the
oscillation. At the same time, the current
through the deflecting yoke reverses and
reachesits negative peak. As the damper-
diode current decays exponentially to
zero, the output tube begins to conduct
again. The yoke current, therefore, is
composed of current resulting from
damper-diode conduction followed by
output-tube conduction.

‘When the output tube is suddenly
cut off, the high-voltage pulse produced
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by shock excitation of the load circuit is
increased by means of an extra winding
on the transformer. This high-voltage
pulse charges a high-voltage capacitor
through the high-voltage rectifier, The
output of this circuit is the d¢ high-
voltage supply for the picture tube. The
high-voltage rectifier also obtains its
filament power through a separate wind-
ing on the horizontal-output transformer.
Current flowing through the damper
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diode charges the “boost” eapacitor
through the damper portion of the trans-
former winding. The polarity of the
charge on the capacitor is such that the
voltage at the low end of the winding is
increased above the plate supply volt-
age, or B-4-. This higher voltage or
“boost” is’ used for the output-tube
plate supply, and may also supply the
deflection oscillators and the vertical-
output circuit provided the current drain
is not excessive,

High-Yoltage Regulator Circuit

In color-television receivers, it is
very important to regulate the high-vol-
tagesupply tothepicturetube. Asuitable
eireuit using the 6BK4 for regulation of
the output of a high-voltage, high-impe-
dance supply is shown in Fig. 75. In this
cireuit, the cathode is held at a fixed
positive potential withrespect foground.
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Because the grid potential is kept slightly
less positive by the voltage drop across
resistor Rq, the tube operates in the nega-
tive grid region and no grid current is
drawn.

When the output voltage, e, rises
as a result of an increase in load current,
a small fraction of the additional vol-
tage is applied to the grid of the tube by
the voltage-divider circuit consisting of
R: and R,. This increased grid voltage
causes the tube to draw an increased
current from the unregulated supply.
The increased current, in turn, causes
a voltage drop across the high internal
impedance of the unregulated supply,
R, which tends to counteract the origi-
nal rise of the voltage. If desired, the
grid may be connected to a variable
point on the voltage divider to allow
some adjustment of the output-voltage
level.

The circuit shown in Fig. 75 com-
pensates for both load-current and line-
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voltage variations. The output of a reg-
ulated 25,000-volt supply using this
circuit does not drop more than 500
volts as the load current inereases from
0 to 1 milliampere. Variations in output
voltage may be kept within =1 per cent
for input-voltage changes of =10 per
cent. If desired, the compensation for
input-voltage changes may be elimi-
nated while compensation for load-cur-
rent changes is maintained.

Frequency Conversion

Frequency conversion is used in
superheterodyne receivers to change the
frequency of the rf signal to an inter-
mediate frequency. To perform this
change in frequency, a {requency-con-
verting device consisting of an oscillator
and a frequency mixer is employed. In
such a device, shown diagrammatically
in Fig. 76, two voltages of different fre-
quency, the rf signal voltage and the
voltage generated by the oscillator, are
applied to the input of the frequency
mixer. These voltages beat, or hetero-
dyne, within the mixer tube to produce
a plate current having, in addition to the
{requencies of the input voltages, numer-
ous sum and difference frequencies.

The output circuit of the mixer
stage is provided with a tuned ecircuit
which is adjusted to select only one beat
frequency, i.¢., the frequency equal to
the difference between the signal fre-
quency and the oscillator frequency.The
selected output frequency is known as
the intermediate frequency, or if. The
output frequency of the mixer tube is
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kept constant for all values of signal fre-
quency by tuning the oscillator to the
proper frequency.

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, over-
all gain for the receiver.

Several methods of frequency con~



version 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 pro-
duce across the tuned plate load a volt-
age of the desired intermediate fre-
quency. The methods differ in the types
of tubes employed and in the means of
supply input voltages to the mixer tube.

A method widely used before the
availability of tubes especially designed
for frequency-conversion service and
" currently used in many FM, television,
and standard broadcast receivers, em-
ploys 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.
Because five grids are used, the tube is
called a pentagrid converter.

Grids No. 1 and No. 2 and the cath-
ode 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 cath-
ode which supplies to the rest of the
tube an electron stream that varies at
the oscillator frequency.

This varying electron stream is fur-
ther controlled 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 signal frequen-
cies. 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 electro-
statically from the other electrodes.

Pentagrid-converter tubes of this
design are good frequency-converting
devices at medium frequencies. How-
ever, their performance is better at the
lower frequencies because the output of
the oscillator drops off as the frequency
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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 de-
signed so that no electrode functions
alone as the oscillator anode. In these
tubes, grid No. 1 functions as the oscil-
lator grid, and grid No. 2 is connected
within the tube to the screen grid (grid
No. 4). The combined two grids, Nos. 2
and 4, shield the signal grid (grid No. 8)
and act as the composite anode of the
oscillator triode. Grid No. 5 acts as the
suppressor grid.

Converter tubes of this type are de-
signed so that the space charge around
the cathode is unaffected by electrons
from the signal grid. Furthermore, 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 detun-
ing of the oscillator by ave bias because
changes in ave bias produce little change
in oscillator transconductance or in the
input eapacitance of grid No. 1.

Examples of the pentagrid conver-
ters discussed in the preceding para-
graph are thesingle-ended types 1R5 and
6BES6. A schematic diagram illustrating
the use of the 6BE6 with self-excitation
is given in Fig. 77; the 6BE6 may also

TYPE 6BES6
RF
INPUT

GRID'N® 3
{RF SIGNAL)

GRID N2 5
(SUPPRESSOR)

GRIDS N2 24 4

GRID N2t
{OSCILLATOR GRID) (SCREEN)

OSCILLATOR CATHODE
CIRCUIT 110
T 17
Fig. 77

be used with separate excitation. A com-
plete cireuit is shown in the CIRCUIT
SECTION.

Another method of frequency con-
version utilizes a separate oscillator hav-
ing its grid connected to the No. 1 grid
of a mixer hexode. The cathode, triode.
grid, and triode plate form the oscillator



unit of the tube. The cathode, hexode
mixer grid (grid No.1)hexodesecreen grids
{grids Nos. 2 and 4), hexode signal grid
(grid No. 8}, and hexode plate constitute
the mixer unit. The internal shields are
connected to the shell of the tube and
act as a suppressor grid for the hexode
unit. '

The action of this tube in convert-
ing a radio-frequency signal to an inter-
mediate frequency depends on (1) the
generation of a local frequency by the
triode unit, (2) the transferring of this
frequency to the hexode grid No. 1, and
(8) the mixing in the hexode unit of this
frequency with that of the rf signal ap-
plied to the hexode grid No. 8. The tube
is not ecritical 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 con-
version employs a tube called a penta-
grid mixer. This type has two independ-
ent control grids and is used with a
separate oscillator tube. RF signal volt-
‘age is applied to one of the control grids
and oscillator voltage is applied to the
other. It follows, therefore, that the
variations in plate current are due to
the combination of the oscillator and
signal frequencies.

The tube contains a heater-cathode,
five grids, and a plate, Grids Nos. 1 and
3 are control grids. The rf signal voltage
is applied to grid No. 1. This grid has a
remote-cutoff characteristic and issuited
for control by ave bias voltage. The
oscillator voltage is applied to grid Neo.
8. This grid has a sharp-cutoff character-
istic 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. 8 electrostatically from
the other electrodes. Grid No. 5, con-
nected within the tube to the cathode,
functions similarly to the suppressor
grid in a pentode.

In the converter or mixer stage of a
television receiver, stable oscillator oper-
ation is most readily obtained when
separate tubes or tube sections are used
for the oscillator and mixer funetions. A
typical television mixer-oscillator circuit
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is shown in Fig. 78. In such circuits, the
oscillator voltage is applied to the mixer
grid by inductive coupling, capacitive
coupling, or a combination of the two.

RF INPUT meecmmmmmy

[

OSCILLATOR

RF
TUBE OUTPUT

MIXER
TUBE

Fig. 78

Tubes containing electrically independ-
ent oscillator and mixer units in the
same envelope, such as the 6U8-A and
6X8, are designed especially for this
application,

Automatic Frequency Control

An automatic frequency control
(afe) cireuit provides a means of correct-
ing automatically the intermediate fre-
quency of a superheterodyne receiver
when, for any reason, it drifts from the
frequency to which the if stages are
tuned. This correction is made by ad-
justing the frequency of the oscillator.
Such a circuit will automatically com-
pensate for slight changes in 1f carrier or
oscillator frequency as well as for inac-
curate manual or push-button tuning.

An afc system requires two sections:
a frequency detector and a variable re-
actance., The detector section may be
essentially the same as the FM detector
illustrated in Fig. 57 and discussed un-
der Delection. In the afc system, how-
ever, the output is a dc control voltage,
the magnitude of which is proportional
to the amount of frequency shift. This
de control voltage is used to control the
grid bias of an electron tube which com-
prises the variable reactance section
(Fig. 79).
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The plate current of the reactance
tube iz 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 cireuit in the same man-
ner as a reactance. The grid bias of the
tube determines the magnitude of the
effective reactance and, consequently,
a control of this grid bias can be used to
control the oscillator frequency.

Automatie frequency control i also
used in television receivers to keep the
horizontal oscillator in step with the
horizontal-scanning frequeney (15,750
cps) at the transmitter. A widely used
horizontal afc cireuit is shown in Fig. 80.

SYNC
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REFERENCE VOLTAGE
FROM HORIZONTAL
CUTPUT LIRCUIT

OC CORRECLTION

VOLTAGE TO GRID

OF HORIZONTAL
OSCILLATOR

Fig. 80

This cireuit, which is often referred to
as a balanced-phase-detector or phase-
diseriminator circuit, is usually em-
ployed to control the frequency of a
multivibrator-type horizontal-oseillator
cireuit. The 6ALS detector supplies a de
control voltage to the grid of the hori-
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zontal-oscillator tube which counteracts
changes in its operating frequency. The
magnitude and polarity of the control
voltages are determined by phase rela-
tionships in the afc circuit at a given
moment.

The horizontal sync pulses obtained
from the sync-separator circuit are fed
through a single-triode phase-inverter or
phase-splitter circuit to the two diode
units of the 6AL5. Because of the action
of the phase-inverter circuit, the signals
applied to the two diode units are equal
in amplitude but 180 degrees out of
phase. A reference sawtooth voltage ob-
tained from the horizontal output cir-
cuit is also applied simultaneously to
both units. Any change in the oscillator
frequency alters the phase relationship
between the reference sawtooth and the
incoming horizontal sync pulses, causing
one diode unit of the 6AL5 to conduct
more heavily than the other, and thus
producing a correction signal. The sys-
tem remains balanced at all times, there-
fore, because momentary changes in
oscillator frequency are instantaneously
corrected by the action of the control
voltage.

The diode units of the 6AL3 are

" biased so that conduction takes place

only during the tips of the sync pulses.
The relative position of the syne pulses
on the retrace portion of the sawtooth
waveform at any given instant deter-
mines which diode unit conducts more
heavily, and thereby establishes the
magnitude and polarity of the control
voltage. The network between the diode
units and the grid of the horizontal-oseil-
lator tube is essentially a low-pass filter
which preventsthe horizontal sync pulses
from affecting the horizontal-oscillator
performance.



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 com-
mon to all types of tubes are covered in
this section. Careful observance of these
suggestions will do much to help the ex-
perimenter and electronic technician ob-
tain the full performance capabilities of
radio tubes and circuits. Additional per-
tinent information is given under each
tube type and in the CIRCUIT SEC-
TION.

Filament and Heater Power Supply

The design of electron tubes allows
for some variation in the voltage and
current supplied to thefilament 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.
The limited emission may cause unsatis-
factory operation and reduced tube life.
On the other hand, high cathode voltage
may cause rapid evaporation of cathode
material and shorten tube life.

To insure proper tube operation, it
is important that the filament or heater
voltage be checked at the socket termi-
nals by means of a high-resistance volt-
meter while the equipment is in opera-
tion. In the case of series operation of
heaters or filaments, correct adjustment
can be checked by means of an ammeter
in the heater or filament circuit.

The filament or heater voltage sup-
ply may be a direct-current source (a
battery or a de power line) or an alter-
nating-current power line, depending on
the type of service and type of tube.
Frequently, a resistor (either wvariable
or fixed) is used with a de supply to per-
mit compensation for battery voltage
variations or to adjust the tube voltage
at the socket terminals to the correct
value. Ordinarily, a step-down trans-
former is used with an ac supply to pro-
vide the proper filament or heater volt-
age. Receivers intended for operation-on
both de and ac power lines have the
heaters connected in series with a suit-

able 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 bat-
tery supply for the 1.4-volt filament
tubes, it is unnecessary to use a voltage-
dropping resistor in series with the fila-
ment and a single dry-cell; the filaments
of these tubes are designed to operate
satisfactorily 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
filamentsubminiatures areoperated 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 operated
from a 6-volt storage hattery.

In the case of dry-battery supply
for 2-volt filament tubes, a variable re-
sistor 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 ad~
vised to prevent over-voltage conditions
after an off-period because the voltage of
dry-cells rises during off-periods.

In the case of storage-battery sup-
ply, air-cell-battery supply, or de power
supply, a non-adjustable resistor of suit-
able 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 deter-
mined easily by a simple formula de-~
rived from Ohm’s law.

Required resistance {chms) =
supply volts — rated volts of tube type
total rated filament current (amperes)

Thus, if a receiver using two IT4’s, one
IR5, one IU5, and one 3V4 is to be
operated from & storage battery, the
series resistor is equal to 2 volts (the
voltage from a single storage cell) minus
1.4 volts (voltage rating for these tubes)
divided- by 0.3 ampere (the sum of
4X 0.05 ampere + 1 X 0.1 ampere), i.c.,
approximately 2 ohms. Since this resis-
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tor should be variable to allow adjust-
ment for battery depreciation, it is ad-
visable to obtain the next larger com-
mercial 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 over-
heating. The power dissipation in watts
is equal to the voltage drop in the resis-
tor multiplied by the total filament cur-
rent in amperes. Thus, for the example
above, 0.6 X 0.3 = 0.18 watt., In this
case, the value is s0 small that any com-
mercial rheostat with suitable resistance
will be adequate.

For the case where the heaters and/
or filaments of several tubes are oper-
ated in series, the resistor value is caleu-
lated by the following formula, also de-
rived from Ohm’s law.

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

Thus, if a receiver having one 6BES, one
6BAG, one 6ATS6, one 25L.6-GT, and one
25Z6-GT is to be operated from a 117~
volt power line, the series resistor is
equal to 117 volts (the supply voltage)
minus 68.9 volts (the sum of 3 X 6.3
volts + 2 X 25 volts) divided by 0.8 am-
pere (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.

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 ar-
rangement reduces the amount of ac
voltage between the heaters and cath~
odes of these tubes and minimizes the
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hum output of the receiver. The order
of heater connection, by tube function,
from chassis to the rectifier-cathode side
of the ac line is shown in Fig. 81.

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 paraliel arrangement, a step-down
transformer is employed. Precautions
should be taken to see that the line volt-
age is the same as that for which the
primary of the transformer iz designed.
The line voltage may be determined by
measurement with an ae¢ voltmeter
{0-150 volts).

If the line voltage measures in ex-
cess 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 pro-
portionally excessive voltage to be ap-
plied 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
transformer is designed, it may be nec-
essary to install a booster transiormer
between theacoutlet and the transformer
primary. Before such a transformer is in-
stalled, the ac line 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.

In the case of the series arrange-
ments of filaments and/or heaters, a
voltage-dropping resistancein series with
the heaters and the supply line is usually
required. This resistance should be of
such value that, for normal line voltage,

FIRST VOL TAGE.
AUDIO CON= || Power RECTL-
bt AF - aAND IF - — DROPPING
1’ DETECTOR "1 4vemi 17 10R VERTER STAGES AMPLIFIER FIER RESISTOR
-i?—‘ é, nrv L
v AL OR DC
Fig. 81
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tubes will operate at their rated heater
or filament current. The method for cal-
culating the resistor valueis given above.

When the filaments of battery-type
tubes are connected in series, the fotal
filament current is the sum of the cur-
rent due to the filament supply and the
plate and grid-No.2 currents (cathode
current) returning to B(-) through the
tube filaments. Consequently, in a series
filament string it is necessary to add
shunt resistors across each filament sec-
tion to bypass this eathode eurrent 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 sup-
ply 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 re-
quirements. 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
between the heater and cathode elements
of the tubes. The bias should be con-
nected so that the tube heater is positive
with respect to its cathode. Such bias
can be obtained from the regular plate-
supply rectifier of the amplifier.

If a large resistor is used between
heater and cathode, it should be by-
passed by a suitable capacitor or ob-
jectionable hum may develop. The hum
is due to the fact that even a minute
pulsating leakage current flowing be-
tween the heater and cathode will de-
velop a small voltage across any re-
sistance in the cireuit. This hum voltage
is amplified by succeeding stages.

Plate Voliage Supply

The plate voltage for electron tubes
is obtained from batteries, rectifiers,
direct-current power lines, and small
loeal generators. The maximum plate-
voltage value for any tube type should
not be exceeded if most satisfactory per-
formance is to be obtained. Plate volt-
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age should not be applied to a tube un-
less 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 {or
different operating conditions have heen
carefully determined to give the most
satisfactory performance. Grid voltage
may be obtained from a fixed source
such as a separate C-battery or a tap on
the voltage divider of the high-voltage
de supply, from the voltage drop across
a resistor in the cathode cireuit, or from
the voltage drop across a resistor in the
grid circuit. The first method is called
“fixed bias’’; the second is called “cath-
ode bias” or “self bias”; the third is
called “grid-resistor bias” and is some-
times incorrectly referred to in receiving-
tube practice as ‘“zero-bias operation.”

In any case, the object is to make
the grid negative with respect to the
cathode by the specified voltage. When
a C-battery is used, the negative termi-~
nal is connected to the grid return and
the positive terminal is connected to the
negative filament socket terminal, or to
the cathode terminal if the tube is of the
heater-cathode type. If the filament is
supplied with alternating current, this
connection is usually made to the cen-
ter-tap of a low resistance (20-50 chms)
shunted across the filament terminals.
This method reduces hum disturbances
caused by the ac supply. I 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 uti-
lizes the voltage drop produeced by the
cathode current flowing through a re-
sistor connected between the cathode
and the negative terminal of the B-sup-
ply. (See Fig. 82.) The cathode current
is, of course, equal to the plate current
in the case of a triode, or to the sum of
the plate and grid-No.2 currents in the
case of a tetrode, pentode, or beam
power tube. Because the voltage drop

‘along the resistance is inereasingly nega-
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tive with respect to the cathode, the re-
quired 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 de-
termined from the following formula:

Resistance (ochms) =
desired grid-bias voltage X 1000
rated cathode current in milliamperes

Thus, the resistance required to produce
9 volts bias for a triode which operates
at 8 milliamperes plate eurrent is 9 X
~1000/3 = 3000 ohms. If the cathode cur-
rent of more than one tube passes through
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Fig.
the resistor, or if the tube or tubes em-
ploy more than three electrodes, the
total current determines the size of the
resistor.

Bypassing of the cathode-bias re-
sistor depends on circuit-design require-
ments. In rf circuits the cathode resistor
usually is 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 gain and
power sensitivity. When bypassing is
used, it is important that the bypass
capacitor be sufficiently large to have
negligible reactance at the lowest fre-
quency to be amplified.

In the case of power-output tubes
having high transconductance such as
the beam power tubes, it may be neces-
sary to shunt the bias resistor with a
small mica ecapacitor (approximately
0.0014f) in order to prevent oscillations.
The usual af bypass may or may not be
used, depending on whether or not de-
generation is desired. In tubes having
high values of transconductance, such
as the 6BA6, 6CB6, and 6ACT, input
capacitance and input econductance
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change appreciably with plate current.
When such a tube having a separate
suppressor-grid connection is used as an
rf amplifier, these changes may be mini-
mized by leaving a certain portion of the
cathode-bias resistor unbypassed. In
order to minimize feedback when this
method is used, the external grid-No.1-
to-plate (wiring) capacitances should be
kept to a minimum, the grid No.2 should
be bypassed to ac ground, and the grid
No.3 should be connected to ac ground.

The use of a cathode resistor to
obtain bias voltage is not recommended
for amplifiers in which there is appreci-
able shift of electrode currents with the

OUTPUT
INPUT
OUTPUT
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application of a signal. In such ampli-
fiers, a separate fixed supply is recom-
mended.

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 eurrent is due to (1) an
electromotive potential difference be-
tween the materials comprising the grid
and cathode and (2) grid rectification
when the grid is driven positive. A large
value of resistance 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 19-1 and 19-4 in the
CIRCUIT SECTION. In both of these
circuits, the audio amplifier type 1U5 or
12AV6 has a 10-megohm resistor be-
tween 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 (usu-
ally employing high-mu triodes) of audio
amplifier circuits, where the tube dissi-
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pation will not be excessive under zero-
signal conditions.

A grid resistor is also used in many
oscillator circuits for obtaining the re-
quired 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 19-1 and
19-4 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. 83 and 84; (2) from a

O O
8- A= A+ B+
Fig. 83

bleeder cireuit by means of a potentiom-
eter as shown in Fig. 85; or (3) from a
bleeder eircuit in which the bleeder cur-~
rent is varied by a tube used for auto-
matic volume control. The latter circuit
is shown in Fig. 60.

In all cases it is important that the
control be arranged so that at no time

ﬁ

8- B+
Rig. 84

VARIABLE

will the bias be less than the recom-
mended minimum grid-bias voltage for
the particular tubes used. This require-
ment can be met by providing a fixed
stop on the potentiometer, by connecting
a fixed resistance in series with the vari-
able resistance, or by connecting a fixed
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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 and modulation-distortion.

A A~ 8-

Fig. 85

A remote-cutoff type of tube should,
therefore, be used in the controlled
stages.

In most tubes employing 2 unipo-
tential cathode, a positive grid current
begins to flow when the grid is slightly
negative and increases rapidly as the
grid is made more positive, as shown in
Fig. 86. The value of grid voltage at
which positive grid current starts to flow
is generally referred to as contact po-
tential. Contact potential is caused by

)
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Fig. 86

the initial velocity of emission of elec-
trons from the cathode and an electro-
thermal effect due to the differences in
temperature and in material composi-
tion of the grid and the eathode.

The value of the contact-potential
voltage may be as high as 114 volts. If
the operating bias of the tube is less than
the contact potential, it is found that
two effects are present. Direct current
flows in the grid circuif, and the dy-
namic input resistance of the tube may
be relatively low. It is generally desir-



able to supply the tube with a value of
bias sufficiently high so that the tube is
not operating within the contact-poten-
tial region. When a tube must be oper-
ated within this region, care should be
taken to avoid undesirable effects in the
grid circuit due to grid current or low
input resistance.

Screen-Grid Voltage Supply

The positive voltage for the screen
grid (grid No.2) of screen-grid tubes
may be obtained from a tap on a voltage
divider, from a potentiometer, or from
_ aseries resistor connected to a high-volt-
age source, depending on the particular
tube type and its application.The screen-
grid voltage for tetrodes should be ob-
tained from a voltage divider or a poten-
tiometer rather than through a series
resistor from a high-voltage source be-
cause of the characteristic sereen-grid
current variations of tetrodes. Fig, 87
shows a tetrode with its screen-grid volt-
age obtained from a potentiometer.

When pentodes or beam power tubes
are operated under conditions where a
large shift of plate and screen-grid cur-
rents does not take place with the appli-
eation of the signal, the screen-grid volt-
age may be obtained through a series
resistor from a high-voltage source.This
method of supply is possible because of

3
A
Fig. 87

the high uniformity of the screen-grid
current characteristiec in pentodes and
beam power tubes. Because the screen-
grid voltage rises with increase in bias
and resulting decrease in screen-grid
current, the cutoff characteristic of a
pentode is extended by this method of
supply.

This method is sometimes used to
increase the range of signals which can
be handled by a pentode. When used in
resistance-coupled amplifier circuits em-
ploying pentodes in combination with
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the cathode-biasing method, it mini-
mizes the need for cireuit adjustments.
Fig. 88 shows a pentode with its screen-
grid voltage supplied through a series
resistor.

When power pentodes and beam
power tubes are operated under condi-
tions such that there is a large change
in plate and screen-grid currents with
the application of signal, the series-
resistor method of obtaining sereen-grid
voltage should not be used. A change in
scereen-grid current appears as a change

in the voltage drop across the series
resistor in the sereen-grid eircuit; the
result is a change in the power output
and an increase in distortion. The screen-
grid 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 be-
fore or simultaneously with the screen-
grid voltage. Otherwise, with voltage on
the screen grid only, the screen-grid cur-
rent may rise high enough to cause
excessive screen-grid dissipation.

Screen-grid voltage variation for
the rf amplifier stages has sometimes
been used for volume control in older-
typereceivers, Reduced screen-grid volt-
age 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-grid voltage supply.
(See Fig. 87.) When the sereen-grid volt-
age is varied, it must never exceed the
rating of the tube. This requirement can
be met by providing a fixed stop on the
potentiometer.

Shielding
In high-frequency stages having



high gain, the output circuit of each
stage must be shielded from the input
circuit of thatstage. Each high-frequency
stage also must be shielded from the
other high-frequency stages, Unless
shielding is employed, undesired feed-
back may oceur 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 superheterodyne re-
ceiver, each if and rf coil may be mounted
in a separate shield can. Baflle plates
may be mounted on the ganged tuning
capacitor to shield each section of the
capacitor from the other section. 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-fre-
quency stages, it is necessary to shield
separately each tube in high-frequency
stages. When metal tubes, and in partic-
ular the single-ended types, are used,
complete shielding of each tube is pro-
vided by the metal shell which is
grounded through its grounding pin as
the socket terminal. The grounding con-
nection should be short and sturdy.
Many modern tubes of glass construc-
tion have internal shields, usually con-
nected to the cathode; where present,
these shields are indicated in the socket
diagram,

Dress of Circuit Leads

At high frequencies such as are en-
countered in FM and television receiv-
ers, lead dress, that is, the location and
arrangement of the leads used for con-
nections in the receiver, is very impor-
tant. Because even a short lead provides
a large impedance at high frequencies,
it is necessary to keep all high-frequeney
leads as short as possible. This precau-
tion is especially important for ground
connections and for all connections to
bypass capacitors and high-frequency
filter capacitors.The ground connections
of plate and screen-grid bypass eapaci-
tors of each tube should be kept short
and made directly to eathode ground.

Particular care should be taken

i Electron Tube Installation

with the lead dress of the input and out-
put ecircuits of high-frequency stages so
that the possibility of stray coupling is
minimized. Unshielded leads connected
toshielded componentsshould be dressed
close to the chassis. As the frequency in-
creases, the need for careful lead dress
becomes increasingly important.

In high-gain audio amplifiers, these
same precautions should be taken to
minimize the possibility of self-oscil-
lation,

Filters

Feedback effects also are caused in
radio or television receivers by eoupling
between stages through common volt~
age-supply circuits. Filters find an im-
portant use in minimizing such effects.
They should be placed in voltage-supply
leads to each tube in order to return the
signal current through a low-impedance
path direct to the tube cathode rather
than by way of the voltage-supply cir-
cuit. Fig. 89 illustrates several forms of
filter circuits. Capacitor C forms the
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LEAD . LEAD
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LEAD LEAD
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TG CATHODE TO CATHODE

R =RESISTOR CTBYPASS CAPACITOR
L=AF OR RF LHOKE

Fig. 89

low-impedance path, while the choke or
resistor assists in diverting the signal
through the eapacitor by offering a high
impedance to the power-supply circuit.
The choice between a resistor and a
choke depends chiefly upon the permis-
sible 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
important, chokes are more suitable.
The minimum practical size of the
capacitors may be estimated in most
cases by the following rule: The imped-
ance of the capacitor at the lowest fre-
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quency amplified should not be more
than one-fifth of the impedance of the
filter choke or resistor at that frequency.
Better results will be obtained in special
cases if the ratio is not more than one-
tenth.

Radio-frequency circuits, particu-
larly at high frequencies, require high-
quality capacitors. Mica or ceramic ca-
pacitors 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 recti-

fier tube. See Rectification. A smoothing

LHOKE-INPUT TYPE FiLTER

8
INPUT

R’CV!F!ER
TUBE

|NPUT

LEFILTER CHORE

Fig.

filter usually consists of capacitors and
iron-core chokes. In any filter-design
problém, the load impedance must be
considered as an integral part of the fil-
ter because the load is an important
factor in filter performance. Smoothing
effect is obtained from the chokes be-
cause they arein series with the load and
offer a high impedance to the ripple volt-
age. Smoothing effect is obtained from
the capacitors because they are in paral-
iel 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 ae-
eording to whether a choke or eapacitor
is placed next to the rectifier tube. See
Fig. 90.

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

If an input eapacitor is used, con-
sideration must be given to the instan-~
taneous peak value of the ac input volt-
age. 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 break-
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CAPACITOR~ INPUT TYPE FILTER

down is to be avoided. When the input-
choke method is used, the available de
output voltage will be somewhat lower
than with the input-capacitor method
for a given ac plate voltage. However,
improved regulation together with lower
peak eurrent will be obtained.
Mercury-vapor and gas-filled recti-
fier 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
B0-cycle supply line, ete.). It is usually

CAPACITOR FILTER

L
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caused by the formation of a steep wave
{ront when plate current within the tube
begins to flow on the positive half of
each eycle of the ac supply voltage.
There are several ways of elimi~
nating 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 capacitors be-
tween the outside ends of the transformer
winding and the center tap. (See Fig.
91.) The rf chokes should be placed with-
in the shielding of the tube.The rf bypass
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“fust ) - 0+
i
=3
1oac Sl .
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o—>
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ELECTROSTATIC
SHIELD
C=RF BYPASS CAPACITORMICA  LERE CHOKE

Fig. 91

capacitors should have a voltage rating
high enough to withstand the peak volt-
age of each half of the secondary, which
is approximately 1.4 times the rms value.

Transformers having electrostatic
ghielding between primary and second-
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ary are not likely to transmit rf disturb-
ances to the line. Often the interference
may be eliminated simply by making
the plate leads of the rectifier extremely
short. In general, the particular method
of interference elimination must beselect-
ed 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
electromagnetic speaker and, also, to
transfer power efficiently from the out-
put stage to a loudspeaker of either the
electromagnetic or dynamic type.

QOutput-coupling devices are of two
types, (1) choke-capacitor and (2) trans-
former. The choke-capacitor type in-
cludes an iron-core choke having an
inductance of not less than 10 henries
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 op-
poses the flow of the fluctuating compo-
nent. A bypass capacitor of 2 to 6 micro~
farads supplies a path to the speaker
winding for the signal voltage. The
choke-coil output coupling device, how-
ever, is now only of historical interest.

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 eircuit. Typical arrange-
ments of each type of coupling device
are shown in Fig. 92. Examples of trans-
formers for push-pull stages are shown
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in several of the circuits given in the
CIRCUIT SECTION.
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High-Voltage Considerations for
Television Picture Tubes

Like other high-voltage devices,
television picture tubes require that
certain precautions be observed to mini-
mize the possibility of {ailure caused by
humidity, dust, and corona.

Humidity Considerations. When
humidity is high, a continuous film of
moisture may form on the glass bulb im-
mediately surrounding the ulfor cavity
cap of all-glass picture tubes or on the
glass part of the envelope of metal pic-
ture tubes. This film may permit spark-~
ing to take place over the glass surface
to the external conductive coating or to
the metal shell. Such sparking may in-
troduce noise into the receiver. To pre-
vent such a possibility, the uncoated
bulb surface around the eap and the
glass part of the envelope of metal pic-
ture tubes should be kept clean and dry.

Dust Considerations. The accumu-
lation of dust on the uncoated area of
the bulb around the ultor cap of all-glass
picture tubes or on the glass part of the
envelope or insulating supports for metal
picture tubes 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 in-
crease 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
picture tubes and the coated glass sur-
face and insulating supports for metal
picture tubes be kept clean and free
from dust or other contamination such
as finger-prints. The frosted Filterglass
faceplate of the metal picture tubes 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 deterio-
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ration 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-shell picture tubes, the
metal lip at the maximum diameter has
rounded edges to prevent corona. Ade-
quate spacing between the lip and any
grounded element in the receiver, or be-
tween the small end of the metal shell
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 pro-
vided around the body of the metal
shell. As a further precaution to prevent
corona, the deflecting-yoke surface on
the end adjacent to the shell should pre-
sent a smooth electrical surface with
respect to the small end of the metal
shell or the ultor terminal of all-glass
tubes.
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Picture-Tube Safety Considerations

Tube Handling. Breakage of pie-
ture tubes, which contain a high vacu~
um, 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 remov-
ing it from electronie equipment.

High-Voltage Precantions. In pice
ture-tube circuits, high voltages may ap-
pear at normally low-potential points in
the circuit because of capacitor break-
down or incorrect circuit connections.
Therefore, before any part of the eircuit
is touched the power-supply switch
should be turned off, the power plug dis-
connected, 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 or danger of personal
injury on prolonged exposure at close
range. Above 16 kilovolts, special x-ray
shielding precautions may be necessary.



Interpretation

The tube data given in the follow-
ing TUBE TYPES SECTION include
ratings, typical operation values, char-
acteristics, and characteristic curves,

The values for grid-bias voltages,
other electrode voltages, 2nd 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 fila-
ment-transformer 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 rat-
ings are in general self-explanatory, but
a brief explanation of other ratings will
aid in the understanding and interpre-
tation of tube data.

Heater warm-up time is defined as
the time required for the voltage aeross
the heater to reach 80 per cent of the
rated value in the circuit shown in Fig.
93. The heater is placed in series with a

E
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HEATER
SUPPLY VOLTS E=0BEs

RMS OR DC=4E¢

E¢=RATED HEATER VOLTAGE
T#=RATED HEATER CURRENT

Pig. 98

resistance having a value 3 times the
nominal heater operating resistance
(R = 3 E-/I:), and a voltage having a
value 4 times the rated heater voltage
{V = 4 Ey) is then applied. The warm-up
time is determined when E = 0.8 E.,
Plate dissipation is the power dissi-
pated in the form of heat by the plate as
a result of electron bombardment. It is
the difference between the power sup-
plied to the plate of the tube and the
power delivered by the tube to the load.

of Tube Data

Grid-No.2(Screen-grid) Inputisthe
power applied to the grid-No. 2 electrode
and consists essentially of the power dis-
sipated in the form of heat by grid No.2
as a result of electron bombardment.
With tetrodes and pentodes, the power
dissipated in the sereen-grid cireuit 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 ap-
plied to tubes having a separate cathode
terminal and used in applications where
excessive voltage may be introduced
between heater and cathode.

Maximum peak inverse plate volt-
age is the highest instantaneous plate
voltage which the tube can withstand
recurrently in the direction opposite to
that in which it is designed to pass cur-
rent. For mercury-vapor tubes and gas-
filled tubes, it is the safe top value to
prevent arc-back in the tube operating
within the specified temperature range.

Referring to Fig. 94, 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 in-
stant plate A is positive, the filament is
positive (at high voltage) with respect to
plate B. The voltage between the posi-
tive filament and the negative plate B is
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in inverse relation to that causing cur-
rent flow. The peak value of this voltage
is limited by the resistance and nature
of the path between plate B and fila-
ment, The maximum value of this volt-
age at which there is no danger of break-
down of the tube is known as maximum
peak inverse voltage.

The relations between peak inverse

O
4

Fig. 94
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voltage, rms value of ac input voltage,
and de output voltage depend largely on
the individual characteristics of the rec-
tifier 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 eathode-ray
oscillograph or a peak-indicating elec-
tronic voltmeter is useful in determining
the actual peak inverse voltage.

In single-phase, full-wave circuits
with sine-wave input and with no ca-
pacitor across the output, the peak in-
verse voltage on a rectifier tube is ap-
proximately 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 in-
put 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 cireuits, mathematical deter-
mination of peak inverse voltage requires
the use of vectors,

Maximum de output current is the
highest average plate current which ean
be handled continuously by a rectifier
tube. Its value for any rectifier tube type
is based on the permissible plate dissipa-
tion of that type. Under operating con-~
ditions involving a rapidly repeating
duty eycle (steady load), the average
plate current may be measured with a
de meter. Curves of average plate char-
acteristics for several half-wave vacuum
rectifiers are given in Figs. 95 and 98.
These curves are shown solid up to the
maximum average or d¢ plate-current
rating of each type.

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
funection of the cleetron emission avail-
able 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 cireuit is largely deter-
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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 as the filter input, the peak cur-
rent may be many times the load cur-
rent. In order to determine accurately
the peak plate current in any rectifier
circuit, measure it with a peak-indicating
meter or use an oscillograph.

The Rating Chart for full-wave
rectifiers presents graphieally the rela-
tionships between maximum ae voltage
input and maximum de output current
derived from the fundamental ratings
for conditions of capacitor-input and
choke-input filters, This graphical pres-
entation provides for considerable lati-
tude 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 ehoke-input
filter not only show by means of bound-
ary 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 de voltage outputs which would
be obtained if the filter chokes had in-
finite inductance. 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 indi~
eates the point on the curve at which the
choke no longer behaves 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 representative short-
dash regulation curves.

Typical Operation Values. Values
for typical operation are given for many
types in the TUBE TYPES SECTION.
These typical operating values are given
to show coneisely some guiding informa-
tion for the use of each type. These val-
ues should not be confused with ratings,
because a tube can be used under any
suitable conditions within its maximum
ratings, according to the applieation.
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The power output value for any
operating condition is an approximate
tube output—that is, plate input minus
plate loss. Circuit losses must be sub-
tracted from tube output in order to
determine the useful output.

Characteristies are covered in the
ELECTRON TUBE CHARACTER-
ISTICSSECTION and such datashould
be interpreted in accordance with the
definitions given in that section. Char-
acteristic curves represent the charac-
teristics of an average tube. Individual
tubes, like any manufactured product,
may have characteristies that range
above or below the values given in the

30 40
DC PLATE VOLTS

50 80

92CM-8333T
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characteristic curves.

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

Interelectrode capacitances are di-
rect capacitances measured between
specified elements or groups of elements
in electron tubes. Unless otherwise indi-
cated in the data, all capacitances are
measured with filament or heater cold,
with no direet voltages present, and with
no external shields. All electrodes other
than those between which capacitance
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is being measured are grounded. In twin
or multi-unit types, inactive units are
also grounded.

The capacitance between the input
electrode and all other electrodes, except
the output electrode, conneected together
is commonly known as the input capaci-
tance. The capacitance between the out-~
put electrode and all other electrodes,
except the input electrode, connected
together is known as the output capaci-
tance.

Ratings for most receiving-type
tubes are given according to the “de-
sign-eenter”” gystem, which was adopted
by the industry in 1939. Design-center
ratings inelude allowances for normal
variations in both tube characteristics
and operating eonditions, and should be
interpreted as follows:

1. CATHODE —The hesater or fila-
ment 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
underaveragesupply-voltage conditions.
A reasonable amount of leeway is incor-
porated in the cathode design so that
moderate fluctuations of heater or fila-
ment voltage downward will not cause
marked falling off in response; also mod-
erate 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 ob-
tained from dry-cell batteries, from stor-
age 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 fila-
ments 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 voltages applied and on a nor-
mal line voltage of 117 volts or on a nor-
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mal 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 fila~
ment will be maintained within a range
of 1.25 to 1.4 volts with a nominal center
of 1.3 volts. In order to meet the recom-
mended conditions for operating fila-
ments in series {rom dry-battery, stor-
age-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 volt-
age range should be maintained within
the limits of 1.8 volts to 2.2 volts.

2.POSITIVEPOTENTIALELEC-
TRODES—The power sources for the
operation of radio equipment are sub-
ject to variations in their terminal po-
tential. Consequently, the maximum
ratings shown on the tube-type data
sheets have been established for certain
Design CenterVoltages which experience
has shown to be representative. The De-
sign 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-grid 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-grid supply
voltages, dissipations, and rectifier out-
put 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 designed so that
90 per cent of the same maximum values
is never exceeded for a terminal potential
at the battery source of 2.2 volts.

C. “R”.Battery Service—The de-
sign center voltage for “B” batteries is



the normal voltage rating of the battery
block, such as 45 volts, 90 volts, ete.
Equipment should be designed so that
under no condition of battery voltage
will the plate voltages, screen-grid sup-
ply voltages, or dissipations ever exceed
the recommended respective maximum
values shown in the data for each tube
type by more than 10 per cent.

D. Other Considerations —

a. Class A1 Amplifiers—The maxi-
mum plate dissipation occurs at the
“Zero-Signal”’ condition. The maximum
screen-grid dissipation usually occurs at
the condition where the peak-input sig-
nal voltage is equal to the bias voltage.

b. Class B Amplifiers—The maxi-
mum plate dissipation theoretically oc-
curs at approximately 63 per cent of the
“Maximum-Signal”’ condition, but prac-
tically may occur at any signal voltage
value.

c. Converters — The maximum
plate dissipation occurs at the ‘“Zero-
Signal” condition and the frequency at
which the oscillator-developed bias is a
minimum. The screen-grid dissipation
for any reasonable variation in signal
voltage must never exceed the rated

Interpretation of Tube Data

value by more than 10 per cent.

d. Screen-Grid Ratings—When the
screen-grid voltage is supplied through a
series voltage-dropping resistor, the max-
imum screen-grid voltage rating may be
exceeded, provided the maximum screen~
grid dissipation rating is not exceeded at
any signal condition, and the maximum
screen-grid voltage rating is not exceeded
at the maximum-signal condition. Pro-
vided these conditions are fulfilled, the
screen-grid supply voltage may be as
high as, but not above, the maximum
plate voltage rating.

For certain voltage amplifier types,
as listed in the data section, the maxi-
mum permissible screen-grid (grid-No.2)
input varies with the screen-grid volt-
age, as shown in Fig. 97. Full rated
screen-grid input is permissible at screen-
grid voltages up to 50 per cent of the
maximum rated screen-grid supply volt-
age. From the 50-per-cent point to the
full rated value of supply voltage, the
screen-grid input must be decreased.The
decrease in allowable screen-grid input
follows a curve of the parabolic form.
This rating chart is useful for applica-
tions utilizing either a fixed screen-grid
voltage or a series screen-grid voltage-

IN WHICH GRIDS N22 &

100 MAXIMUM OPE

RATING CON

THIS CURVE ALSO APPLIES TO TYPES'
N24 AR
| .CONNECTED TOGETHER WITHIN THE TUBE

E

.

A,

Yo

N

@
o

)

ﬁﬁs\

3
o

PERMISSIBLE
40

AREA OF
OPE

RATION

MAX. GRID-N22 INPUT RATING

n
o

GRIO~N22 INPUT EXPRESSED AS PER CENT OF

20 40 60 80
GRID N22 VOLTAGE EXPRESSED AS PER CENT OF

MAX. GRID~N22 SUPPLY VOLTAGE RATING

92CM-7586TV)

Fig. 97
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dropping resistor. When a fixed voltage
is used, it is necessary only to determine
that the screen-grid input is within the
boundary of the operating area on the
chart at the selected value of sereen-grid
voltage to he used. When a voltage-
dropping resistor is used, the minimum
value of resistor that will assure tube
operation within the boundary of the
curve can be determined from the fol-
lowing relation:

> Ee2 (Beez—Ee)
Rgr = —a

where R,. is the minimum value for the
voltage-dropping resistor in chms, Eq; is
the selected screen-grid voltage in volts,
Eeces is the screen-grid supply voltage in
volts, and P, is the screen-grid input in
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watts corresponding to E..

Ratings for some recent receiving
tubes are given according to the new
“design-maximum’ system, which was
adopted by the industry in 1957, Design-
maximum ratings allow for normal tube-
characteristic variations, but do not pro-
vide for variations in operating condi-
tions. When these ratings are given, the
equipment designer has the responsi-
bility for determining the worst probable
operating conditions which will be en-~
countered and for insuring that no de-
gsign-maximum value will be exceeded
with a tube having characteristics equal
to the published value.

Unless otherwise stated, ratings giv-
en in this Manual are based on the “de~
sign-center” system.
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Typical Tube-Part Materials
in RCA Electron Tube

. ENVELOPE—Lime glass

. SPACER—Mica sprayed with mag-
nesium oxide

. PLATE—Carbonized nickel or nickel-
plated steel

. GRID WIRES—Manganese-nickel or
molybdenum

. GRID SIDE-RODS—Chrome copper,
nickel, or nickel-plated iron

. CATHODE—Nickel coated with bar-
ium-calcium-strontium carbonates

. HEATER—Tungsten or tungsten-mo-
lybdenum alloy with insulating coat-
ing of alundum

n

10.

11

13.

14.
5.
16.

. CATHODE TAB—Nickel
. MOUNT SUPPORT—Nickel or nick-

el-plated iron

GETTER SUPPORT AND LOOP—
Nickel or nickel-plated iron

. GETTER—Barium-magnesium alloys
12

HEATER CONNECTOR—Nickel or
nickel-plated iron

STEM LEAD-IN WIRES—Nickel,
dumet, copper

PRESSED STEM—Lead glass
BASE—Bakelite
BASE PINS—Nickel-plated brass



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 charac-
teristics are grouped in brackets. For
more complete data on these types, refer
to the TUBE TYPES SECTION. When
choosing a tube type, refer to informa-

tion on Preferred Types and the listing
of Types Not Recommended for New
Bguipment Design on the inside back
cover, For information on picture tubes,
refer to the RCA PICTURE TUBE
CHARACTERISTICS CHART on
pages 326 through 333. For explanation
of symbols on charts, see footnotes.

Filament or Heater Volis 1.25—1.4 20—-5.0 $.3--117.0
Minig- | [ Minia.
ture | Other | Octol (Other ture Miniature Qctal Other
RECTIFIER DIODES=Vacuum Types (For rectifises with amplifier unifs, see POWER AMPLIFIERS).
- o |Peck Inverse| 6V3.A 6AULGTA 6AX4GT
Application | "oy 68Y5.0Ae 6WACT
Ab 12AX4.CTAL 12D4Y
Damper g(v)e 17AXAGT 19AU4L
151 BAXAGT BWACT
Single | Low-Corent |4X2 1B3.GTY 3A3 342
Diode ulsed Above IGLGTA 382
or RF 1500 X2 z\ IB3-GT
Rectifier XZ B
- 60.Cycle Below 3w 6W4.CT 25W4.C Ly
Half-Wave 1500 | 11723 [B3524-GT 3325.GT BY4
Rectifier \ 3523
125, 252,
Doubler | Below Bovecr stret | dike
SAS4.A | 523] ~
Above 5T4
Twin 1500 PU#CB
Diode Full-Wave 15X4.G R
Rectifier (swc‘% SAXS.CT 7Y4
Below V4.GAl [6X4 |6X5.0F] 724
1500 Y3.0T | SAZ4 12X4 847674
3Y4.GT| 80
1574 J |
Twin Diode {Gas Type) 074, 0Z4.C
DETECTOR DIODES (For diode detectors with amplifiar units, see
VOLTAGE AMPLIFIERS ond olso POWER AMPLIFIERS),
Singla Diode 1A3 ! | |
Twin Disde [ [3a151 | 6ALS 13AL5 66 12H6 746
Triple Diode | ‘ 6BC7

+* 450-milliampere heater type having controlled
warm-up time for use in series-string television
receivers.

1 600-milliampere heater type having controlled

-)

[x)

warm-up time for use in series-string television
TECLIVErs,
- Twin type.



RCA Receiving Tube Classification Chart

{continued from page 72)

Fitament or Heater Vaolis

185 1.4 2.0—50 631170
Minia- } Minia-
ture | Other ' Octal |Other| ture Miniatore Octol Cther
POWER AMPLIFIERS with ond without Rechifiers, Diade Detaciors, ond Voltage Amplifiers,
low-mu single unit ' 2:33 1
Triodes mediummy | single ynit ’ 6C4
. single unit 8ACS-GT
high-my — 6AQTCT
fwin unit [en7 &?-Gﬂ
single unit 12K5°
Tetrodes with two 12DLE° {2D87°
diodes 12)8”
305-CGT, 3V6.GTY IBN6t | 6BNG 6AQ5-A+ 6AUS.GT 6AVR.GA 745
SLF4Y 4BNé6f 6AS5 8BKS [6RC6-G 6BGS-GA] i)
5A05¢ 6BG5 6CU5 8BQ6.GTB-6CU6 | 3545
5CZ5% 6C25+ 6D85 SCBS.A 50A35
GEMS BEMSE $CDE-GA 6DGO.LT
12AB5§ 12405 £0Q5% 6D06-,
12BK 51 12CAS: {bLé 6L6-Gl
12CUSY {6V 6V6.G
12CUS/12C58 6W5.GT 6Y6-G
2255(5\55 128 n’éyfséGAiCbé
. . 64 12CU88
Bea single vait 5B5 35C 1D06-A1 12L6-GT?
pw"‘ 083 50C. 12V6CT 2We.GT
Bower 6973 17806.GTB~
vbes 17DG6.A% 19BCE.CA
5BQ6-GTB/25CUG
BCDL.CAT]
!
gsu: 251_6-(31(’3
3 %GT 50L6.GT
881 7027
0L7.CT
with diode E‘ﬁ;!’ylé‘%’r
1IINTGT
1541 | 1A5.GT 6ARS  [6CL6 | 6AGT] JAD?
single unit sg.f I(':Eé);f 7 |2E3§M65€E!}5!5 (6F6 676 %:éfgr 42]4535
¥ -4
Pentodes Vel SOEHS[AKe | 66 43
with triode HADT-G
CONVERTERS & MIXERS (For sther typss used o1 Mixers, see VOLTAGE AMPLIFIERS).
L6 | IAZ.GT - [6A8 ﬁA&vC 6AB.GT] 6A7]
IRS | 1LAG (6BA7 | 6SB7.Y] 788
pentagrid 1LC6 [5BES| 65A7 6SA7-GT] 297
12AD6° IiBA? 12A8.GT 14Q7
12BE6 | 115A7 12847.GT)
Cone [saT8¢] [ﬁATa GATR.A
vertent | triode-pentode Sgﬁgi %Egﬁ: ‘96:(88
5X81]
riode-hexade 6K8 1IK8
lviqég-heprede n?
octode ] 7A8
Mixers | pentagrid SL7
ELECTRON-RAY TUBES.
indieator | ] '6ABS ‘6N
Singl with remote-cutoHf iode 8us
ingle I ith shamp-cutoff triode ¢E3
Twin [ without tiode SAFS.0
Triple | without triode | | 64L7-CT
% 450-milliampere heater type having controlled 1 Beam tube.

warm-up time for use in series-string television
receivers.
1 600-milliampere heater type having controlled
warm-up time for use in series-string television
receivers.
* Filament arranged for 1.4~ or 2.8~volt operation,

”~

® For use in automobile receivers in which elec~
trode voltages are supplied directly from a 12-volt
storage battery. X

§ For use in automobile radio receivers operating
from 12-volt storage batteriea

3



RCA Receiving Tube

{continued from

Filament or Heater Voits 1.25—1.4 2.0—5.0 6.3~117.0
Minio- Minia- |
tore  Othwr | Octal |Other ture I Miniature Octol Qther
VOLTAGE AMPLIFIERS with and without Diode Date
TRIODE, TETRODE, AND 'PENTODE DETECTORS: *OECILLATORS.
| iLE3 21 | 2AF4AL] BAF4 6AF4.A 6AHI-GT
| ginal 3AF¢GAe L 6BCA 6BNA BCs 6C5.GT) 7A4
+| single unit 2BN3t|  654.A1 6T4 (615 6J5-GT)
i 12B4-A%¢ 12J5GT
SANST | 6AUSE 6BHS: 6F7
b SAVES | [BANS 6CHY SADT.G
wit " 5BBY | 6AZB 6BAB-AL
pentode SBREE | 6BRS 6CUS~
719%
with 5018t | eCLA-
tetrode SCQBX } 6CQ8«
mediyermy with two ‘ 12?1?{2: 2‘&’[6]8% 6R7 6SRY]
diodes 10FK6°  [IBF6 | 125R7)
an 5BC8 6BK7.BT 6BL7.GTA TAF7
4858 6BQ7-A 6BSE 6BX7.GT 773
iace 6827 608.C N7
- |4B27] CG7t 6F8.G 6SNI.GTEY) | 14AF7
hwin unit sBK7-AYl  6]6 7AUT®; 12AH7.GT 14F8
SBQI-A*| 8CGTY 1ZAUT-A® 12SN7-GT
5J6t) 12AVIA 12AY7
Triodes 12BH7.A% 196
dual unit® Sﬁé:b%{i I%%fg}“
6AB4 6AMY4 6F5 784
single unit BAN4 [B8F5 63F5-GT]
125F5
with diode ”?Ifiﬁr
3AV6; | 6AT6 | 6Q7 6Q7.C 786 7C6
with two ' ;aamﬂw & fave 6597 7cﬂ K7 7%7
diodes 6CN7| 12T 1207-GT 14B6 75
high-mo T 12AVs 12BR7A  [25Q7 125G7-GT)
with thiee STRY [&78 6T8-A9 658.GT
diodes 1978
6DT8 12BZ7+ w:r 6SL7 GT 7F1
_ AT (24X7 14F7
fwin unit IZAZ% 12DT8 :2SL?.GT
2
with [eAwSt 6AWB-Af]
pentode BAWS.A- !
h © single unit 4.4 20758 6CY5
Totodes| UK SCL8; | 6cLe- 60Q8r
with tricde 5CQ8%
T+ | ILGS 6BJ6 6AB7 657 D6 7A7
[BBAS | 635G 7AH? 787
[%BD6 | 6SK7 6sg7mj ggm
single wmit 124F6° 12BL6" K7 oK7.GT| 75 14A7
2BAS | 125G7
remote- 2BD6 | 125K7 125K7.CT]
oo 12CN$® 12D26° 6387 KT
with friode | 6F7
Pentodes with diode  1DMN3 SCRG 1ICRE &SF7 125F7
i : 12F8° B8 12C8 O IE7
pring L IR7 R7
. i o 3B26t | 6826 6DC6
':;'g:e. single uait: preny
cutolf with taiode‘[ SAZR

% 450-milliampere heater type having controlled
warm-up time for use in series-string television
recewets.

{ 600-milliampere heater type having controlled
warm~up time for use in series-string television
receivers,

* Heater arranged for 6.3- or 12.6-volt operation.

" 'With dissimilar triode units.

¢ For use in automobile receivers in which elec-
trode voltages are supplied directly from a 12-volt
storage battery.

4 For high-quality, high-fidelity audio applica-
tions where low noise and hum characteristics
are primary considerations,



Classification Chart
pages 72 and 73}

6.3-117.0

Filament or Heater Volts 1.25—1.4 2.0—5.0
Minige. | Minia-
ture | Other | Octal |Other| ture Miniature Octal Other
‘VOLTAGE AMPLIFIERS with and without Diode Date.
TRIODE, TETRODE, AND PENTODE DETECTORS; OSCILLATORS
L4 iLCh 3AL6L T6AGS 6%?6 617 6J7.GT 6W1.G | 6C
N W4 JINS 3BCSE| [{6AKS AUS J6SHT 12J1.GT TAG? IC7]
IN3GT 3CB61| 116BCS | 6BHS G777
sing! i 3CFe1] |6CB6 28] 6ACT 6317 V7 %7
ngle uni igagt 6CF6 |2AU6 125H7] 128)7 14C7
ACB6 UZBV7‘ IZBY7~\‘§
4DT6e | 120X6° 12EK6°
[ o o
sharp.
Pentodes| 1K 5ANSY | (GANE 6CHB]
SAVS: | _TBALSY 6BHsﬂﬂ
with tiade 5881 EA\MK* 6AW8 A
5BR8! | 6BAL-AL 6BRS
6CUB 6U8»A'
SAWE.A 71994
b 185 1LDs SAMESE | 6AMB.A« 6ASE
with diede | 45 5ASE} 6BYS!
with twa
diodes SBT8;

HORIZONTAL AND VERTICAL DEFLECTION AMPLIFIERS AND OSCILLATORS. (for TV Raceivers)

single unit 654.A1 121B4.A%7 GAHIGT
6CGTT 7TAUT* 6BLTGTA
twin unit 8CGT+ 12AU7.4% 6BXT.GT
Triodes " 12BH7.A%¢ SSN7.GTBY
i 6CM7t 6CS7E
duat upit® A
with two
éiodcs 688
5C25% 6CM6 6C25+ 6AUS£T &VS—G»\
8EM5 8EM5 | [6BGE-G $BG6.GAl
fﬁCUé
@CBﬁ 6C85 )a
GA
Beam 6D Qﬁ
. N 12AV5.CGAY IZDQB-S\
Power sing]l it
Tobet ngre i 12B0%- B%TB/!zCUé:
I7DQ&A' 19BG6.CA
25 &GTB/ﬁCU&
25C06. GBI]
25DN6
Pentode single unit : 61(&-(;'1'(,;&’3%
GATED AMPLIFIERS
Pentagrid Amplifier “ l l l ' 388;2% ! 631\2'20623056 l I
SHUNT YOLTAGE REGULATORS
Beam sharps ” ’ 1 [ ’
Triode cutolf ] , 6BK4

% 430-milliampere heater type having eontroiled
warm-up time for use in series-string television
receivers.

1 600-milliampere heater type having controlled
warm-up time for use in series-string television
receivers,

® Heater arranged for 8.5- or 7.0-volt operation,
* Heater arranged for 8.3- or 12.8-volt operation.

3

® With dissimilar triode units.

® For use in automobile receivers in which elec~
trode voltages are supplied directly from a 12-volt
storage battery
4 For high-qunhty, high-fidelity audic applica-
tions where low noise and hum characteristics
are primary considerations.




1—Glass Envelope
2 —Internal Shield
3-—Plate

A Grid No. 3
{Suppressor Grid)

5—Grid No. 2 (Screen Grid)
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

3%; times actual size

Structure of a Miniature Tube



RCA Tube Types

Technical Data

This section contains technical descriptions of RCA tubes used in standard
broadecast, 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. Information on picture tubes is contained in a
chart at the end of this section.

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

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

FULL-WAVE GAS RECTIFIER

Metal type OZ4 and glass octal type 0Z4-G
are used in vibrator-type B-supply units. Both
have ionically heated cathodes, require octal
suckets, and may be mounted in any position. OZ 4
GZ4 Outline 2, CUTLINES SECTION. 0Z4-G
dimensions: maximum over-all length, 2-5/8
inches; maximum diameter, 1-1/16 inches; T-7
bulb; dwarfshell oetal 3-pin base. Base of oz4-G
QZ4-G haes no pin No. 2. Shell of OZ4 and ex-
ternal shield of 0Z4-G should be grounded.
Filters may be necessary to eliminate objection-
able noise. Maximum ratings for full-wave recti-
fier service: peak starting supply volts (per plate), 300 min; peak plate-tc-plate volts, 1000 max; peak
plate ma. (per plate), 200 maz; de output ma., 75 maz, 30 min; de output volts, 800 max, average
dynamic tube voltage drop, 24 volts. These types are used principally for renewal purposes,

DIODE

Miniature type used as detector
tube in portable FM receivers and in
portable high-frequency measuring
equipment. Outline 11, OUTLINES ]A3
SECTION. Tube requires miniature
seven-contact socket. Heater volts
(ac/dc) 1.4; amperes, 0.15,

Maximum Ratings: HALF-WAVE RECTIFIER

Prax INVERSE PLATE VOLTAGE, s 4 vvrvventrrtroannnnninssas seveseas 830 max volts
PEAK PLATE CURRENT. oo u i tiiarnerrererrsnstvenssetonscvsnen ‘en b max ma
DC OumPUT CURREBRT . . ..ttt i st ireiiinrssanasinesssnn vesane 0.5 maz ma
Prax HEATER-CATHODE VOLTAGE. . ... vivirvnrunnninns s 140 mazx volts
Typical Operation (Witk Capacitor-Input Filler):

AC Plate-Supply Voltage (rms) ........ooiiiiiienenn, PRI PR 117 volts
Filter-Input Capacitor. ., ., aeriirt it airiiiinineatanarasanas 2 ot
Minimum Total Effective Plate-Supply Impedance............... .00 ] ohms
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REMOTE-CUTOFF PENTODE

Glass type used in battery-operated re~
ceivers as rf or if amplifier. This type is similar
1A4-P electrically to type 1D5-GP. Outline 40, OUT-
LINES SECTION. Tube requires four-contact
socket, Filament volts {de), 2.0; amperes, 0.06.
Type 1A4-P is 2 DISCONTINUED type listed
for relerence only,

POWER PENTODE

Glasg octal type used in output stage of bat«

tery-operated receivers, Outline 22, OUTLINES

SECTION. This type may be supplied with pin

] AS -GT No.l omitted. Tube requires octal socket and
may be mounted in any position. For filament

considerations, refer to type 1U4, Filament volts

(de), 1.4; amperes, 0.05. Typical operation as

class Ar amplifier: plate and grid-Neo.2 voits, 90

(110 mazx); grid-No.l volts, -4.5; peak af grid-

]
o .aNoN
LA

i-’« 7 ira
DN

A

No.l volts, 4.5; plate ma., 4.0; grid-No.2 ma., 1.1; plate resistance {approx.), 0.3 megohm; transcon-
ductanee, 850 wmhos; load resistance, 25000 chms; power output, 115 milliwatts, Type 1A5-GT is used

prineipally {or renewal purposes.

PENTAGRID CONVERTER

Glass type used in battery-operated re-
eeivers. This type is identical electrically with
-I A6 type 1D7-G, except for interelectrode capaei-
tances. Outline 40, OUTLINES SECTION.
Tube requires six-contact socket, Filament volts
(dc), 2.0:amperes, 0.06. Type 1A6 isa DISCON-
TINUED type Yisted for reference only.

PENTAGRID CONVERTER

Glass octal type used in superhet~

erodyne circuits having battery power

‘l A7_GT supplies. Outline 23, OUTLINESSEC-
TION. Tube requires octal secket and

may be mounted in any pesition. Fila-

ment volts (de), 1.4; amperes, 0.05.

. . CONVERTER SERVICE
Maximum Ratings:

PLATE VOLTAGE. ...t iiiiiiintcvaninnenanennanns P
GRrIDS-N0.3-aND-N 0.5 (SCREEN-GRID) VOLTAGE ................ e
GRIDE-N0.8-AND-N 0.5 SUPPLY VOLTAGE, .
GRID-NO.2 (ANODE-GRID) VOLTAGE. ..........
TOTAL ZERO-SIGNAL CATHODE CURRENT, ... ...

Typical Operation:
Plate Voltage. . . .. .o.vvivniierennnecnaninnen .
Grida-No.8-and-No.5 Voltage*. .
Grid-No.2 Voltage ..........oouivenenenn
Grid-No.4 (Control-Grid) Voltage** ..
Grid-No.1 {(Oscillator-Grid) Resistor. . .. ...oo i iniirrinnncacnns
Plate Resistance. ............ .
Conversion Transconduetance. . ... .....ov. it irnieineranas
Conversion Transconduetance with grid-No.4 bias of ~3 volts (Approx.).
Plate CUrtent. ... ., .ttt it caein e cmar e nairaannes
Grids-No.3-and-No.5 Current
Grid-No.2 Current. ,
Grid-No.1 CUrrent. . ..., .ttt crne cotiniiaananaraannans
TotalCathodeCurrent .......

110 max
60 max
110 max
110 max
4 mazx

90
45
a0

volis
volts
volts
volts

ma

volts
volts
volts
volts
megohm
megohm
umhos
pmhos
ma

ma

ma

ma

ma

* Obtained preferably by using a bypassed 45000- t6 75000-ohun voltage-dropping resistor in series with

the 90-volt supply.

** A registance 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 ontput stage of
small, compact, battery-operated reegivers for
the standard AM broadeast band. Outline 8,
OUTLINES SECTION. Tube requires sub- 'l Ac 5
miniature eight-contact socket, Fllament volts
{dc}, 1.25; amperes, 0.04. Filament voltage
should never exceed 1.6 volts, Typical operation
as Class Ay amplifier: plate and grid-No.2 volts,

5 67.5 maz; grid-No.l volts, ~4.5; peak af grid-

No.1 volts, 4.5; zero-signal plate ma., 2; zero-signal grid-No.2 ma., 0.4; cathode ma., 4 wmax; plate
resistance, 0,15 megohm; transconductance, 750 pmhos; load resistance, 25000 ohms; total harmonie
distortion, 10 per cent; maximum-signal power catput, 50 milliwatts, This is a DISCONTINUED type
{isted for reference only.

SHARP-CUTOFF PENTODE

Subminiature type used as rf or if amplifier
in stages not controlled by ave in small, com-
pact, battery-operated receivers for the stand-
ard AM broadeast band. Outline 8, OUTLINES 1AD5
SECTION. Tube requires subminiature eight-
contact socket, Filament volts {de), 1.25; am-
peres, 0.04. Filament voltage should never ex-
ceed 1.6 wvolts, Characteristies as class A
amplifier: plate and grid-No.2 volts, 67.5 maxr;
grid-No.1 volts, 0; plate resistance, 0.7 megohm; transconductance, 785 umhos; total eathode ma.,
4 max; plate ma., 1.85; grid-No.2 ma.,0.75, This is a DISCONTINUED type tisted for referenceonly.

HALF-WAVE VACUUM RECTIFIER

Miniature type used as rectifier of high-
voltage pulses produced in the scanming systems
of television receivers, Outline 17, QUTLINES
SECTION. Tube requires miniature nine-con-
taet socket. Pin No.3 may be connected to the ] AX2
fitament, or used as a tie point for the fitament-
dropping resistor; otherwise it should oot be
used. Filament volts {ae}, 1.4; amperes, 0.65.
For filament and high-veoltage considerations,
refer to type IB3-G'T. Type 1A X2 is used prin-
cipally for renewal purpoges.

PULSED-RECTIFIER SERVICE
For operation in @ 525-line, 36-frame system
Maximum Ratings:

Peax INVERSE PLATE VOLTAGE (Absolute Maxtmum). .. .........c0ve . 25000% max volts
Prax PLATE CURRENT. .. .. e erena 11 mazx ma
AVERAGE PLATE CURRENT. ..« tovvrarsvrsvensncneninossaricssncssrsns 1 maz ma

Typical Operation:
Peak Plate-Supply Voltage:

Positive pulse vAIE, L o oot ivrinieriiuiresianesscrocrrrvaasrocans 20000 volts
Negative pulse valle. ... .oiviivenriiiiinniieiarcennn -5000 volts
DC Output Voltage (APProxX.)............. e e eeas 20000 volts
DC Output Current (APDroX.). . ooervnnnenrneans e ves 300 [
® Under no cireumstances should this absolute value be excesded.
[ ©
(3 HALF-WAVE VACUUM RECTIFIER
i© NE s
() (& Glassoctaltypeused in high-voltage,

low-current applications such as the IBS_GT
ew 5 rectifier in a high-voltage, rf-operated
ORIO) power supply or as a rectifier of high~
& e voltage pulses produced in television
scanning systems. When used as an rf rectifier, one 1B3-GT in a half-wave circuit
is capable of delivering a maximum de output voltage of about 15000 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. For curve
of average plate characteristics, see page 67.
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FILAMENT VOLTAGE {AC). .. ... T TN feeaneaae RN 1.25% volts
FUAMBNT CURRBNT . . .. . .ttt rcnaanan ey 0.2 ampere
DirECT INTERELECTRODE CAPACITANCE {Approx.):

Plate to Filament and Internal Shield. . ........... ..., ... ..., . 1.3 upt

# Under no circumstances should the filament voltage be less than 1.05 volts or greater than 1.45 volts.
PULSED-RECTIFIER SERVICE

Maximum Ratings: For operation in a 525-line, 30-frame system

PeAK INVERSE PLATE VOLTAGE (Absolute Maxtmum) . . ... ...... .. c.ui. . 26000%"moz volts
PEAR PLate CURRRENT . ... ..., . v S eeeneas 50 mex ma
AVERAGE PLATE CURRENT. . ...ttt ae s e 0.5 max ma
Maximum Ratinés: RADIO-FREQUENCY RECTIFIER SERVICE

PEAK INVERSE PLATE VOLTAGE {Absolute Martmum).,, .............. veees  33000%max volts
PBARK PLATE CUBRRENT . . ..ot et et sineiinia et incninanerinsnins N 30 max ma
AVERAGE PLATE CURRENT . . ... ittt aranrsaninnaannnan .e 1 mazx ma
FREQUENCY RANGE OF SUPPLY VOLTAGE. .. ... . cciinciniincnnne Chrern 1.5 to 100 Ke

* The de component must not exesed 21000 volts,
O Under no circumstances should this absolute value be exceeded.

INSTALLATION AND APPLICATION
Type 1B8-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, 8, 5,
and 8. These pins may be connected to pin 7; otherwise they should not be used.
This type may be supplied with pin No.1 and/or pin No.6 omitted. Qutline 32,
OUTLINES SECTION.

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 cireuits where the filament circuit is not grounded, the filament ecircuit oper-
ates at dc potentials which can cause fatal shock. Extreme precautions must be
taken when the filament voltage is measured. These precautions must include safe-~
guards which definitely eliminate all hazards to personnel. The filament transformer,
whether it is of the iron-core or the air-core type, must be sufficiently insulated.

The voltages employed in some television receivers and other high-voltage
equipment may be sufficiently high to cause high-voltage rectifier tubes such as the
1B8-GT to produce soit X-rays which can constitute a health hazard unless the
tubes are adequately shielded. Relatively simple shielding should prove adequate,
but the need for this precaution should be considered.

SHARP-CUTOFF PENTODE G

Glass type used as rf amplifier or detector 2,7 3
in battery-operated receivers. OQutline 40, OUT-
LINES SECTION. Tube requires four-contact
1 B4..P socket. For typical operating conditions and
maximum ratings as a class A; amplifier, refer
to type 1E5-GP. Filament volts {dc), 2.0; am- o‘ 2
peres, 0.06. Type 1B4-P ig a DISCONTINUED £
type listed for reference only.

TWIN DIODE — MEDIUM-MU TRIODE

Glass type used as combined detector, am-
plifier, and ave tube in battery-operated re-
ceivers. Outline 84 or 85, OUTLINES S8EC-

'IBS / 2 5 S TION. Tube requires six-contact socket. Fila-
ment volts (de), 2.0 amperes, 0.06, Typical
operation as class A1 amplifier: plate volts, 135
maz; grid volts, —3; plate ma., 0.8; plate resist-
ance, 85000 ohms; amplification factor, 20;
transconductance, 5756 pmhos, This is a DIS.
CONTINUED type listed for reference only,

PENTAGRID CONVERTER

Glass octal type used in superheterodyne
circnits having battery power supply. Outline
‘B7 GT £3, OUTLINES SECTION. Filament volts (dc),
- 1.4; amperes, 0.1, This is a DISCONTINUED
type listed for reference only. The 1B7-GT may
be replaced by the 1A7-GT if cireuit adjust-
ment is made for lower filament current of
type 1A7-GT.
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POWER PENTODE

Glass octal type used in output stage of
bhattery-operated receivers. Outline 22, OUT-
LINES SECTION. This type may be supplied
with pin No.1 omiited. Tube requires octal 1c5-GT
socket. Filament volts (de), 1.4; amperes, 0.1,
Typical operation as class A: amplifier: plate
and grid-No.2 volts, 80 (110 mar); grid-No,1
NE el volts, —~7.5; peak af grid-No.1 volts, 7.5; plate
: ma,, 7.8; grid-No.2 ma., 3.5; piate resistance
(approx.), 115000 ohms; transconductance, 1550 umhos; load resistance, 8000 ohms; power output,
240 milliwatts. Type 1C5-GT is used principally for renewal purposes.

G2 G PENTAGRID CONVERTER

Glass type used in battery-operated re-
ceivers. Similar electrically to type 1C7-G ex-

e cept {or interelectrode capacitances. Outline 40,
F Eg QUTLINES SECTION. Tube requires six-con- 1 C6
tact socket. Filament volts {d¢), 2.0; amperes,
e 0.12. Type 1C6 is 1 DISCONTINUED type
F F

listed for reference only.

PENTAGRID CONVERTER

Glass octal type used in battery-operated
receivers. Ouiline 839, OUTLINES SECTION.
Tube requires octal socket. Filament velts (de),
2.0; amperes, 0.12, Typical operation as conver- 1 C7-G
ter: plate volts, 180 max; grids-No.3-and-No.5
{sereen-grid) volts, 67.5 max; grid-No.2 (anode-
grid) supply volts, 180 (applied through 200006-
chm dropping resistor bypassed by 0.01-uf
capacitor); grid-No.4 {(control-grid} volts, -8;
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-Nso.1 ma., 0.2, This is 2 DISCONTINUED type listed for reference only.

REMOTE-CUTOFF PENTODE

Glass oetal type used in battery-operated
receivers as rf or if amplifier. Outline 39, OUT-
LINES S8ECTION. Tube requires octal socket.
Filament volts (de), 2.0; amperes, 0.08. Typical 1 DS_GP
operation as class A, amplifier: plate volts, 180
max; grid-No.2 (sereen-grid) volts, 67.5 max;
grid-No.1 volts, -3 min; plate ma., 2.8; grid-No.2
ma., 0.8; plate resistance (approx.), 1.0 megohm;
transconductance, 760 umhos; transconductance
at bias of ~15 volts, 15 pmhos. This is 2 DIS.
CONTINUED type listed for reference only.

REMOTE-CUTOFF TETRODE

Glass octal type uszed in hattery-operated
receivery as rf or if amplifier. Outline 39, QUT-
LINES SECTION. Filament voits (de), 2.0: ] D5-GT
amperes, 0.06. This is 2 DISCONTINUED type
listed for reference only. It is similar electrically
to type 1D5-GP.

PENTAGRID CONVERTER

Glass octal type used in battery-operated
receivers. Outline 39, OUTLINES SECTION.
‘Tube requires cctal socket. Filament volts (de),
2.0; amperes, 0.06. Typical operation as conver~
ter: plate volts, grids-No.3-and-No.5 velts, grid- ] D7 "'G
No.2supply volts, grid-No.4 volts, and grid-No.1
resistor are same as for type 1C7-G; plate ma.,
1.8; grids-No.3-and-No.b ma., 2.4; grid-No.2
ma., 2.3; grid-No.1 ma., 0.2. This is a DISCOK-
TINUED iype listed for reference only.
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DIODE—TRIODE—POWER PENTODE

Glass octal type used in compact battery-
operated receivers, Diede unit is used as detecior
'l DB_GT or ave tube, triode as first audio amplifier, and
pentode as power output tube, Outline 21, OUT-
LINES SECTION. Tube requires octal socket,
Filament volts (de), 1.4; amperes, 0.1. Typical
aperation of pentode unit as class A; amplifier:
plate and grid-No.2 volts, 90 (110 maz); grid-
No.l volts, -9; plate ma., 5; grid-No.2 ma., 1;

transconductance, 925 pwmbos; load resistance, 1200(3 ohms; total harmomc distortion, 10 per cent;
power output, 200 milliwatts. Characteristies of triode unit as class A; amplifier: plate volts, 90 (110
max); grid volts, 0; amplification factor, 25; plate resistance (approx.), 43500 ohms; transconductance,
575 wmhos: plate ma., 1.1. This is a DISCONTINUED type listed for reference only.

DIODE—
SHARP-CUTOFF PENTODE

Miniature type used in battery-
-IDN 5 operated portable radio receivers as
combined AM detector and af voltage
amplifier. Outline 11, QUTLINES
SECTION. Tube requires miniature
seven-contact socket and may be
mounted in any position.

FILAMENT VOLTAGE (DO} o o ottt ittt iniinacnsseaaonnnsnanencersesens rerana 1.4
FILAMENT CURRENT. . ... oiniventrnnannnn Ceaseanaaaaaas PRI | 13
DIRECT INTERBLECTRODE CAPACITANCE:
Diode Plate to Pentode Grid No. 1....... et PO R
Maximum Ratings: PENTODE UNIT AS CLASS A; AMPLIFIER
PLATE VOLTAGE . . ... . i iie i erinnns Er e taiaas e eraasas . 80 wax
GRID-N0.2 (SCREEN-GRID) VOLTAGE. . . 4«4 tvtuvarunninenrornarennercnnsnan 90 maz
GRID-NO.1 {CONTROL-GRID) VOLTAGE:
Negative biag value. . ......,. e R e eansanner et irstarasaans ~50 max
Positive bias valtle. . . ...y uusecasivarsneriennrnnsrrnasvnsceraneens O max
CATHODE CURRENT. L L .ttt attanaenssraenasosonsenannernaasanssrcoasens 3 max
Characteristics:
Plate Voltage. ... ivueiseisnearesnnenarnrcossnntnnsneenssssncsnsenss B7.5
Grid-No.2 Voltage...... o teerencconann NP D
AVERAGE CHARACTERISTICS
PENTODE UNIT
Tvee IDNS | l :
Eex L4 VOLTS DL
GRID-NE 2 ¥OLTS 2875 GRID-Ne | YOLTS £¢,20
—-"‘"’.—-—
2.0} 0%
| jad ——
H - ]
g / ] -0
;LS V L e
« -1.5]
: -
: / // ECi=-2.0
Yo o
< -2.5
£y
- — -0
/ U S
o5 -
? -4
~6.0)
!
¢ 20 <0 [+ (.14 106 120 (211 160
PLATE VOLYS P2CM-g340Y
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Grid-No. L Voltage . . . .. iinia i iainiecarinen s etranssne g volts
Plate Resistance (APProX.) . ... uu it in et ettt iieiannna eeen 0.6 megohm
TranscondUet@no2 . ... .. i i, N 630 wamhos
Grid-No.1 Voltage (Approx.) for transconductance of 10 gmhos. ........ vews —11.5 volts
Plate CUPTERb. .. i i i it et et nii v aans e BN 2.1 ma
Grid-No.2 Current. .. ........... R ves.  0.55 ma
Maximum Circuit Value:

Grid-No.1-Circuit Resistance. .. .. ... N, Mesverenne srxaees 3.8 megohms
Maximum Rofing: DIODE UNIT

PLATE CURRERT . . ottt iacrinciiacrnancrnanrciannnsnss virerverenens 0,25 max ma
Characteristics:

Average Plate Current with de plate voltage of 10 volts. ... .. .. ....... e 1 ma

SHARP-CUTOFF PENTODE

Glass petal type used as rf amplifier or de-
tector in battery-operated receivers, Qutline 89,
GUTLINES SECTION. Tube requires octal
socket. Filament volts (de), 2.0; amperes, 0.06.
Characteristics as class A amplifier: plate volts, 1 ES“GP
180 mazx; grid-No.2 volts, 67.5 wazr; grid-No.1
voits, -&; plate ma., 1.7; grid-No.2 ma., 0.6;
plateresistance, 1.5 megohms: transconductance,
650 umhos. This is a DISCONTINUED type
listed for reference only.

TWIN POWER PENTODE

Glasg 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. ‘E7-GT
Typical operation as push-pull class Ay ampli-
fier: plate and grid-No.2 volts, 185 max; grid-
No.1 volts, ~7.5; plate ma., 10.5; grid-No.2 ma.,
3.5; output watts, 0.575, This is a DISCON-
TINUED type listed for reference only.

PENTAGRID CONVERTER

Subminiature type used in small, compact,
battery-operated receivers for the standard AM
broadeast band., Outline 8, OUTLINES SEC-
TION. Tube requires subminiature eight-con- ]Eg
tact socket. Filament volts {dc), 1.25; amperes,
0.04. Filament voltage should never exceed 1.6
volts, This type is used principally for renewal
purposes. Typical operation as converter: plate
volts and grids-No.2-and-No.4 supply volis,
67.5 mazx; grids-No.2-and-No.4 resistor, 20000 ohms; grid-No.3 volts, 0; grid-No.1 resistor, 0.1 megohm;
plate resistance {apprex.), 0.4 megohm; conversion transconductance, 150 gmhos; total eathode ma., 2.5
{4 mar); plate ma., 1; grids-No.2-and-No.4 ma., 1.5; grid-No.1 ua., 70.

POWER PENTODE

Glass type used in cutput stage of battery-
operated receivers. Outline 48, OUTLINES
SECTION. Tube requires five-contact socket. ]F 4
Filament volts {de), 2.0; amperes, 0.12. Type
1F4 is similar gleetrically to type 1F5-G. Type
1F4 is a DISCONTINUED type listed for ref-
erence only.

POWER PENTODE

Glass octal type used in ouiput stage of
battery-operated receivers. Outline 42, OUT-
LINES SECTION. Tube requires octal socket,
Filament volts {de}, 2.0; amperes, 0,12, Typi- ]Fs G
cal operation ae ¢lass A: amplifier: plate and -
grid-No.2 (screen-grid) volts, 135 (180 max) ;grid-
No.l volts, ~4.5; plate ma., 8; grid-No.2 ma.,
2.4; eathode resistor, 432 ohms; output watts,
0.31. This is a DISCONTINUED type listed
for reference only.
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TWIN DIODE—
SHARP-CUTOFF PENTODE

Glass type used as combined detector, am-
plifier, and. ave tube in battery-operated re-
ceivers. Outline 89, QUTLINES SECTION.
Tube requires six-contact socket. Filament volts
{de), 2.0; amperes, 0.06. Typical operation of
pentode unit as class Ay amplifier: plate votts,
180 max; grid-No.2 (screen-grid) volts, 67.5 max;
grid-No.1 volts, —1.8; plate ma., 2.2; grid-No.2
ma., 0.7. Thiz is a DISCONTINUED type
listed for reference only,

TWIN DIODE—
SHARP-CUTOFF PENTODE

Glass octal Lype used as combined detector,
amplifier, and ave tube in battery-operated re-
ceivers. Outline 39, OUTLINES SECTION.
Tube requires octal socket, Filament volts (de),
2.0; amperes, 0.06. Similar etectrically to type
1¥8 except for interelectrode eapacitances. Type
1¥7-G is a DISCONTINUED type listed for
reference only.

HALF-WAVE VACUUM RECTIFIER

Glass octal type used in high-
voltage, low-current applications such
as the rectifier in a high-voltage, ri-op-
erated power supply or as a rectifier of
high-voltage pulses produced in tele-

NC C
e NG
RN AD
OO

vision scanning systems. Outline 28, OUTLINES SECTION. This type may be
supplied with pins 1, 4, and 6 omitted. Tube requires octal socket and may be
mounted in any position. Exeept for physical dimensions, this type is identical with
glass octal type 1B3-GT.

1G4-GT

1G5-G

1G6-GT

MEDIUM-MU TRIODE

Glass octal type used in battery-operated
recelvers ag detector or voltage amplifier, Out-
line 22, OUTLINES SECTION. Tube requires
octal socket. Pilament volts {dc), 1.4; amperes,
0.05. Typieal operation and characteristics as
class Ay amplifier: plate volis, 90 (110 max):
grid volts, -6; plate ma., 2.3; plate resistance,
10700 ohms; amplification factor, 8.8; trans-
conductance, 825 pmhos. This is 2 DISCON.
TINUED type listed for reference only.™

POWER PENTODE

Glass oetal type used in output stage of
battery-operated receivers. Qutline 42, QUT-
LINES SECTION. Tube requires octal socket.
Filament volts (de), 2.0; amperes, 0.12, Typical
operation as class A1 amplifier: plate and grid-
No.2 (screen-grid) volts, 185 maz; grid-No.1
volts, ~13.56; plate ma., 9.7; output watts, 0.55.
This is a DISCONTINUED type listed fo
reference enly. .

HIGH-MU TWIN POWER TRIODE

Glass octal type used in output stage of
battery-operated receivers. Outline 22, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts {d¢), 1.4; amperes, 0.1, Typical
operation as class B amplifier; plate volts, 90
{110 maz); dc grid volts, 0; peak af grid-to-grid
volts, 48; effective grid-circuit impedance per
unit, 2580 ohms; plate ma. (zero signal), 2,
{maximum signal), 11; peak grid ma. per unit, 6;
output watts {approx.), 0,35, Thisisa DISCON-
TINUED type listed for reference only.
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MEDIUM-MU TRIODE

Nc G Glass octal type used as detector or voltage
amplifier in battery-operated receivers. Outline
? e 36, OUTLINES SECTION. Tube requires octal
socket, Filament volts (dc), 2.0; amperes, 0.06. 'l H 4 G
Typical operation as class A1 amplifrer: plate -

e F. volts, 180 maz; grid volts, —18.5; amptification
f v factor, 9.3; plate resistance, 10300 ohuns; trans-
conductance, 900 umhos; plate ma., 3.1. Thisis a
DISCONTINUED typelisted forreferenceonly.

DIODE—HIGH-MU TRIODE

(Glags octal type used as combined
detector and amplifier in battery-oper-
ated receivers.Outline 23, OUTLINES ] H 5 "'GT

(8) SECTION. Tuberequires octal socket.

8c NC Filament volts (dc), 1.4; amperes, 0.05.
Characteristics of triode unit as class A, amplifier; plate volts, 80 (110 maz); grid
volts, 0; plate ma., 0.15; plate resistance, 240000 ohms; amplification factor, 65;
transeonductance, 275 umhos. Diode is located at negative end of filament.

TWIN DIODE—MEDIUM-MU TRIODE

(Glass octal type used as combined detector,
amplifier, and ave tube in battery-operated re-
ceivers. Outline 36, OUTLINES SECTION.
Tube requires octal socket. Filament volts (de), I‘ H6-G
2.0; amperes, 0.06. Type 1H6-G is similar elec-
trically to type 1B5/258. Type 1H6-G is a
DISCONTINUED type listed for reference only.

POWER PENTODE

Glass octal type used in output stage of
battery-operated receivers. Outline 42, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts {de), 2.0; amperes, 0.12. Typical
operation as class Ay amplifier: plate and grid- -I J 5 G
No.2(screen-grid) volts, 135 max; grid-No.1 volts, -
-16.5; plate ma., 7.0; grid-No.2 ma., 2.0; plate
resistance, 105000 ohms; load resistance, 13500
ohms; output watts, 0.45. This is a DISCON-
TINUED type listed for reference only.

6ra ST HIGH-MU TWIN POWER TRIODE
o e Glass octal types used in output stage of
Pra—~ /7 T‘ battery-operated receivers, Type 1J6-G, Out-
© line 36; type 1J6-GT, Outline 26, OUTLINES 1J6-G

SECTION. Tubes require oetal socket. Fila-
0. (7  ment volts (de), 2.0; amperes, 0.24. Typical ] J6-GT
w operation na elass B power amplifier: plate volts,
e 185 max; peak plate ma. per plate, 50 max;
NC "G grid volts, 0; zero-gignal plate ma. per plate,
5; effective plate-to-plate load resistance, 10000
ohms; average input watts, 0 17; ouiput watts, 2.1. These are DISCONTINUED types listed for

reference only.
PENTAGRID CONVERTER

Miniature type used in low-drain battery-
G4 operated receivers, Outline 11, OUTLINES
SECTION. Tube requires miniature seven-con-
tact socket and ray be mounted in any posi- ]L6
tion. Filament volts (d¢), 1.4; amperes, 0.05.
Typical operation as converter: plate and grid-
No.2 volts, 90 (110 max); grids-Ne.3-and-No.5b
F supply volts, 110 moez; grids-No.3-and-No.5
volts, 45 (65 max); grid-No.4 volts, 6; grid-No.1
resistor, 0.2 megohm; plate resistance (approx.}, 0.65 megohm; plate ma., 0.5; grids-No.8-and-No,5 ma.,
0.6; grid-No.2 ma., 1.2; grid-No.1 ma., 0.035; total cathode ma., 2.85 (4 snax); conversion transcon-
ductance, 800 gmhos. This type is used prineipally for renewal purposes.
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POWER PENTODE

Glass lock-in type used in output stage of
baitery-operated receivers. Qutline 15, OUT-
LINES SECTION. Tube requireslock-in socket.
Filament volts (de}, 1.4; amperes, 0.05. For
electrical characteristics and typical operation,
refer to glass-octal type 1A5-GT. Type 1L A4 isa
DISCONTINUED typelisted for reference only.

PENTAGRID CONVERTER

Glass lock-in type used in batteryv-operated
receivers. Outline 15, QUTLINES SECTION,
Tube requires lock-in socket. Filament volts
{(de), 1.4; amperes, 0.05, Typical operation as
converter is the same as for type 1A7T-GT ex-
cept that grid-No.2 voltsis 65 mar, total cathode
ma. is 4.0 max. plate resistance is 0.75 megohm,
and conversion transeonductance for a grid-No.4
bias of -8 volts is 10 pmhos. This type is vsed
prineipally {or renewal purposes,

POWER PENTODE

Glass lock-in type used in output stage of
battery-operated receivers. Outline 15, OUT-
LINESSECTION. Tubereguireslock-in socket.
Filament volts (de), 1.4; amperes, 0.05, For elec-
trical characteristics, refer to pentode unit of
glass-octal type 1D8-GT. Type 1LB4 is used
principally for renewal purposes.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in battery-operated receivers. Outline 15, OUT-
LINESSECTION. Tuberequireslock-in sacket.
Filament volis (dc), 1.4; amperes, 0,05, Typical
operation as class A, amplifier: plate volts, 80
(110 max); grid-No.2 (screen-grid) volts, 45 max;
grid-No.1 volts, 0; plate resistance (approx.),
greater than 1 megohm; transconductance, 775
xmhos; plate ma., 1.15; grid-No.2 ma., 0.3. This
type is used principally for renewal purposes.

PENTAGRID CONVERTER

Glass lock-in type used in battery-operated
receivers. Outline 15, OUTLINES SECTION.
Tube requires iock-in socket. Filament volts
{d¢), 1.4, amperes, 0.05. Typical operation as
converter: plate volts, 0 (110 maz); grids-No.3-
and-No.b volts, 35 (45 max); grid-No.2 volts, 46;
grid-No.1l volts, 0; plate resistance, 6.65 meg-
ahm;plate ma., 0.75; grids-No.8-and-No.5 ma.,
0.70; grid-No.2 ma., 1.4; total cathode ma,,
2.9; conversion transconductance {zero bisg),
275 wmhos, This type is used principally for
renewal purposes.

DIODE—SHARP-CUTOFF
PENTODE

Glass lock-in type used as combined detec
tor and af voltage amplifier in battery-operated
receivera. Outline 15, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts
(de), 1.4; amperes, 0.05, Characteristics of pen-
tode unit: plate volts, 90 (110 max); grid-No.2
volts, 45; grid-No.l voits, 0; plate ma., 0.6;
grid-No.2 ma., 0.1; plate resistance, 0.75 meg~
ohm: transconductance, 575 umhos. This type
is used principally for renewal purposes.
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MEDIUM-MU TRIODE

Glass lock-in type used as detector or voli-
age amplifier in battery-operated receivers. Out-
line 15, OUTLINES SECTION. Tube requires
lock-in socket. Filament volis (de), 1.4; amperes, ] L E 3
0.08. Typical operation as class A; amplifier:
plate volts, 90 (110 maz); grid volts, —3; plate
ma., 1.4; plate resistance, 19000 ohms; trans-
eonductance, 760 umhos; amplification factor,
14.5. This type is used principally for renewal
purposes.

REMOTE-CUTOFF PENTODE

Lock-in type used as rf or if amplifier in
battery-operated receivers. Outline 15, OUT-
LINES SECTION. Tuberequireslock-in socket.
Filament volts (de), 1.4; amperes, 0.05. Typical ] LGS
operation as class A, amplifier: plate volts, 90
(110 max); grid-No.2 volts, 45 (110 max); grid-
No.1 volts, 0; plate resistance (approx.), greater
than 1 megohm; transconductance, 800 gmhos;
plate ma., 1.7; grid-No.2 ma., 0.4. This type is
used principally for renewal purposes,

DIODE—HIGH-MU TRIODE

Glass loek-in type used as combined detec-
tor and amplifier in battery-operated receivers.
Outline 15, OUTLINES SECTION. Tube re- .l LH4
quires lock-in socket. Filament volts (de), 1.4;
amperes, 0,05, For electrical characteristics, re-
fer to glass-octal type 1H5-GT. Type 1LH4 is
uged principally for renewal purposes.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in battery-operated receivers. Outline 15, OUT~
LINESSECTION. Tuberequireslock-insocket.
Filament volts (de), 1.4; amperes, 0.05. Typical 1 L N 5
operation as class A: amplifier: plate and grid-
No.2{screen-grid) volts, 90 (110 maz); grid-No.1
voits, 0; plate ma., 1.6; grid-No.2 ma., 0.35;
plate resistance (approx.), 1.1 megohms; trans-
conductance, 800 pmhos. This type is used
principally for renewal purposes.

SHARP-CUTOFF PENTODE

Glass octal type used asrf orif am-
plifier in battery-operated receivers. ] N 5-GT
Outline 23, OUTLINES SECTION.
Tube requires octal socket and may be
mounted in any position. When used
in ave cireuits, the IN5-GT should be only partially controlled to avoid exces-
sive reduection in receiver sensitivity with large signal input. Filament volts (de),
1.4; amperes, 0.05. Characteristies as class A, amplifier: plate and grid-No.2 volis,
90 (110 max); grid-No.1 volts, 0; plate resistance (approx.), 1.5 megohms; trans-
conductance, 750 umhos; plate ma., 1.2; grid-No.2 ma., 0.3.

DIODE—POWER PENTODE

Glass octal type used as combined detec-
tor and power output tube in battery-operated
receivers. Maximum over-all length, 4 inches;
maximum diameter, 1-3/16 inches. Filament '[Né-G
volts (de), 1.4; amperes, 0.05. Typical operation
of pentode unit as class A1 amplifier: plate and
grid-No.2 (screen-grid) wvolts, 90 (110 wmaz);
grid-No.1 volts, —-4.5; plate ma., 3.1; grid-No.2
ma, (zero-gignal), 0.6; plate resistance {(approx.),
0.3 megohm; transconductance, 800 umhos; load resistance, 25000 ohms; output watts, 0.1, This
is a DISCONTINUED type listed for reference only.
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REMOTE-CUTOFF PENTODE

Gilass octal type used ag rf or if amplifier in
battery-operated receivers. Qutline 23, OUT-
LINES SECTION. Tube requires octal socket,
Filament voltg (de), 1.4; amperes, 0.05. Typical
‘IPS GT operation as class A: amplifier: plate voits, 80
- 110 mazx) ; grid-No.2 (screen-grid) volts, 90 (110
max); grid-No.l volts, 0; plate resistance
(approx.), 0.8 megohm; transeonduetance, 750
umhos; plate ma., 2.3; grid-No.2 ma., 0.7. This
is a DISCONTINUED type listed for reference
only.

BEAM POWER TUBE ¢z b

Glase octal type used in the output stage

of battery-operated receivers. Outline 22, OUT- L4
]QS-GT LINES SECTION. Tube requires octal socket,
Filament volts (dc¢), 1.4; amperes, 0.1, For elec-

trical characteristics and ratings, refer to type F, w 0 P
3Q5-GT with parallel filament arrangement.

Tvpe 1Q5-GT is a DISCONTINUED type for

reference only. Ne NG

PENTAGRID CONVERTER

Miniature type used in light-

]RS weight, portable, compact, battery-

operated receivers. Qutline 11, OUT-

LINES SECTION. 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.

FILAMENT VOLTAGE (DC). . . ... s N 1.4 volts

FILAMENT CURRENT . . . . ... 0ianuninaen e iseaaiesaa e 0.05 ampere

DIrECT INTERELECTRODE CAPACITANCES:
Grid No.3 to All Other Electrodes (RF Input) upf

7.0
Plate to All Other Electrodes (Mixer Qutput) ., .. .............. 7.5 unf
Grid No.l to All Other Electrodes (Ose. Input). .. .. NN 32 el
0.2
0.1

Grid No3toPlate. ........................ max wd
Grid No.8 to Grid No.1.. mox waf
Grid No.l to Plate. ..... e mar upt

OPERAT!ON CHARACTERISTICS

:
TYPE A5
4 VOUTS DC
et CRID- [GRID GRID-
Z 55’,:‘;2 Nk Q‘E‘ CNué\ 8 OPERATION CHARACTERISTICS
El VOLTS MES, RENT 300 TYPE IR5
Al 4S5 45 01 JEY [+ - EpxiAvOLTS %%5 _
[4
*{s g9 jas o g 3 e V°”5{5?20R90
T e Heso? 1 fapwaarse
SRR B»VE?}'%S%I@E H w 2 SRS ARL IS VO
g«& Cfff?ca i IET%ONGRIDS A 2 S 10,7602 wA, S e s ]
i Y
NEZANEALONFILAMENT 0 Y < f GRID g;&m&&r}\% By, so.%usmsm
| 2000 - 0SC.Y0LTS CNGRIDS Na2 & NE 4 5 0N —
it I 2 i} FILAMENT
AN S
C 3 =] @
’ G Z R
I liso 9 2300 6x
! d 1 5 ‘@,’ I 9" b e T &
! Z 25 g T M-y
D o 25 o 5
/,'c = b S RRE x
oo 3 Pt 4
g a/; 2 z H
A @ 5
s « » 159 3w
] S x &
4 i > i s
M/,' / 50 & e 2%
A 3 z %
& '/ PO j
// .4"(“("
- RE <8 ° U ¥ 63 G
18 AID-N% 2 (CONTROL-GRIL) VOLTS GRID-NE| (OSC.-GRID) MILLIAMPERES Ui
92CM-6097T1 92CM-8098T1
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Maximum Ratings: CONVERTER SERVICE
PLATE VOLTAGE. .. ..ttt iiiieiin e taisaennerrarennnen [N
GRIDS-N0.2-AND-N 0.4 (8CREEN-GRID) VOLTAGE .. ..0.ven [
GRIDS-N0.2-AND-N 0.4 SUPPLY VOLTAGE ... ............. PPN
GRID-NO.3 (CONTROL-GRID) VOLTAGE, Positive Bias Value . ..... P
TOTAL ZERO-S16NAL CATHODE CURRENT. .. ... .. P Caevraee

Characteristics:

Plate Voltage. . ................. Feakareeas . 45 87.5 90
Grids-No.2-and-No.4 Voltage .., v.ovvrennn. AN 45 67.5 45
Grid-No.3 Voltage, . ................. N, . 0 0 o
Grid-No.l Resistor. .................. ireees 01 0.1 0.1
Plate Resistanee (ApPprox.. ........c... R L 0.5 0.8
CGonversion Transconductance. .. ... ., eerenea 235 280 250
Grid-Neo.3 Voltage for canversion trans.

conductance of approx. 5 pymhoS. .. .eavssunn -9 ~14 -9
Plate Current. . ..............c0cuienus cereees 0.7 1.4 0.8
Grids-No.2-and-No.4 Current. . ,.... cerenaieae 1.9 3.2 1.9
Grid-No.1 Current. .. ....couverenvnnnnnns so.. 0015 0.25 0.15
Total Cathode Current................0.. Lo 2,75 5 2.75

30 max volts
67.5 max volts
90 maz volts

0 max volts
5.5 max ma
90 volts
67.5 volts
0 volts
0.1 megohm
8.6 megohms
300 umhos
~14 volts
1.8 ma
3.2 ma
.25 ma
3 ma

NOTE: The transeonductance between grid No.1 and grids No. 2 and No.4 tied to plate (not oscillating)
is approximately 1400 umhos under the following conditions: grids Neo.1 and No.3 at ¢ volts; grids No.2

and No.4 and plate at 67.5 volts,

POWER PENTODE

Ministure type used in output stage of
tightweight, compact, portable, battery-oper
ated equipment. Types 184 and 384 are identi-
cal except for filament arrangement. Outline 11,
OUTLINES SECTION. Type 184 requires
miniature seven-contact socket and may be
mounted in any position. For ratings, typical
operation, and curves, refer to type 854 with
parallel filament arrangement. Filament volts
(de}, 1.4; amperes, 0.1, This type is used prin=
cipally for renewal purposes.

@ . DIODE—
i (©"™  SHARP-CUTOFF PENTODE
6 Miniature type used in light-
NC y rv  weight, compact, portable, battery-op-
e-(0) erated receivers as combined detector
G3p and af voltage amplifier. Outline 11,

154

1S5

OUTLINES SECTION. Filament volts (dc), 1.4; amperes, 0.05. Tube requires
miniature seven~contact socket and may be mounted in any position, For elec-

trical characteristics, curves, and application, refer to type 1U5.

REMOTE-CUTOFF PENTODE

Miniature type used in light-
weight, compaet, portable, battery-op-
erated receivers as rf or if amplifier.
Because of internal shielding feature,
an external bulb shield is not needed,

1T4

but socket shielding is essential if minimum grid-Ne.1-to-plate capacitance is to be
obtained. Outline 11, OUTLINES SECTION. Tube requires miniature seven-con-

tact socket and may be mounted in any position.

FILAMENT VOLTAGE (DC). e v vuinuvneiuinsonsbascassronsnscnnans
FiaMENT CURRENT . . ...,y ineinnsens Caventaesarana
DIRECT INTERELECTRODE CAPACITANCES ¥
Grid NoltoPlate. ... ... ... ivnororurmenseanens
Grid No.1 to Filament, ' Grid No. 2, “Grid No. 3 “and Internal Shleld
Plate to Filament, Grid No.2, Grid No.3, and Internal Shield.
* With close-fitting ghield connected to negative filament terminnl.
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1.4 volts
0.05 ampere
0,01 mazx ;m.f
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CLASS A, AMPLIFIER

PLATE VOLTAGE. ...... 90 mazx volts
GRID-NO.2 {SCREEN-GRID) VOLTAGE. .0 vensvicarrairinn e e 67.5 maz volts
GRID-NO.2Z SUPPLY VOLTAGE. ..\ .uivicrcrcnirvrrencas s 90 max volta
GRID-NO.1 (CONTROL-GRID) VOL’I‘AGE Pomwe Bias Value.......... 0 max wolts
ToraL CarHODE CURRENT..,...... b.5 maz ma
Characteristics:
Plate Voltage. . .. iviiiiiinseenrsnrsrnsssase 45 87.5 90 80 volta
Grid-No.2 Voltage. .. ....... 45 67.5 45 67.5 volia
Grid-No.1 Voltage....... e eeesacisanans . 0 1] 0 0 volis
Plate Resistance (Approx.)........ cneersaen., 0.85 0.25 0.8 0.5 megohm
TranSconduCtANCE. . . ... vaenoinronrnnansas 700 875 760 900 pmhos
Grid-No.l Voltage for transconductance of 10
pmhos. . ........... e ~10 -16 ~10 ~16 volta
Plate Current....... Peravenes 1.7 3.4 1.8 3.5 ma
Grid-No.2 Current......cocovnens 0.7 1.5 0,65 1.4 ma
14 AVERAGE PLATE CHARACTERISTICS
. T T T
l TYPE 1T4
=0 Eg=1.a VOLTS D C
T youts £l GFfID-N!Z VOLTS =67.6
P s
& /// -0
& A —
[y 4 = 1
b —i.%
2 / / T
=
4= -2,
2 / 2.0
w [~ -2].5
é // L Egi==3.0
S /72 -
La.0
e —~5.0
=60
8.0 )
° < 8¢ 120 e voLTe® 200 92CM-BIDIT
BEAM POWER TUBE oo -
Glass octal type used in output stage of o
battery-operated receivers. Qutline 22, OUT- e /-
LINES SECTION. Tube requires octal socket,  T(3)
'IT S_GT Filament volts (de), 1.4; amperes, 0,05, Typieal
operation as class Ay amplifier: plate and grid- * ‘,‘
No.2 volts, 90 (110 maz); grid-No.1 volts, ~6; ca
peak af grid-No.1 volts, 6; plate ma., 6,5; grid- :
No.2 ma. (zero-signal), 0.8; grid-No.2 ma, NE NC

(maximum signal), 1.5; plate resistance, 0.25

megohm; transeonductance, 1150 pmhos; load resistance, 14600 ohms; total harmonie distortion, 7.5
per cent; output watts, 0,17, This is a DISCONTINUED type listed for reference only.
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DIODE—-SHARP-CUTOFF PENTODE

Subminiature type used as combined de-
tector and audio amplifier in small, compact,
battery-operated receivers for the standard AM
broadeast band. Outline 8, OUTLINES SEC-
TION. Tube requires subminiature eight-con-
tact socket. Filament voits (dej, 1.25; amperes,
0.04. Filament voltage should never exceed 1.6
volts. Typical operation of pentode unit as class
Ajamplifier: plate and grid-No.2 volts, 67.5 maz;

grid-No.1 volts, 0; plate resistance (approx.), 0.4 megohm; transconductance, 600 umhos; plate ma., 1.6;
2rid-No.2 ma., 0.4; total cathode ma., 2.0 max. Maximum diode plate ma., 0.25. Thig is a DISCON-
TINUED type listed for reference only.
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SHARP-CUTOFF PENTODE

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

ave in lightweight, compact, portable,

battery-operated equipment. Outline

11, OUTLINES SECTION. Tube re-

quires miniature seven-contact socket and may be mounted in any position. Because
the grid No.2 can be operated at the same voltage as the plate, a voltage-dropping
resistor is not needed. For typical operation as a resistance-eoupled amplifier, refer
to Chart 2, RESISTANCE-COUPLED AMPLIFIER SECTION.

FILAMENT VOLTAGE (D0) 1.4 volts
FILAMENT CURRENT. . ..o oniviinnanns 0.05 ampere
DiRECT INTERELECTRODE CAPACITANCES:
Grid No.l to Plate. .o vt ittt e s iriicecrcaranarnasns 0.01 max e
Grid No.1 to Filament, Grid No.2, Grid No.3, and Internal Shield........ 3.6 ppf
Plate to Filament, Grid No.2, Grid No.3, and Internal Shieid. ..., P 7.5 aupf
* Externai shield connected to negative filament terminal. \
Maximum Ratings: CLASS A, AMPLIFER
PLATE VOLTAGE, . ..ottt irian e n ettt i cunan 110 maz volts
GRIO-NO.Z (SCREEN-GRID) VOLTAGE. . .. .. s ittt iinnicnenrsnssnan 110 maz volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE:
Negative bias valtte . ... .. ... i i i it i e raa -30 max volts
Positive Biss vBIUE . . ...t in i nrianin e e iaaaa cens 0 max volts
TOTAL CATHODE CURRBNT. . L.ttt rinenanrasrsrrveniassnasaninsas . 6 max ma
Characteristics:
Plate Veltage. . ....... ... b e et et e e 90 volts
Grid-No.2 Voltage. . . ...oioiiiiiiianirsnannns P Cev e 90 volta
Grid-No.l Voltage. . . ... it ivienioinarrvicionans . 0 volts
Plate Resistance (Approx.). . . 1.0 megohm
TrangcondUEANCE. . . ..o\ttt ittt e i i i 900 pmhos
Grid-No.1 Voltage for transconductance of 10 ymhos. .. ........c.i0vvnuna. . -4 volts
Plate CUrTent. . ity ia ittt ireiv it arrarartataraesnranannsnnan 1.6 ma
Grid-No.2 CUurrent. .. .. . vttt i i it e e s 0.5 ma
AVERAGE PLATE CHARACTERISTICS
Ve PENTODE CONNECTION
/ TY!I'E H..llil '
£ ¢31.4V0OLTS DC
14 GRID-NEZ YOLTS =90
’?/
b5/ - o8
L2 —
. / /
&
& / -15
3
308 e :
2 i
= / E
gos - 2T
O
-2.0
a—
oal 2] : ‘
. (’ GRIDNEI VOLTS E0% 25,8
! \ ~3.0
5 35 80 £ 166 s 2<'>o
PLATE vOLTS
22CM-6669T
DIODE—SHARP-CUTOFF
PENTODE
Miniature type used in light- -l U5
weight, compact, portable, battery-op-

erated reeeivers as combined detector
and af voltage amplifier, The 1U5 is
similar to the 185 but utilizes an im-
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proved strueture which greatly reduces any tendency toward mierophonic effects,
In addition, the diode unit is effectively shielded from the pentode unit to prevent
“play-through.” Outline 11, OUTLINES SECTION. Tube requires miniature
seven-contact socket and may be mounted in any position. For typical operation
as 2 resistance-coupled amplifier, refer to Chart 1, RESISTANCE-COUPLED
AMPLIFIER SECTION.

FILAMENT VOLTAGE (D0} . v 0 st v eerannvnresusnernnsecancasanesss 1.4 volts
FILAMENT CURRENT. 44t v svevnrancannnetionnsssnarserasnoresen 0.05 ampere
Maximum Ratings: PENTODE UNIT AS CLASS A, AMPLIFIER
PLATE VOLTAGE. .............. e e e e aaes 90 max volts
GRID-NG.2 {SCREEN-GRID) VOLTAGE. . o s vvusvirnarssnrriccnaansis 90 max volts
GRID-No.1 {CONTROL-GRID) VOLTAGE:
Negative was value ., ..... ~50 mazx volts
Positive bias value .............. e ras e 0 maz volts
TOTAL CaTHODE CURRENT........ feveane ke arar s e 3 mazx ma
" Characteristics:
Plate Voltage. ........ e deaaasseaaassetanareinerenonrarernn 87.5 volts
Grid-No.2 Voltage. . ...oovuununnnn., 67.5 volts
Grid-No.1 Voltage [i] volts
Plate Resistance. ... .ot iiiiuiiiiiiiinerivaervcnonororcerinenns 2.6 wegohm
TranscondUCLANCE, | L\t ittt et i aaneraenerarronnrnarons 625 wmhos
Grid-No.l1 Voltage for plate current of 108, .., 000y iirinrinnnenns -5 volts
Plate Current. ....... i feana Cemaneanans v 1.8 ma
Grid-No.2 Current., .. ..oviveiiiianrrrninonnnenns e 0.4 ma
Maximum Rating: DIODE UNIT
PLATE CURRENT. .. ... e tehsramsavareatbbannarsena e .25 maz ma

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

AVERAGE PLATE CHARACTERISTICS
PERTODE UNIT

T 7 T T |
Tyee 1US
| €;=1.4 vOLTS DC .
GRID-NE2 VOLTS =67.5 e
2.0| ' ‘L
@ f Cart voLTS €0120
E GriD-NetYED
Hig = )
s -0.%
< i
5 7 ‘
§ 4 ( ~1.0
w 10 ! //
< -1.5
g
/" 2.0
a5 // €ciz-2.5
/ " ~3.0
43,0
]
° T 746
= e *° PL&%C voTs " 29 zcn-eisaT:
HALF-WAVE VACUUM RECTIFIER
Glass type used in ac/de or automobile P "
receivers, Outline 34 or 35, OUTLINES SEC- 2 (3
TION. Tube requires four-contact socket.
'l Heater volts (ac/de), 8.8; amperes, 0.3. Maxi-
-v mum ratings as half-wave rectifier: peak inverse
plate volts, 1000; peak plate ma., 270; peak ‘
heater-cathode volts, 500; de output ma., 43, ! °
This type is used principally for renewal pur- H H
poses,
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HALF-WAVE VACUUMRECTIFIER

Miniature type used in high-volt-
age, low-current applications such as ]vz
the rectifier in high-voltage, pulse-op-
erated voltage-doubling powersupplies
for kinescopes. The very low power
required by the filament permits the use of a rectifier transformer having small
size and light weight. For curve of average plate characteristics, see page 67.

FILAMENT VOLTAGE (AC) e« v v e er e iiianscnanannranninnaanns ... 0.625 volt
FILAMENT CURRENT, ... ..ottt cinranrinnananrainaaannn 0.8 ampere
DIrRECT INTERBELECTRODE CAPACITANCE:
Plate to Filament (ApPProX.). ... .iuiiuiiiiinrerniiniinernsssoensnsns 0.8 puf
PULSED-RECTIFIER SERVICE
. . For operation in a 525-line, 30-frame syslem
- Maximum Ratings: or operaton » 30:h Y
DC INVERSE PLATE VOLTAGE . .. . ..ot vute it ienancsiarerannrsoanssrssnans 6600 max volts
PeaAX INVERSE PLate Vortace (Absolute Mazimum). .. ..., .. coivieunes 82504 max volts
PEAK PLATE CURRENT. .. \.iit sttt iiniriarcanrneiervnassasasssssss 10 max ma
AVERAGE PLATE CURRENT. . ... .0ttt iaetcisannaannres 0.5 max ma

* Under no circumstances should this absolute value be exceeded.

INSTALLATION AND APPLICATION

Type 1V2 requires 2 miniature 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
miniaturenine-contact sockets designed with a eylindrical centershield, it is necessary
to remove the center shield. In addition, it is recommended that the socket elips
for pins 1, 6, and 7 be removed to reduce the possibility of arc-over and minimize
leakage. Qutline 14, QUTLINES 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 w1thstand 15000 volts and the stray
capacitances to ground should be minimized.

The high voltages at which the 1V2 is operated are very danger-:ms. Great care
should be taken to prevent coming in contact with these hlgh voltages. Particular
care against fatal shock should be taken in measuring the filament voltage in those
cireuits where the filament is not grounded. Precautions must include safeguards
which definitely eliminate all hazards to personnel.

HALF-WAVE VACUUM RECTIFIER

‘Miniature types used in high-volt-
age, low-current applications such as ]xz-A
the reectifier in a high-voltage, rf-op-
erated powersupply, or astherectifierof 1 x2 - B
high-voltage pulses produced in tele-
vision seanning systems. OQutlines 16 and 17, respectively, OUTLINES SECTION.
Tubes require miniature nine-contaet socket and may be mounted in any position.
Pins 8 and 7 may be used as tie points for filament dropping resistor and high-volt-
age filter resistor, or may be connected to the filament. These pins should nof be
connected to low-potential circuits. For other filament and high-voltage considera-
tions, refer to type 1B3-GT. For curve of average plate characteristics, see page 67.
Type 1X2-A is used principally for renewal purposes.
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FILAMENT VOLTAGE (AQ) . evnerncaans
FPiaMent CURRENT. ... .oiviiianerennans PN
DIreCT INTERELECTRODE CAPACITANCE:

Plate to Filament {Approx.)..... e S es e .

PULSED-RECTIFIER SERVICE

For aperation in a 525-line, 80-frame system

Maximum Ratings: 1X2-A

PEAK INVERSE PLATE VOLTAGE (Absolute Mazimum)®. .. ..... 20000% mox
PEAK PLATE CURBENT. . ......... e e seaeas PN 45 max
“AVERAGE PLATE CURRENT, (.. i ivarecrurvannssrennsnrase 0.5 max

Typical Operation:
Peak Plate Supply Voltage:

Positive pulse value . ......... e csserraacaarraranccns . 14000
Negative pulse value . ....... —3500
DC Output Voltage (APProX.).....o..vuuvunnnn o eeeaneanen 14600
DC Output Current (Approx.)........... e e e 175

¢ The de¢ component must not exceed 16000 volts for 1X2-A, 18000 volts for 1X2-B.

» Under no ¢ircumstances should this absolute value be exceeded.

POWER TRIODE

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

1.25 volts
0.2 ampere
1.0 wpf
1X2-B

22000m maz  volts
45 max ma
0.5 max msa
18000 volts
~-2000 volis
18060 volts
100 ua
G

nation.

FILAMERT VOLTAGE (AC/DC)............ PN 2.5
FILAMENT CURRENT. . v 0 vvurinernenn erevreereese 2.5
DIRECT INTERELECTRODE CAPACITANCES (Approx.) :

Grid to Plate. . ... P PN 16.5

Grid to Filament. ..........c... .. 1.5

Plate to Filament, .o ouvivvnsvvnrennn.. 5.8
Moximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE . ... ot tineiunuarocsnaonornssarssssssasnsvssnans 800 max
PLATE DISBIPATION. .10 vvunreiaasssovansonarusecnssnssrsnssoas 15 max
Typical Operation:
Plate Voltage. . ... .oiviiiiiiiiiiiiiiaitcnssiasinriiiinens 250
Grid VoltageX# ... L it i iiansrsrrtsnsurrestonsanas -45
Plate Current. . .....oiieiiiinnaeises 60
Amplification Factor. ............... 4.2
Plate Resistance............ 800
Transconductance. . 5250
Load Resistance. . 2500
Second Harmonic Distortion. . . 5
Power OUtPub. .. cvivii v avascrinasencnensanenss 3.5
Maximum Rafings: PUSH-PULL CLASS AB, AMPLIFIER
PLATE VOLTAGE. .. .... 300 maz
PLATE DISSIPATION . ., . it tietinnnvasvasssanansossnressassiosens 15 max
Typical Operation (Values Are For Two Tubes): Figed Bins Cathede Bios
Plate Supply Voltage ... ..... PP (1111 300
Grid Voltage*# ....... 7] -
Cathode-Bias Resistor. . . . ey einenan e errerrasaaenes - 780
PeakAFGrld-to-GndVoltage P - § 156
Zero-Signal Plate Current. .. ............ e 114 80
Maximum-Signal Plate Current. . ... .......... S .5 | 100
Effective Load Resistance (Plate-to-plate) .. .........0vvueeeva... 3000 5000
Total Harmonie Distortion. . ............ s e e 2.5 5.0
FPower Ouiput................. e P £ 10
Maximum Circuit Valves:
Grid-Cireuit Resistance:

For fixed-bias operation.,....,. aeveseer e ¢.05 maz

For cathode-bias OPETAtIOn . .+ .. v . ovnssrrvens e reserabssenan 0.5 maz

* Grid voltage referred to mid-point of ac-operated filament.

volts
aemperes

uuf
uef
uuf

volts
watts

valts
volts
ma

ohms
prahos
ohms
per cent
watts

volts
watts

volts
volts
chms
volta

ma

obms
per cent
- wabts

megohm
megohm

# When a single 2A3 is operated cathods-biased, the cathode-biasing resistor value should be 750 ohms
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INSTALLATION AND APPLICATION

Type 2A3 requires a four-contact socket and may be mounted in any position
Qutline 51, CUTLINES SECTION. It is especially important that this tube, like
ather power-handhng tubes, be adequately ventilated.

The values recommended for push-pull operation are dlﬁ‘erent 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 defermined on the basis of no grid current
flow during the most positive swing of the input signal and of cancellation of
second-harmonie distortion by virtue of the push-pull cireuit. 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 2A38's are operated in push-pull, it is desirable to provide means for
adjusting the bias on each fube independently. This requirement is a result of the
very high transconductance of these tubes {5250 micromhos). This very high value
. makes the ZA8 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 ean be biased
separately so as to obtain circuit balance.

AVERAGE PLATE CHARACTERISTICS
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POWER PENTODE

Glass type used in output stage of ac-oper-
ated receivers. Qutline 43, OUTLINES SEC-
TION. Tube requires six-contact socket. Except 2 A 5
for its heater rating (2.5 volts ac/de; 1.75
amperes), the 2A5 has electrical characteristics
identical with type 6F6. Type 2A5 is a DIS-
CONTINUED type listed for reference only,

TWIN DIODE—HIGH-MU TRIODE

Glass type used in ac-operated receivers
chiefly as a combined detector, smplifier, and
ave tube. Outline 40, OUTLINES SECTION. 2A6
Tuhe requires six-contact socket. Except for its
heater rating (2.5 volts ac/de; 0.8 ampere),
and within its 250-volt maximum plate rating,
the 2A6 has electrical characteristics identical
with type 68Q7. Type 2A8 is a DISCONTIN-
UED type listed for reference oniy.
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Glass type used in ac-operated receivers.
Outline 40, OUTLINES SECTION. Tube re-
quires small seven-contact (8.75-ineh, pin-circle
2 A7 diameter) socket. Except for its heater rating
(2.5 volts ac/dc; 0.8 ampere) and its interelec-
trode eapacitances, the 2A7 has eleetrical charac-
teristies identical with type 6A8. Complets
shielding of this tube is generally necessary.
Type 2A7 is a DISCONTINUED type listed
for reference only.

MEDIUM-MU TRIODE

Miniature type used as local oseil-

2 AF4- A lator in uhf television receivers employ-

ing series-connected heater strings.

Outline 9, QUTLINES SECTION.

Heater volts (ac/de), 2.35; amperes,

0.6; warm-up time (average), 11 seconds. Except for heater rating, this type is
identical with miniature type 6AF4-A.

TWIN DIODE—
REMOTE-CUTOFF PENTODE
Glass type used as combined detector, ave

tube, and amplifier. Outline 40, OUTLINES
SECTION. Tube requires small seven-contact

237 {0.75-inch, pin-cirele diameter) socket. Except
for its heater rating (2.5 volts ac/de; 0.8 ampere)
and its interelectrode capacitances, the 2B7
has electrieal eharacteristics identical with type
§B8-(;. Type 2ZB7is a DISCONTINUED type
listed for reference only.

MEDIUM-MU TRIODE

Miniature type used as rf ampli-

2BN4 fier in grid-drive circuits of vhf tele-

vision tuners employing series-con-

nected heater strings. Outline 11,

OUTLINES SECTION. Heater volts

(ac/de), 2.3; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater
rating, this type is identical with miniature type 6BN4.

SHARP-CUTOFF TETRODE

Miniature type used as rf amplifier

2CY 5 in vhi tuners of television receivers

employing series-connected heater

strings. Outline 11, OUTLINES 8EC-

TION. Heater volts {(ac/de), 2.4; am-

peres, 0.6; warm-up time (average), 11 seconds. Except for heater rating, this type
is identical with miniature type 6CY5.

ELECTRON-RAY TUBkE

Glass type used to indicate visually by
means of a fluorescent target the effects of a
change in & controlling voltage. It is used as a
convenient means of indicating accurate radio
2E5 receiver tuning. Outline 34 or 85, OUTLINES
SECTION. Tube requires six-contact socket,
Except for its heater rating (2.5 volts ac/de; 0.8
ampere), the 2E5 has electrical eharacteristies
identical with type 6E5. Type 2E$ is 5 DIS-
CONTINUED type listed for reference only.
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HALF-WAVE VACUUM RECTIFIER

Miniature type used as rectifier of
high-voltage pulses produced in the 3 A2
scanning systems of color television
receivers. Outline 16, QUTLINES
SECTION. Tube requires miniature
nine-contact socket and may be mounted in any position. For curve of average
plate characteristics, see page 67. For high-voltage considerations, see type 1B3-GT.

HEATER VOLTAGE (AC) . + vt enroneraenannaaaaiacrcnnariiaaeis 3.15 volts
HEATER CURRENT, &\« vt vvetvenscancn e tnsiiniataneaaaniannanaers 0,22 ampere
DirecT INTERELECTRODE CAPACITANCE (Approx.):
Plate to Heater, Cathode, snd Internat Shield, ., ....... ... ... 1.0 wpl
PULSED-RECTIFIER SERVICE
Maximum Ratings: For operation in « 525-line, 3U-frame syslem
PEAK INVERSE PLATE VOLTAGE. . ..\ o\ oottt vcernanrnineancsensns 18000 max volts
PrRAK PLATE CURBENT. . . ... ... it iiiianreinannieraaneon 80 mazx ma
AVERAGE PLATE CURRENT . .. .0t ittt ity et cnvnarnnoiaaevaiancnons 1.5 max ma
P i
5
,C ' HALF-WAVE VACUUM RECTIFIER
© Glass octal type used as rectifier
@ of high-voltage pulses produced in the 3 A 3
W w pgu scanning systems of color television
e receivers. Outline 32, OUTLINES
i ic SECTION. Tube requires octal socket

and may be mounted in any position. For curve of average plate characteristics,
see page 67. For high-voltage considerations, see type 1B3-GT,

HEATER VOLTAGE (AC). (.t \uttrretiintarintinnrnrannacancansonssans 3.15 volts
HEATER CURRENT. . ...t tiiintirnrancnrororarcncnraneonsioronns 0.22 ampere
DIRECT INTERELECTROPE CAPACITANCE (ADprox.):
Plate to Heater, Cathode, and Internal Shield, .. .........vvnuneren 1.6 puf
PULSED-RECTIFIER SERVICE
Maximum Ratings: For operation in a §235-line, $0-frame system
PEAK INVERSE PLATE VOLTAGE. .. .. ... ...vvvvsens e, 30000 max volts

80 max ma
1.5 maz ma

PIODE—TRIODE—PENTODE

Glass octal type used as combined detector,
af amplifier, and rf amplifier in battery-operated
receivers, Maximum over-all length, 3-7/16
inches; maximum diameter, 1-5/16 inches. Fila- 3 AB_GT
ment volts, 1.4 (parallel), 2.8 (series); amperes,
0.1 (parallel}, 0.05 (series). Typical operation as
class A amplifier:triode unit—plate volts,80(110
tax); grid volts, 0; amplification factor, 65;
plate resistance, 0.2 megohm; transconductance,
325 wmhos; plate ma., 0.2; pentode unit—plate and grid-No.2 volts, 80 (110 max); grid-No.1 voles, 0;
plate resistance, 0.8 megohm; transconductance, 750 ymhos; plate ma., 1.5; grid-No.2 ma., 0,5. Thig is a
DISCONTINUED type listed for refersmce only.

MEDIUM-MU TRIODE

Miniature type used as local os-
cillator in uhf television receivers cov- 3 AF4-A
ering the frequency range of 470 to 890
megacycles per second and employing
series-connected heater strings. Out-
line 9, OUTLINES SECTION. Heater volts (ac/dc), 8.15; amperes, 0.43; warm-up
time (average), 11 seconds. Except for heater rating, this type is identical with
miniature type §AF4-A.
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TWIN DIODE

Miniature type having high-per-
veance used as detector in television
3 AL 5 receivers employing series-connected
heater strings. Qutline 9, OUTLINES 3
SECTION. Heater volts (ac/de), 8.15; K7
amperes, 0.8; warm-up time (average), 11 seconds. Except for heater rating, this
type is identical with miniature type 6AL5.

H 14
SHARP-CUTOFF PENTODE LR
Minjature type used as rf amphi- 9‘ O
fier in television receivers employing ‘
3AU6 series-connected heater strings. Oute c:, ON
line 11, OUTLINES SECTION. B0y
Heater volts (ac/de), 8.15; amperes, Gi

0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts, 200 max. When
the heater is positive with respect to the eathode, the de component of the heater-
cathode voltage must not exceed 100 volts. Exeept for heater and heater-cathode
ratings, this type is identical with miniature type 6AUS6.

TWIN DIODE—HIGH-MU TRIODE

Miniature type used as combined

3 AV6 detector, amplifier, and ave tube in
television receivers employing series-

connected heater strings, Outline 11,

OUTLINES SECTION. Heater volts

(ae/de), 8.15; amperes, 0.6; warm-up time (average), 11 seconds. Peak heater~
cathode volts, 200 maz, When the heater is positive with respect to the eathode, the
de component of the heater-cathode voltage must not exceed 100 volts. Except for
heater and heater-cathode ratings, this type is identical with miniature type 6AVS6.

HALF-WAVE VACUUM RECTIFIER

Glass octal type used as rectifier

382 of high-voltage pulses produced in the

scanningsystemsoftelevisionreceivers.

Outline 47, OUTLINES SECTION.

Tube requires octal sockef and may be

mounted in any position. For curve of average plate characteristics, see page 67.
For high-voltage considerations, see type 1B3-GT.

HEATER VOLTAGE {AC/DO) . .1t ittt it i ie it it teae et taae e nnn 3.15 volts
HEATER CURRENT. . ... .........,. e e e e i s 0.22 ampere
DIRECT INTERELECTRODE CAPACITANCE (Approx.):

Plate to Heater, Cathode, and Internal Shield. . ..................... 1.8 nuf

PULSED-RECTIFIER SERVICE

Maximum Ratings: For opcration in a 525-line, 30-frame system
PEAK INVERSE PLATE VOLTAGE (Absolule Mazimum) 350001 mox volts
Prak PLATE CURRENT 0 max ma
AVERAGE PLATE CURRENT 1.1 maz ma

{Under no circumstanees should this absolute value be exceeded.

SHARP-CUTOFF PENTODE

3 B C 5 Miniature type used as rf orif am-
plifier in television receivers employing
series-connected heater strings. Out-

line 11, OUTLINES SECTION.

Heater volts (ac/de), 3.15; amperes,

0.6; warm-up time (average), 11 seconds, Peak heater-cathode volts, 200 max. When
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the heater is positive with respect to the cathode, the de component of the heater-
cathode voltage must not exceed 100 volts. Except for heater and heater-eathode
ratings, this type is identical with miniature type 6BC5.

BEAM TUBE

Miniature type used as combined
limiter, diseriminator, and af voltage 3BN6
amplifier in intercarrier television and
FM receivers employing series-con-
nected heater strings. Outline 13,
OUTLINES SECTION. Heater volts (ac’de), 3.15; amperes, 0.6; warm-up time
(average), 11 seconds. Peak heater-eathode volts, 200 max. When the heater is
positive with respect to the cathode, the de component of the heater-cathode vol-
tage must not exceed 100 volts. Except for heater and heater-cathode ratings, this
type is identical with miniature type 6BN6.

H

SHARP-CUTOFF TWIN PENTODE

Miniature type used as combined
syne separator, syne clipper, and age 3BU8
amplifier tube in television receivers
employing series-connected heater
strings. Outline 14, QOUTLINES SEC-
TION. Heater volts (ac/de), 3.15; amperes, 0.6; warm-up time {average), 11 sec-
onds. Except for heater rating, this type is identical with miniature type 6BUS.

PENTAGRID AMPLIFIER

Miniature type used as gated am-
plifier in television receivers employing
series-connected heater strings. Out- 3BY6
line 11, OUTLINES SECTION.
Heater volts (ac/de), 3.15; amperes,
0.6; warm-up time (average), 11 seconds. Except for heater rating, this type is
identical with miniature type 6BY$.

H

~
OO SEMIREMOTE-CUTOFF PENTODE

Hi2 (&2 Miniature type used in gain-con-
\ ‘ trolled video if stages of television re- 3826

FO A G3 ceivers employing series-connected

O] 'S heaterstrings, Outline 11, OUTLINES

Gl SECTION. Heater volts (ac/de), 3.15;

amperes, 0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts when
heater is negative with respect to cathode, 300 max (the de component must not
exceed 200 volts). Except for heater and heater-cathode ratings, this type is
identical with miniature type 6BZS6.

H L
OO SHARP-CUTOFF PENTODE
n(z) O Miniature type used as rf or if am-
\‘ " plifier in television receivers employing 3 CBb
K LN 63 series-connected heater strings. Out-
o 5 line 11, OUTLINES SECTION.
Gy Heater volts (ac/de), 3.15; amperes,

0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts: heater negative
with respect to cathode, 300 max; heater positive with respect to cathode, 200 max
(the de component must not exceed 100 volts). Except for heater and heater-
cathode ratings, this type is identieal with miniature type 6CB6.
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SHARP-CUTOFF PENTODE OO
Miniature typeused asrforif am-  nQ O
3 CF6 plifier in television receivers employing \ ‘
series-connected heater strings. Out-  (ZXITN O s
line 11, OUTLINES SECTION. 0 ’S
Heater volts (ac/de), 3.15; amperes, oF

0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts: heater negative
with respect to cathode, 300 max; heater positive with respect to eathode, 200 max
{the dec component must not exceed 100 volts). Except for heater and heater-
cathode ratings, this type is identical with miniature type 6CF6.

PENTAGRID AMPLIFIER

Miniature type used as gated am-

3 CS6 plifier in television receivers employing

series-connected heater strings. Out-

line 11, OUTLINES SECTION.

Heater volts (ac/de), 8.15; amperes,

0.6; warm-up time (average), 11 seconds. Except for heater rating, this type is
identical with miniature type 6CS8,

SHARP-CUTOFF PENTODE

Miniature type used as FM de-
3 DT6 teetor in television receivers employing

series-connected heater strings. Out-

line11,OUTLINES SECTION.Heater

volts (ae/de), 3.15; amperes, 0.6;
warm-up time (average), 11 seconds. Except for heater rating, this type is identical
with miniature type 6DT6.

BEAM POWER TUBE

(lass lock-in type used in output stage of
ac/de/battery portable receivers. QOutline 15,
3LF4 OUTLINES S8ECTION. Tube requires lock-in
socket. Filament veolis {de), 1.4 (parallel), 2.8
{series}; amperes, 0.1 (parallel), 0.05 (series)
For electrical characteristies, refer to glass-octal
type 3Q5-GT. Type 3LF4 is used principally
for renewal purposes.

POWER PENTODE

Miniature type used in output
304 stage of lightweight, compact, portable

battery-operated equipment. Outline
11, QUTLINES SECTION. Except
for terminal connections, types 3Q4
and 3V4 are identical. Refer to type 3V4 for ratings, typical operation, and eurves.

BEAM POWER TUBE

Glass octal type used in output

3Q5-GT stage of ac/de/battery portable re-

ceivers. Qutline 22, OUTLINES SEC-

TTON. This type may be supplied with

pin No.1 omitted. Tube requires octal

socket and may be mounted in any position. For series filament arrangement, fila-

ment 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,
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FILAMENT ARRANGEMENT Series

FILAMENT VOLTAGE (DC) . . ... peveninnnnnn 2.8
FILAMBNT CURRENT. . .0 0oviriiinancasesen 6.05

CLASS A, AMPLIFIER
Maximum Ratings: Series
PLATE VOLTAGE. .. .. i, iviiiinnnnansns 110 maz
Grip-No. 2 (scnsnn-cmn) VOLTAGE ...... 110 maoz
ToTal ZERO-SIGNAL CATHODE CURRENT, . . 6% max
*Por each 1.4-volt filament section,
Typicol Operation: Series Parallel
Plate Voltage. ... ... ..........ooiiaan. 20 110 85 90
Grid-No. 2 Voltage................. s 90 116 85 90
Grid-No. 1 Voltage............ PR ~4.5 -6.6 -5 4.5
Peak AF Grid-No. 1 Voltage. . ........... 4.5 5.1 5 4.5
Plate Current. ...l 8.0 8.5 7.0 9.6
Grid-No, 2 Current (Approx.) ..........., 1.0 1.1 0.8 1.8
Plate Hesistance (Approx.} .............. 0.08 0.11 0.07 0.08
Transeconductance...........c.vvenvauna. 2000 2000 1850 2200
Load Resistanee. .. ...........ouvevunnn. 8000 8000 9006 8060
Total Harmonic Distortion. .. ............ 8.5 8.5 5.5 6.0
Maximum-Signal Power Qutput........... 230 330 250 270
Maximum Circuit Yalves (For maximum rafed conditions):
Grid-No.1-Circuit Resistance:

For fixed-bias operation. . . .......o.ieiii i Cressesuees
For cathode-bias operation, .. ......... .o, [

POWER PENTODE

Miniature type used in output
stageof lightweight, compact, portable,
battery-operated equipment. Qutline
11, OUTLINES SECTION. Tube re-
quires miniature seven-contact socket

Parallel
1.4
0.1

Paraliel
110 mazr
110 max

12 mazx

110
110

2.2 mazx
2.2 mox

volts
ampere

volts
volts
ma

volts
volts
volts
volts
ma

ma
megohm
pmhos
ohms
per eent
mw

megohms
megohms

354

and may be mounted in any position. Types 384 and 184 are identical except for
filament arrangement. Type 884 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.

FILAMENT ARRANGEMENT Series Parallel
FILAMENT VOLTAGE (DC) . oo iinenianneeane N 2.8 1.4
FILAMENT CURRENT. . ... heebaetaeraas Ceeeaae 0,05 9.1
CLASS A; AMPLIFIER
Maximum Ratings: Series Parallel
PLATEVOLTAGE . .....0 i vnvs cninrinnnsnrassss 90 max 90 mox
GRID-NO.2 (SCREEN-GRID) VomAGE eeraeens 67.5 max 67.5 max
MAXIMUM-SIGNAL CATHODE CURRENT ......... N 6* max 12 max
Zero-S16NAL CATHODE CURRENT, .. ... PP 4.5* maz 9 max
* For each L.4-volt filament gection.
Typical Operation: Series Puarallel
Plate Voltage....... P eiaeras P - X 1 980 67.5 90
Grid-No. 2 Voltage . ....... ... .ciunn cieeuse B7.5 875 67.6 §67.5
Grid-No. 1 (Control-Grid) Voltage. ............ e =1 -7 -7 -7
Peak AF Grid-No. 1 Voltage. ............ PN q 7 k1 ki
Zero-Signal Plate Current. ................ PP 6.6 6.1 7.2 7.4
Zero-Signal Grid-No, 2 Current. .. .o, viioiranens 1.2 1.1 1.5 1.4
Plate ResiBtance, . .ovicivinncrinnincinons L. 81 01 6.1 0.1
Transconductance. PR 1856 1575
Load Resistance....... . 5000 8000
Total Harmonic Dlstortlon ...... 12 13 10 12
Maximum-Signal Power Output. ... 160 235 180 270
Maximum Cireuit Volues: (For mazimum raled conditions).
Grid-No.1-Circuit Resistance: )
For fixed-bias operation. .. ..... J e isshaaraeevaaraens 2.2 maz
For cathode-bias operation. ...... v bt s NN 2.2 max

volts
smpere

volts
volts
ma

volts
volts
volts
volts
ma

ma
megohm
amhos
ohms
per cent
mw

megohms
megehms
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TYPE 354
Epzld YOLTS DC GRID~N2Z YOLTS=67.5
- PARALLEL FILAMENT ARRANGEMENT
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PLATE VOLTS PRCM-BISTTS
POWER PENTODE
Miniature type used in output
3v4 stage of lightweight, compact, portable,

battery-operated equipment. Outline
11, OUTLINES SECTION. Tube re-
quires miniature seven-contact socket

and may be mounted in any position. Except for terminal connections, types 3V4
and 3Q4 are identical. Both feature filament mid-tap so that tubes may be used
either with a 1.4-volt battery supply or in series with other miniature tubes having
0.050-ampere filaments. For series filament arrangement, filament voltage is applied
between pins 1 and 7 and grid-No.1 voltage is referred to F—. For parallel filament
arrangement, filament voltage is applied between pin 5 and pins 1 and 7 connected
together and grid-No.l voltage is referred to Fp, the filament mid-tap.

FILAMENT ARRANGEMENT Series Parallel
FILAMENT VOLTAGE (DC). ..o vttt iiiiicinnnranenannnnnnens 2.8 1.4
FILAMBNT CURRBENT. 1l ottt vannrnrcrnrnnrnsrnnassenne 0.05 0.1
DirECT INTERELECTRODE CAPACITANCES {(ApDrox.):

Grid No. L to Plate.....ooiutt i ieniaeranas 0.2

Grid No.l to Filament, Grid No.2, and Grid No.3. .. ..... R 5.5

Plate to Filament, Grid No.2, and Grid No.3........... 8.8

CLASS A, AMPLIFIER

Maoximum Ratings: Series Parallel
PLATE VOLTAGE. ... tnveseisvnniransernencsrisnesencones 90 max 80 max
GRID-NO. 2 (SCREER-GRIDVVOLTAGE. . . vivivervvnnsnrnnens 90 max 50 max
TOTAL CATHODE CURRENT .40\ ttvereranrananrinneacnnns # max 12 max
# For each 1.4-volt filament section.
Typical Operation: Series Paraile]
Plate Voltage. ., ,,.. 90 85 90
Grid-No. 2 Voltage 90 85 90
Grid-No. 1 (Control-Grid) Voltage. ............. fereacann -4.5 -5 -4.5
Peak AF Grid-No. 1 Volbage. . oo ovvvenrivnnernnrnannann 4.5 5 4.5
Zero-Signal Plate Current 6.9 9.5
Zero-Signal Grid-No. 2 Current 1.6 2.1
Plate Resistance (Apprax 5 0.12 0.12 0.1
Transconductance, . 1975 2150
Load Resistance, ........ 10000 10000
Total Harmonic Distortion 10 7
Maximum-Signal Power Output 250 270

volts
ampere

wnd
puf
pul

volis
volts
ma

volts
volts
volts
volts

ma

megohm
pmhos
ohms
per cent
mw
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Maximum Circuit Values (For maximwm rated conditions):
Grid-No.1-Circuit Resistance:

2.2 mar megohms
2.2 maz megohms

P AVERAGE PLATE CHARACTERISTICS
Tvpe 3v4 7
Ef®h4 VOLTS DC GRID-N&2 VOLTS =90
o PARALLEL FILAMENT ARRAMNGEMENT
“
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0 40 240 120 B0 200
PLATE VOLTS P2CM~6255T2
H P
“ G SHARP-CUTOFF PENTODE
9“ (® Miniature type used as rf ampli- 4 AU 6
G) ‘ 0 fier in television receivers employing
G3 J % geries-conneeted heater strings.Outline
MO 11, OUTLINES SECTION. Heater
G volts (ac/de), 4.2; amperes, 0.45;

warm-up time (average), 11 seconds. Peak heater-cathode volts: heater negative
with respect to cathode, 300 max (the de component must not exceed 200 volts);
heater positive with respect to cathode, 200 maz (the de component must not exceed
100 volts). Execept for heater and heater-cathode ratings, this type is identical with
miniature type 6AUS.

[

MEDIUM-MU TWIN TRIODE

ST Miniature type used in direct-
(2 coupled cathode-drive rf amplifier eir- 4BC8
cuits of vhf television tuners employ-

ing series-connected heater strings.

' QOutline 12, QUTLINES SECTION.

Heater volts (ac/dc), 4.2; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BC8.

Ky

BEAM TUBE

Miniature type used as combined
limiter, diseriminator, and audio-volt- 4BN6
age amplifier in intercarrier television
and FM receivers employing series-
connected heater strings. Outline 13,
OUTLINES SECTION. Heater volts (ac/de), 4.2; amperes, 0.45; warm-up time
(average), 11 seconds. Peak heater-cathode volts, 200 maz. When the heater is
positive with respeet to the eathode, the de component of the heater-cathode voltage
must not exceed 100 volts. Except for heater and heater-cathode ratings, this type
is identical with miniature type 6BNS.
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MEDIUM-MU TWIN TRIODE

Miniature type used in direct- 72

4BQ7_ A coupled cathode-drive rf amplifier cir-

cuits of vhi television tuners employ-

ing series-connected heater strings.

Outline 12, OUTLINES SECTION.

Heater volts (ac/dc), 4.2; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BQ7-A.

P72 is

MEDIUM-MU TWIN TRIODE

Miniature type used in direct-

4B58 coupled cathode-drive rf amplifier cir-

cuits of vhf television tuners employ-

ing series-connected heater strings.

Outline 12, OUTLINES SECTION.

Heater volts (ac/de), 4.5; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BS8.

SHARP-CUTOFF TWIN PENTODE

Miniature type used as combined

4BU8 syne separator, sync clipper, and age

amplifier tube in television receivers

employing series-connected heater

strings. Outline 14, OUTLINES SEC-

TION. Heater volts (ac/dc), 4.2; amperes, 0.45; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BUS.

H P
SEMIREMOTE-CUTOFF PENTODE OO

Miniature type used in gain-con- v (&c2
4826 trolled video if stages of television re- t ‘
ceivers employing series-connected K N c N
heater strings. Outline 11, OUTLINES 0 15
SECTION. Heater volts (ac/de), 4.2; G
amperes, 0.45; warm-up time (average), 11 seconds. Except for heater rating, this
type is identical with miniature type 6BZ6.

MEDIUM-MU TWIN TRIODE

Miniature type used in direct- X7z
4BZ7 coupled cathode-drive rf amplifier cir-
cuits of vhf television tuners employ- GTZ
ing series-connected heater strings.
Outline 12, OUTLINES SECTION.
Heater volts (ac/de), 4.2; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BZ7.

H [
SHARP-CUTOFF PENTODE (>
Miniature type used as if and as (3 OFL
4C86 rf amplifier in television receivers em- t ‘
ploying series-connected heaterstrings.  ,GXIIA | g,
s
&

Outline 11, OUTLINES SECTION.

Heater volts (ac/de), 4.2; amperes,
0.45; warm-up time (average), 11 seconds. Except for heater rating, this type is
identical with miniature type 6CBS6.
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SHARP-CUTOFF PENTODE

Miniature type used as FM de-
tector in television receivers employing
series-connected heater strings. Qutline 4 DT6
11, OUTLINES SECTION. Heater
volts (ac/de), 4.2; amperes, 0.45;
warm-up time (average), 11 seconds. Except for heater rating, this type is identieal
with miniature type 6DT6.

DIODE—SHARP-CUTOFF
PENTODE

Miniature type used in diversified
applications in television receivers em- 5AM8
ploying series-connected heater strings.

The pentode unit is used as an ampli-

fier and the high-perveance diode as a

detector or dc restorer. Qutline 12, OUTLINES SECTION. Heater volts (ac/de),
4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating,
this type is identical with miniature type 6AMS.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a wide
variety of applications in television re- 5 AN 8
ceivers employing series-connected
heater strings. The pentode unit is used
as an amplifier and the triode unit is
used in oscillator or synec circuits. Qutline 12, OUTLINES SECTION. Heater volts
(ac/de), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater
rating, this type is identical with miniature type 6ANS.

BEAM POWER TUBE

Miniature type used as audio am-
plifier in television receivers employing SAQ 5
series-connected heater strings. Out-
line 13, OUTLINES SECTION.
Heater volts (ac/dc), 4.7; amperes, 0.6;
warm-up time (average), 11 seconds. Except for heater rating, this type is
identical with miniature type 6AQ5-A.

pr \© FULL-WAVE VACUUM RECTIFIER
NC PO, Glass octal types used in power
= supply of television receivers having 5AS54
high de requirements. Outlines 48 and
i “ne¢ 38, respectively, OUTLINES SEC- 5AS4-A
DREC TION. Type 5A84-A may be supplied
NC £

with pins 3, 5, and 7 omitted. Tubes

require octal socket. Vertical mounting is preferred, but horizontal mounting is
permissible if pins 1 and 4 are in vertical plane. It is especially important that these
tubes, like other power-handling tubes, be adequately ventilated. Heater volts (ae),
5.0; amperes, 3.0. For maximum ratings, typical operation, and curves, refer to type
5U4-GB. Type 5A84 is a DISCONTINUED type listed for reference only.
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DIODE - SHARP-CUTOFF
PENTODE

5 A 58 Miniature type used in diversified

applications in television receivers em-

ploying series-connected heater strings.

The pentode unit is used as an ampli~

fier and the high-perveance diode as a

detector or de restorer. Outline 12, OUTLINES SECTION. Heater volts (ac/dc),

4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating,
this type is identical with miniature type 6AS8.

TRIODE—PENTODE CONVERTER

Miniature type used as combined

5 AT8 oscillator and mixer tube in television

receivers employing series-connected

heater strings. Outline 12, OUTLINES

SECTION. Heater volts (ac/de), 4.7;

amperes, 0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts, 200

max. When the heater is positive with respect to the cathode, the de component of

the heater-cathode voltage must not exceed 100 volts. Except for heater and heater-
cathode ratings, this type is identical with miniature type 6ATS.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a wide

5 AV8 variety of applieations in television re-

ceivers employing series-eonnected

heater strings. Outline 12, OUTLINES

SECTION. Heater volts (ac/de), 4.7;

amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating and
basing arrangement, this type is identical with miniature type 6ANS.

FULL-WAVE VACUUM RECTIFIER

Lock-in type used in power supply of radio
5 AZ4 equipment having moderate de requirements.
Outline 20, QOUTLINES SECTION. Tube re-
quires lock-in soeket. Filament volts, 5; am-
peres, 2. For maximum ratings, typical opera-
tion,and curves, refer toglass-octal type5Y3-GT.
Type 5AZ4 i3 used principally for renewal pur«
poses,

MEDIUM-MU TRIODE.
SHARP-CUTOFF PENTODE

Miniature type used as combined
SB 8 vhf oscillator and mixer in television
receivers employing series-connected
heater strings. Outline 12, OUTLINES
SECTION. Tube requires miniature
nine-contact socket and may be
mounted in any position.

HEATER VOLTAGE (AC/DC)uvrisevssrsnanenacensconnn bersssavsronnurrans 4.7 volts
HpaTER CURRENT 0.6 ampere
Heater Warm-Up TIME (Average) 11 seconds




Technical Data
CLASS A, AMPLIFIER

. Triode Pentode
Characteristics: Unit nit
Plate Supply Voltage wee 200 200 voltg
Grid-No.2 Supply Voltage . - 150 volts
Grid Voltage. .., ,... . -6 - volts
Cathode-Bias Resisto - 180 ohms
Amplification Factor ., 19 -
Plate Resistance (Appro 5750 300000 ohms
Transconductance, . ... . 3300 6200 umhos
Plate Current,......... el 13 25 ma
Grid-No.2 Current. ... ... ... . . i - 2.8 ma
Grid-No.1 Voltage (Approx.} for plate current of 10 pa. ... .. ~19 -8 volts
CONVERTER SERVICE
R . Triode Pentode

Maximum Ratings: Unii Unit
PLATE VOLTAGE . . L ..o it ce i eraanns 300 max 300 max volts
GRID-No.2 (SCREEN-GRID) SUPPLY VOLTAGE, . - 300 mazx volts
GRID-N0.2 VOLTAGE. . ... . i - See curve page 69
GRID-No.1 {CONTROL-GRID) VOLTAGE, Positive bias vatue. ., .. 0 max 0 maz volts
PLATE THSSIPATION . L ..ottt vt v riraeinn s 2.5 mox 2 moazx watts
Grip No.2 Inrur:

For grid-No.2 voltagesup to 150 volts. . . .... ... ........ - 0.5 maxr watt

For grid-No.2 voltages between 150 and 8300 volts. .. ..., .. - See curve page 69
Peax HEATER-CATHODE VOLTAGE:

Heater negative with reapect to cathode o ... 200 max 200 max volts

Heater positive with respect to cathode. . ......... .. 200%mazx 200%max volts
Maximum Cirevit Values:
Grid-No.1-Circunit Resistance*:

For fixed-bias operation. . . ....... ... i 0.5 max 0.25 maxr megohm

For cathode-bias operation..... . .........oiiiiiiiarone 1.0 maz 1.0 maxr megohm

® The de component must not exceed 100 volts.

* If either unit is operated at maximum rated conditions, grid-No.l-circuit resistance for both units
should not exceed the stated values,

T MEDIUM-MU TWIN TRIODE

£ Miniature type used in direct-
2 coupled cathode-drive rf amplifier cir- 5 BK7—A
cuits of vhi television tuners utilizing
! series-connected heater strings, Out-
S line 12, OUTLINES SECTION.
Heater volts {(ae/de), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except
for heater rating, this type is identical with miniature types 6BK7-A and 6BK7-B.

X
4

MEDIUM-MU TWIN TRIODE
Miniature type used in direct-

coupled cathode-drive rf amplifier eir- -
cuits of vhi television tuners employ- SBQ7 A
ing series-connected heater strings.

Outline 12, OUTLINES SECTION.:

Heater volts (ae/de), 5.6; amperes, 0.45; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BQ7-A.

PP MEDIUM-MU TRIODE—
Gap SHARP-CUTOFF PENTODE

Miniature type used in a wide
%39 variety of applications in color and 5 BR8
black-and-white television receivers
GT Gip employing series-connected heater
strings. Outline 12, OUTLINES SEC-
TION. Heater volts (ac/de), 4.7; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BRS.
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TWIN DIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a variety
of applications in television receivers
employing series-connected heater
strings. The pentode unit is used as an
if amplifier, video amplifier, agc ampli-

e. The diode unit is used in automatie-frequency-control and

detector circuits. Outline 12, OUTLINES SECTION. Tube requires miniature
nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC)
HBATER CURRENT. .. ..

Maoaximum Ratings:

PLATE VOLTAGE . . . . ...

.......................................... 4.7 volts

.............................................. 0.6 ampere

WABM-UP TIME (AVEI2ZO) « o oottt it iiecie e v aaraans 11 seconds
PENTODE URNIT AS CLASS A, AMPLIFIER

................ 300 max volts

300 max volts

GRID-N0.2 (S8CREEN-GRID) SUPPLY VOLTAGE
GRID-N©.2 VOLTAGE . . . .

................................ See curve page 69

GRID-NO.1 {CONTROL-GRID) VOLTAGHE, Positive bias valu 0 max volts
Grip-No.2 Input:

For grid-No.2 veltagesup to 150 volts. ... ... ..., .. ... coivieneinnan 0.5 max watt

For grid-No.2 voltages between 150 and 800 volts. . ... ... ...t See curve page 69
PrLATE DISSIPATION . . .. . . it i s i 2 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode., . ... ... ........ ... cou.nn 200 max volts

Heater positive with respect tocathode. ... . ... iivv i ininnnnena, 200™max volis
Characteristics:
Plate Supply Voltage . ... .. ittt it e erien e i 200 volts
Grid-No.2 Supply Voltage. . .. ... ..o vttt 150 volts
Cathode-Bias ReSISLOT. . ... ... it ciiiriainos ot iriaarenans 180 ohms
Plate Registunce (ApproX.). . .. ..., .ovrnran.ns e e e 0.8 megohm
Transeonduetiunee. . .. .. e e e e e e 6200 umhos
Plate Current. . ... .. it 9.5 ma
Grid-No.2 Current. .. .. ... i 2.8 ma
Grid-No.1 Voltage (Approx.) for plate current of 10 pa ~8 volts
Maoximum Ratings: DIODE UNITS
Prate CUrnieNT (Bach Unit). ... .. . . i i 1 mazx ma
Prax HeaTER-CATRODE VOLTAGE:

Heater negative with respect toecathode. . . . . ... .. ... ... .......... . 200 max volts

Heater positive with respeet tocathode. ... .. ... .. ... .. ... .. ... 200%na,c volts

B The de component must not exceed 100 volts.

5CG8

TRIODE-PENTODE CONVERTER

Miniature type used as combined
oscillator and mixer tube in television
receivers employing series-connected
heater strings, Outline 12, OUTLINES
SECTION. Heater volts (ac/de), 4.7;

amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating, this
type is identical with miniature type 6CG8.

5CL8
5CL8-A

MEDIUM-MU TRIODE—
SHARP-CUTOFF TETRODE

vhf oscillator and mixer in television
receivers employing series-connected
heater strings. Outline 12, OUTLINES
SECTION. Heater volts (ac/de), 4.7;

amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating, these
types are identical with miniature types 6CL8 and 6CL8-A. Type 5CL8 is 2 DIS-
CONTINUED type listed for reference only.
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MEDIUM-MU TRIODE—
SHARP-CUTOFF TETRODE

Miniature type used in a wide
variety of applications in color and
black-and-white television receivers
employing series-connected heater
strings. The tetrode unit is used as a

5CQ8

mixer or amplifier and the triode unit is used in oscillator and rf amplifier circuits.
Outline 12, OUTLINES SECTION. Heater volts {ac/dc), 4.7; amperes, 0.§; warm-
up time (average), 11 seconds. Exeept for heater rating, this type is identical with

miniature type 6CQ8.

BEAM POWER TUBE

G‘ ol Miniature type used as vertical
oo Sor deﬁec‘cior} amplif_ie?r and as at}dio out-
Wt put tube in television and radio receiv-
ers employing series-connected heater

strings. Qutline 18, QUTLINES SEC-

Gz [4

5CZ5

TION. Heater volts (ac/de), 4.7; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6CZ5.

MEDIUM-MU TWIN TRIODE

Miniature type used as combined
rf power araplifier and oscillatorin tele-
vision receivers employing series-con-
nected heaterstrings. Qutline 11, OUT-
LINES SECTION. Heater volts

5J6

(ac/dc),4.7; amperes, 0.6; warm-up time (average), 11 seconds. Peak heater-cathode
volts, 200 max. When the heater is positive with respect o the cathode, the dc
component of the heater-cathode voltage must not exceed 100 volts. Except for
heater and heater-cathode ratings; this type is identical with miniature type 6J6.

FULL-WAVE VACUUM RECTIFIER

” . Metal type used in power supply of radin

- equipment having large de requirements. Out-

A line 7, OUTLINES SECTION. Tube requires

octal socket. Vertical tube mounting is pre-

ferred but horizontal mounting ig permissible if

. ping 2 and 8 are in vertical plane. Filament

volts (ac), 5.0; amperes, 2.0. Maximum ratings

& as full-wave rectifier: peak inverse plate volts,

1560 maz; peak plate ma., 875 max; de output

ma., 225 maz. This type is used prineipally {or
renewal purposes.

Typical Operation:

Filter Input Capocitor
AC Plate-to-Plate Supply Voltage (rms) .. ....ovvvvveirranren. 906
Filter-Input Capacitor. .. ... ... .. ... oiiviiiaiieaeinn., 4
Total Effective Plate-Supply Impedance Per Platet ............ 160

Filter-Input Choke. ... ..ot it iincr e aeiannns
DC Output Current

225
DC Output Voltage at Input to Filter (Approx.):
At half-load current (1125 Ma) ... ovvirveiueennranneann.s 53¢
At full-load current (225 M8.) . .iovviiie i 480
Voltage Regulation (Approx.):
Hali-load to full-load current. . ... .......covuviieeainn. .. 5@

5T4

- Choke

1100

10
225

465
450

15

volts
i
ohms
henries
ma

volts
volts

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.
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TRIPLE DIODE—HIGH-MU TRIODE e

Miniature type used as combined ®oz
5T8 AM detector, FM detector, and af *°
voltage amplifier in radio and tele-
vision receivers employing series-con- ™2
nected heater strings. Outline 12,  ro3 PT
OUTLINES SECTION. Heater volts (ac/de), 4.7; amperes, 0.6; warm-up time
(average), 11 seconds. Peak heater-cathode volts, 200 max. When the heater is
positive with respect to the cathode, the de component of the heater-cathode voltage
must not exceed 100 volts. Except for heater and heater-cathode ratings, this type
is identical with miniature type 67T8.

PD2

FULL-WAVE VACUUM RECTIFIER -
5U4"'G Glass octal types used in power (&
supplies of radio and television receiv- G)
5U4_GB ershaving high derequirements. 5U4-G " N\7\
Outline 50, 5U4-GB Outline 44, OUT- OMO
LINES SECTION. Tubes require oc- e F
tal socket. Vertical mounting is preferred but horizontal mounting is permissible
if pins 1 and 4 are in vertical plane. The coated filament is designed to operate from
the ae line through a step-down transformer. The voltage at the filament terminals
should be 5.0 volts at an average line voltage of 117 volts, It is especially important
that thése tubes, like other power-handling tubes, be adequately ventilated. For
discussion of Rating Chart and Operation Characteristics, refer to INTERPRE-
TATION OF TUBE DATA. Maximum ratings for type 5U4-G as full-wave
rectifier: peak inverse plate volts, 1550 maz~peak plate ma. per plate, 675 max.
Type 5U4-G is used principally for renewal purposes. :

FILAMENT VOLTAGE (AC)

volts
FILAMENT CURRENT

.................................................. . amperes

Maximum Ratings:
PEAK INVERSE PLATE VOLTAGE. .. . vttt i iiie et innsancns 1550 mazx volts
PeAX Prate CURRENT PER PLATE

..................................... 1.0 maz ampere
Hor-8wrrcHiNG TRANSIENT PLATE CuRRENT PER PLATE. .. ...............
AC PLATE SUPPLY VOLTAGE (RM8) PER PLATE. .. ....... ... . ... ..., See Rating Chart
D73 OureuT CURRENT (BMS) PER PLATB. ... ... ot ceia e cinens See Rating Chart
Typical Operation of SU4-GB with Capacitor Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)....,........ 600 500 1100 volts
Filter-Input Capaeitor®. . ... ... ... ciiiinaan. 40 40 40 uf
Effective Plate-Supply Impedance per Plate. . .. ..... 21 87 97 ohms
DC Output Voltage at Input to Filter (Approx.):
{ 160ma.............. 385 - - volts
At half-load current of 4 187.5ma.............. - 520 - volts
{ SIma...ooveennnins - - A80 volts
{ 800ma.............. 290 - - volts
At full-load eurrent of - 27 ma. . o - 460 - volts
{ 162ma.............. - - 630 volts
Voltage Regulation (Approx.):
Half-load to full-load current................... 45 60 50 volts
Typical Operation of 5U4-GB with Choke Input to Filter:
AC Plate-to-Plate Supply Voltage (rms). . .......... ..ot 900 1130 volts
Filter-Input Choke. . .. ..ot iiceiiii i 10 10 henries
DC Output Veltage at Input to Filter (Appr
At hati-load current of ; 8583 155 :;g{t:
At full-toad current of | 340 410 volts

Voltage Regulation (Approx.):
Half<toad to full-load current. ... ... ... ..o iviiennnronn 15 15 volts

#1If hot switching is regularly required in operation, the use of choke-input circuits is recommended.
Such cireuits limit the hot-switching current to a value no higher than that of the peak plate current,
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When capacitor-input circuits are used, a maximum peak current value per plate of 4.6 amper: i
the initial cycles of the hot-switching transient should not be exceeded. peres during

“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 peak plate current.

RATING CHART
T T T —1 T
TYPE 5U4-GB E4=5.0 VOLTS AC

7] CAPACITOR OR CHOKE INPUT
4 CROKE INPUT ONLY

200 ’ '
MAX. QP NG Vi
175p -
A Wiy Ax o 8
Cap, f’@"wc
150 { 4 WptALLE %
24 !
B AL AR PRETRY AR
[4 S

N
o

¥3lNd OL 1nd

~
w

DC QUTPUT MILLIAMPERES PER PLATE
3
©

-

0 100 2 300 400 500 600
AC PLATE SUPPLY VOLTS (RMS) PER PLATE
92CM -8450T
OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
FULL-WAVE CIRCUIT, CAPACITOR INPUT TO FILTER FULL-WAVE CIRCUIT, CHOKE INPUT TO FILTER
OSSR B S e S ——T— —T T
TYPE 5U4-GB TYPE 5U4-GB
E£=50 VOLTS AC E£=50VOLTS AC  SUPPLY FREQUENCY=60CPS
- SUPPLY FREQUENCY = 60 CPS L | SOLID-LINE CURVES=CHOKES OF INFINITE
CAPACITOR (O INPUT TO FILTER: 40 UF UCTANCE
TOTAL EFFECTIVE PLATE-SUPPLY IMPEDANCE LONG-DASH LINES=BOUNDARY LINES FOR
i gy 7 " SHORT-DASH CURVES:REGULATION. CURWES |
CURVE|1 2 3 4 5 6 7 8 - 7
| OHMS TIF 11 20 36 52 67 82 o7 fOR REPRESENTATIVE
CURRENT-AND ~VOLTAGE BOUNDARY LINE ‘DEA’= | [ CURRENT-AND-VOLTAGE BOUNDARY LINE 'CBA
SEE RATING CHART i 1S THE SAME AS SHOWN ON RATING CHART
= ! | Il —
& [ ST
: AS_SHOWN %
eace 800 |
«
W
B 5
= K ) c W
e 2. T~ (<] N
0600 T AN
s 0y S PN <
N
§ QQ; N~ . 2 W \} h ~§
4350 —— . = A
z %\\L\\: AN == c
Za P LT 3 = acolWle I
P Lhearg 1\ rd “20.YOLTS RMS PER PLATE
] \ 5 [ CATED"
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> ] 3 350; P
| _— -
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a
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TRIODE-PENTODE CONVERTER

Miniature type used as combinedszp
5U 8 oscillator and mixer tube in AM/FM
receivers and television receivers em-
ploying series-connected heaterstrings.
QOutline 12, OUTLINES SECTION.

Heater volts (ac/de), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except

for heater rating, this type is identical with miniature type 6US-A.
P02

5V4 G FULL-WAVE VACUUM RECTIFIER
Glass octal types used in full-wave

5v 4 G A power supplies having high dc require-
~ ments, Qutlines 42 and 31, respec-

. tively, OUTLINES SECTION. Tubes
require octal socket and may be

mounted in any position. The heater is designed to operate from the ac line through
a step-down transformer. The voltage at the heater terminals should be 5.0 volts
under operating conditions at an average line voltage of 117 volts. It is especially
important that these tubes, like other power-handling tubes, be adequately ven-

tilated, Type 5V4-G is used prineipally for renewal purposes.

HEATER VOLTAGE (AC/DC)

............................................ 5.0
HEATER CURRBNT. . ... ittt o i aeaa 2.0
FULL-WAVE RECTIFIER

Maximum Rotings:
PEAK INVERSE PLATE VOLTAGE. . ... .., ..t iieaeaasreiininaannsn. 1400 mazx
AC PLATE-SUPPLY VOLTAGE PER PLATE (RMS):

With eapacitor-input filter. ... ... L i 875 max

With choke-input filter. . . ... ... ... ..cvivraariereineenns Ceeeas 500 max
PEAK PLATE CURRENT PER PLATE. . ... 0 iiiinireininiineininrnnn... 525 mazx
DO OUTPUT CURRBENT .. ., o\ttt e e is ceeannenanararereenannns 176 mazx
Typical Operation:

Filter Input Choke
AC Plate-to-Plate Supply Voltage (rma). . . . 1000
Pilter-Input Capacitor. . ..................... -
Total Effective Plate-Supply Impeda: Per Plat .. -
Filter-Input Choke. . ... . . ... . . . .. .. iarenrinns - 4
DC Output Voltage at Input to Filter (Apprex.) for de output

current of 178 ma. ., ... i e 410 410

OPERATION CHARACTERISTICS

¥ * ) ¥
TYPE HVA-G |
E£25.0 VOLTS
- CHOKE(L}INPUT TO FILTERD
£ =4 HENRIES [ MIN.}
APACITOR [C}INFUT TO FILTER! |
- TOT EFFECT. PLATE - SUPPLY
@ MPEDANCE FER PLATE =
W + 100 OHMS
2 254,
o 500 P
A,
2 25007 3N £r PLate
. g s o ey 8
5400 %] =
g Q0p T a5y
- e To .7 2y
- Erapen =
< 300 S e
i 209, 4
5 = =t
[<] | |
2 200 :
S |
3
a
E 100
[+
%]
=3
[ 50 {00 150 200

DC LOAD MILLIAMPERES
S2CM~6090R

112

volts
ampere

volts
volts
volts

ma
ma

volts
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volts
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BEAM POWER TUBE

Glass octal type used as output
amplifier in television receivers em-
ploying series-connected heater strings. 5 V6—GT
Qutline 22, OUTLINES SECTION.
This type may be supplied with pin
No.1 omxtted Heater volts (ac/de), 4.7; amperes, 0.6; warm-up time (average), 11
seconds. Except for heater rating, this typeis identical with glass octal type 6V6-GT.

Poz FULL-WAVE VACUUM RECTIFIER

Meta ltype 5W4 and glass-octal type 5W4-
GT are used in power supply of radic equipment

having low de requirements. Outlines 6 and 25, 5w4
respectively, OUTLINES SECTION. Both

types require octal socket. Filament volts (ac),

5.0; amperes, 1.5. Maximum ratings: peak in- 5W4-GT

verse plate volts, 1400 maz; peak plate ma., 300
max; d¢ output ma., 100 max. These are DIS-
CONTINUED types listed for reference only.

5:5W4
NC:5W4~GT

FULL-WAVE VACUUM RECTIFIER
Glass octal type used in power supply of
radio equipment baving large de requirements. 5x4_G
Outline 50, OUTLINES SECTION. Filament
volts, 5.0; amperes, 3.0. Except {for basing ar-
rangement, this type i3 identical with type

BU4-G. Type 5X4-G is used principally for
renewal purposes,

TRIODE-PENTODE CONVERTER

Miniature type used as combined
oscillator and mixer in AM/FM re- 5X8
ceivers and television receivers em-

ploying series-connected heater strings.

QOutline 12, OUTLINES SECTION.

Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Peak
heater-cathode volts, 200 max. When the heater is positive with respect to the
cathode, the de component of the heater-cathode voliage must not exceed 100 volts,
Except for heater and heater-cathode ratings, this type is identical with miniature
type 6X8&.

FULL-WAVE VACUUM RECTIFIER

Glass octal types used in power 5Y3-G
supply of radic equipment having mod- ’
erate de requirements. Type 5Y3-G, 5Y3_GT
ORIO Qutline 42; type 5Y3-GT, Outline 25,
NE F OUTLINESSECTION.Tubesrequire
octal socket. Vertical tube mounting is preferred, but horizontal operation is per-
raissible if pins 2 and 8 are in horizontal plane. It is especially important that these
tubes, like other power-handling tubes, be adequately ventilated. Type 5Y3-G is
a DISCONTINUED type listed for reference only. For discussion of Rating Chart
and Operation Characteristics, refer to INTERPRETATION OF TUBE DATA.

FrLamexT VOLTAGE {(AC) 5.0 volte
FILAMENT CURRENT, 00 v vrrurnarnnns 2.0 amperes
Maximum Ratings:
PEAK INVERSE PLATE VOLTAGE. ., 1 ovviutrsicninsunranvscisvinnanss 1400 max volts
PEAK PLATE CURRENT (Per Plate) . . ... ... v iiiineiiaiiniiiiinnns 440 max ma
Hor-SwrtcHiNG TRANSIENT PLATE CURRENT

For duration of 0.2 second maximum........ . 2.5 max amperes
AC PLATE SUPPLY VOLTAGE (Per Plate, rms). . ... . See Rating Chart

Dc gutpuT CUrreNT (Per Plate, rms) See Raling Chart
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Typical Operation with Capacitor! nput to Filter:
AC Plate-to-Plate Supply Voltage (rms) ......... 700

1000 volts
Filter Input Capacitor*. ...oceviiianeeeeaninnns 20 10 uf
Effective Plate-Supply Impedance (Per Plate) 50 140 ohms
DC Output Voltage at Input o Filter Approx)
At half-load current { 62,88, « o vovies v asnin vomessnss 890 - volts
of 42ma ....l0000 . SO 610 volts
At full-load current of { 125 ma ....... = volts
84ma ....... 560 volts
RATING CHART
T 1 T T T
TYPE 5Y3-GT €,=50 VOLTS AC L
|_ #7917 CAPACITOR OR CHOKE INPUT
. B CHOKE INPUT ONLY |
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Voltage Regulation (Approx.}:

Half-load to full-load current, . ... ooivvens 40 50 volts
Typical Operation with Choke Input to Filter:

AC Plate-to-Plate Supply Voltage (rms)......... 700 1000 volts

Filter Input Choke. . .....coiiir i iinann 104 104 # henries
DC Output Voltage at Input to Filter (Approx.): . |

TEMB . .oiiiiiiee i 70 - volts

At half-load eurrent of { g, g8 oo - 405 volts

- IB0ma ...t 245 - volts

At full-load current of { I25 M8 .t vniiiiiiniieiiasiaoann - 380 volts

Voltage Regulation (Approx.):
Half-load to full-load current. .. ......0uur.s 25 15 voits

* 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-switehing transient plate
current.

£ This value iz 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 tothe 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.

NC PD}

FULL-WAVE VACUUM RECTIFIER

Glass octal types used in power 5Y4-G

supplies of radio equipment having

moderate de requirements. 5Y4-G 5Y4_GT
(5 Qutline 42, 5Y4-GT Outline 25,

Ne 4 OUTLINES SECTION. Tubes re-

quire octal socket. Type 5Y4-GT is supplied with pins No.4 and No.6 missing.
Vertical tube mounting is preferred, but horizontal operation is permissible if pins
No.2 and No.7 are in horizontal plane. Filament volts (ac), 5.0; amperes, 2.0. For
maximum ratings, typical operation, and curves, refer to type 5Y3-GT. It is
especially important that thesetubes, like other power-handling tubes, be adequately
ventilated. Type 5Y4-G is a DISCONTINUED type listed for reference only.

Pos - FULL-WAVE VACUUM RECTIFIER

2 (3) Glass type used in power supply of radio
equipment having large de requirements. Qut-
line 51, OUTLINES SECTION. Tube requires sz 3
four-contact socket. Vertieal mounting is pre-
* ferred but horizontal mounting js permissible if
o pins 1 and 4 are in horizontal plane. Filament
¥ F volts {ac), 5.0; amperes, 3.0. For maximum
ratings, refer to type 5U4-G, Type 5Z3 is used
prineipally for renewal purposes.

FULL-WAVE VACUUM RECTIFIER

Metal type used in power supply
of radio equipment having moderate 52 4
de requirements. Outline 6, OUT-
LINES SECTION. Tube requires
octal socket and may be mounted in
any position. Heater volts (ac), 5.0; amperes, 2.0. Maximum ratings: peak inverse
plate volts, 1400 maz; peak plate ma. per plate, 375 max. Typical operation as full-
wave rectifier with eapacitor-input filter: ac plate-to-plate supply volts (rms), 700;
total effective plate-supply impedance per plate, 50 ohms; de output ma., 125.
Typical operation with choke-input filter: ac plate-to-plate supply volts, 1000;
minimum filter-input choke, 5 henries; de output ma., 125.
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6A3

6A4 /LA

6A6

6A7
6A7S
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POWER TRIODE

[ G

Glass type used in output stage of radio re- e o
ceivers. Outline 51, OUTLINES SECTION.
Tube requires four-contact socket. Filament
volts (ac/dc), 6.3; amperes, 1.0. This type is
identical electrically with type 6B4-G. Type 6A3 o‘c
is a DISCONTINUED type listed for reference 3
only.

POWER PENTODE

Glass type used in output stage of auto-
mobile receivers. Outline 43, OUTLINES SEC-
TION. Tube requires five-contact socket. Fila-
ment volts (ac/de), 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, 2200 pmhos; 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 reccivers 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 43,
OUTLINES SECTION. Tube requires medium
seven-contact (0.835-inch, pin-circle diameter)
socket. Filament volts (ac/dc), 6.3; amperes,
0.8. This type is electrically identical with type
6N7. Type 6A6 is 2 DISCONTINUED type
listed for reference only.

PENTAGRID CONVERTER

Glass types used in superheterodyne cir-
cuits. Outline 40, OUTLINES SECTION.
These types require the small seven-contact
(0.75-inch, pin-circle diameter) socket. Except
for intereleetrode capacitances, the A7 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 ty pes are usually not directly interchangeable. Type 6A7is used principally {or renewal purposes.

6A8
6A8-G
6A8-GT

PENTAGRID CONVERTER .

Metal type 6 A8 and glass octal types 6A8-G
and 6A8-GT used in superheterodyne circuits. P G2
6A8 Outline 4, 6A8-G Outline 39, 6A8-GT
Outline 23, OUTLINES SECTION. Tubes re-
quire octal socket. Heater volts (ac/dc), 6.3;
amperes, 0.3. Maximum ratings: plate, grids-
No.3-and-No.6-supply, and grid-No.2-supply $:6A8
volts, 300 mar; grids-No.3-and-No.5 (screen- g% 2ﬁg:gy
grid) volts, 100 max; grid-No.2 (anode-grid)

volts, 200 mazx; grid-No.4 (control-grid) volts, 0 max; plate dissipation, 1 max watt; grids-No.3-and-
No.5 input, 0.3 max watt; grid-No.2 input, 0.75 moz watt; total cathode ma., 14 max; peak heater-
cathode volts, 90 max. These types are used principally for renewal purposes.

Characteristics: CONVERTER SERVICE
Plate Voltage. .. . ... .. ... . i i 100 250 volts
Grids-No. 3-and-No. 5 Voltage . ................coiuiiinns. 50 100 volts
Grid-No. 2 Voltage. .. ...ttt ittt i e iaanns 100 - volts
Grid-No. 2 Supply Voltage. ..................... PPN - 250% volts
Grid-No.4 Voltage. . . ..................... . -1.5 -3 volts
Grid-No. 1 (Oscillator-Grid) Resistor. . 50000 50000 ohms
Plate Resistance (Approx.). .. 0.6 0.36 megohm
Conversion Transconductance 360 550 umhos
Conversion Transconductance (Approx.) w .

of —20 volts. . ... e 3 - pmhos
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Conversion Transccnductance {Approx.) with grid-No.4 voltage
of -35 volts.
Plate Current.
Grids-No. 3-and-No.
Grid-No. 2 Current. . .,
f}rid»No. 1 Current

6 amh
3.5 s
2.7 e

4 ma
0.4 i

10.6 ma

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

bypassed by §.1-u4f capacitor,

HIGH-MU TRIODE

Miniature type used as cathode-
drive amplifier, frequency converter,
or oscillator at frequencies up to about
300 megacycles per second particularly
in television and FM receivers. Outline

11, OUTLINES SECTION. Tube requires miniature seven-contact socket and may
be mounted in any position. Heater volts (ac/de¢), 6.3; amperes, 0.15. For maximum
ratings, characteristics, and curves, refer to type 12AT7.

ical operation:

ELECTRON-RAY TUBE

Glass type used to indicate visually by
means of & fluorescent target the effects of a
change in a controlling voltage. Tt is used 2s a
convenient means of indicating accurate radio-
receiver tuning. Qutline 34, OUTLINES SEC-
TION. Tube requires six-contact sncket. For
heater and cathode considerations, refer to type
6AVS, Heater volts (ac/de), 6.3; amperes, 0.15.
Ratings: plate-supply volts, 180 maxr; target
volts, 180 mex, 125 min. This type is used
principally for renewal purposes.

REMOTE-CUTOFF PENTODE

Metal type used in of and if stages of pie-
ture amplifier of televigion receivers particularly
those employing automatic-gain control. Out-
line 83, QUTLINES SECTION, Tube requires
octal socket. Heater volts (ac/de), 6.8; amperes,
0,45, Maximum ratings as class A: amplifier:
plate and grid-No. 2 supply velts, 300 max;
grid-No.2 volts, 200 max; plate dissipation, 3.75
max watts; grid-No.2 input, 0.7 max watt, Typ-

6AB5/
6N5

6AB7

plate and grid-No.2 supply volts, 300; grid-No.8 volts, 0; grid-No.2 series

resistor, 30000 ohme; grid-No.1 voits, ~8; plate resistance {(approx.}, 0.7 megohm; transconductance,
5000 pmhos; grid-No.1 volts for transconductance of 50 gmhos, ~15; plate ma., 12.5; grid-No.2 ma., 3.2.
This type is used principally for renewal purposes.

HIGH-MU POWER TRIODE

Glags octal type used in sgingle-ended or
push-pull audio-frequency power amplifiers of
the direct~coupled type in which a driver tube
develops positive grid bias for the 6AC5E-GT
output stage. Outline 22, OUTLINES SEC-
TION, This type may be supplied with pin No.
1 omitted. Tube requires octal socket. Heater

6ACS5-GT

volts (ac/de), 6.3; amperes, 0.4. Maximum ratings: plate volts, 250 max; peak plate ma. (per tube)
110 max; average plate dissipation, 10 mar watts, This type is used principally for renewal purposes.

SHARP-CUTOFF PENTODE

Metal type used in rf and if stages
of pieture amplifier and the first stages
of the video amplifier of television re-
ceivers. It is also used as a mixer or
oscillator tube in low-frequency apph—

6AC7

camons Outhne 3, OUTLINES SECTION. Tube requires octal socket. When tube
is used as a high-gain audio amplifier, heater should be operated from a battery

sourcee.
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HEATER VOLTAGE (AC/DC)
HEATER CURRENT. ,

Maoximum Ratings:
PLATE VOLTAGE. ... .. ittt it ittt ininaenrann
GRID-NO.2 (SCREEN-GRID) VOLTAGE
GRID-NO.2 SuPPLY VOLTAGE
PLATE DISSIPATION
GRID-No0.2 INPUT:
For grid-No.2 voltagesupto 150 volts. .. . ... ... ... ............ ...
For grid-No.2 voltages between 150 and 800 volts
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode
Heater positive with respect to cathode

Characteristics:

Plate Supply Voltage .......v.iiiiiiiiieiiienrennnnensen 300
Grid-No. 3 Voltage. . . ..... 0
Grid-No. 2 Supply Voitage 150
Grid-No. 2 Series Resistor. ....... -

Min. Cathode-Bias Resistor. .. ... 160
Plate Resistance (Approx.)....... 1
Transconductance. . ....... 9000
Plate Current. ....... AN 10
Grid-No. 2 Current 2.5

Maximum Circuit Valuves:

Grid-No.1-Cireunit Resistance:
For cathode-bias operation with fixed grid-No.2 voltage
For cathode-bias operation with grid-No.2 resistor

6.3 volts
0.45 ampere
300 max volts

See curve page 69

300 max volts
3 max watts
0.4 max watt
See curve page 69

90 max volts
90 max volts
300 volts
0 volts
300 # volts
60000 ohms
160 ohms
1 megohm
9000 umhos
10 ma
2.5 ma
0.25 mar megohm
0.50 mar megohm

# 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. It is a twin-indicator type and is used
as a convenient means of indicating accurate
radio-receiver tuning. Maximum over-all length,
2-7/8 inches; maximum diameter, 1-5/16 inches.
Heater volts (ac/de), 6.83; amperes, 0.15. Maxi-
mum target volts, 150. This is a DISCON-
TINUED type listed for reference only.

TRIODE—POWER PENTODE

Glass octal type used in a push-pull ampli-
fier circuit in conjunction with type 6¥6-G. Tri-
ode unit serves as phase inverter. Outline 42,
OUTLINES SECTION. Tube requires oectal
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
asclass A; or push-pull class AB: amplifier: plate
voltg, 375 max; grid-No. 2 volts, 285 max; plate

6AD6-G

6AD7-G

RCyy TA

dissipation, 8.5 max watts; grid-No.2 input, 2.7 max watts. Maximum ratings of triode unit as class A
amplifier: plate volts, 285 max; plate dissipation, 1.0 max watt.This type is used principally for renewal

purposes.
LOW-MU TRIODE

Glass octal type used as class A: amplifier
in ac/de radio receivers. Outline 22, OUT-
LINES SECTION. Heater volts (ac/dc), 6.3;
amperes, 0.3. Maximum ratings as class A; am-
plifier: plate volts, 300 muax; plate dissipation,
2.6 maz watts. This is a DISCONTINUED
type listed for reference only.

TWIN-PLATE CONTROL TUBE

Glass octal type used as a control tube for
twin-indicator type electron-ray tubes. Outline
36, OUTLINES SECTION. Contains two tri-
odes with different cutoff characteristics. If ave
voltage is applied to the common control grid in
suitable circuit, one triode section operates on
weak signals while the other operates on strong
gignals. Heater voltage (ac/dc), 6.3; amperes,
0.16. This is a DISCONTINUED type listed
for reference only.

6AE5-GT

6AE6-G
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TWIN-INPUT TRIODE

Glass octal type used as a voltage amplifier
or as & driver for two type 6AC5-GT tubes in

latter service, type BAE7T-GT replaces two tubes
ordinarily required as drivers. Outline 22, OUT-
LINES SECTION. Heater volts (ac/dc), 6.8;
amperes, 0.5, This is a DISCONTINUEID type
listed for reference only.

MEDIUM-MU TRIODE

oscillators in ubf television receivers

890 megacyecles per second. 8AF4 Qut-
: line 11, 6AF4-A Outline 9, OUTLINES

dynamic-coupled, push-pull amplifiers. In the 6 AE?_GT

Miniature types used as loeal 6AF4

covering the frequency range of 470 to 6 AF 4_ A

1
SECTION. Tubes require miniature seven-contact socket and may be mounted in

any position.

HEATER VOLTAGE (ACG/DC) . ... vivvinn oo annn i PR 6.3
HEATER CURRENT . 0. ittt i ittt ttaneainanurtaooansasoesonsoasns 0.225
DIRECT INTERELECTRODE CAPACITANCES™:
Grid to Plate. . .,.......... ke e e it 1.8
Grid to Cathode and Heater. ........... it iiirineinanenaanes 2.2
Plate to Cathode and Heater. . ........... ... .iiiiiiiiiiinnnan. . 1.4
Heater to Cathode® . . it e 2.2
* With external shield eonnected to cathode.
% With external shield eonnected to plate.
Characteristics: CLASS A; AMPLIFIER
Plate Supply Voltage ... oo vt it i i i vc e cianianas S g
Cathode-Bias Resistor 150
Awmplification Factor................... 13.5
Plate Resistance, . ....... G 2100
Transconductance. , ., v.v.vv.s e . £500
Plate CUTIENE. . ..ot e it i et incn s ancenaanans 17.5
OSCILLATOR IN UHF TELEVISION RECEIVERS
Maximum Ratings (Design-Maximum Valuez):
DC PraTe VOLTAGE. ., ... e b 150 max
DC GRID VOLTAGE, 4 o0 a v vt vuu v s csersnssnsrxsans e enenacaenanens =50 max
DO GRID CURRENT. L4ttt iantiheiuateraaaistoaasnssnnaaenssnoasnn 2 max
PLATE DisSIPATION. . ... ... ... R e 2.5 mux
DC CATHODE CURRENT. , ... ... ynn e re e tea e e Ceaen 24 max
Peak HEATER-CATHODPE VOLTAGE:®
Heater negative with respect to cathode. . 50 max
Heater positive with respect to cathode. ......... .. ......... [N 50%max
AVERAGE PLATE CHARACTERISTICS
TYPE GAF4-A
E¢=0.3 VOLTS
Ty
u 4
Yy
.
2 7 ¢
3 B
¥ LY 2
b] : / L N
a 7
/l A / z/ ol
20| b / - ¥
AN
/ L // /// / & 2 -
/ e gt
i
o ) 86 29 60 260 40

PLATE YOLTS

PRCM-TISETI

¥19

volts
ampere

anf
apl
apt
Euf

volts
ohms

ohms

umhos
ma

volts
volts

watts

volts
volts
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Typical Operation as Oscillator ot 950 Mc:

Plate Supply Voltage. . ... .o ittt e e et 100 volts
Plate Resistor. . ... i i i e it te e e, 220 ohms
Grid Resistor....... 10000 ohms
Plate Current. . ......... 17 ma
Grid Current (Approx.).. 750 pa
Maximum Circuit Values:
Grid-Circuit Resistance:
For fixed-bias operation. ... ... .. i i i il Not recommended
For cathode-bias operation. . .. ... ... ... ..o iiiiiiinieeinain, 0.5 maxr megohm

® It is recommended that the heater be kept at cathode potential to minimize the effects of variation in
the heater-to-cathode capacitance between tubes.

°The de component must not exceed 25 volts.
ELECTRON-RAY TUBE

6AF6_G Glass octal type used to indicate

visually, by means of two shadows on
the fluorescent target, the effects of
changes in the controlling voltages. It
is a twin-indicator type and is used as
a convenient means of indicating accurate radio-receiver tuning. Maximum over-all
length, 2-5/16 inches; maximum diameter, 1-9/32 inches. This type may be sup-
plied with pin No.1 omitted. Tube requires octal socket. Heater volts (ac/dc), 6.3;
amperes, 0.15. Ratings: target volts, 250 mazx, 125 min; ray-control-electrode sup-
ply volts, 250 max; 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 s
Miniature type used in compact HGY (6)%2
6AGS radio equipment as an rf or if amplifier
up to 400 megacycles per second. éa 53
Outline 11, OUTLINES SECTION. 5 s

Tube requires miniature seven-con- ol
tact socket and may be mounted in any position. Except for a slightly lower trans-
conductance, this type is similar electrically to miniature type 6BC5. Heater volts
(ac/dc), 6.3; amperes, 0.3.

POWER PENTODE

Metal type used in output stage

6AG7 of video amplifier of television receiv-
ers. Qutline 6, OUTLINESSECTION.

Tube requires octal socket. Heater

volts (ac/de), 6.8; amperes, 0.65. Max-

imum ratings as class A, video voltage amplifier: plate volts, 300 maz; grid-No.2
volts, 300 max; plate dissipation, 9.0 max watts; grid-No.2 input, 1.5 max watts.
Typical operation as a class A, amplifier: plate volts, 300; grid-No.2 volts, 150;
grid-No.1 volts, -3; peak af grid-No.1 volts, 3; zero-signal plate ma., 30; maximum-
signal plate ma., 30.5; zero-signal grid-No.2 ma., 7; maximum-signal grid-No.2
ma., 9; plate resistance, 130000 ohms; transconductance, 11000 pmhos; load
resistance, 10000 ohms; total harmonic distortion, 7 per cent; maximum-signal

output watts, 3.
MEDIUM-MU TRIODE

Glass octal type having high perveance (5)
used as vertical deflection amplifier in television NS
receivers. Outline 22, OUTLINES SECTION. 9
6 A H 4_ GT Tube requires octal socket and may be mounted
in any position. Heater volts (ac/dc), 6.3; am- e

peres, 0.75. Characteristics as class A, amplifier: R “' o
plate volts, 250; grid volts, -23; amplification ° o
factor, 8; plate resistance (approx.), 1780 ohms; G K
transconductance,4500 umhos; platema.,30.This

type is used principally for renewal purposes.
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VERTICAL DEFLECTION AMPLIFIER
For operation in a 525-line, 80-frame sysiem

Maximum Ratings:

DO PLATE VOLTAGE . . . .o v it ivcninrs s cne et atieaarnaasaennitinarns 500 maz volts
PEAK Positive-PuLse PLATE VOLTAGE# (Absolute maximum). ... .. P 2000°mar volts
PrAK NEGATIVE-PULSE GRID VOLTAGE, . ...\ vttt ieininiianisarannnons ~200 mazx volts
PEAK CATHODE CURRENT . . ..\ i ittt oyt iiia e ciasconranarns 180 mar ma
AVERAGE CATHODE CURRENT, . . ...ttt ittt iinseneoinnnnenanennnes 60 max ma
PLATE DISSIPATION . .. ... ovuvnnnn e i AN 7.8 maz watts
PeAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ................ .. reeaneas 200 mazx volts

Heater positive with reapect to cathode. . .. N PN 2008 max vaits
Maximum Circuit Vaolue (For maximum raled conditions):
Grid-Circuit Resistance:

For cathode-bias operation . ..................... ... 0 PN 2.2 mar megohms

#The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning eycle. In a
525-line, 80-frame system, 15 per cent of one vertical scanning eycle is 2.5 milliseconds.

¢ Under no circumstances should this absolute value be exceeded.

# The dc component must not exceed 100 volts.

SHARP-CUTOFF PENTODE

Miniature type used as if amplifier in video
atages of television receivers. Outline 11, OUT-
LINES SECTION. Tube requires miniature
seven-contact socket and may be mounted in 6 AH6
any position. Heater volts {ac/de), 6.3; am-
peres, 0.45. Maximum ratings as elass A) ampli-
fier: plate and prid-No.2 (secreen-grid} supply
volts, 300 mazx; grid-No.2 volts, see curve page
69; plate dissipation, 3.2 maz watts; grid-No.2
input, 0.4 maz watt for grid-No.2 voltages up to 150 volts, see curve page 69 for grid-No.2 voltages
between 150 and 300 voits; total cathode current, 13 max ma; peak heater-cathode volts, 90 mazx.

CLASS A; AMPLIFIER

- Triode* Pentode

Charocteristics: Connection Connection
Plate Supply Voltage. . ... ... ... it 150 3800 volts
Grid-No.8 (SBuppressor Grid). .. ... .o ivi - Connected to cathode at socket
Grid-No.2 Supply Voitage ... .. FE PN - 150 volts
Cathode-Bias gesistor ............................... 160 160 ohms
Amplification Faetor. . ... ............. e . 40 -
Plate Resistance (APProxX.}. ... ...vvv s e 3600 500000 ohms
TranscondUCtance. . . ..o veiinr vyt 11000 4000 pmhos
Grid-No.1 Voltage {Approx.) for plate current of 10 ua. .. ~7 -7 volts

................... 12,5 10 ma

et e - 2.5 ma

SHARP-CUTOFF PENTODE

Miniature type used asg an rf or if
amplifier especially in high-frequency 6AK5
wide-band applieations, It is useful as
an amplifier at frequencies up to 400
megacycles per second. Outline 9,
OQUTLINES SECTION. Tube requires miniature seven-contact socket and may
be mounted in any position.

HeaTeR VoLTaGE (4C/DC)...... PN e e s errans . 6.3 volts
HEATER CURBRENT, & vt vuueneetnes s s tsoenmaneessaressanoesennsassan . 0.175 ampere
INRECT INTERELECTRODE CAPACITANCES {Approx. with external shield):
Grid No.1 to Plate. ... . b e e e ke e A et A e e 0.02 max auf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.8, and Internal Shield. .. 4.0 ppt
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield....... 2.8 wuf
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. ............. e e ey . 180 maz volts
GRID-NO.2 (SBCREEN-GRID) VOLTAGE ., . . v v nees e [P SBee curve page 69
GRID-N0.2 8UPPLY VOLTAGE. ..., . ke n e a e et 180 max volts
PLATE DISBIPATION. . .. ......nuuns et ea e aae, 1.7 max watts
GrID-N0.2 INPUT:
For grid-No.2 voltagesup to 80 wolts. . .. ... ... it iiuinrinan 0.5 mar watt
For grid-No.2 voltages between 90 and 180 volts. ... ....... ... PN See curve page 69
CATRODE CURRENT. « vhvvvvncnn P N e 18 maz ma
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PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respeet to cathode. . ............................
Heater positive with respect to cathode ........................ . ...,

Characteristics:

Plate Supply Voltage. . ... e e e
Grid-No.2 Supply Voltage ..................................
Cathode-Bias Resistor*. I .
Plate Resistance (Appro .
Transconduetance. .. ......... ... . 0.
Grid-No.1 Voltage for plate current of 10 ua
Plate Current. ......... ..o

* Fixed-bias operation is not recommended.

AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION

(1]
TYPE 6AKS |
E¢= 6.3 VOLTS

I S,

[

| GRID-NZ2 VOLTS =120 GRID-Ngt_VOLTS ci=-t
- GRID  —

PLATE (In) OR GRID-N22 (Ic2) MILLIAMPERES
[ J

-2
| 2o
~. fca
It I N SV UG PR SN O 1=y
4
- I ik ool shuble e
S LT3 A s by s
[ 40 80 20 180
PLATE VOLTS
TWIN DIODE
Miniature, high-perveance type
6A|.5 used as detector in FM and television

circuits. It is especially useful as a
ratio detector in ac-operated FM re-
ceivers. Each diode section can be used

volts
volts

volts
volts
ohms
megohm
pmhos
volts
ma

ma

independently of the other, or the two sections can be combined in parallel or full-
wave arrangement. Resonant frequency of each unit is approximately 700 mega-
cycles per second. Outline 9, OUTLINES SECTION. Tube requires miniature

seven-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . o« v vttt it ittt itatetoniaiainsiaiaianaanas
HEATER CURRENT . . oottt ittt ta ittt ittt teanannanans
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. 1to Plate No. 2 ... i ittt ciiiieneniaenas

Maximum Ratings: HALF-WAVE RECTIFIER

PEAK INVERSE PLATE VOLTAGE . . . .ttt ittt einnnenrneererasnrnanns
PeAK PLATE CURRENT (Per Plate) ve
DC OuTpUT CURRENT (Per Plate) . . ... ... ... . ittt iieaeenans
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode

Heater positive with respect to cathode...............
Typical Operation:
AC Plate Voltage per Plate (m8) .. .....ooivterirrienenneren e
Min. Total Effective Plate-Supply Impedance ......... iesaseaeaan
DC Output Current per Plate. ,............. b ia s e

330 max
330 maz

117
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volts
ampere

nuf
upf
upf
upf
uuf

volts
ma
ma

volts
volts

volts
ohms
ma
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AVERAGE CHARACTERISTICS ¢
DIOD!

HALF-WAVE RECTIFICATION-SINGLE D
TYPEGALS
FEF=8.3 VOLTS
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ELECTRON-RAY TUBE

Glasg octal type used to indicate visually
on a pair of rectangular fluorescent patterns the
effects of changes in voltages applied to its grid
and three deflecting electrodes. It is especially
useful in meeting the requirements for aceurate
tuning in FM receivers. Outline 22, QUTLINES
SECTION,except over-all length is 8-1/18 max
inches and seated height is 2-1/2 max inches.
Tube requires octal socket and may be mounted

6AL7-GT

in any position. Heater volts (ac/de), 6.3; amperes, 0.15. Ratings: target volts, 865 max, 220 »iin; peak
heater-cathode volts, 90 max. Typical operation in indicator service: target volts, 815; deflecting elec-
trodes Nos. 1, 2, and 38 volts, 0; cathode resistor (approx.), 3800 chms; deflection sensitivity (approx.),
1 mm/volt; grid volts for fluorescence cutofl, ~7. This type is used principally for renewal purposes.

HIGH-MU TRIODE

Miniature type used as mixer and
rf amplifier in cathode-drive circuits
of uhf television receivers. Qutline 10,
OUTLINES SECTION.Tube requires
miniature nine-contact soecket and
may be mounted in any position.

6AM4

HEATER VOLTAGE (A0/DCY . . o vt e i e 6.3
HEATER CURRERT . ., v v s s ernesnsnanrnsnrseneeinineesissan e 4.225
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE . . . .. it it i enayas e 200 mox
Grip Vourace, Positive blas value. . ... .......... P PN 0 wmar
PLATE DISSIPATION. .. ... ... . iiiiiiinnannnen et . 2 waa
Prak HeaTER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . ... . s e, 80*kmax
Heater positive with respect to cathode. ............. N 80 niar
Characteristics:
Plate-Supply Voltage. ... ................. e eaistae e 200
Cathode-Bias Resistor®. . ...... e e et i, “160
Amplification Factor. . . ... ... i e 85
Plate Resistance (Approx.). ... ittt iiinn e iian i R700
TranscondUCLANCE. . ., L. it e e ieaa 9800
Plate Current. . ... . . v e e 10
id Voltage (Approx.y forplatecurrent of 10 pa, . . .. ... .. . . L ... ~-6.5

volts
ampere

volte
volts
watts

volts
volts

volts
ohms

ohms
pmhos
ma
volts

* Under cutoff conditions in direct-coupled cathode-drive circuits, it is permissible for this voltage to

be as high as 250 volts.
® Fixed-biag operation is not recommended.
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DIODE~-SHARP-CUTOFF
PENTODE

6AMS Miniature types used in diversified

applications in television receivers.

6 A Ms_ A Type 6AMBS-A has a controlled heater

warm-up time for use in receivers em-

ploying series-connected heater strings.

The pentode ‘unit is used as an if amplifier, video amplifier, or agc amplifier. The

high-perveance diode is used as an audio detector, video detector, or de¢ restorer.

Qutline 12, OUTLINES SECTION. Tubes require miniature nine-contact socket

and may be mounted in any position. Type 6AMS is a DISCONTINUED type
listed for reference only.

Hearer VOLTAGE (AC/DC). ...vur. .. . e 3 volts
Heater CURRENT., ... ....... . 5 ampere
: 1

Heater WarM-Up TIME (Average) for seconds
Without With
DiRECT INTERELECTRODE CAPACITANCES: External Ezternal
Diode Unit: Skield Shield
Plate to Cathode, Heater, and Internal Shield. ... .. .. 1.7 2.8 upf
Cathode to Plate, Heater, and Internal Shield. .. ..... 4 4 aaf
Pentode Unit:
Grid NoltoPlate, . . ... .ot iionnen 0.015 maox 0.015 maz auf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield. .. ....... ... .. ... .. .. ..c.ivavh. 6 6 puf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In-
ternal Shield. .. ... ... .. .. L iiiiiiiaa i 2.6 3.4 npf
Pentode Grid No.l to Diode Plate..............co0uvnns 0. 006 mazx 0.005 max upf
Pentode Plate to Diode Cathode....... e . 0,15 mazx 0,15 mazx upf
Pentode Plate to Diode Plate.................. ... ... 0.1 max 0.085 max puf
PENTODE UNIT AS CLASS A; AMPLIFIER
Maximum Rafings:
PLATE VOUTAGE. .ot v i irnr i iietiansnneanrnncancasason Arervaarverenas 300 mazx volts
Gran-No.3 (SUPPRESSOR) VOLTAGE, . ... ....cvviinnnea.s e 0 max volts
Grip-No.2 (SCREEN-GRID) SUPPLY VOLTAGE 300 max volts
GRID-NOZ VOLTAGE. . ..t ot iii it rairenrvancasnes - See curve page 63
GRrID-NO.1 {(CONTROL-GRID) VOLTAGE, Positive bias value................ 0 mazx volts
PLate DISHIPATION ... . i e [ 2.8 mox watts
Grip-No.2 INPUT:
For grid-No.2 voltageaup to 180 volts. . . . ... .. ... ... ... cioann 0.5 max watte
For grid-No.2 voltages between 150 and 300 volts. . ......... P See curve page 69
Prax HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. . ... . ... v iiiiiinnnnns 200 maz volts
Heater positive with respect to cathode.............. S hersaae e enene 200° maz volts
AVERAGE CHARACTERISTICS
PENTOOE UNIT
TYPE BAMB=A b
£g = 6.3 VOLTS ' H H
o GRID-NE 2 VOLTS = 150 ! +
a ‘
3 i
EI N ;
g \
~ \g /—-
1 ]
2o 3
o \/ “ GRID-N® | VOLTS £¢,2-2
G < .
~ « ;
o K :£%~-—L_.E°'=J
¥
w ~ i ] ~3
R i ’
a B i s S M T 3 [
1) : =5
° 50 196 156 200 255 300
PLATE YOLTS
FRCM~ 85057
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S A

Characteristics:
upply Voltage. . ... .... SN 200 volts
glgfiel\slo.%? y ................... Connected to cathode at socket
Grid-No.2 Suplgly)/oltage ............................................ 150 volts
Cathode-Bias Resi8tor. .. ... . i i e i i e e 120 ohms
Plate Resistance {ApproX.)......... e e e e e 600000 ohms
PranscondUCLANCe. ., . .. .ttt e 7000 umhos
Grid-No.1 Veltage {Approx.) for plate eurrent of 10 pa. ., ... ....o..noh. -8 valts
Plate CUITEN. ... ottt it cr e e eaaaes 11.5 ma
Grid-No.2 Current. ., ..., e e 2.7 ma

Maximum Cirtuit Values:

Grid-No.1-Circuit Resistance:
For fixed-bigs operation. . . ... ... i it i i et
For cathode-bias operation. . . ... ... .. ... . . 0haiuns PN P

DIODE UNIT
Maximum Ratings:
DO PLATECURRENT. . .. o i e iaenaans
Prax HeaTter-CATUODE VOLTAGE:

Heater negative with respect to eathode. . ... ... ... . 0oiis RN
Heater positive with respeet to cathode. ...

*The de component must not exeeed 100 volts,

HIGH-MU TRIODE

Miniature type used ag mixer or
] rf amplifier in cathode-drive cireuits

2 N of uhf television tuners covering the
n frequency range of 470 to 890 mega-

r eycles per second. Outline 9, OUT-

8.25 max megohm
1.0 max megohm

5 maex ma
200 max volts
200° max voits

6AN4

LINES SECTION. Tube requires miniature seven-contact socket and may be

mounted in any position.

HEATER VOUTAGE (AC/BCH .. . o o s e it iriannas .
HEesTER CURRENT

Maximum Ratings: CLASS A; AMPLIFIER

PrATE VOLTAGE
Prate Di1ssiPATION
CATHODE CURRENT
Pesxk HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. . ... ... ... ciiinviinninnns
Heater positive with respect to cathode. .. ... .. .. iviiierienrnrennen

Characteristics:

Plate-Supply Voltage
Cathode-Bias Resistor. . ... i, Ve
Amplification Factor. ... .. e e st i et i

Transconductance
Plate Current

Maximum Circuit Velues:

Grid-Circuit Resistance:
For fixed-biaa operation
For cathode-blag eperation. . ..., ,..........

® The de component must not exceed 100 volts.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a wide
variety of applications in color televi-
sion receivers. The pentode unit is used
as an intermediate-frequency ampli-
fier, a video amplifier, an age amplifier,

8.3 valts

0.225 ampere

300 mazx volts

4 max watts

30 max ma

200 oz volts

200%niax vaolts

200 volts

100 ohms
70

10006 umhos

18 ma

-7 volts

0.1 max megohm
0.5 maxr megohm

6ANS8

or as a reactance tube. The triode unit is used in low-frequency oscillator, sync-
separator, syne-clipper, and phase-splitter circuits. Outline 12, OUTLINES SEC-
TION. Tube requires miniature nine-contact socket and may be mounted in any

position.
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HEATER VOLTAGE (AC/DC)......iuuuue, N
HEATER CURRENT. . . ...t itiiiinienon
DIRECT INTERELECTRODE CAPACITANCES:
Triode Unit:
GridtoPlate. ............... ...,
Grid to Cathode and Heater.
Plate to Cathode and Heater
Pentode Unit:
Grid No.ltoPlate. . .. ... . i i i 0.04 max
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. . 7

Plate to Cathode, Heater, Grid No.2, Grid No. 3, and Internal Shield....... 2.8
Triode Grid to Pentode Plate. .. ............. ... .. ... .icvan.. e 0.005
Pentode Grid No.1 to Triode Plate. . .........cooiiiiii i, .e..0.006
Pentode Plate to Triode Plate. . .o vit ittt ittt i it ieeennnnnnn 0.045

X . CLASS A; AMPLIFIER
Maximum Ratings: Triode Unit  Penlode Unit
PLATE VOLTAGE. ......... Chreeer it e . 300 maz 800 max
GrIp-No.2 SuppLY Vormaes ... il il PN - 300 max
GRID-NO.2 (SCREEN-GRID) VOLTAGE . ... ... ..veunannanns . - See curve page 69
GRID-NO.1 (CONTROL-GRID) VOLTAGE.........vsus ciraens 0 max 0 max
PLATE DISSIPATION . . .0ttt iiti ittt enninnnasneas cee 2.6 maz 2 max
. GrRID-No0.2 INPUT!:

For grid-No.2 voltages up to 150 volts. . ......... sees - 0.5 mazx

For grid-No.2 voltages between 150 and 300 vots, .. ... - See curve page 69
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.......ccviuuves 200 mazx 200 mazx

Heater positive with respect to cathode. .cavsnsesssose 200°max 200°mazx

AVERAGE, PLATE CHARACTERISTICS
o PENTODE UN
TYPE 6ANS
E¢26.3 VOLTS
GRID-N22 VOLTS =150
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AVERAGE PLATE CHARACTERISTICS
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Characteristics:
Plate Supply Voltage, .. ....... e aaas e aas P 200 200 volts
Grid-No.2 Supply Voltage. ... ... .ovineineennns [ - 150 volts
Grid-No.l Voltage. .............. R -8 - volts
Cathode-Bias Resistor. ......... P N . - 180 chms
Amplification FRctor..... ... iiiiiricanavirnasrsssrss 19 -
Plate Resistance {(Approx. .. ... covririronnrnianrionns .. B750 3060000 ohms
TranscondUetanca. .. . .o isnun i e . 8300 6200 unmhos
Grid-No.l Voltage (Approx.) for plate current of 18ua .. ... ~19 ~8 volts
Plate CUIPERE. v vvn i veee i cnrsivcanaancrannenranns es 13 9.5 ma
Grid-No2Current, .. ...ovvrrvnrnnncans PN - 2.8 ma
Maximum Circuit Valves:
Grid-No.1-Cirenit Resistance:*
For fixed-bias operation............vie v PR .5 maz 0.25 mex megohm
For cathode-bias operation. ... . .......... e 1.0 maox 1.0 maxr megohm

The de component must not exceed 100 volts,
*If either unit is operating at maximum rated eonditions, grid-No.1-circuit resistance for both units
should not exceed the stated values.

BEAM POWER TUBE

Miniature types used as output
amplifiers primarily in automobile re~ 6AQ5
ceivers and in ac-operated receivers
and, triode-connected, as vertical de- 6AQ5-A
flection amplifiers in television receiv-
ers. Type 6AQ5-A has a econtrolled heater warm-up time for use in television
receivers employing series-connected heater strings. Outline 13, OUTLINES SEC-
TION. Tubes require miniature seven-contact socket and may be mounted in any
position. Within their maximum ratings, the performanece of these types is equiva-
lent to that of larger types 6V6 and §V8-GT. For typical circuits employing type
6AQ5-A, both singly and in push-pull, refer to CIRCUITS SECTION. Type
6AQ5 is a DISCONTINUED type listed for reference only.

HEATER VOLTAGE (AC/DC) 14 vvvissaieerannetaiencnsancnincanens . €.3 volts
HEATER CURRENT . . .\ttt ttettee i tteainesarr e ceaianeananss . 0.45 ampere
Heater Warm-Up TiME (Average) for 8AQ5-A. ... ... ... .............. 11 seconds
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid NodtoPlate ... ... ..oi. i it iiiiieaaaes . 0.33 wpl
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. . ........... 8.3 wut
Plate to Cathode, Heater, Grid No.2, and Grid No.3. .. ............... 8.2 puf
AMPLIFICATION FACTORY . ... .. ittt ii i eniiinainanavnansns 9.5
PLATE RESISTANCE (ADPDroX)™ . ... ittt et ee e iia e 1970 ohms
TRANSCONDUCTARCE® . . ... it ittt e e e enranas 4800 #mhos
* Grid No.2 connected to plate; plate and grid-No.2 volts, 2530; grid-No.1 volts, ~12.5; plate ma., 49.5.
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. .. vttt iuirassencransanencrsoeacsinn 250 max volts

250 max volts

GRID-N0.Z (SCREEN-GRID) VOLTAGE,

AVERAGE CHARACTERISTICS
FENTODE CONNECTION
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PLATE DISSIPATION. 0t u ittt ittt iiiiiei e ie i e 12 mex watts
GRID-NO.Z INPUT. . 4 v it cnenrvva et ctarteronraasoonaansnsion 2 maz watts
Prax HEATER-CATHODE VOLTAGE: 5AQS5 6AQ5-A
Heater negative with respect to cathode. .......... e 90 max 200 maz volts
Heater positive with respect to cathode. . ... ... 0h o, 90 max 200%max volts

® The de eomponent must not exceed 100 volts.
Typical Operation:
Same as for type 6V6-GT within the limitations of the maximum ratings.
Maximum Cireuit Values:
Grid-No.1-Cireuit Reaistance:

For fixed-bias operation. . .. ........ccaviiine.s e Ceaeeen .. 0.1 mar megohm
For eathode-bias operation .. ... . it iriiarnerrcrnnrrses 0.5 maxr megohm
VERTICAL DEFLECTION AMPLIFIER (Triode Connection)®
Maoximum Ratings: For operation in ¢ 525-Hne, 30-frame system
DO PLATE VOLTAGE . .. . i e e i cinarcinnse 250 mazx volts
PEAk POSITIVE-FULSE PLATE VOLTAGET (Absolule Maximum) . ... ... ...... 1100%nax volts
Peax NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE, .. .. ... ..... -250 mazx volts
PEARE CATHODE CUBRENT . . .. it iin s it a s e e en s 105 mar ma
AvERAGE CATHODE CURRENT. 35 maxr mu
PLATE DISSIPATION . . . it it i ir e irev e e cniraarinaen 9 maw watts
PrAXK HRATER-CATHODE VOLTAGE!:
Heater negative with respect to eathode. . ... ... ... 200 max volts
Heater positive with respect to cathode. . ..., ... P e e 200%maxz volts

Maximum Circuit Vaiue:
Grid-Ne.1-Cireuit Resistance:

For cathode-bias operation. .. ....., e a e i, 2.2 maxr megohms
° Grid No.2 connected to plate.

t The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 525-
line, 80-frame system, 15 per cent of one vertical scanning eycle iz 2.5 milliseconds,

4 Under no eircumstances should this absolute value be excecded.
® The de component must not exceed 100 volts,

AVERAGE CHARACTERISTICS
TRIODE  CONNECTION
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TWIN DIODE-HIGH-MU TRIODE

Miniature type used as a combined

6AQ6 detector, amplifier, and ave tube in

compact radio receivers. This type is

similar to metal type 6Q7 in many of

itselectrical characteristies. Qutline11,

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 5, RESISTANCE-COUPLED AMPLIFIER SECTION.

HEATER VOLTAGE (AC/DE) 1«1 avernsiuninneseernessscesansons 6.3 volts
HEATER CUBRENT. « . ocvestranosrvencocnstrosscrnrsan PN ¢.15 ampere
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DIRECT INTERELECTRODE CAPACITANCES (Triode Unit):®

GridtoPlate. . ... ...........c..vn.. .
Grid to Cathode and Heater. . ........... e v
Plate to Cathode and Heater.............. SN P

® With close-fitting shield connected to cathode.

Maximum Ratings:

PLATE VOLTAGE. ... .ot iinniineeancnannnes
PraR HEATER-CATHODE VOLTAGE:
Hester negative with respect to cathode
Heater positive with respect to cathode, . .......

Characteristics;

TRIODE UNIT AS CLASS A, AMPLIFIER

Plate Voltage. ................. e e ‘e 100

Grid Voltage. . . ............c.iiinnen.s ~1

Amplifieation Factor. ......... ... ..o veiunone, e i

Plate Resistance. .. ....................c.. e vevesa.. 81000

TransconduUetance, . . .. .. ...vrninrnnnneniaaanar. NN 1159

Plate Current. . .........ouiiiiiviieiercennns 0.8
DIODE UNITS

1.8 f
1.7 ot
1.5 apf
300 maz volts
90 max volts
80 maz volts
250 volts
-3 volts
70
B3000 ohms
1200 umhos
1.0 ma

Two diode plates are placed around a cathode, the sleeve of which is comrmon to the triode unit.
Diode biasing of the tricde unit of the 8AQ6 is not suitable. For diode operation curves, refer to type

6AVS,

PLATE WILLIAMPERES

AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT,

1 T
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TWIN DIODE-HIGH-MU TRIODE

Glass octal type used as FM detector and
audio amplifier in circuits which require diode
and triode units with separate cathodes. Qut-
line 22, OUTLINES SECTION. Tube requires
octal socket. Heater volts (ac/de}, 6,3; amperes,
0.3. Ratings and characteristics of triode unit ag
class As ampilifier: plate volts, 250 max; grid
volts, -2; amplification factor, 70; plate resist-
ance (approx.), 44000 ohms; transconductance,

P20M-888IT

6AQ7-GT

1600 umhos; plate ma., 2.3. For typical operation as a resistance-coupled amplifier, refer to Chart 5, RE-
SISTANCE-COUPLED AMPLIFIER SECTION. This type is used principally for renewal purposes.

POWER PENTODE

Miniature type used as output tube prima-
rily in automobile receivers and ac-operated re-
ceivers. Outline 13, OUTLINES SECTION.
Tube requires miniature seven-contact gocket
and may be mounted in any position. Heater
volts (ac/de), 6.3; amperes, 0.4, Maximum
ratings as class A amplifier: plate and grid-No.2
{8ereen-grid) volts, 250 max; plate dissipation,
8.5 maz watts; grid-No.2 input, 2.5 maz watts;

6AR5

peak heater-cathode volts, 90 maz, Within its maximum ratings, type 8ARG is equivalent in performance
to glass-octal type 6K6-GT. Type 6ARS is used principally for renewal purposes.
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BEAM POWER TUBE

Miniature type used as output
amplifier primarily in automobile and
6 AS 5 in ac-operated receivers. Qutline 13,
OUTLINES SECTION. Tube re-
quires miniature seven-contaet socket
and may be mounted in any position.
For curves of average plate charac-
teristics, refer to type 35C5.

HEATER VOLTAGE (AC/DC} . . vvvnvsnnn e PPN A volts
HEATER CURRENT. . 00 v u st vienitinnntenarsaanuannns ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Grid No Ll taPlate., . ., . ... iiiiin i iiinrrcannnns . I

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 unf

Plate to Cathode, Heater, Grid No.2, and Grid No.8. .. upuf
Maximum Ratings: CLASS A; AMPLIFIER
PLATEVOLTAGE. .. ........... e arrenrrenaces ek 160 max volts
GRID-N 0.2 (SCREEN-GRID) VOLTAGE 117 mazx volts
PLATE DISSIPATION, , ... .. 5.5 max watts
Grip-No.2 INPUT ., 1.0 maz watt
PeAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ... ..,. Chriaresearr s .. 90 max volta

Heater positive with respect to cathode. ., ........ i . .. 90 mazx volts
BuLs TEMPERATURE (At hottest point). . ..... eeereeraenaaaee 250 mazx °CG
Typical Operation:
Plate Voltage. ............ iaeeracsana e emaasser e araran rarene 160 volts
Grid-No.2 Voltage. ... ....... e s e aaaans U 8 1 volts
Grid-No.1 (Controt-Grid) Voltage ........ P aseereareraa veesees. -8.5 volts
Peak AF Grid-No.l Voltage. . .................. et 8.5 volts
Zero-Signal Plate Current. ........ e h g P areaaeaes . 35 ma
Maximum-Signal Plate Current, ............ e Cereeereaes . 36 ma
Zero-Signal Grid-No.2 Current (ADPProX.) . ..o vevrvrvnnvrnanronns P 2 ma
Maximum-Signal Grid-No.2 Current (Approx.}......... PRI PO P 6.5 ma
Transconductance. ...... s e ey umhos
Load Resistance. . ....... et v ohms
Total Harmonic Distortion. .. ... oot ininernunans per cent
Maximum-Signal Power Qutput. . ... ... ... ... . .. heenresneaa. 2.2 watts

Maximum Circuit Values (For maximum rated conditions):
Grid-No.1-Cireuit Resistance:

For fixed-bias operation, , .. ... ... ... . i i iiicriraanans raier ey 0.1 mor megohm
For cathode-blag operation . ... ... .. .. ... . i iiiiiiirianaron .. 0.5 mox megohm
DIODE —
SHARP-CUTOFF PENTODE
6 AS 8 Miniature type used in diversified
applications in television and radio re-

ceivers. The pentode unit is used as an

if amplifier, video amplifier, or age

amplifier. The high-perveance diode is
used as an audio detector, video detector, or de restorer. OQutline 12, QUTLINES
SECTION. Tube requires miniature nine-contact socket and may be mounted in
any position. For eurve of average plate characteristics of pentode unit, see type
6ANS.

HEATER VOLTAGE (AC/DCY. .o v iinsiienninns 6.3 volts

HEATER CURRENT. . o vtvv v i, 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCER (Approx.)
Diede Unit:
Plate to Cathode, Heater, and Internal Shield........... e 3.0 puf
Pentode Unit:
Grid No.ltoPlate. ............ e e imeeaiaaaeaaiaaiae 0.02 max wuf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 7 upf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. ... 2.4 wut
Pentode Grid to Diode Plate. .. . o i e 4.005 max auf
Pentode Plate to [Hode Cathode. . ..., | N e 0.15 mazx wpf
Pentode Plate to Diode Plate. ......... F N e 0.10 mex il
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Maximym Ratings: PENTODE UMNIT AS CLASS A, AMPLIFIER

PLATE VOLTAGE. . 0ot ottt e e e e 300 mazx volts
GRID-N0.3 (SUPPRESSOR-GRID) VOLTAGE . . .. ... .. . oiiiiiarnsaiainsnn 0 max volts
GRrID-NO.2 SUPPLY VOLTAGE, ........... 300 max volts

GRID-NO.2 (SCRREN-GRID) VOLTAGE See curve page 69

GrID-NO.1 {CONTROL-GRID) VOLTAGE, Positive blasvalue. . ... ............ (0 max volts
PLATE DISSIPATION ., ... .ottt ii it et ir i aeeainanan RPN 2.5 maz watts
GRID-N0.Z INPUT:
For grid-No.2 voltages up to 1580 volt8. . ... ... ... ... cotiinirvernenns 0.5 max watt
For grid-No.2 voltages between 150 and 300 votts. Ll See eurve page 69
PEAK HEATER-CATHODE VOLTAGE:
Heater negntwe with respeet to cathode. .. . ............. RPN e 200 max volts
Heater positive with respect to eathode. . ... ........,.... P . 200°nazx volta
Characteristics:
Plate Supply Voltage. . .............. DR O SN 200 volts
Grid No.d . i Connected to cathode at socket
Grid-No.2 Supply Voltage. ....... ... ... ... ... ..o 150 volts
Cathode-Bias Resistor, . . 180 ohms
Plate Resistance (Approx. 300000 ohms
TransconduCtanes. . ... ... ... c..ouriunininnir s 6200 smhos
(Grid-No.l Voltage (Approx.) for plate current of 10 pa. . . -8 volts
Plate Current. .. ... ottt ie it e e i 9.5 ma
Grid-No2 Current. .. o i e e . 3 ma
Maximum Circuit Values {For maximum rated conditions):
Grid-No.1-Circuit Resistance:
For fixed-biasoperation. ... .......... .. ... cuurrinen PN 0.25 mar megohm
For cathode-bias operation. . .......................... ey 1.0 max megohm
® The d¢ component must not exceed 100 volts.
Maximum Ratings: DIODE UNIT
PRAK INVERSE PLATE VOLTAGE. ... . ... ... . it iaiiiinnenss [P 380 max volts
PEAK PLATE CURBENT. .. . oottt iini it it er it e reieenanns 60 max ma
DC PLATE CURRENT. . ..ot ittt ettt it e eicacnnins 5 max ms
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. . ... ... .. ... ... . 200 mazx volts
Heater positive with respect toeathode. .. .. ... ... ... .. .......... 200°max volts

° The de component must not exceed 100 volts.

@ "°’" TWIN DIODE—HIGH-MU TRIODE

Miniature type used as a com-
bined detector, amplifier, and ave tube
in automobile and ac-operated radio 6AT6
receivers. Outline 11, OUTLINES
SECTION. Tube requires miniature
seven-contaet socket and may be mounted in any position. For typical operation as
resistance-coupled amplifier, refer to Chart 5, RESISTANCE-COUPLED AM-
PLIFIER SECTION.

HeAT8R VOLTAGE (AC/DT). .. ........ e P, . 6.8 volts
HeATER CURRENT. ..ttt ittt canonreresannnn s cnnnan s 0.3 ampere
Dimect INTERELECTRODE CAPACITANCES:
Triode Grid to Triode Plate. . . ... .. ... . i i, 2.0 ppf
Triode Grid to Cathode and Heater.. .......... .. ... .......civeievns 2.2 npef
Triode Plate to Cathode and Heater. ... ....................... e 0.8 unf
Plate of Diode Unit No.Z to Triode Grid. ... ........ ... .. .o vvnnn. .04 max uuf
Maximum Ratings: TRIODE UNIT AS CLASS A, AMPLIFIER
PLATE VOLTAGE . ..o, iun ittt intanaararnconaeteotcrscnsnenanns 300 max volts
PLATE DISSIPATION. o .t i ettt inierarcrnranrannnenes e 0.5 max watt
GRID VOLTAGE, Pogitive Bias Value. .. .................. PPN e G max volts
Prak HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .......... ... . i 90 max volts
Heater positive with respect to cathode. . ......... ... .. e 90 max volts
Characteristics:
Plate Voltage. .. ............. et e PR 100 250 volta
Grid Voltage. . ... ..ot i, PN -1 -3 volts
Amplification Factor. .. ... ... ... ... i 70 70
Plate Resistance. . .. .. i i i it 54000 58000 ohms
Transeonductance, ... .... PSS 1300 1200 umhos
CPlate Current, oo o ii i i i e . 0.8 1.0 ma
Maximum Rating: DIODE UNITS
PLATE CURRENT (BACH UNITY . ..o ov i oaev it innns TR . 1.0 max ma

The two diode plates ave glaced around a cathode, the sieeve of which ia common to the triode unit.
Each diode plate has its own base pin. For diode operation curves, refer to type 6 AVS,
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AVERAGE PLATE CHARACTERISTICS
TRIODE_UNLT
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TRIODE-PENTODE CONVERTER

Miniature types used as combined k(3
6AT 8 oscillator and mixer tubes in television

receivers utilizing an intermediate fre- . (2)

6AT8—A quency in the order of 40 megacycles
per second. Type 6AT8-A has a con-
trolled heater warm-up time for use in receivers employing series-connected heater
strings, Outline 12, OUTLINES SECTION. Except for interelectrode capacitances
and basing arrangement, these types are identical with miniature type 6X8. The

basing arrangement of the 8ATS and 6AT8-A is particularly suitable for connection
to the coils of certain designs of turret tuners.

HEATER VOLTAGE (AC/DO) . .0ttt ietiiine v et iaienar e, 6.3 volts
HEATER CURRENT . . ..ttt ntcneinnrae i ir e areneas 0.45 ampere
Heater WarM-Up TiME (Average) for BATS-A. ... ........ccvirnnnn..s 11 seconds
l’%’ithoutz EW;’S?: ;
& . alerna wlerna

%ﬁfﬁr&g&fmmmmom CAPACITANCES (Approx.): Shield FHin

Gridto Plate. . .. ... .ottt e, 1.5 1.5 g

Grid to Cathode and Heater. .. ..............cinviunnn, 2.0 2.4 apef

Plate to Cathode and Heater. .. .. ...................... 0.5 1.0 suf
Pentode Unit:

Grid No.l to Plate 0.025 max 0,016 max ppf

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3. 4.5 4.7 upf

Plate to Cathode, Heater, Grid No.2, and Grid No.3. .. 4.9 1.6 apf
Pentode Grid No.l to Triode Plate. ... ..................... . 0.04 maz supf
Pentode Plate to Triode Plate. .. ......... ... ... ..., 0.007 mazx upf
Heater to Cathode. .. ..., .o it i 6.5 unf
Pentode Unit Connected as Triodes*

Grid Nol to Plate. . oo iv i iv s ciiiaes e en v 1.8 upf

Grid No.1 to Cathode and Heater, . .. 3.3 wpl

Plate to Cathode and Heater. .. .. ........ .. cooiiana.. 2.5 upf
* Grid No.3 eonnected to cathode; grid No.2 connected to plate.

P
HALF-WAVE VACUUM RECTIFIER . 2
Glass octal types used as damper ©

6AU4-GT tubes in horizontal-deflection circuits
6 AU 4 GT of color television receivers and of tele- NC D7 Thu
- vision receivers utilizing picture tubes oo ey Yool
having wide-angle deflection. Qutline
29, OUTLINES SECTION. Tubes require octal socket and may be mounted in any
position. These types may be supplied with pin No.1 omitted. It is especially im-
portant that these tubes, like other power-handling tubes, be adequately ventilated.

Type 6AU4-GT is a DISCONTINUED type listed for reference only. For curve of
average plate characteristics for 6AU4-GTA, see page 67.
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HEATER VOLTAGE (AC/DC) .. (.o on. e P 6.3 volts
HEATER CURBENT. | . ottt ittt it ae ettt e e intesacntnrenannnns 1.8 amperes
Direct INTERELECTRODE CAPACITANCES {Approx.):
Plate to Heaterand Cathode. . .. ... ... . ., . ... i 8.5 peul
Cathode to Heater and Plate. . . ... .. e e 11.5 st
Heater to Cathode. .. .. ... . ... . i, 4.0 auf
DAMPER SERVICE
For operation in a §25-line, 30-frame system
Maximum Ratings: ' SAUL-GT 6AU4L-GTA
Peak INVERSE PLaTE VOLTAGEY (Absolufe Maxtmum). . ........ 4500%maz  4500° max volts
PrRAK PLATE,CURRENT. . . .0ttt iiaiin e ininans . 1060 mar 1150 max ma
DO PLATE CURRENT . .. .ot it ittt ottt it i e enaaes 175 max 180 mezx ma
PLATE DISSIPATION . ...ttt ia e e ansinae 6 max 6 max watts
Prak HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode (Absolute Maximum). 4500°*max  4500°% max volis
Heater positive with respect to eathode. . ... ............... 3004 max 3004 max volts

t The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
525-line, 30-frame system, 15 per cent of one horizontal scanning eyele ig 10 microseeonds,

@ Under no circumstances should this absolute value be exceeded.
* The de¢ component must not exceed 900 volts,
#The de component must not exceed 100 volts.

o
(3) BEAM POWER TUBE
[+
PO Glass octal type used as horizon-
l taldeflection amplifierinlow-cost, high-
7

sion receivers employing either trans-
former coupling or direct coupling to

Nl efficiency deflection circuits of televi- 6AU S'GT
©

the defleeting yoke. Outline 22, QUTLINES SECTION. Tube requires octal socket

and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . i i it e ie e 6.3
HBATER CURBEBNT. . oottt ity cr et anaronronecnianeaann, 1.25
DireCT INTHRELECTRODE CAPACITANCES { Approx.):
Grid No.T to Plate. ... .o it iis it cainarnsan 0.5
Grid No.I to Cathode, Heater, Grid No.2, and Grid No.3..... ..., RO 11.3
Plate to Cathode, Heater, Grid No.2, and Grid No3. ... .............. 7.0
TRANSCONDUCTANCEH .ottt iitetsnen et aanianananns 5600
Mu-Factor, Grid No.2 to Grid No. 1. .. ... ... o iiiiouns RPN 5.9
# For plate volts, 115; grid-No.2 volts, 175; grid-No.1 volts, —20.
1 For plate volts, 100; grid-No.2 volts, 1008; grid-No.1 volts, —4.5.
HORIZONTAL DEFLECTION AMPLIFIER
Maximum Ratings: For aperation in a 525-line, 30-frame system
DO PLATE VOLTABE. 4« vt st tutenr e oreonas e taassvne e nrnenas 550 max
PEAK POSITIVE-PULSE PLATE VOLTAGE® (Absolute Magimum) .. ...... . .. .. 5500%max
PEAK NEGATIVE-PULSE PLATE VOLTAGE. . ... ... vt ir v iceiniancinannans ~1250 max
DO GRID-N0.2 {(SCREEN-GRID} VOLTAGE®. ... ... .. . ... ... ... ..cc..c.... 200 max
Peax NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID} VOLTAGE. .. .. ...... . ~300 max
PrAK CATHODE CURRENT. . . ... ivieeiriinnnnnnnns N e 400 max
AVERAGE CATHODE CURRENT, .. .......... PPN i PP 110 waz
406 AVERAGE PLATE CHARACTERISTICS
1 T T T
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GRID-NOZ INPUT. .. ..oviii i PN et e i e 2.5 mox watts
PLATE DISSIPATIONIY .. i i i e e e 10 max watts
PEAX HEATER-CATHODE VOLTAGE!:
Heater negative with respect to cathode. ... ... .. ..o iviii i, 200 max volts
Heater positive with respect to cathode. . .. ..., .. .. .. ... ... PN 200%max volts
BuLe TEMPBRATURE (At hottest pointh. ... .. .. o it inrceecannnn 210 max o

Maximum Circuit Volue:

Grid-No.1-Cireuit Resistance. .. ... ..v vt iinviivrrrornensaaan.as 0.47 maxz  megohm
* The duration of the voltage pulse must not exeeed 15 per cent of one hotizontal scanning cycle. In a
525-line, 30-frame system, 15 per cent of one horizontal scanning cyele is 10 microseconds.

¢ Under no cireumstances should this absolute value be exceeded.

* Obtained through a series dropping resistor of sufficient magnitude to limit the grid-No.2 input to the
rated maximum value.

t1An adequate biags resistor or other means is required to proteet the tube in the absence of excitation.
* The de component must not exceed 100 volts,

YOLTAGE REGULATOR SERVICE

Maximum Ratings: Triede Connection, Grid No.2 connecled to Plale
PLATE VOITAGE. . ... i e iaaeen s . 300 max volts
GRID-NG.1 VOLTAGE:
Negative biag value. . ... ... . . . i e —125 max volts
Positive bias value, , ... ............... ... ... 0 max volts

CATHODE CURRENT. . oo e itint i e e cnnes .. 110 max ma
Toral PLATE aND GRI-N©.2 DISSIPATION : 10 max watts
Peak HEATER-CATHODE VOLTAGE:

Heater negative with respect to eathede.. ... ............... v . 180 max volts

Heater positive with respect tocathode, .. ... .o it iiiiiaiiiniies 180 maz volts
" AVERAGE CHARACTERISTICS

TveE BAUSGT

Ee=0.3 VOLTS

GRID NBZ YOLTS #1380
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¢
SHARP-CUTOFF PENTODE " 9. G2
Miniature type used in compact 9’ O
6 AU 6 radio equipment as an ri amplifier es~ @ ‘ (o)
pecially in high-frequency, wide-band  6a J "

applications. It is also used as a limiter ()

tube in FM equipment. Qutline 11, i
OUTLINES SECTION. Tube requires miniature seven-contact socket and may
be mounted in any position. For a discussion of limiters, refer to ELECTRON
TUBE APPLICATIONS SECTION. For typical operation as resistance-coupled
amplifier, refer to Chart 6, RESISTANCE-COUPLED AMPLIFIER SECTION.

HEATER VOLTAGE {(AC/DC). . ......... [N avrecasre e 6.3 volts
HEATER CURRENT. . ... . tviienenrsennnnnnnes Cevevesreesaans 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.lto Plate, .. L v iiii it nncarsansssrnsn 0.0035 max frn §
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Sl’neld 5.5 puuf
Plate to Cathode, Heater, Grid Na.2, Grid No. 3, and Internal Shield.. 5.0 apf
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CLASS A1 AMPLIFIER Triodet Pentode
Maximum Ratings: C 147 C 14

PLATE VOLTAGE. .0 vivrnir e rrnannnnsarnnrs 250 mazx 800 max volts
GRI-N0.2 (SCREEN-GRID) VOLTAGE, ....... e, . - See curve page 69
GRID-NO.2 SUPPLY VOLTAGE. .. .....ocvniunens e - 300 max volts
PLATE DISSIPATION. .. ... ...t iiiiitriinnninnnnncns [ 3.2 maz 3 max watts
GrID-No.2 INPUT:

For grid-No.2 voltages up to 150 volts. ... ... ... ouuiviun, PR 0.65 mazx watt

For grid-No.2 voltages between 150 and 300 volts. . .. ...vvvievcnnnns See curve page &9
GR1D-NO.1 (CONTROL-GRID) VOLTAGE:

Negative blag value. . .. ....c.oooviciiaiiaiaiion ~50 mux -50 maxz volts

Positiveblas value. . .. ... .. .. iiiiiriircriaiianas O max 0 maz volts
PrAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ............ ..., 180 max 180 max volts

Heater positive with respect to cathode. .. .............. 100 mox 100 max volts
Characteristics: Trindet CPenl,ode
Plate Supply Voltage. . ......... v iiienivnan, 250 100 250 250 volts
Grid No.3 (Suppressor Grid) . .......... PR - Connected to cathode at socket
Grid-No.2 Supply Voltage .. ...... . oovhnn PR - 100 126 150 voits
Cathode-Bias Resistor .. .. ............ ... ... . 330 150 100 68 ohms
Amplification FActor...........oivievennn cew 36 - - -
Piate Resistance (Approx.}. ... ....coviviin v 9.0075 0.5 1.5 1.0 megohms
TrangcondUctance, .. ..o vervarereariinines . 4800 3900 4506 5200 umhos
Grid-No.l Voltage for plate current of 10 pa...... - -4.2 -5.5 -6.5 volts
PlateCurrent. , ... ... i, 12.2 5.0 7.8 15.6 ma
Grid-No. 2 Current . .. .o . crviiiniivacnnnre - 2.1 3.0 4.8 ma

t Grid No. 2 and grid No. 3 tied to plate.
AVERAGE PLATE CHARACTERISTICS
PENTOO!
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MEDIUM-MU TWIN TRIODE

Miniature type used as phase inverter or
amplifier in television receivers employing series-
connected heater strings. Outline 12, OUT-
LINES SECTION. Heater volts (ac/dc), 12.6 6AU7
(series), 6.3 (parallel); amperes, 0.15 (series),
0.8 (parallel}; warm-up time {average) in paral-
et arrangement, 11 seconds. Exeept for heater
ang heater-cathode ratings, this typeisidentical
with miniature type 12AU7. The 6AUT7 is a
DISCONTINUED typelisted for referenceoniy.

MEDRIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a wide
variety of applications in television re- 6AU 8

ceivers. This type has a controlled
heater warm-up time for use in receiv-
ers employing series-connected heater
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strings. The pentode unit is used as a video amplifier, an if amplifier, or an age
amplifier. The triode unit is used in sync-amplifier, syne-separator, syne-clipper,
and phase-inverter circuits. Qutline 14, OUTLINES SECTION. Tube requires
miniature nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DCY . e i ee i i e e 6.3 volts
HEATER CURRENT, . . .iovurvaeninnn, . e 0.6 ampere
Heares Warm-up TIME (Average) 11 seconds
DIRECT INTERELECTRODE CAPACITANCES:
Triode Unit: .
Gridto Plate. , . ... iniiniiniiiiaiaanana P e iieaaaas 2.2 upk
Grid to Cathode and Heater. . ... ... .oovuiriieriari, 2.6 puf
Plate to Cathode and Heater. .. ..........vo vt iiiinininaeas . 0.34 ng
Pentode Unit:
Grid No.L to Plate. ... .. ittt et inaane s 0,044 upf
Grid No.} to Cathode, Heater, Grid N0.2 Grid No.3, and Internal Shleld 7.5 upi
Plate to Cathode, Heater, Grid No.2, Grid No. 3, and Internal Shield. . 2.4 unf
Triode Grid to Pentode Plate, . . .....cono vt ierannrririoerinninanns . 022 mazx nuf
Pentode Grid No.l to Triode Plate. ... ....... e e 0006 max apd
Pentode Plate to Triode Plate. .. ... ... i i iiiiii i 0.12 max upl

N 3 CLASS A; AMPLIFIER
Maximum Ratings: Triode Unit Pentode Unit

PLATE VOLTAGE . .. ..oi v ciii i e, 300 max 300 mazx volts
Grip-N0.2 (SCREEN-GRID) SUPPLY Vortace. ... 10 - 300 max volts
GRID\NOZ VOLTAGE. . .o it cce i cenazanann . —~ See curve page 69
GriD-NoO.1 (CONTROL~GRID) VOLTAGE, Positive bias value. . .. 0 maz 0 max volts
PLATE DIBSIPATION, . ..o i it iiiia i innainas 2.5 max 3 max watts
GRID-N0.2 INPUT:

For grid-No.2 voltagesup to 150 volts. . .. ..., ..... S - 1 mazx watt

For grid-No.2 voltages between 150 and 300 volts. ... ... - See curve page 69

PEAK HEATER-CATHODE VOLTAGE:

Heater negative with reapect to eathode RN 200 max 200 mazx volts
Heater positive with respect to eathode. ........... . 200% mazx 200%max volts
Characteristics:
Plate Supply Voltage. . .. .... e e, 150 200 volts
Grid-No.2 Supply Voltage. . .. ... . ... o i iiiaanaan . - 125 volts
Cathode-Bias Resistor. . ..................... .. 150 82 ohms
Amplification Factor....... 40 -
Plate Resistance (Approx.). .. . . 8200 150000 ohms
TransconduCtBNee. oo . vu iy vy au e . 4900 70060 umbhos
(Grid-No.1 Voltage (Approx.) for plate current of 100 ua. . -6.5 -8 volts
Plate Current. .. .. coiiiiinir it PR 9 15 ma
Grid-No.2 Current, . .... e e PN - 3.4 ma
Maximum Circuit Valves:
Gri@-No.1-Circuit Resistance:
For fixed-biag operstion. . ... ... . .o i i .. 0.5 maz 0.25 maxr megohm
For cathode-bias operation. . ............ v e . 1.0 max 1.0 max megohm
® The de component must not exceed 100 volts.
AVERAGE CHARACTERISTICS
PLNTODE UNIT
TYPE BAUB
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HEATER VOLTAGE (AC/DC) v v vvns. ... e ienareaes et rarvesaseriraninn 6.3 volta
HEATER CURRENT. o . .ttt naaracnnnorananeerianseenensonsoans 0.3 ampere
DiRECT INTERELBCTRODE CAPACITANCES:
Triode Grid to Triode Plate. . . ........¢veuuenans . . saf
Triode Grid to Cathode and Heater. .. ... ..iuinivrinninirninnvneanns . wuf
Triode Plate to Cathode and Heater, ... ....o.oovvenonn.... .8 ppf
Plate of Diode Unit No.2 to Triode Grid. . ...cveurivrerineirnnnnnennn. . puf
Maximum Ratings: TRIODE UNIT AS CLASS A; AMPLIFIER
PLATE VOLTAGE . L it ittt ettt e an s s iaateseassanennennennans volts
GRID VOLTAGE, Positive Bias Valte. . ... cuvvivrivrrrnranrnsonnrnnnnsan volts
PLATE DISSIPATION . . ...\ .\, eu iyt rnsanssernnsanecrnsasnsonconsnse . watt
PEAK HBATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. .. erens Caracennrea ey 90 maz volts
Heater positive with respect to cathode, .. .......... I 90 mazx volta
Characteristics:
Plate Voltage, v v vt vrierniianercernerannernnnnnns e 160 250 volta
Grid Volbage . . . oo vvr it s nurrairserasanrnacrseecnennn P -1 -2 volts
Amplification FActor. .. .. ... 0viiiiiiiinimareriernernraares 160 100
Plate Resistance. . .......ouiiivuinenneninrniieraecnsonvnnn 80000 62500 chms
Transconductanee. .« ..ueueisrernnrrnrveronnnnannns e 1250 1600 #mhos
Plate CUrrent. . o oo vt eine e iinne e taee et ravncennneasans 0.50 1.2 ma

Maximum Rating:

Prate CURRENT (Each Unit).........0iiivniiniviiensinnaennaso ., 1,0 maz 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 bissing of the triode unit is not recommended.

AVERAGE DIODE CHARACTERISTICS
HALF-WAVE RECTIFICATION-SINGLE DIDDE UNIT

INSTALLATION AND APPLICATION TYPE 6AVE =63 VOLTS

Type 6AV6 requires miniature seven- b
contact socket and may be mounted in any
position. Qutline11, OUTLINESSECTION.

The triode unit of the 6AV$6 is recom-
mended for use only in resistance-coupled
circuits, Refer to the RESISTANCE-COU-
PLED AMPLIFIER SECTION, Chart 15
for typical operating conditions.

Grid bias for the triode unit of the o
6AV86 may be obtained from a fixed source,
such as a fixed-voltage tap on the dc power
supply, or from a cathode-bias resistor. It
should not be obtained by the diode-biasing ol
method because of the probability of plate-
current cutoff, even with relatively small sig~ —
nal voltages applied to the diode circuit. J 7 A

3% -36 -20  -10 o
DL VOLYS DEVELOPED BY DIODE
~6875T
AVERAGE PLATE CHARACTERISTICS F2CN-&
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AVERAGE CHARACTERISTICS
TRIODE UNIT
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PLATE VOLTS

BEAM POWER TUBE

Glass octal types used as hori- 6AV5..GA

zontal deflection amplifiers in tele-

vision receivers employing either

transformer coupling or direct cou- 6AV5-GT
G (5 pling to the deflecting yoke, 6AV5-GA

Outline 33, 6AV5-GT Outline 22, OUTLINES SECTION. Tubes require octal

socket and may be mounted in any position. Type 8AV5-GTisa DISCONTINUED

type listed for reference only.

S2CM-BI88T

HeaTER VolLracr (Ac/pC) 8.3 valts
HEATER CURRENT. ...ttt i n s 1.2 amperes
TRANSCONDUCTANCE®. .. ... .. i vuiiniennnn.ns 5500 umhos
Mu Facror, Grid No.2 to Grid No.1## 4.3
* Plate volts, 250; grid-Ne.2 volts, 150; grid-No.1 volts, ~22.5,
** Triode connected: plate and grid-No.2 volts, 150; grid-No.1 volts, ~22.5.
HORIZONTAL DEFLECTION AMPLIFIER

Maximum Ratings: For operation in a 525-line, 80-frame system
DC PLATE VOLTAGE . . .ottt ittt i e i e r e s . 650 max volts
PEAR POSITIVE-PULSE PLATE VOLTAGE ¥ (Absolute Moximum). ... ......... B500°maur volts
PEAK NEGATIVE-PULSE PLATE VOLTAGE. .. ..., v it iein s ~1250 max volts
DC GRID-NO0.2 (SCREEN-GRID} VOLTAGE . . . .0 evererennnneran e 176 max volts
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGET. ., ......... ~300 max volts
PEAK CATHODE CURRENT. | ...\ it ivrartsinaninsaneeannaneanannns 400 wax ma
AVERAGE CATHODE CUBRENT ... ... ... tii e niiaiinnnane e .. 110 max ma
GrID-NO.2 INPUT.. ... e PN e 2.5 max watts
Prave DisgreaTiontt. .. ... ..., e FS 11 max watta
PeaK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. .................... P 200 mox volts

Heater positive with respect to cathode. .. ......... J N PPN 200mnaz volts
BULE TEMPERATURE (AL hottest Polbfl. ..o vun et vt it cinirnnnnens . 210 mazx *C
Maximum Circuit Volue (For muaxi rated conditions):
Grid-No.1 Circuit Resistance. . ... ......ioiiiiiiin i iniannn.s Q.47 mazr megohm

t The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning eycle, In a
528-line, 30-frame system, 15 per cent of one horizontsl scanning eycle is 10 microseconds.

° Under no circumstances should this absolute value be exceeded.

11 An adequate biag resistor or other means is required to protect the tube in the absence of excitation.
® The de component must not exceed 100 volts.

TWIN DIODE—HIGH-MU TRIODE

Miniature type used as combined
detector, amplifier, and ave tube in
automobile and ac-operated radio re-
ceivers. The 6AV6 may be substituted 6 AV6
directly for the 6AT6 in applications
where the higher amplification of the
B6AVE6 is advantageous.
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HIGH-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature types used in a wide 6AW8
variety of applications in television
receivers. These types have a con- 6AWB'A
trolled heater warm-up time for use in
receivers employing series-connected
heater strings. The pentode unit is used as an if amplifier, video amplifier, age
amplifier, or reactance tube. The triode unit is used in low-frequency oscillator,
syne-separator, syne-clipper, and phase-splitter cireuits. Outline 14, OUTLINES

SECTION. Tubes require miniature nine-contact socket and may be mounted in
any position.

HEATER VOLTAGE (AC/DC) . v svurrinnerirvruvonsnsiosnronannaasnns 6.3 volts
HrEATER CORRENT. . ... ..0ooinviinuen e raaceereseacarern e 0.6 ampere
Hearer WarM-Up TIME (AVERAGE)..... Prasesaiaararrasreiiaaes cvrran 11 seconds
DIRECT INTERELECTRODE CAPACITANCES:
Triode Unit: 6AWS 6AWS-A
Gridto Plate. ........... ieeansseeraerecannens 2.2 2.2 nuf
Grid to Cathode and Heater. .. oooviiiiiiniivrsnnas 3.2 3.2 pupf
Plate to Cathode and Heater, . vvvsvrrnrvnesrsnvere, 0.32 0.32 wak
Pentode Unit:
Grid No.ltoPlate. ... .. oiiiiiiiiiiiiiiinens 0.038 max 0.04 maz ek
Grid No.1to Cathode, Heater, Gnd No.2, Grid No.3, and
Internal Shield, ...............ccovvieinn cesannn 11 10 paf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In-
ternal Shield. ....... e 2.8 3.6 wal
Triode Grid to Pentode Plate. ...cuveviviiirinncinenons 0.03 max 0,016 max upf
Pentode Grid No.1 to Triode Plate,........ovuntn verr, 0.008 mar 0.006 max puf
Pentode Plate to Triode Plate. . cvuwouvnirrccnnsaesesn. 0.2 max 0.15 maz puf
CLASS A, AMPLIFIER
Maximum Rotings: Triode Unit Pentode Unit
PrLATE VOLTAGE. ...... Crtetrennnes 300 max 300 max volts
GRID-N0.2 \scnmw-cmn) SUPPLY VOLTAGE:Q Ceaseraneann - 300 mox volts
GRID-N0O.2 VOLTAGE. . ............... - See curve page 69
GRID-N0O.1 (CONTROL-GRID) VOLTAGE:
Negative biag value.....covrenenann Canererbansenne - ~B0 max volts
Positive bias value. .. ... FE N - 0 max volts
PLaTE DISSIPATION (BAWS) 1 maz 3 maz watts
PLATE DISSIPATION (BAWS-A) s rrireariavaeran 1 maz 3.25 max watts
GRID-N0.2 INPUT:
For grid-No.2 voltages up to 150 volts, . .. .virvvinnes - 1 max watt
Fo;lgnd-No .2 voltages between 150 and 300 volta, ..., - See curve page 69
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ....osasvsren 200 maz 200 max volts
Heater positive with respect to eathode, oy e v o ss s s 200°max 200°maz volts
AVERAGE CHARACTERISTICS
TRIODE UNIT
8 H T 7 H
/ ! TYPE 6AWB-A
Ep= 63 VOLTS
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Characteristics: .
Plate Supply Voltage. . .......coiniiiinnnas RPN 200 2060 volts
Grid-No.2 Supply Voltage, . ....... e - 150 volts
Grid-No.l Voltage. .. ... ....ooiiiieivinienrniiiniannn -2 0 volts
Cathode-Bias Resistor. ... .. ...o.oivneiininnnnann . - 180 chms
Amplification Faetor. ... ., .. .. i iiiiiiiiiier. 7¢ -
Plate Resistance (Approx.). ... .....ouiriininiinnanan 17500 100000 ohms
TranseonGUeEtance. . . ... ..., eemniariaer e 4000 9000 umhos
Grid-No.l Veltage (Approx.) for plate current of 10 xa. ... -8 -10 volts
Plate Current. ... ....ooetninrriinennnnnnannes s .. 4 18 ma
Grid-No.2 Current. . ... DI Ve - 3.5 ma
Maximum Circuis Values:
Grid-No.1-Cireuit Resistance:
For fixed-bias operation. .. ................ Cereriens 0.5 maz 0.25 max megohm
For cathode-bias operation. . ... ...... ., e reaesena 1.0 max 1.9 max megohin
*The de¢ component must not exceed 160 volts.
AVERAGE CHARACTERISTICS
PENTODE UNIT
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HALF-WAVE VACUUM RECTIFIER
Glass octal type used as a damper

6 AX4_GT tube in horizontal deflection circuits of
television receivers. Outline 22, OUT-
LINES SECTICON. This type may be
supplied with pin No.1 omitted. Tube
requires octal socket and may be mounted in any position. It is especially important
that this tube, like other power-handling tubes, be adequately ventilated. For
curve of average plate characteristics, see page 67.

HeaTER VOLTAGE {AC/IX) . 6.3 volts
HEATER CURRENT. . .0\ ovvnnnnn. 1.2 amperes
Direct INTERELECTRODE CAPACITANCES
Cathode to Plate and Heater. . ... ... ....... ... 8.5 rad
Plate to Cathode and Heater. ................... 5 sl
Heater to Cathode. .. ..., e e e e i aaas 4 pul
. 3 DAMPER SERVICE
Maoximum Ratings: For operation in a 525-line, 80-frame system
PEAK INVERSE PLATE VOLTAGE# (Absolute Mazimum).. .. .o ovevven.. .. 4400* max volts
PEAK PLaTE CURRENT. . ...... e s P 750 max ma
DC PLATE CURRENT............, e e e e 125 amox ma
PLATE IDISSIPATION . . .. . itr it reiinannasontaasinnranses 4.8 max watts
PeAK HEATER-CATHODE VOLTAGE:
Henter negative with respect to cathode. ... ..... eabeenaen vesreesens  4400%emax volts
Heater positive with respect to cathode................ PP 840 s max volts

#The duration of the voltage pulse must not exceed 15 per cent of one horizontal secamning cyete, In
a 525-line, 30-frame system, 15 per cent of one horizontal scanning cycdle is 10 microseconds.

* Under no circumstances should this absolute value be exceeded.

w The de component must not exceed 300 volts.

& The de component must not exceed 100 volts,
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®™  FULL-WAVE VACUUM RECTIFIER

Glass octal type used in power
supply of radio equipment having mod- 6 Axs -GT
9" @), erate dc requirements. Outline 22,

()™ (e) OUTLINES SECTION. This type
may be supplied with pin No.1 omitted.
Tube requires octal socket and may be mounted in any position. The heater of this
tube can be' operated from the same transformer winding that supplies 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 electrolytic filter
capacitors having lower peak voltage ratings than required for a filament-type
rectifier tube. It is especially important that this tube, like other power-handling
tubes, be adequately ventilated.

HEATER VOLTAGE (AC) .t .vvvrnvunnn e iiiinrtessnannaansannanss veaus 6.8 volts

HEATER CURRENT. . .....couvinnnnnn VRIS & SO § § SR § S S wenn: 1u@ amperes
’ . FULL-WAVE RECTIFIER

Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE. . ...t .ivivviinrennennnnnenrans s o szezvace v +. 1250 maz volts

PEAK PLATE CURRENT (Per Plate). ..............ccciviinnnne, Shih FoondiRi 375 max ma

HoT-SWITCHING TRANSIENT PLATE CURRENT
For duration of 0.2 second maximum. . ........coiiiiinneiraiinenaninn. 2.6 max amperes
AC PLATE SUPPLY VOLTAGE (Per Plate, rms) See Rating Chart

DC OutpPuT CURRENT (Per Plate, rms) .. .........c0ovivans o SN 5 See Rating Chart

PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode........................ vieest. 450 max volts
Heater positive with respect to cathode. .. .......cvvviiiinienineeians . 450 max volts

Typical Operation with Capacitor Input to Filter:

AC Plate-to-Plate Supply Voltage (rms)... .......... e 700 900 volts
Filter Input Capacitor®. ... ... ... ... ... 0. iiiiirerinnaerenn 10 10 uf
Effective Plate-Supply Impedance Per Plate. . . ................ 50 105 ohms
DC Output Voltage at Input to Filter (Approx.):
At half-load current of {624(5) m: wastse w0 5 v ke e 385 510 zg}t:
At full-load current of { TG TR o 90 490 volta

Voltage Regulation (Approx.):
Half-load to full-load current........... R 45 50 volts

RATING CHART

L T 1 T T T
TYPE 6AXS5-GT €,=6.3 VOLTS
|- © % CAPACITOR OR CHOKE INPUT
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Typical Operation with Choke Input to Filter:

AC Piate-to-Plate Supply Voltage (rms). . .......cvvvevnveer.. T00 900 volts
Filter Input Choke. . .. ... ... i it it iiiiaaasn . 10# 104 # henries
DC Output Voltage at Input to Filter (Approx.):

At half-load current of { 62’.72 ﬁ: e 220 365 zg}z:

At full-oad current of { {83708 +rrrerrern e 200 850 velta
Voltage Regulation (Approx.):

Half-load to full-load eurrent. .. ... ...ovviiivininraenn e 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 35 ma. For load currents less than 35 ma, a larger value of inductance is required for
optimum regulation,

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
FULL -WAVE CIRCUIT, CAPACITOR INPUT TO FILTER FULL-WAVE CIRCUIT, CHOKE INPUT TO FILTER
TYPE 6AX5-GT  E= 6.3 VOLTS AC TYPE 6AX5-GT E =63 VOLTS AC |
[ FILTER~INPUT CAPACITOR ———CHOKES OF INFINITE
=104+ INDUCTANCE -
FECT. PLATE = P~
L0RPLy st o aNcE Ber CHOKES OF VALLES
50 OHMS _FOR
600 - 600M ~— —BOUNDARY LINE FOR —
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MEDIUM-MU TRIODE—
SEMIREMOTE-CUTOFF PENTODE

6 AZ 8 Miniature type used in a wide

variety of applications in television

receivers. The pentode unit is used as

an if amplifier, video amplifier, age

amplifier, or reactance tube. The tri-

ode unit is used in low-frequency oscillator, sync-separator, sync-clipper, and phase-

splitter circuits. Outline 12, OUTLINES SECTION. Tube requires miniature
nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) ., t it i tue ittt it itiatn et eain e 6.3 volts
HEATER CURRENT . . .\ ottt titiiet it am s aate ittty 0.45 ampere
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DIRECT INTERELBCTRODE CAPACITANCES:
Triode Unit:

Grid to PHte. .. ...ttt e as 1.7 usl

Grid to Cathnde, Heater, and Internal Shield. .. ...................., 2 fn

Plate to Cathode, Heater, and Internal Shield. ... ......... ..., ... 1.7 pul
Pentode Unit:

Grid Rol to Plate, .. ... ... . . i v i 0.02 max unf

Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 6.5 unf

Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. ... 2.2 upf
Triode Grid to Pentode Plate. .. ..., ... ... .. . iiiriviininennaiaso.. 0.027 max puf
Pentode Grid No.l to Triosde Plate . ... .. ... .. ... .. ... ohioal. .. 0.020 maz pul
Pentode Plate to Triode Plate .. ... ... ... .. .. ... ... i, 0.045 mazx puf

CLASS A, AMPLIFIER

Maximum Ratings: Triode Unit  Penlode Unil
PLATE VOLTAGE. . ... . e i e aninaannns 300 mazx 300 maz volts
GRID-N0G.2 (SCREEN-GRID) SUPPLY VOLTAGE .. ........... - 300 mazx volte
GRID-NOZVOLTAGE. . .. ... ... i - See curve page 69
GR1D-NO.1 {(CONTROL-GRID) VOLTAGE, Positive bias value. .. B max 0 mar velts
PLATE DISSIPATION. .. ............. v 2.6 max 2 maz watts
GRrRip-No.2 Inpum:

For grid-No.2 voltages up to 150 volts. . .. .. ... ... ... - 0.5 maz watt

For grid-No.2 voltages between 150 and 300 volts. . ... - See curve page 69
PeAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode....,......... 200 max 200 mazx volts

Heater positive with respeet to cathode, ............. 200mmax 200mmaz volts
Characteristics:
Plate Supply Voltage . ... ... ... .o i, 200 2060 volts
Grid-No.2 Voltage. .. ...ty i . - 156 volts
Grid-No. L Voltage. ... ...t iiicenrnes -6 - volts
Cathode-Bias Resistor. . ..... ..., ... ..o, - 1840 chms
Amplification Factor. ... ........................ [N 19 -
Plate Registance (APProx.). . ... ... . vnieienenninns 5750 600000 ohms
Transeonductance. . ... .... ..o iui e 3300 6000 umhos
Grid-No.1 Voltage (Approx.) for plate current of 10 pa. ... -19 - volts
Grid-No.1 Voltage (Approx.} for transconduectance of 100

EMBOS. . e - ~12.6 volis
Plate Current. ... .... PR 13 8.5 ma
Grid-No.2 Curreht. . ..o iniinivniinnnnnnnas Cerraraea - 3 ma
Maximum Cirevit Yolues:
Grid-No.1-Circuit Reafstance:*

For fixed-bias operation. . . .. ............... N 0.5 max 0.25 max megohm

For eathode-bias operation. . . ... ... ... ... .. .oeuvins 1.6 max 1.0 maox megohm

®» The de component must not exceed 100 volta.

* 1f either unit is operating at maximum rated conditions, grid-No.l-eircuit resistance for both units

should not excesd the stated values.
AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT
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AVERAGE PLATE CHARACTERISTICS
. PENTODE UNIT

T U
TYPE 6AZ8
Ep =83 VOLTS
LGRID>N2 3 VOLTS =0 -
GRID~H& 2 VOLTS =150

x
o

bl

PLATE M IL'LIAMPERES

i
GRID-N2 | YOLTS ECia-2

5 [
—

-3

—

-4
S -1
= + 10

300 40D
PLATE VOLTS

[2CM ~ 85257

POWER TRIODE

Glass octal type used in output stage of

radio receivers and amplifiers. Qutline 50, OUT-

LINES SECTION. Tube requires octal socket,

6B4_G For typical operation as a single-tube class A
amplifier, refer to type 2A8. Filament volts

{ac/de), 6.3; amperes, 1,0, Maximum ratings as

push-pull class ABy amplifier: plate volts, 325;

plate dissipation, 15 watts. Type 6B4-G is a

DISCONTINUED typelisted for reference only.

DIRECT-COUPLED POWER TRIODE

Glass type used as class A power amplifier.

One triode, the driver, is directly econnected

within the tube to the second, or sutput, triode.

6B5 Outline 43, OUTLINES SECTION. Tube ro-

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 volts, 800 max; grid volts, 0; plate

ma., 8. Qutput triode: plate volts, 300 maz; plate ma., 45; plate resistance, 24000 ohms; load resistance,
7000 chms; output watts, 4, This is a DISCONTINUED type listed for reference only.

TWIN-DIODE—HIGH-MU TRIODE
Glass oetal type used as combined detector,
amplifier, and ave tube. Outline 38, OUT-
LINES SECTION. Tube requires octal socket.
6B 6 G Heater volts (ac/de), 6.3; amperes, 0.3. Within
- its tricde maximum plate-voltage rating of 250
volts, this type is similar electrically to type
6SQ7 and curves under that type apply to the
8R6.;. This is a DISCONTINUED type
ligted for reference only.

TWIN-DIODE—
REMOTE-CUTOFF PENTODE
Glass types used as combined detector, am-
6B7 plifier, and ave tubea. Outline 40, OUTLINES
SECTION, These types fit the small geven-~-con-
6875 tact (0.75-inch, pin~circle diameter) socket, Ex-
cept for interelectrode capacitances, the elec-
trical characteristics of the 6B7 are identical
with those of type 6B8-G. Type 6B7S 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. These are DISCONTINUED types listed for reference only.
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TWIN-DIODE
REMOTE-CUTOFF PENTODE

Metal type 6B8 and glass octal type 6B8-G
are used as combined detector, amplifier, and
ave tubes. Outlines 4 and 39, respectively, 688
OUTLINES SECTION. Type 6BS is used
principally for renewsal purposes; 6B8-G im a 638-6
DISCONTINUED type lsted for reference
s:688 only. Tubes require octal socket. Heater volts
NC 688G ® {ac/de), 6.3; amperes, 0.8. Maximum ratings of

pentode unit as class Ay amplifier: plate volts,

800 mazx; grid-No.2 volts, 125 mazx; grid-No.2 supply volts, 800 maz; grid-No.1 volts, 0 min; plate dis-
sipation, 8.0 max watts (6B8), 2.25 max watts (6B8-G); grid-No,2 input, 0.3 maz watt.

H e
D=L REMOTE-CUTOFF PENTODE
9‘ ( Miniature type used as rf ampli-
‘ fier in standard broadeast and FM re- 6B A6
G3 ON ceivers, as well as in wide-band, high-
ey frequency applications. This type is
Gy

similar in performance to metal type
63G7. The low value of grid-No.1-to-plate capacitance minimizes regenerative
effects, while the high transconductance makes possible high signal-to-noise ratio.

HEATER VOLTAGE (AC/DC). v o vvvvivnnnins PR 6.3 volts
HEATER CURRENT. .. ..ttt iie e cnnnerasasonnnns veeire.a.. 0.8 ampere
DIRBCT INTERELECTRODE CAPACITANCES:

Grid NoL 60 PIAte. ... .o . vttt ot i iies it neneeat v evianen sy 0.0035 max sk

Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 5.8 riv

Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shietd. . 5.0 upf
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. . ...............c.t i 300 max volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE. ..... e e e e See curve page 69
GRID-NO.2 SUPPLY VOLTAGE. , ... .. ...\ .. et 300 maz volts
PLATE DISSIPATION . . .. Lottt it i it et aaneons 3 maz watts
GRID-N0.2 INnpPUT:

For grid-No.2 voltagesup to 180 volts. ... .. ... i i iiinnnannnan 0.6 max watt

For grid-No.2 voltages between 150 and 360 volts. ... ... ............ See curve page 69
GRID-NO.1 (CONTROL-GRID} VOLTAGE:

Negative biss value. . .......... ... oviianan S ~50 maz volts

Positive bias value. . ... o i 0 moz volts
Prax HEATER-CATHODE Vouracs:

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

Heater positive with respect to cathode. e e 90 max volts
Characteristics:
Plate Supply Voltage. . P e P 100 250 volts
Grid No.3 (Suppressor Grld) ............................. Connected to cathode at socket
Grid-No.2 Supply Voltage. . ..................... RN . 100 160 volts
Cathode-Bias !gemstor ................................... €8 68 ohms
Plate Resistance (APProX.d. ... ...crirvrirennrcnoneenncens .25 1.0 megohm
Transconductinee. . ... ...t e 4300 4400 umhos
Grid-No.1 Voltage (Approx.) for transconductance of 40 ymhos -20 -20 volts
Plate Current. .. ... e et e 10.8 11 ma
Grid«-No.Z Current, ... oo iiiiin i 4.4 4.2 ma

INSTALLATION AND APPLICATION

Type 6BAS requires miniature seven-contact socket and may be mounted in
any position. Qutline 11, OUTLINES SECTION.

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 resustor, from the avce system, or from a
combination of these methods.

The grid-No. 2 (screen-grid) voltage may be obtained from a potentiometer or
bleeder cirenit across the B-supply source, or through a dropping resistor from the

145



——— —== RCA Receiving Tube Manunal ————=mmx

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 6BAS, 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, provided the source does not exceed the plate-supply voltage. With this
method, the grid-No.2-to-cathode voltage will Tall 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 cireuit will have
an effect on the change in plate resistance with variation in grid-No.3 (suppressor-
grid) voltage in case grid No.3 is utilized for control purposes,

Grid No. 3 (suppressor grid) 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 eircuit, or from
the ave system,

AVERAGE PLATE CHARACTERISTICS
8 Iy ol i
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PENTAGRID CONVERTER

Miniature type used as converter

in superheterodyne circuits especially

6B A7 those for the M broadeast band. OQut-
line 14, OUTLINES SECTION. Tube

requires miniature nine-contact socket

and may be mounted in any position.

Maximum Rotings: CONVERTER SERVICE
PLATE VOLTAGE. ..o\ ittt iinmiia e iiiasiaiancaanarcnronsss 360 max volts
GRID-NO.5-AND-INTERNAL-SHIELD VOLTAGEX. ... ... iuiiivasnnvnnnrnnrsues 0 max volts
GRIDE-NO.2-AND-NO.4 (SCREEN-GRID) VOLTAGE. . . .4t tnvnnennnireiranenns 100 max volts
GRIDS-NO0.2-A8D-N0.4 SUPPLY VOLTAGE. . ... vnsvnnnrnacsarcrsansonrnon 300 max volts
PLATE DISSIPATION . .. .. it irein i iiereranneasanarraasssoassanenines 2.0 maz watts
GRIDS-NOZ-AND-NOA INPUT. . .t ittt iiin v caranassnnsns 1.5 max watts
TOTAL CATHODE CURRENT ... \0svuuneersostasssrosnssnnansanonssnssaassn 22 max ma
GRrIp-N0.3 VOLTAGE:
Negative hias value...... I e ~100 wmax volts
Positive DIas VAIUE . ...ttt e i 0 maz volts
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PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with regpect tocathode ... vuviviivininneivrnaroercanns 90 max volts
Characteristics (Separate Exeilation)*
Plate Voltage ....... T 1 ] 250 volts
Grid No.b and Intemal Sh:eid‘ esrerrarasraaberan Connected directly to ground
Grids-No.2-and-No.4 {Screen-{}nd) Voitage ........... RN 100 106 voltas
Grid-No.3 (Control-Grid) Voltage . ........... . -1.0 -1.0 volt
Grid-No.1 (Osciliator-Grid) Resistor .. .....v.vivniiiiivanane.. 20000 20000 chms
Plate Resistance (APProX.} . v.vvivnivivarrrvaanns 0.5 1.0 megohm
Conversion Transconductance., .. .. Cer ey 900 950 pmhos
Conversion Transconductance (Approx )**. R e 8.8 3.5 pmhos
Plate Current . . ............ 3.6 3.8 msa
Grids-No 2-and-No.d CuIrent . . .....ovverrvrinvanrersenes L. 1002 10 ma
Grid-No.l Current.......... ... . 0.85 0,35 ma
Total Cathode Current......... Ceaase 14.2 14.2 msa

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate (not oseil-
ating) 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 volts; grid No.8 grounded. Under the same conditions, the
plate current is 32 milliamperes, and the amplifieation factor is 16.5.

* The characteristics shown with separate excitation correspond very closely with those obtained in a
relf-excited oscitlator circuit operating with zero bias.

¢ With grid-No.3 bias of ~20 volts.
4 Internal Shield (pins No.6 and No.8) connected directly to ground.

MEDIUM-MU TRIODE —
SHARP-CUTOFF PENTODE

Miniature type used in a wide
variety of applications in color and 6BA8'A
black-and-white television receivers.
This type has a controlled heater
warm-up time for use in receivers em-
ploying series-connected heater strings. The pentode unit is used as a video ampli-
fier, an agc amplifier, or a reactance tube. The triode unit is used in low-frequency
oscillator and phase-splitter eircuits. Quiline 14, OUTLINES SECTION. Tube
requires miniature nine-contact socket and may be mounted in any position.

HEBEATER VOLTAGE (AC/DC) . ... .uvinnnns. e ey 6.3 volts
HEATER CURRENT . . .. ..ottt tteiteeeie s it niiaroneranranneonnnnans 0.6 ampere
HEATER WArRM-Up TIME (Average).............. e waeas 11 seconds
DiIRECT INTERELECTRODE CAPACITANCES (Approx.):
Withoul With
External Ezternal
Triode Unit: Shield Shield
Grid to Plate. . ..,.. P FS N N 2.2 2.2 s
Grid to Cathode and Heater. ... ............. N 2.5 2.7 puf
Plate to Cathode and Heater.,............ A 0.4 1.9 puf
Pentode Unit:
Grid No.1 to Plate. ., ouiuun e iieiianiannenannn. 0.04 0.03 uuf
Grid No.1 to Cathode, Heater Grid No.2, Grid No.3, and
Internal Shield.. ... ....... ...t iiiininnes 10 10 e
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In-
ternal Shield......... e, 3.6 4.5 ppf
Triode Grid to Pentode Plate. .. ..., R e 0.016 .006 puf
Pentode Grid No.1 to Triode Plate. . ... ................ 0.006 0.008 nuf
Pentode Plate to Triode Plate. . DR (10 €1 0.023 apd
CLASS A, AMPLIFIER
. Triode Pentode
Maximum Ratings: Unit Unit
Prate VOLTAGE ., .. ... .oy, 300 max 300 max volts
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE. -« v v v rnern st - 300 max volts
GRID-NO.2 VOLTAGE, + .+« ccovinntiiiennincnnen A - See curve page 69
Grip-No.l (comnowmn) VOLTAGE:
Negative bias value. . . ......oovvo.... - ~50 max volts
Positive bias value. .. ........... - 0 max volts
Prate DissiraTIiON, ... . e taaiaaaes PR eceraaas 2 max 3.25 max watts
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AVERAGE CHARACTERISTICS
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Grm-No.2 INPUT:
For grid-No.2 voltages up to 150 volta. ............ - 1 max watt
For grid-No.2 voltages between 150 and 300 volts,..... - See curve page 69
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode, . ... ..... ... 200 mae 200 max volts
Heater positive with respect to cathode. ... ... FN 200®mazx 200%pnax volts
Characteristics:
Plate-Supply Voltage. ........ P IPU e 200 204 volts
Grid-No.2 Supply Voltage. . .............. e . - 150 volts
Grid-No. L Voltage. . ..o it iveriianinenns . R -8 & volts
Cathode-Bias Resistor. .. .. ... i iiriiiiiiiinnnsiinass - 180 ohms
Amplification Factor...... e s e eaaa 18 -
Plate Resistance (ApproX.) . vvo.vvvrranas v . 6700 460600 ohms
Trangeonduetance. . ... it in i i i 2700 8000 wmhos
Grid-No.l Voltage {Approx.) for plate eurrent of 10 ua.. ... -18 -10 volty
Plate Current. ... .. s e e 8 13 ma
Grid-No.2 Current, . ............ e PRI - 3.5 ma
Maximym Circuit Valves:
Grid-No.1-Cireuit Resistance:
For fixed-bias operation. .. ... ... PN 0.5 maz 0.25 maz megohm
For cathode-bias operation. .............. ererrenenns 1.0 max 1.0 maz megohm

% The de component must not exeeed 100 volts.

AVERAGE CHARACTERIST
PENTODE UNIT
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MEDIUM-MU TRIODE

Miniature type used as an rf am-~
lifier in the cathode-drive circuits of
ﬁhf television tuners covering the fre- 6BC4
guency range of 470 to 890 megacyecles
per second. Qutline 10, OUTLINES
SECTION. Tube requires miniature nine-contact socket and may be mounted in
any position.

HeatTer VOLTAGE (AC/DCY. ....... e 8.3 volts
HEATER CURRENT. . .,.... 0.225 ampers
DIRECT INTERELECTRODE CAPACITANCES (Approx
Gridto Plate. . ... ...... .. . . B JON 1.6 upl
Grid to Heater and Cathode . 2.8 apf
Plate to Heater and Cathod 0.26 wpl
Heater to Cathede,...................... 2.7 upf
CLASS A, AMPLIFIER
Maximum Ratings:
PLATE VOLTAGE, ..ottt inninrinnnn.s [ PN 250 maz volts
PLATE DISSIPATION, N 2.5 mazx watts
CATHODE CURRENT AN e . 256 mox ma
PEAK HBAaTER-CATHODE VOLTAGE:
Heater negative with respeet to cathode. . ... .....v... b v sy 75 mex volts
Heater positive with respect to cathode. . e P 75 max volts
Characteristics:
Plate Supply Voltage. . . ... ... .ot renns e reaaser s aana 150 volts
Cathode-Biag Resistor. ... ... ... .00 il N e .. 100 ohms
Amplification Faetor. .. ... ... ...cooruren.. NPT e ereater e . 48
Plate ResiStANce. . ... it it rrsinnien i raten 4800 ohms
TranscondUetance . .. . .., . iy Charaaneen . 10000 wrmhos
Grid Voltage (Approx.) for plate current of 10 pa.. .. ....... P ~10 volts
Plate Current. .. ..o vt i e e e 14.5 ma
Maximum Circuit Values (For mazimum rated conditions):
Grid-Cireuit Resistance:
For fixed-bias operation. . .. ... ..oiiiii e iinintanes P Not recommended
For cathode-bias operation. ............... e R G.5 maz wmegohm
AVERAGE PLATE CHARACTERISTICS
s TYPE 68‘64 . 0‘;’
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SHARP-CUTOFF PENTODE

Miniature type used in compact
radio equipment as an rf or if amplifier 6BC5
at frequencies up to 400 megacycles
per second. Outline 11, OUTLINES
SECTION. Tube requires miniature
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seven-contact socket and may be mounted in any position. The two cathode leads
facilitate isolation of the input and output circuits thus helping to minimize

generation.

HEATER VOLTS (AC/DO) vt iviiiiiiaiinnnsanenen RPN
Heatenw CURRENT
DirECT INTERELECTRODE CAPACITANCES:
Pentode Connection:

Grid No.ltoPlate. ............ ..

Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shicld

Plate to Cathode, Heater Grid No.2, Grid No. 3, and Internal Shield.. . .
Triode Connection:*

Grid NoedtoPlateand Grid No.Z. ... .. o i i

Grid No.1 to Cathode, Heater, Grid No.3, and Internal 8hield. ... .. ...

Plate und Grid No.2 to Caahodc, Heuter, Grid No.3, and Internal Shield, .
#* Grid No.2 connected {o plate,

CLASS A; AMPLIFIER Triode

Maximum Rotings: Connection®

PLATE VOLTAGE. .. .. ittt iiiceanaenns
GRID-N0.2 {SCREEN-GRID} SUPPLY VOLTAGE.
Grio-No0.2 VOLTAGE

304 snax

6.3 volts
0.3 ampere

0,080 maz nuf
4#.5 ol
1.8 uuf
2.5 gl
3.8 puf
3.0 upf

Pentode

Connection

300 max volts

300 wmar volts

See curve page 69

GrIn-N0.1 (CONTROL~GRID) VOL.TAGE, Positive bias value. . O max 0O s voltg
PLATE DISSIPATION . ... 0L ittt ccnnannsn 2.5 max 2 piar watts
Grip-No.2 INPUT:

For grid-No.2 voltagesup to 150 volts, .. .. ... .. ... - 4.5 wmazx watt

For grid-No.2 voltages between 150 and 300 volts. ., - See curve page 69
Pear HEATER-CATHODE VOLTAGE:

Heater negutive with respect to cathode. . ... ... e 90 snax 9 max volts

Heater pasitive with respect Lo eathode, .. ... ... ... 30 90 wax volts
Characteristics:
Plate Supply Voltage. .. ... ... ..o iiiiins 180G 250 100 125 250 volts
Grid-Ne.2 Supply Volmge ............................ - - 100 125 1580 volts
Cathode-Bias Resistor, | 330 B20 180 100 180 ohms
Amplification Factor. 42 40 — - _
Plate Resistance { Appro . 0.006 0.008 0.6 05 0.8 megohm
Trangconductance. . . ...... .. 6000 4400 4900 8100 5700 wmhos
Grid-No.1 Yoltage {Approx.) for plate current of 10 pa. ... - - -5 -6 -8 volts
Mate CULrrent. . ... ... . it it e 8 6 47 B 75 ma
Grid-No.2 Current. . .. .. ciiii i iiiirirarrranrana - - 14 24 21 ma
# (3rid No.2 connected to plate.

AVERAGE CHARACTERISTICS
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TRIPLE DIODE

Miniature type containing three
high-perveance diode units in one en-
velope used in de restorer circuits of
color television receivers. Also used in
AM/FM radio receivers as a combina-

tion FM discriminator and AM detector tube. Qutline 12, OUTLINES SF‘CTION
Tube requires nine-contact miniature socket and may be mounted in any position.
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HEaTBrR VOLTACGE (AG/DC). ... ... e

............ F N 6.3 volts
HEATER CURRENT...... S

DU | 3% 111 ampere

Maximum Ratings (Each Diede Unit) :
PeaAx INnveERsE PLATE VOLTAGE. ... .... iesaeas .. . . 330 max volts

PEAK PLATE CURRENT¥ 54 max ma
DC OurpPyr CURRENT. .. ....... 12 max ma
Peax HEATerR-CATHODE VoLTAGE:

Heater negative with respect to eathode 200 max volts

Heater positive with respeet to cathode. ... ..., .. o 200 max volra
* In rectifier service, the minimum total effective plate-supply impedance per plate is 580 chms.

MEDIUM-MU TWIN TRIODE

Miniature type used in direct-
coupled eathode-drive rf amplifier cir- 6BC8
cuits of vhf television tuners. In such
eireuits, one triode unit is used as the
direct-coupled grounded-cathode driv-
er for the other unit. This type is also used in push-pull cathode-drive rf amplifiers.
Qutline 12, OUTLINES SECTION. Tube requires miniature nine-contact socket
and may be mounted in any position.

HEATER VOLTAGE (AC/DU). . vttt v et e e 6.3 volts
HEATER CURRBNT. Lot ottt ottt e e e et 8.4 ampere
DIRECT INTERELECTRODE CAPACITANCES ™
Grid to Plate (BEach Unit). ... .. . .. v, 1.4 puf
Grid to Cathode, Heater, and Internal Shield (Bach Unit)............. 2.5 auf
Plate to Cathode, Heater, and Internal Shield (Each Unit). ........... 1.3 pul
Heater to Cathode® (Each Unit) ..., .. ................. e 2.3 uuf
Grid of Unit Nolto Gridof Unit No.2. . ................. ceveeviae. 0,007 max puf
Plate of Unit Nolto Plate of Unit No.2. . ... oo i, 0,013 max wpd
* With external shield tied to cathode of unit under test, except as noted.
* With external shield eonnected to ground.
Maximum Ratings: CLASS A, AMPUFIER (Each Unif)
PLATE VOLTAGE. ... oo e e e 250 mnx volts
PLATE DISSIPATION. L. .ot ittt ittt e et a e tnaaaae e es 2 max watts
CATHODE CURRENT . . ..o it iie it iaie e iieninanns P 20 max ma
Peak HEATER-CATHODE VOLTAGE:
Heater negative with respect to eathode.. ... ... ... ... ... ...c..... . 200 max volts
Heater positive with respect to cathode, , . ............... e 200%maz volts
Characteristics:

Plate Supply Voltage, . . ..., 0 i i i iiiins o PN 150 volts
Cathode-Bias Resistor. ... .. e i 220 ohms
AVERAGE CHARACTERISTICS
FOR EACH UMIT
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Amplifieation Faetor. ... L e 35

Transconduetanee. .. ... ... . L i cae 8200 wmbos
Grid Voltage (Approx.) for trunsvonduetance of 50 umhos -13 volts
Plate Current. .. .o it i i i i 10 ma

Maximum Circuit Value:
Grid-Cireuit Resistance:

For cathode-biag operatbom. . .. ..., ... ..... e o 0.5 mac  megohm
® The de component must not exceed 1060 volts,

SHARP-CUTOFF BEAM TRIODE

Glass octal types used for the voltage regu-

6BD4 fation of high-voltage, low-current de power

supplies in color television receivers. Outline 47,

OUTLINES SECTION, Tubes require octal

6BD4“A socket, Heater volts (ac/de), 6.3; amperes, 0.6,

Maximum ratings for voltage-control service: de

plate volts, 6B04 20060 max, 6BD4-A 27000

nuies untegulated de supply volts, 6BD4 40000

smar, GBDM-A SB0DD wmar; de grid volts, ~125

mazx; peak grid volts, —530 wwar; de plate ma., 1.5 max; plate dissipation, BD4 20 mar watts, 8BD4-A

25 wmaex watts; peak heater-cathode voltz, 180 wmar. These are DISCONTINUED types lsted for
reference only,

REMOTE-CUTOFF PENTODE

Miniature type used as rf or if arsplifier in
radio reeeivers, This type is similar in perform-
ance to metal type 68K7, Outline 11, QUT-

6BD6 LINES S8ECTION. Tube reguires miniature
seven-contaet socket and may be mounted in

any position, Heater volts (ac/de), 6.3; am-

peres, 0.3. Characteristics as class Ay ampiitier:

plate volts, 250 (300 max); grid No.8 connected

to cuthode at sockel; grid-No.2 volts, 100 (125

mar) ; grid-No.1 volts, -3; plate resistance (approx.), 0.8 megohm; trunsconductance, 2000 yzmhos; plate
dissipation, 8 ma.c watts; grid-No.2 input, 0.65 miar watt; plate ma., 9; grid-No.2 ma., 3; total cathode
ma., 14 max; peak heater-cathode volts, 90 max. This type is used principally for renewal purposes,

PENTAGRID CONVERTER

Miniature type used as converter

6B E6 in superheterodyne circuits in both the

standard broadeast and FM bands.The

6BE6 is s milsr in performance to

metal type 6SA7. For general discus-

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

HeaTER VOLTAGE (AC/DC) 6.3 valts
HuaTeEr CURRENT. ., . ............ 0.8 ampere
Digect INTERELECTRODE CAPACITANC Withnnt Wit
Externol External
Shicld Shicld

Grid No3toPlate. ... ... . oot inciinenninn. .30 mox 0.23 maz anl

Grid No.8 to Grid Na.1, . ... e 015 mor 0.15 mue uul

Grid No.l to Plate. . .............. 010 rux .05 mae upt

Grid No.3 te All Other Electrodes. 7.0 7.0 waf

Grid No.1 to All Other Electrodes, . 5.5 5.5 upl

Plate to All Other Electrodes . ..., ..... e . 8.0 18,0 upk

Grid No.1 to Cathode and Grid No.b 3.0 3.0 wuf

Cathode and Grid No.5 to All Other Eleetrodes except

Grid N, e e i e 15.0 20.0 unf

Maximum Ratings: CONVERTER SERVICE
PLATEVOLTAGE. .. .. .oivniinevnns e e 800 aicr volts
GRIDS-N0.2-ANID-N 0.4 {(SCREEN-GRID) VOLTAGE . 100 max volts
GRIDS-N0.2-AND-N 0.4 SUPPLY VOLTAGE .. 300 max volts
Prate DISSIPATION . .. ... ... oot AU 1.0 max wartt
GRIDS-NO 2-aND-NoO4 INPUT. . ... ... .. e e 1.0 max watt
TOTAL CATHODE CURRENT. L (. 0t ittt e itin e ire it caninsonnan 14 wmax ma
Gr1p-N0.3 VOLTAGE:

Negative bias value. . . . v i i e ~50 max volis

Positive blas value. .. .. .. i e e e s & mar volts
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Peaxk HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ... .vr i ivvrvannnrnrrones 90 max volts

Heater positive with respect to cathode, . ... ..... vesenenn RPN . 90 max volts
Typical Operation (Separate Eucitation):*
Plate Valtage. . ... ... .ot ivicnienns vianasaranan 100 250 volts
Grids-No.2-and-No.4 (Screen-Grid) Vcltage e 100 100 volts
Grid-No.l (Oseillator-Grid) Voltage (rms). ., . ...00vvens Ceee 10 10 volts
Grid-No.3 (Control-Grid) Voltage. ., ............, s R ~1.8 1.6 volts
Grid-No.1 {Oscillator-Grid) Resistor. . ... ... irerisresiara. 20000 20000 ohms
Plate Resistance (Approx.).......overenn P R 0.4 1.0 megohm
Conversion Transconductance ......................... 465 475 prahos
Grid-No. 8 Voltage for conversion transconductance of 10 umhoa ~30 ~30 volts
Plate CUIrent . . ...ttt i it e i e 2.6 2.9 ma
Grids-No.2-and-No.d Current. .............v., PP PP 7.0 6.8 ma
Grid-No.L Current, ., ... o it ernnns e 0.5 0.5 ma
Total Cathode Current. .. ... .., . 0, i, 10.1 10.2 ma

Note: The transconductanee between gnd No.1 and grids No.2 and No.4 connected to plate (not oseil-
iating} is approximately 7250 pmhos under the following conditions: grids No.1 and No.8 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 ohtained in a
self-excited oscillator circuit operating with zero bias.

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
WITH SELF -EXCITATION WiITH SEPARATE OSCILLATOR EXCITATION
TYPE 6BES ¥
| Ep28.3 VOLTS  PLATE VOLTS=250 _| LEEG 36\,%5555
GRIDS-N22 & N24 YOLTS 3100 PLATE VOLTS © 250
GRIG-142 3 [CONTROL -CRIDIVOLTS s~ | GRIDS-NE 2 & NE A4 VOLTS =300
[ GRID-N2 | RESSTOR-GHMS = 20600 @ GRID® M2 A (CONTROL-GRID}VOLYS 21,5 .
@ Pl?«,-tT X100 (SEE TEXT) - 2 GRID-N2 { RESISTOR-Ormas = 20000
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INSTALLATION AND APPLICATION

Type 6BE6 requires miniature seven-contact socket and may be mounted in
any position. Qutline 11, OUTLINES SECTION.

Because of the special structural arrangement of the 6BES6, a change in signal-
grid voltage produces little change in cathode current. Consequently, an rf voltage
on the signal grid produces little modulation of the electron current flowing in the
cathode cirenit. This feature is important because it is desirable that the impedance
in the cathode circuit should produce little degeneration or regeneration of the
signal-frequency input and intermediate-frequency output. Another important
feature is that, because signal-grid voltage has very little effect on the space charge
near the cathode, changes in ave bias produce little change in oscillator transcon-
ductance and in the input capacitance of grid No.1. There is, therefore, little
detuning of the oscillator by ave bias.

A typieal self-excited oscillator circuit employing the 6BES 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.
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RCA Receiving Tube Manual
BEAM POWER TUBE

Miniature type used in audio output stage

of television and radio receivers, Triode-con-

6BF 5 nected, it is used as a vertical deflection ampli-

fier in television receivers. Outline 13, OUT-

LINES SECTION. Tube requires miniature

seven-contact socket and may be mounted in

any position. Heater volts (ac/dc), 6.3; am-

peres, 1.2, Typical operation as class A1 ampli-

fier: plate volts, 110 (250 mazr); grid-No.2 volts,

110 (117 mm’}, grid-No.1 volts, ~7,5; peak af grid-No.1 volts, 7.5; plate dissipation, 5.5 max watts;

grid-No.2 input, 1.25 maxr watts; plate ma., 36 (zero-signal), 39 (ma.xxmum-sxgnal) grid-No.2 ma., 4

(zero-signal), 10.5 {maximum-signal); plate resistance {approx.), 12000 ohms; {ransconductance, 7500

pmhos; plate load resistance, 2500 ohms; total harmonic distortion, 10 per cent; maximum-signal power

cutput, 1.9 watts; peak heater-cathode volts, 200 mar (de component 100 maz when heater is positive
with respect to cathode)., This type is used principally for renewal purposes.

TWIN DIODE—
MEDIUM-MU TRIODE

6BF 6 Miniature type used in compact

radio equipment as combined detector,

amplifier, and ave tube. The triode

unit is particularly useful as a driver

for impedance- or transformer-coupled

output stages in automobile receivers. It is equivalent in performance to metal

type 6SR7. Outline 11, OUTLINES SECTION. Tube requires miniature seven-

contact socket and may be mounted in any position. For typical operation as a

resistance-coupled amplifier, refer to Chart 7, RESISTANCE-COUPLED AMPLI-
FIER SECTION.

HEATER VOLTAGE (AC/DC). .. ....ucvaues . 6.3 volts
HEATER CURRENT. .. .. o innnnenn, SN . 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES: w l,;wm With
Ezxternal External
Shield Shield
Triode Grid to Tricde Plate. . [N PN 2.0 2.0 upl
Triode Grid ta Cathode. . ... ... .. i ittt iinnnen 1.8 1.8 upd
Triode Plate to Cathode. .., ... ..., ... ... oot 1.1 0.8 nul
Plate of Diode Unit No.l1 to Cathode. .. .............. 1.4 0.7 uud
Plate of Diode Unit No.2 te Cathode. .. ..... e 1.5 1.0 saged
Plate of Diode Unit No.l to Triode Grid. . ............ Q.06 maz 0. 07 max PN
Plate of Diode Unit No.2 to Triode Grid. . ............ 0,06 max 0.06 moex wupl
Maximum Ratings: TRIODE UNIT AS CLASS A, AMPLIFIER
PLATE VOLTAGE. . ... D e Beearecanaans 300 mazx volts
PLATE DISSIPATION . .1 v vavsso s cinansnasracnsnsarnostosairasoanarsanas 2.5 max watts
AVERAGE, PLATE CHARACTERISTICS
) TRIODE UNIT
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PeAax HEATER-CATHODE VOLTAGE!
Heater negative with respeet to cathode...... rcvasssesrecesters e 90 max volts
Heater positive with respect to cathode. .. ... e iiescerisenasenans s 90 max volts

Typical Operation (With Transformer Coupling):

Plate Voltage. .. .. rasesasranacaviasan Ciiseiera 250 volts
Grid Voltage. . . . vneuvrerneoesann et e ieetberectveaseeseanacaenns -9 volts
Amplification Factor........cc0nn freeasansnee rxaaearareenen 16

Plate Resistance. . 8500 ohms
Transconductance 1900 amhos
Plate Current. , 9.5 ma
T.oad Resistance. . 10000 ohms
Total Harmonic D 6.5 per cent
Power OQULDUL. . v vanaevnansvcersnvanrss 300 mw
Maximum Rating: DIODE UNITS

PrLatk CURRENT (Bach Unit). ..o i i i e aaenas . 1.0 max ma

The two diode piates and the triode unit have a common cathode. Diode hiasing of the triode unit
of the 6BF6 is not suitable. For diode operation curves, refer to type 6AVS.

BEAM POWER TUBE

Glass octal types used as output 6BG6"G

amplifier in horizontal-deflection cir-

cuits of television equipment and other -
applications where high pulse voltages 6BG6 GA
occur during short duty cyeles. Qut-

fines 52 and 46, respectively, OUTLINES SECTION. Tubes require 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) ...\ vhhsne Ceeivaksesesrsaaaiesesrreioarnin 6.3 volts
Heater CURRENT, ... ... ..., 0.9 ampere
Direct INTERELECTRODE CAPACITANCES: 6BGE-G 6RG6-GA
Grid No.ltoPlate. ... .................... Vaesaiaes . 0.34 maz 0.8 max puf
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3. . 12 11 pul
Plate to Cathode, Heater, Grid No.2, and Grid No3...... 8.5 4] unf
TRANSCONDUCTANCE® ... .............. e aeaa s e he 6000 p#mhos
Mu-Factor, Grid No.2 to Grid No.1%. ..o oo ovvvviinn. rraarans e 8.0
© For plate and grid-No.2 volts, 250; grid-No.1 volts, —15.
HORIZONTAL DEFLECTION AMPLIFIER
Maoximum Rotings: For operation in a 525-line, 80-frame syslem
DO PIATE VOLTAGE. . ..ot cvnnnreinnes s e . 700 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGE*, . e ebarassaaaeans e iaeanes 6600 maz volts
PEAK NEGATIVE-PULSE PLATE VOLTAGE. . e cerenavenes  =1B00 max volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE}. .. ..ooiivivicnnnnns e e 350 max volts
Prak NEGATIVE-PULSE GRID-N 0.1 VOLTAGE..... Canensireassssarensens -300 muax volts
AVERAGE PLATE CHARACTERISTICS
400 WITH EC1 AS YARIABLE
TYPE 6BGH-G
ECIZFIE £g= 6.3 VOLTS
GRID~-N22 VOLTS =250
300 '/
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Prak Catgops CURRENT. ... .. ... e irerreaaaaacaen ezt PR 400 max ma
AVERAGECATHODECURRENT. ........ [N 110 max ma
PLATE DISSIPATION}t ... oot innen ke heercrravaansaaererraeniunavasa 20 maz watts
GRID-NO.Z INPUT. . ... 0yunnnnnn, [ 3.2 maz watts
PEAK HEATER-CATHODE VoLtace:

Heater negative with respect to eathode......ouvoii.ts Cieaxseaaaaes 200 mox volts

Heater positive with respect to cathode. .o oiivinineiiiiisiiines 200mmax volts
BuLs TEMPERATURE (At hotiest POINL) . . oy cevvnrsnssrrsonssacasscsvnes 210 max 0

Maximum Circuit Value:
Grid-No.1-Circuit Resistance. . ......onvnvcirnn.. s erratierarenrens .. 0.47 maz megohm

* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scenning eyele.Ina
525-line, 80-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

1 Preferably obtained through a series dropping resistor of sufficient magnitude to limit the grid-No.2
input to the rated maximum value.

tt An adequate bias resistor or other means is required to protect the tube in the absence of excitation.
» The de component must not exceed 100 volts.

AVERAGE PLATE CHARACTERiSTICS
£Cp AS VARIAB

a0 .
TYPE 6BGE-G | 1 |
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SHARP-CUTOFF PENTODE

Miniature type used as rf ampli-

6BH6 fier particularly in ac/de receivers and

in mobile equipment where low heater-

current drain is important 1t is par-

tieularly useful in high-frequency,

wide-band applications. Outline 11, OUTLINES SECTION. Tube requires
miniature seven-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) teesa. 8.3 volig
HeaTER CURRENT. . Ceee P (R ¢ ampere
DIRECT INTERELECTRODE CAPACITANC
Grid No.L 60 Plate. .. . ..o e it it i eircn e raeraaas s anes 0.0035 man wuf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shleld . b4 uuf
Plate to Cathode, Heater, Grid No.2, Grid No. 3, and Internal Shield. .. .. 4.4 upf
Maximum Ratings: CLASS A; AMPLIFIER
PLATEVOLTAGE. .., ... . ...coiineeirnneninn PN PPN 300 max volts

GRID-NO.2 (SCREEN-GRID) VGLTAGE v
GRID-N 0.2 SUPPLY VOLTAGE.

See curve page 69
300 max volts

PLATE DISSIPATION, , ... .... 3 max watts
GRrID-NO.2 INPUT:
For grid-No.2Z voltages up to 150 volts. . .. .. rsesrar s 0.5 mazx watt

For grid-No.2 veltages between 150 and 800 volts. Il

See curve page 69
GaID-NO.1 (CONTROL-GRID) VOLTAGE:

Negative bias value. ... .. [N beisssasssiaiacsavessraanressraess B0 max volts

Positive bias value. . . . . e e 0 maz volts
Prak HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode, (.o vvsiiviiisnnnrscssesaconne 90 maz volts

Heater positive with respect to eathode. .o vauvasancaeirvsresnssensaas 80 max volts

156



Technical Data m—mmemmema

Typical Operation and Characteristics:

Plate Voltage. .. ........ Cebeereaeairiaietir e arsnncaersasavs 100 250 volts
Grid-No.3 (Suppressar Grld) ..... Cibeeaeusasseisessane oy, Connected to cathode at socket

Grid-Ne.2 Voltage. ... ...... A £ 1] 150 voltg
Grid-No.1 Voltage. . . ......... -1 -1 volt
Plate Resistance (Approx} e, J RN o 007 1.4 megohms
Transconductanee. . ... .. ... v, v i 3400 4600 umhos
(Grid-No.l Voltage fm' plate current of 10 pa. AR RN ~5 -7.7 volts
Plate Current, .. ......... PSP DI 7.4 ma
Grid-No.2 Current. ... ... .. ... [T s 1.4 2.9 ma

\ AVERAGE PLATE CHARACTERISTICS
& ¥

TYPE BBHB

™ E¢=6.3VOLTS

W GRID-NE22 YOLTS=150
] GRID-NE3 VOLTS=0
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MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a wide
variety of applications in television 6BH8
receivers, This type has a controlled

heater warm-up time for use in re-

ceivers employing series-connected

heater strings. The pentode unit is used as an if amplifier, a video amplifier, or an
age amplifier. The triode unit is used in low-frequeney oscillator circuits. Outline
14, OUTLINES SECTION. Tube requires miniature nine-contact socket and may
be mounted in any position.

Huater Vorrace (Ac/po) 6.3 volts
Heater CURRENT.. .. ...... 0.8 ampere
Heater WarM-Up TiME (Average). . ..., 11 seconds
DIrECT INTERELECTRODE CAPACITANCES (/ ppm SH
Triode Unit:
Grid to Plate, . ................ P eeerenes 2.4 unf
Grid to Cathode and Heater. ... .uu it iiiirnnriaannrennnranrmnes 2.6 weud
Plate to Cathode and Heater. . .. ......coonvinnn., 0.38 puf
Pentode Unit:
Grid No.d o Plate, ... .ottt it iiii e iae et i 0.046 ppd
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 7 'y
Plate to Cathode, Heater, Grid No.2, Grid No. 3, and Internal Shield. . 2.4 puf
Triode Grid to Pentode PIate, . ... ... veeersoreers e asneennraaneains 7.018 ’my
Pentode Grid Nol to Triede Plate. ... ......... ... ..iiovaan.. s 0.004 wuf
Pentode Plate to Triode Plate. . .. ..o ierr it ciairnnsrecnerens 0.095 puf
. . CLASS A, AMPLIFIER
Maximum Ratings: Triode Unit  Pentode Unit
PLATE VOLTAGE. .. .. ... et 300 maz 300 max volts
GRID-NO.2 (SCREEN-GRID} SUPPLY VOLTAGE.. . - 300 max volts
GRID-NOZ VOLTAGE .. .. ., it aeie ciinnns - See curve page 69
GRID-NO.1 (CONTROL-GRID} VOLTAGE, Positive bias value. O max O anax volts
PLATE DISSIPATION . . ............ e 2.5 max 3 max watts
GRriD-N0.2 INFUT:
For grid-No.2 voltages up to 150 volts, . .......... s - 1 moz watllt
For grid-No.2 voltages between 150 and 300 volta. ., .. - . 8Bee curve page 69
Peak HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode....... PR 200 max 200 max volts
Heater positive with respect to cathode. ... ..., .00, 200%mazx 200%max volts
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Characteristics:
Plate Supply Voltage......
(3rid-No.2 Supply Voltage.....

cene 150 200 volts
caeens - 125 volts

Grid-No.l Voltage. .. PR -5 - wvolts
Cathode-Bias Resisto . NN - 82 ohms
Amplification Factor. ... . 17 -
Plate Resistance {Approx. e 5150 150000 chms
Transconductance. . .............. NN e .. 3300 7000 amhos
Grid-No.1 Voltage (Approx.) for plate current of 100 ga... -14 -8 volts
Plate Current. .... v cxressse 9.8 15 ma
Grid-No2 Current. « . ..o voiiiriersisssonoassrsosnssnan - 3.4 ma
Maximum Circuit YVolues:
Grid-No.1-Cireuit Resistance:
For fixed-bias operation. .. .... Cridivsscawravrassnas 0.8 maz 0,25 mar megohm
For cathode-blas operation. ..., ... iiiisiiccranaae 1.0 maz 1.0 mex megohm
® The de¢ component must not exceed 100 volts.
AVERAGE CHARACTERISTICS
TRIODE UNIT
40 : v
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REMOTE-CUTOFF PENTODE

Miniature type used as rf ampli-

6BJ 6 fier in high-frequency and wide-band

applications. Features high transeon-

ductance and low grid-to-plate capaci-

tance. Outline 11, OUTLINES SEC-

TION. Tube requires miniature seven-contact socket and may be mounted in any
position, 158
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HEATER VOLTAGE (AC/DC). ... ....» PP 6.8 valts
HEATER CURRENT. . ... otinttitrne e iianietasiarssonaassosansnnsnsan 0.15 ampere
DIRECT INTERELECTRODE CAPACI':ANCES'
GridNo.L 0 Plate. . .o o i i it i it i i 0.0035 max puf
Grid No.l to Cathode, Heater, Gnd No. 2, Grld No. 3, and Internal Shietd 4.5 unf
Plate to Cathode, Heater, Grid No. 2, Grid No. 8, and Internal Shield. ... B.5 uut
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. o vttt ineriacnararnnseronnsoonininscrasirsna AN 360 max volte
GRID-NO.2 {SCREEN-GRID) VOLPAGE. ..ottt vn e e iniceraannrraenns See curve page 69
GRID-N0.2 SUPPLY VOLTAGE. ... .......o.uvuiainn e e 300 max volts
PLate DISBIPATION. ..o i it s ierrsrnsnan enerra i aaaaas 8 max watts
GRID-N0.2 INPUT:
For grid-No.2 voltagesup to 150 volts. .. .. ........ e h e 0.6 max watl
For grid-No.2 voltages between 150 and 300 volta..........co0ivuns ves See curve page 69
GRrID-NO.1 (CONTROL~GRID} VOLTAGE:
Negative biasvalue, ... ... . ... ...t e ~50 maz volts
Positive biags value. . . ... . e e 0 mazx volts
Prax HEATER-CATHODE VOLTAGE!
Heater negative with respect to cathode. .. .. e h s . 80 max volts
Heater positive with respect to cathode. .. .. ..... et 80 mazx volts
Charocteristics:
PiateVoltage ...........chves e e, 100 256 . volts
Grid No.3 (Suppressor Grid} .. ..... e Connected to cathode at socket
Grid-No. 2 Volbage. . . ..o ot i it it e 100 100 volts
Grid-No.l Voltage. . .. ..ot insvarersoneisiniaaanas -1.0 -1, volt
Plate Resistance (APDIOX.) . o v v ivnrcrvrnveonsirnineninanss 0.25 1.3 megohms
TranseondUetaNee. . v ie it e e 3650 3600 umhos
Grig-No.1 Voltage (Appmx } for transconductance of 156 umhos ~-20 -20 volts
Plate Current. . ... v vt iia ettt i 9.0 9.2 ma
Grid-No.Z Current, . . oo vt vt inerinne o aneinaniannni, 3.5 . 3.8 ma
AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION
TYPE 68.U6
Eg® 6.3 VOLTS
b= GRID-NE 2 VOLTS = 160
GRID-N% 3 VOLTS = 0
15.0
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ﬁ‘z 5 r/
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TWIN DIODE —
MEDIUM-MU TRIODE

Miniature type used in a wide
variety of applications in black-and- 6BJ8
white and color television receivers.

The diode units are used in phase-

detector, phase-comparator, ratio-de-

tector or discriminator, and horizontal afe diseriminator circuits. The triode unit
is used in phase-splitter, audio-frequency amplifier, and low-frequency oscillator
applications; it may also be used as a vertical-deflection amplifier in compact portable
television receivers, This type has a controlled heater warm-up time for use in
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receivers employing series-connected heater strings. Each of the three units has its
own cathode with individual base-pin terminal to provide for flexibility of circuit
connections. Outline 14, OUTLINES SECTION. Tube requires miniature nine-
contact socket and may be mounted in any position.

HEATER VOUTS (AC/DC) . .ottt ivr it at e ee e icninranianvares 6.3 volts
HEATER CURRENT. .. .. ittt iai e et ceeae e aaaanis 0.6 ampere
HEATER WARM-UP TIME (AVErage) . . ... ... e ienineinenis 1 seconds
Diapct INTERELECTRODE CAPACITANCES:
Triode Unit:
GridtoPlate. ... .. ... ... 2.6 unf
Grid to Cathode and Heater. . .. 2.8 puf
Plate to Cathode and Heater,................. . 0.31 puf
Diode Units:
Plate to Cathode and Heater (Each Unit). .. ... .... PN 1.9 pouf
Cathode to Plate and Heater {(Each Unit), .. ... ... oviiinrian .. 4.6 auf
Plate of Unit No.1 to Plate of Unit No.2. ... ........... s 0.08 mazx puf
Plate of Diode Unit No.Lto Triode Grid ... .. ..., ... .. ..ot 0.07 max puf
Plate of Diode Unit No.2 to Triode Grid. .. .. ...ttt irines 0.11 max upf
Plate of Euch Diode Unit to AUl Other Flectrodes. . . ... .............,.., 3.0 spd
Cathode of Eaeh Diode Unit to All Other Electrodes . .. ..., ............ 4.8 wuf
Maximum Ratings: TRIODE UNIT AS CLASS A, AMPLIFIER
PLATE VOLTAGE. . . .ttt it i e n o n e i en e 300 mac volts
GRID VOLTAGE, Positive hiag value. ... ... ... i O mur volts
AVERAGE CATHODE CURKENT. ... ...\ttt it it aas 20 max ma
PLATE DISSIPATION . . .ot it 3.5 max watis
PEAK HEATER-CATHODE VOLTAGE:
Heater negative withrespeet tocathode. . ... ... .. ... ... .. ... .. 200 max volts
Heater positive with respect to cathode. .. ... ... ... ... ... ... 200® 0w volts
Characteristics:
Plate Valtage. . . . ... i e 90 250 volts
Grid Voltage . . ... ... 4] -4 volts
Amplification Factor. ., . . . . 22 20
Plate Resistance (Approx.). .. .. .. ... ... . ... o 4700 7150 ohms
Transeonduetanee. .. .. .. .. e 4700 2800 umhos
Grid Voltage (Approx.) for plate current of 10 pa. . ... ....... -7 -18 volts
Plate Current. . .. .. . e i e i . 13.5 8 ma
Plate Current for grid voltage of -12.5volts. ... ............ - 1.7 ma

Maximum Circvit Valve:
Grid-Cireuit Reslstance. . ... . i i 1max  megohm
® The de companent must not exceed 100 volts,

TRIODE UNIT AS VERTICAL DEFLECTION AMPLIFIER

For aperation in o 525-line, 30-frame system
Maximum Rafings:

DO PLATE VOLTAUE . . . ittt et e i i et i ieriaeannns 300 wer volts
PEAK PoSiTIVE-PULSE PLATE VOLTAGE f(Absolute Maximum). .. ... ....... 1200%*max volts
PEAK NEGATIVE-PUISE GRID VOLTAGE .. . .. ... v =250 mar volts
AVERAGE CHARACTERISTICS
TRIODE UNIT
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PEAK CATHODE CURRENT ... ... it n v ieicnnaeananvan . 70 max ma
AVERAGE CATHODE CURRENT e . 20 max ma
Prate DISSIPATION .. . .. S 3.5 max watts
Pear HEATER-CATHODE VOLTAGE!:
Heater negative with tespeet to cathade. ... .. .. ... oo i iiaraes 200 max volls
Heater positive with respeet o eathode ..., oo i i ea. 200%max volts
Maximum Circuit Value:
Grid-Circuit Resistance:
For cathode-bias operaltion. . . ... .. ittt it iy it earananaans 2.2 mar wmegohms
. DIODE UNITS
Maximum Ratings:
PLATE CURRENT (Each Unit):
Peak L e e e e e e 54 wae ma
AVETAEZE . . . e e e e iaeaaaaa 9 waz ma
Peak HeATER-CATHODE VOLTAGE:
Heater negative with respect toeathode. . ... .. ... .., . ... .. ... .. 200 mar volts
Heater positive with respect tocathode. . ... ... .. ... ... ......... 200%mar volts

1 The duration of the voltage pulse must not exceed 15 per cent of one vertieal seanning evele. In a 525-
iine, 30-frame system, 15 per cent of one vertical scanning eycle is 2.5 milliseconds.

®* The de component must not exceed 100 volts,
4 Under no cireumstances should this abgolute value be exceeded.

SHARP-CUTOFF BEAM TRIODE

(Glass octal type used for the volt-
age regulation of high-voltage, low-
current de power sunplies in color tele~
vision receivers. Outline 46, OUT- 6BK4
LINES SECTION. Tube requires oc-
tal socket and may be mounted in
any position.

HEATER VOLTAGE (AC/DC) s ot vt it i i et a e e 6.3 volts
HEATER CURRBENT. . (. ottt ti i it it cr it eiirconanaeaian 8.2 ampere
DiRECT INTERELECTRODE C‘Ammm\cbs
Grid to Plate. .. ............. 6,03 auf
Grid to Cathode and Heater, .. . . .. 2.8 upf
Plate to Cathode and Heater. v 1 apf
AMPLIFICATION FACTOR. . ... i e s 2000
Maximum Ratings:
DO PLATE VOLPAGE . et it e e e e e e 25000 maz volts
UsrEGULATED DC SUPPLY VOLTAGE. e e 55000 maz volts

AVERAGE TRANSFER
CHARACTERISTICS

TYPE BBKA
[ Eg= 6,3 VOLTS

I
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25000
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DIC GRID VOLTAGE . . . ittt e sttt eainansnees PN ~125 mazx volts
PEAK GRID VOLTAGE . ... ... .ottt ittt tiiiit iiiaa et craenannes -400 max volts
DC PLATE CURRERT. ... ...... e e 1.5 max ma
PLATE DHUSSIPATION . .o i it it e iaur s annnneravanas . 25 max watts
Peax HeaTER-CATHODE VOLTAGE:
Heater negative with respect to cathode......... e erasaeavasaireans 228 wmaz vaolts
Heater positive with respect tocathode. . ... . i iiiiiiirieaniine van Mot recommended

Moximem Circuit Value:

Grid-Cireuit Resistance:
For use with “Flyback Transformer’ high-voltage supply........ .00 8 max  megohms

BEAM POWER TUBE

Miniature type used in audic output stages

of television and radio receivers. Outline 14,

QUTLINES SECTION. Tube reguires minia-

6BK 5 ture nine-contact socket and may be mounted

in any position. Heater volts (ae/de), 6.3; am-

peres, 1.2, Typical operation as class A ampli-

fler: plate and grid-No.2 volts, 2580 mar; grid-

No.1 volts, -5; peak af grid-No.1 volts, 5; plate

dissipation, 9 maz watts; grid-No.2 input, 2.5

smaxr wattsy plate ma., 35 (zero-signal), 37 (maximuro-signal); grid-No.2 ma., 3.5 (zero-signal), 10

{maximum-signal); plate resistance {approx.}, 0.1 megohm; transconductance, 8500 pmhos; load

resistance, 6500 ohms; total harmonic distortion, 7 per cent; power output, 3.5 watts; peak heater-
cathode volts, 100 mue. This type is used principally for renewal purposes.

MEDIUM-MU TWIN TRIODE

6BK7-A Miniature types used in direct-
coupled cathode-drive rf amplifier eir~
6BK7_B cuits of vhf television tuners. In such
circuits, one triode unit is used as the
direct-coupled grounded-cathode driv-
erfor the other unit. These types are also used in push-pull cathode-drive rf amplifiers.
Type 6BK7-B has a controlled heater warm-~up time for use in receivers employing
series-connected heater strings. Outline 12, OUTLINES SECTION. Tubes require
miniature nine-contact socket and may be mounted in any position. Heater volts
(ac/de), 6.3; amperes, 0.45; warm-up time (average) for 6BK7-B, 11 seconds, Char-
acteristics as class A, amplifier (each unit): plate supply volts, 150 (300 max); grid
volts,—50 mazx; cathode-bias resistor, 56 ohms; plate resistance {approx.), 4600 ohms;
transconductance, 9300 umhos; plate ma., 18; plate dissipation, 2.7 max watts;
grid volts (approx.} for plate current of 10 ua, ~11; peak heater-cathode volts,
90 max. Type 6BK7-A is a DISCONTINUED type listed for reference only.

HALF-WAVE VACUUM RECTIFIER : e

Glass octal type used as a damper tube in
horizontal deflection eircuits of color television
receivers. Outline 41, OQUTLINES SECTION,

6BL 4 except base ig short jumbo-shell actal. Tube re-
quires octal socket and may be mounted in any
position. Heater volts {ac/de), 6.3; amperes, 8.
Maximum ratings for damper service: peak in-
verse plate volts (absolute maximum) 4500 max; I W
peak plate ma., 1200 maxz; de plate ma., 200 maz;
plate dissipation, 8 max watts; peak heater-cathode volts, 4500 absolute max when heater is negative
with respect to cathode (de component must not exceed 900 volts); 300 max when heater is positive with

respect to cathode (de component must not exceed 100 volts), This is a DISCONTINUED type listed
for reference only, .

MEDIUM-MU TWIN TRIODE

6BL7-GT Glass octal types used as combined *72(3)
vertical deflection amplifier and ver-

6BL7_GT tical deflection oscillator in television er2(2)

receivers. When so operated, it is
recommended that unit No.1 {pins 4,
5, and 6) be used as the oscillator, Outline 22, QUTLINES SECTION. Tubes
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require octal socket and may be mounted in any position. Type 6BL7-GT is a
DISCONTINUED type listed for reference only.

HEATER VOLTAGE (AC/DC} . . 6.3 volis
HeaTer CURRENT. .. ... .. ceen .- .. 13 amperes
AMPLIFICATION FacTor®, ... ....... .. Ceaen . 15

PLATE RESISTANCE (Approx.)®. . ... ............ 2150 ohms

TRANSCONDUCTANCE® . .. . it iitianin e o aaneaanneanans 006 wmhos
#* Bach unit; for plate volts, 250; grid volts, -9; plate ma., 40.

. VERTICAL DEFLECTION OSCILLATOR OR AMPUFIER (Each Uni)

For operation in g 325-tine, 30)-frame system

Maximum Ratings: Oscillator Amplifier

DO PLATE VOLTAGE . . . vttt et e 500 mar 500 niew valts
PEAK POSITIVE-PULSE PLATE VoLtaarRt {Absoluie Muarinimm) .. - 20004 mar volis
PEAE NBGATIVE-PULSE GRID VOLTAGE RPN —400 mar ~250 wmax volts

PeaK CATHODE CURRENT... ..., . . . . 210 max 210 wmiae ma
AVERAGE CATHODE CURRENT 80 max 60 niae ma
PLATE DISSIPATION:
Foreither plate. . . . .. . .. i i 10 mazx 10 max watts
For both plates with both units operating, . ... ........... 12 maz 12 mae watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . . ..., ...... PN 200 max 200 max volts
Heater positive with respeet to cathode . .., .. ... ... ..., 200%nia2 200%max volts
Maximum Circvit Values:
Grid-Cireuit Resistance. . ... .. ... . .. .. . 0o 4.7 max 4.7 max megohms

+ The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning eycle.Ina
525-line, 30-frame system, 15 per cent of one vertical seanning eycle is 2.5 milliseconds,

4 Under no circumstances should this absclute value be exceeded.

B The de component must not exeeed 100 volts,

MEDIUM-MU TRIODE

Miniature type used as rf ampli-
fier in grid-drive circuits of vhf tele- 6BN4
vision tuners. The double base-pin
connections for both cathode and grid
reduce effective lead inductance and
lead resistance with consequent reduction in input conduectance. In addition, the
basing arrangement facilitates isolation of input and output circuits and permits
short, direct connections to base-pin terminals, Outline 11, QUTLINES SECTION.
Tube requires miniature seven-contact socket and may be mounted in any position,

HEATER VOLTAGE (AC/D0) e .. it i ce i iiae e R 6.3 volts
HEATER CURRENT. . .. 0ttt et ittt anar i aiae it 0.2 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):™
GridtoPlate. ......_ ....... 1.2 puf
Grid to Cathode and Heater. . 3.2 Py
Plate to Cathode and Heater. 1.4 unf
Heater to Cathode. .. ............. 2.8 wul

# With external shield tied to ecathode.

CLASS A, AMPLIFIER
Maximum Ratings:

PLATE VOLTAGE. ... ..ot iiainans Cee 250 mar voits
GRID VOLTAGE, Positive bias value 0 mar volts
PLATE DissipaTioN Ceeeraea 2 ety watls
CATHODE CURRENT. .. ...t nnns s 20 oz ma
Peax HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode . 90 max volts
Heater positive with respect to cathode . 90 moex volts
Characteristics:
Plate-Supply Voltage. . ............... e i 150 volts
Cathode-Bias Resistor. ., ... e . .. 220 ohms
Amplifieation Factor. , . .. 13
Plate Resistance (Appro . . . A 8300 ohms
TranscondUetanee. | . . ...t e e ey £800 wmhos
Grid Voltage (Approx.) for plate eurrent of 100 pa. . ........... e -6 volts
Plate Current. . ... .. ... .. . . e et . 9 ma

Maximum Circuit Value:
Grid-Cireuit Resistance. . ........ s Sivracrarsneventneans #.5 mar megohm
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AVERAGE CHARACTERISTICS
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BEAM TUBE

Miniature type used as combined

6BN 6 limiter, diseriminator, and audio-volt-

age amplifier in intercarrier television

and FM receivers, Outline 18, OUT-

LINES SECTION. Tube requires

miniature seven-contact socket and may be mounted in any position. Heater volts
(ac/de), 6.3; amperes, 0.3

LIMITER AND DISCRIMINATOR SERVICE

Maximum Rotings:
PLATE-SUPPLY VOLTAGE

........................... 300 meax volts
GRID-NO.Z VOLTAGE., . . 100 max volts
Grip-N0.1 VoLraGe, Po 55 max volts
CATHODE CURRENT. .. ......- S 11.5 maz ma
PeAx HEATER-CATHODE VOLTAGE:

Heater negative with respect toecathode. ... .. ... ... ... i 90 mazx volts
Heater positive with respect to cathode..... e aee i iaree e 90 max volts

TWIN DIODE—HIGH-MU TRIODE
6BN 8 Miniature type used in a wide

variety of applications in color and

black-and-white television receivers.

This type has a controlled heater

warm-up time for use in receivers em-
ploying series-connected heater strings. The triode unit is used in burst-amplifier,
af amplifier, and low-frequency oscillator applications, The diode units are used
in phase-detector, ratio-detector or discriminator, and horizontal AFC diserimin-
ator circuits. Qutline 14, QUTLINES SECTION. Tube requires miniature nine-
contact socket and may be mounted in any position.

HBATER VOLTAGE (AC/DC) . ..\ .ot evaarcrcrnnunannnasss RN 6.3 volts
HBATER CURREBNT . . .\ vttt iiiunniiatvaecisasnnonannnas avaaee 0.8 ampere
HEATER WARM-UP TIME (AVErage) . .. . .. ririiensasvanraceonenrnannn . 11 seconds
DireCT INTERELECTRODE CAPACITANCES:
Triode Grid to Triode Plate. . ................. e veen 2.5 pul
Triode Grid to Cathode and Heater. .. .. .. RN P e 3.6 )
Triode Plate to Cathode and Heater. . ... ..., ......... [ 9.25 puf
Plate of Diode Unit No.l to Triode Grid. .. .........,. e 0.06 mazx it
Plate of Diode Unit No.2 to Triede Grid. . ... ... .. ... . iiiivennens 0.1 max unt
Plate of Diode Unit No.1 to Plate of Dipde Unit No.2. ................ 0.07 max upl
Diode Cathode to All Other Electrodes (Each Unit) ......... eiresaes 5 apf
Diode Plate to Diode Cathode and Heater (Each Unit). ............... 1.9 upf
Diode Cathode to Diode Plate and Heater (Bach Unit). . ..., ... .00v0s 4.8 puf
Diode Plate to All Other Electrodes (Each Unit)................... o 3 upt
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Maximum Ratings: TRIODE UNIT AS CLASS A; AMPLIFIER

BEAM POWER TUBE

Miniature type used in the output
stage of audio-frequency amplifiers.
Outline 18, OUTLINES SECTION.
Tube requires miniature nine-contact
gocket and may be mounted in any
position.

HeareEr VOLTAGE {AC/DC)
HeATER CURRENT. ... ......

Maximum Rotings:

PLATE VOLAAGE . . ..ottt nieinnnanses e Cenasaens wen
GRID-N0.2 (SCREEN-GRID) VOLTAGE. ... ... vvunnenn .. P
GRID-N0.1 (CONTROL-GRID} VOLTAGE, Negative bias vafue. )DL v
GRID-No.ZINPUT...... ..o vi .t et e
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PLATE VOLTAGE. . .. .... e 300 mox volts
GRID VOLTAGE, Positive bias valae Q max volts
PLATE DISSIPATION . ., 0 . ittiiiaiisia s ianterearauinannnasrnans 1.5 max watts
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect toeathode. . . ... ..., ... vvionnan, iaen 200 max volts
Heater positive with respect tocathode. . ... ....cocvieiiaiina,, N 200®n4az volts
Characteristics:
Plate Voltage. ......... ... ... ......ovuian., 166 250 volts
Grid Voltage . .. o oo i i e i -1 -3 volts
Amplifieation Factor. . ... ... ... ... .. . i i .. 75 74
Plate Resistance (ADPProX.) . . oo v et cr i cieieinnns . 21000 28000 ohms
Transconductance . 3500 2500 wmhos
Grid Voltage (Approx.) for plate current of 10 u . .-2.5. -5.5 volts
Plate CUIPENL. . oo v it ittt e ncriae iavnainrn ves 1.5 1.6 ma
Maoximum Circuit Value:
Grid-Cireult Re/iStance. ..ot iinr vt inrasrrannanness Ceeeases 1.0 max megohm
Maximum Ratings: DIODE UNITS
PLATE CURREVT {Each Unit):
Peal e et aaaea e s Crrareacrsanans B4 mazx ma
Average .............................................. eretraaen 9 max ma
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ... ....... e resacraersenan 200 max volts
Heater positive with respect to cathode. ... .. ii iiineniireancaasone 200%max volts
® The de component must not exceed 100 volts.
AVERAGE CHARACTERISTICS
. TRIODE_UNIT
3‘ rvoE 6BNB
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ToTAL CATHODE CURRENT .« o+ \ o re oot srarareenieieraaes 65
PEAK HEATER-CATHODE VOLTAGE!

Heater negative with respeet to eathode. . ... ......... e eraa i eeans 100

Heater positive with respect to cathode. ..., e errarerrererratesranran 100
Typical Operation:
Plate Voltage. . . .. 250
Grid-No.2 Voltage. . ......... e ireriar e, 250
Grid-No.1 (Control-Gﬂd) Voltage e aadcearaerareana . -7.8
Peak AF Grid-No.L Voltage. ... ... ... .coivecrvnninninnn. AN 6.2
Zero-Signal Plate Current. ... ooy iveeeaninannsnn 48
Maximum-Signal Plate Current. ..., .......... 51
Zero-Signal Grid-No.2 Current. evaerene . 5.5
Maximum-Signal Grid-No.2 Current, . . ...vo.oe. 10
Plate Resistance (APprog.)........ J 38000
Transconductance 11300
Load Resistance. 4500
Total Harmenie Disto 10
Maximum-Signal Power Output ..... ks e e et e it aeanaas 5.7
Maximum Circuit Values:

. Grid-No,1-Circuit Resistance:
For fixed-bias operation. .. ......,. Fesaesaaereerrerntarar s ko rasan 0.3
For cathode-bias operation. ... .......... eevereaer e aeaeny pi}

PUSH-PULL CLASS AB, AMPLIFIER
Maximum Ratings:

{Same as for single-tube class A, amplifier)
Typical Operation (Values are for two tubes):

Plate Supply Voltage ....... e e e 250 300
Grid-No,2 Supply Voltage. . .. .. ... .. iverenrvanenas Ve 250 300
Cathode-Bias 1stor ................... P PN 130 130
Peak AF Grid-No.i-to-Grid-No.1 Voltage. . ... ............. 11.8 14
Zero-Signal Plate Cwrrent. ., ., . &2 72
Maximum-Signal Plate Current. 75 92
Zero-Signal Grid-No.2 Current. 7 I3

MammumslgnalGndNozcunem,.'fi, 15 28

Effective Load Resistance (Plateto-plate). . ............0.... 8000 8000
Toetal Harmonie Distortion. . ... v eiacersan e aaaaaas 3 4
Maximum-Signal Power OUtDUb, . . .11y s einenrinninrerses 11 17

Maximum Circuit Values:

Grid-No.1-Cireuit Resistance:
For fixed-hias operation. . ..............

0.3
For cathode-bias operation. .

1.0

max watts

5 max ma

maz volts
max volts

volts
volts
volts
volts
ma

ma
ma

ma
ohms
gmhos
ohms
per cent
watts

mazr wmegohm
naez  megohm

volts
volts
ohms
volts
ma
ma
ma
ma
ohms
pEr cent
watts

max  megohm
mar  megohm

Gz P Gy

6BQ6-GT BEAM POWER TUBE

Glass octal types used as hori-

6BQ6-GTB zontal defleetion amplifiers in tele-

vision receivers. Outline 30, OUT-

/ 6CU6 LINES SECTION. Tubes require oc-

tal socket and may be mounted in any

position. These types may be supplied with pin No.l omitted, Type
a DISCONTINUED type listed for reference only.

HEATER VOLTAGE (AC/TH) t v vt vnrvrreavarvesnesnasensoannns 6.3
HEATER CURBENT. L., it tsunenseerrnenecnnrarannncnceasonncssnnsas e 1.2
DIRECT INTERELECTRODE Cnaczmmm (Approx.):
Grid No.l 6o Plate. ... ureii e iennernerainssnsanncvssns P 0.6
Grid No.1 to Cathode, Heat:er, Grid No. 2, and Grd Nes ... PPN 15
Plate to Cathode, Heater, Grid No.2, and Grid No.3. .. .. o0 exveeceres 7.5
TRANSCONDUCTANCE* (6BQ6-GTB /GCUG) 68000
Mu-FAcTOR, Grid No.2 to Grid No.1*, .. oo viinun. et e, . 4.3

6BQ6-GT is

volts
amperes

auf
ant
puf
rmhios

* Por plate volts, 250; grid-No.2 volts, 150; grid-No.1 volts, ~22.5; plate ma., 65; grid-No.2 ma., 2.1,

#* For plate and grid-No.2 volts, 150; grid-No.1 volts, ~22.5,

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

Maximom Ratings: SBQE-GT  6BQRE-GTB/BCLs

DO PLATE VOLTAGE. .t vv v vt iananrncennraionnnniny 580 maz 600 max volts
PEAR PoSITIVE-PULSE PLATE VOLTAGE® { Absobite Maximum) 5500tmaz 6000tmax volts
PEAK NEGATIVE-PULSE PLATE VOLTAGE. .. ....ohov o, ~1250 max ~125¢ max volts



Technical Data —_— —

DC GRID-NO.2 (SCREEN-GRID) VOLTAGE . ............... 175 mazx 200 max volts
PEAK N EGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE -~300 max -300 max volts
PEAK CATHODE CURRENT ... .. .uvttiiraeernnsonanronan 400 mazx 400 mazx ma
AVERAGE CATHODE CURRENT 110 max 112.5 mazx ma
GRID-N©0.2 INPUT cen 2.6 mazx 2.5 mar watts
PLATE DISSIPATION® ... ............... PRI 11 max 11 mazx watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode 200 mazx 200 max volts
Heater positive with respect to cathode. . . .. 200%max 200"mazx volts
BuLB TEMPERATURE (At hottest point)..... .. 220 max 220 maex °C
Maximum Circuit Value:
Grid-No.1-Circait Resistance. . ..o vn ittt it ian e ie i 0.47 max megohm

o The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
525-line, 80-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

t Under no circumstances should this absolute value be exceeded.

# An adequate bias resistor or other means is required to protect the tube in the absence of excitation.
a The de-component must not exceed 100 voits.

AVERAGE PLATE CHARACTERISTICS

Trpe GBQG GTB/&CUG
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92CM-8500T

MEDIUM-MU TWIN TRIODE

Miniature types used in direct-
coupled cathode-drive rf amplifier cir- 6BQ7
cuits of vhf television tuners. In such

circuits, one triode unit is used as the 6BQ7-A
direct-coupled grounded-cathode driv-

erfor the other unit. These types are also used in push-pull cathode-drive rf amplifiers.

Outline 12, OUTLINES SECTION. Tubes require miniature nine-contact socket

and may be mounted in any position. Type 6BQ7 is a DISCONTINUED type
listed for reference only.

HEATER VOLTAGE (AC/DC) . ottt ittt tiie s tasa s nnarecraannarans . 6.3 volts

HEATER CURRENT. ..t it ittt ittt it et et s e atto s oo caannnans 0.4 ampere

DIRECT INTERELECTRODE CAPACITANCES (Approx.):° Unit No.1 Unit No.2
GridtoPlate. . ... ... . ... . .. 1.2 1.2 upf
Grid to Cathode, Heater, and Internal Shield. . -~ upf
Cathode to Grid, Heater, and Internal Shield - 5.0 upl
Plate to Cathode, Heater, and Internal Shield 1.2 - npf
Plate to Grid, Heater, and Internal Shield........... - 2.2 upf
Plate to Cathode. . ..., .................. 0,12 max 0.12 max s
Heater to Cathode (6BQT).......... 2.2 2.3 upf
Heater to Cathode (6BQ7-A)........... .. 2.6 2.6 apf
Plate of Unit No.l to Plate of Unit No.2. . ... ......cvvevnn.n 0.010 mazx upf
Plate of Unit No.2 to Plate and Grid of Unit No.1........ .. .. 0.024 max puf

s

Maximum Rafings: CLASS A AMPLIFIER (Eack Unit)

PLATE SurPLY VOLTAGE 250*max volts

PLATE DISSIPATION. . .... 2 maz watts

CATHODE CURRENT 20 max ma



RCA Recetving Tube Mannal

Peax Heater-CATHODE VoLTAGE:

Heater negative with respect to cathode. ., .. J A 200%maz volts
Heater positive with respect toeathode. . . vviviiviiniinienninn. 200mn:02 volts
Charaocteristics: 6BQY 6BQ7-4
Plate Supply Voltage Pee 150 150 volts
Cathode-Bias Resistor. 220 220 ohms
Amplification Factor 35 38
Plate Resistance. ... 5800 5900 ohms
Transconductan 6000 6400 ugmhos
. 9 9 ma
Grid Voltage (Approx.) for plate current of 100 pa. . ...,..... - -6.8 volts

® With external shield connected to internal shield.

;In cathode-drive circuits with direct-coupled drive, it is permisgsible for this voltage to be as high as
00 volts.

® The dc component must not exceed 100 volts.

AVERAGE PLATE CHARACTERISTICS
FOR EACH UNIT

TYPE BBQ7-A
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MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

6BR8 Miniature types used in a wide
variety of applications in color and e

6BR8 - A black-and-white television receivers,
Especially useful as ecombined triode

oscillator and pentode mixer in vhi

television tuners, Type 6BR8-A has a controlled heater warm-up time for use in
receivers employing series-conneeted heater strings. Outline 12, OUTLINES
SECTION. Except for basing arrangement and grid-No.1-to-plate capacitance of

pentode unit, these types are identical with miniature types 6U8 and 6U8-A,
respectively.

MEDIUM-MU TWIN TRIODE

Miniature type used in direct-

6858 coupled cathode-drive rf amplifier cir-

cuits of vhi television tuners. In such

circuits, one triode unit is used as the

direct-coupled grounded-cathode driv-

er for the other unit. This type is also used in push-pull cathode-drive rf amplifiers.

Outline 12, QUTLINES SECTION. Tube requires miniature nine-contact socket
and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . . oo vt iiie i cnann PP P .. 6.8 volts
HEATER CURRENT. . ... . itinrsinnt trvrrannnantarssasnnssns Creaesenas 0.4 ampere



Maximum Rafings: CLASS A, AMPLIFIER (Eack Unit)
PLATE VOLTAGE . ... . it iivirintrrvatrrssossasnnnes [P RPIINAAN
PLATE DISSIPATION . .. . ... ... ... ovenon PR
CATBODE CURRENT . .. ... it iarinrrrnnacrasrassnoncan [P
Purax HeATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . . .. ... heeesaneasiareneran
Heater positive with respect to cathede. .. ............. Chcs e
Characteristies:
Plate-Supply Voltage. .. ... ..o ttiriierriennrrncanens hereerravaesy
Cathode-Bias Resistor . .., ........,, et Cheireaeeasasasans
Amplification Factor. ... .. ... ............ TS
Plate Resistance (ADDroX.). . .. et iiiaiisiriianiniaananaananis
TranscomdUetante. | ., . . ... iv ettt e e e e
Plate Current. . ... ... .. i i a e
Grid Voltage (Approx.) for plate current of 10 wa*, . ... ... ... aaan

Maximum Circuit Value:
Grid-Circutt ResiStance. ... ... .. i i i i e .
* This value applies to unit No.2 only,

SHARP-CUTOFF TWIN PENTODE

Miniature type used as combined
sync separator, sync clipper, and age
amplifier tube in television receivers.
Qutline 14, OUTLINES SECTION.
Tube requires miniature nine-contact
socket and may be mounted in any
position,

HERATER VOLTAGE {AC/DC)
HEATER CURENT . . .ttt ittt e et e et aen i nenies
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.3 to Plate (BachUnit) . . ... ... .. ... . .o it
Grid No.1 to All Other Electrodes., . . .............. .. ..o,
Grid No.3 to Al Other Electrodes (Each Unit)
Plate to All Other Electrodes (Bach Unit). . ... ... ... ... . vuin..
Grid No.3 of Unit No.1 to Grid No8 of Unit Ne.2. ... .. ........ ... ...

Maximum Ratings: CLASS A; AMPLIFIER

Prate Vorraar (Baeh Unit) . ... .. .. . i s
GrID-No.3 (SUPPRESSOR-GRID) VOLTAGE {Each Unit):

Peak positive value

DC negative value

DC positive value. . .. ... e
GRID-NO.2 {SCREBN-GRID) VOLTAGE. .. .. ittt avinen
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Negative bias value
CaTHODE CURRENT
GRID-NO.2 INPUT. . ...t i e ae s
Prate DisstPATION (Bach Unit). .. .. .o oo e
Prax HeATER-CATHODE VOLTAGE:

Heater negative with respect to cathode

Heater positive with respect to cathode

Characteristics: With Both Units Operating

Plate Voltage (Bach Unit). .. .......... ... ... ... o... 100
Grid-No.3 Voltage (Bach Unit). . .......... ... . ... .. ...... -10
Grid-No.2 Voltage, .. .. oot o e ceanen 67.5
Grid-Nol Veltage. .. ... ... ... ... it *
Plate Current (Each Unit) . .. ....... ... ... ... ... ... -
Grid-No.2 Current. .. ... ... . . i 6.5
Cathode CUIrent. .. ..., ...t in it crae i iyiraenne 6.6

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

Grid-No3 Voltage. . .. ... i e 0
Grid-NeZ Voltage. . ... . ... ... .. et 7.5
Grid-Neo.l Voltage, . ... ... ... i it Y
Grid-No.8 Transeonductance. . ... ...t ivrirncernnaanan, -
Grid-No.1 Transeconductance. . ... ....,veiriereeeanrann s 1500

150 max
2 mazx
20 max

200 mazx
200 mazx

150
220
36
5000
7200
10
-7

4.5 mar

Technical Data — s

volts
watts
ma

volts
volts

volts
ohms

ohms
pmhos
ma
volts

megohm

6BU8

6.3
0.3
1.9

6

3.6
3
0.015 mazx

270 max

45 mazx
-45 mar
2.7 mazx
135 max
—~485 max
10.5 max
0.6 mac
0.9 max

200 nox
200%max

volts
ampere

pauf
puf
puf
auf
wuf

volts

volts
volts
volis
volis
volts

ma
wat!
watt

volts
volts

volts
volts
volts
volis
ma
ma
ma

volts
volts
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Plate Current . . ... .o e - 2.2 oA
Grid-No.8 Voltage (Approx.) {or plate carrent of 100 un. .. ... - -4.8 volts
Grid-No.1 Voltage (Approx.) for plate current of 100 pa. .. .., - ~2.8 volts
Maximum Circuit Valves:
Grid-No.3-Cirenit Resistance (Bach Unity.. ... ... ... .. ... .. ..., RN 0.5 max wmegohm
Grid-No.1-Circuit Resistance. . . ... ... ... .ttt iviiaanrnaanne .. 0.5 max megohm
* The de component must not exceed 100 volts.
* Adjusted to give a de grid-No.1 current of 180 microamperes.
t With plate and grid No.8 of the other unit connected to ground.
AVERAGE CHARACTERISTICS
WITH £¢; AS VARIABLE
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MEDIUM-MU TWIN TRIODE

Glass octal type used as combined

6BX7~ GT vertical deflection amplifier and ver-

tical deflection oscillator in television

receivers. When so operated, it is

recommended that unit No 1 (pins 4,

5, and 6) be used as the oscillator. Outline 22, OUTLINES SECTION Tube
requires octal socket and may be mounted in any position.
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— Technical Data v

HEATER VOLTAGE (AC/DC) . v v vuiivanns iy RPN 6.3 volts
HeATER CURRENT. . ..... . 1.5 amperes
AMPLIFICATION FACTOR*, | 10

PLATE RESISTANCE (Appro )* . . . 1306 ohms
TRANSCONDUCTANCE®, .\ L. e ennnnrraranenann PPN 1600 umhos

* For plate volts, 250; cathode-bias remstor, 390 ohms; plate ma., 42,

VERTICAL DEFLECTION OSCILLATOR OR AMPUFIER (Back Unii)
For aperation in o §25-line, 30-frame system

Maximum Ratings: Oscillator Amplificr
DC PLATE VOLTAGE., .. ... .. ovviiennn. et 500 max 500 max volts
PiAaK PosiTIVE-PULSE PLATE VOLTAGE

(Absolnte Magimum)f ... o i iinininn N o - 20804mnr volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. ... voivunen ves ~400 max =250 mex volts
PEAK CATHODE CURRENT . . ...\ ivirnvionst nnnnnnnans 180 smax 180 mas ma
AVERAGE CATHODE CURRENT. . .. ... ...0iivienenan Ve 60 mar 60 wmax ma
PrAaTE DIssiPATION:

Foreitherplate. . ....... ... 0o v iiniie, P 10 max 10 mar watts

For both plates with both units operating............ 12 max 12 maox watts
'wak HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ... ..... e 200 marx 200 max volts

Heater positive with respect to cathode. . ............ 200%n0. 200 max volts

Maximum Circuit Volues:
Grid-Cireuit Resistance. ... ... oo 2.2 maz 2.2 mar megohms

# The duration of the voltage pulse must not exceed 15 per cent of one vertical seanning eycle. In a
525-line, 30-frame system, 15 per cent of one vertical scanning eycle is 2.5 milliseconds.

4 Under no circumstances should this absolute value be exceeded.
© The de component must not exceed 100 volts.

FULL-WAVE VACUUM RECTIFIER

Octal type having high perveance used as a
damper tube in horizontal deflection circuits of
television receivers or as a rectifier in conven-
tional power-supply applications, Outline 31, 6BY 5 G A
OUTLINES SECTION. Tube requires octal -
socket and may be mounted in any position. It
i eapecially important that this tube, like other
power-handling tubes, be adequately ventilated.
Heater volts (ac/de}, 6.3; amperes, 1.6, Maxi-
mum ratings for damper service (each unit): peak inverse plate voits, 3000 max; peak plate ma., 525
max; de plate ma., 175 maz. Peak heater-cathode volts: heater negative with respect to cathode, 450
maz; heater positive with respect to cathode, 100 max. This type is used principaily for renewal purposes.

PENTAGRID AMPLIFIER

Miniature type used as a gated
amplifier in color television receivers, 6BY6

In such service, it may be used as a

combined sync separator and sync

clipper. Qutline 11, OUTLINES SEC-

TION. Tube requires miniature seven-contact socket and may be mounted in
any position.

HEATER VOLTAGE {AC/DC) 6.8 volta
Heatsr CURRENT 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid Nod 1o Plate. . oo v v i it et e s i e i 0,08 max upf
Grid No8to Plate. .. . i e i .35 max wpf
Grid Nod to Grid NoB. . oottt i e ee e e ee e . 0.22 max upl
Grid No.l to All Other Eleetrodes. ....,.. PN 5.4 wpl
Grid No.3to All Other Eleetrodes. o ... oo iiii i i iaecnn 8.9 aul
Plate to All Other Electrodes. ... vvunvniiniorii i iverneceaa, 7.6 wpf
Characteristics: CLASS A; AMPLIFIER
Plate Voltage. .. ............. ... ... PR J 250 volts
Grids-No.2-and-No.4 Voltage. . . ........... N e 160 volts
Grid-No.3 Voltage. . ....covirviinnienanians rx s e e -2.5 voltg
Grid-No.l Voltage. . ... ... s e e ~2.8 volts
Grid-No.3-to-Plate Transconductance. ... ... P R e 500 wrmhos
Grid-No.1-to-Plate Transconduetance. , ... ... .... e 1800 wmhos

171



RCA Receiving Tube Mannal —————m

6.5 ma
9 ma
Grid-No. 8 Volts (Approx ) for plate current of 35 pa and grid-No.l volts i -18 volts
Grid-No.l Volts {Approx.) for plate current of 35 g2 and grid-No.3 volts =0. -12 volts
Maximum Ratings: GATED AMPLIFIER SERVICE
PLATE VOLTAGE. . ... .. ittt ineiiaiiiiiiiiiacnnonnn AN 300 max volts
GRIDE-NO.2-AND-NO.4 VOLTAGE, ., . ......... Bee curve page 69
GRIDS-N0.2-AND-No.4 SUPPLY VOLTAGE 300 mazx volts
GRID-N 0.3 SUPPLY VOLTAGE:
Negative bias value. . ... ... o i i e [ 50 maz volts
Positive bias value. . ... .. .o e . 0 max volts
Positive peak value, ... .. i e e 25 mazx volts
Grip-No.l Suepry VoLTaGE, Negative blasvalue, . ... ... ., . .. ..., -100 maz volts
PLATE DISSIPATION . . 2 max watta
GRID-NG.S INPUT. . .o vt ttenincnan it iarsansssatararon N 0.1 max watt
GRIDS-N0,2-AND-No.4 InFuT:
For grids-No.2-and-No.4 voltages up to 150 volts. . ... . ... RN 1 max watt
For grids-No.2-and-No.4 voltages between 150 and 300 volts e See curve page 69
GIRID-ING. L IRPU . o et i e et et e . 0.1 maz watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ... . ool e vereeae 200 max volts
Heater positive with respeet to cathode. .. ........... cheane reraean 200°maz volts
25 AVERAGE OPERATION CHARACTERISTICS
Y TYPE BBYE ;
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Characteristics as Sync Separator and Sync Clipper:

Plate Voltage. . . ... i e e 10 volts
Grid-No.8 Voltage. . ... ..ttt ittt e ceaan ¢ volts
Grids-No.2-and-No.4d Voltage. .. .. ......... S e 25 volts
Grid=-No.1 Voltage. ... ... iiiainiiciirecnenncnnse s s ¢ volts
Plate Current. .. ... . o i it i PR evm ey 1.4 ma
Grids-No2-and-Nod Current. ... .. . ittt iiiinisareansaronsveniass 3.5 ma
Grid-No.8 Voits (Approx.) for plate voltage of 25 voits, grids-No.2-and-No.4

voltage of 25 volts, grid-No.1 voltage of 0 volts, and plate current of 50 ua -2.5 voits
Grid-No.l Volts {Approx.) for plate voltage of 25 volts, grids-No.2-and-No.4

voltage of 25 volis, prid-No.3 voltage of 0 volts, and plate current of 50 pa -2.8 volts
Maximum Circuit Values:
Grid-No.1 or Grid-No.3-Circuit Resistance:

For fixed-Dias OPeration. . ... ...ttt it e 0.5 maz megohm

For cathode-blas aperation. . .. ... . .. il e 1.0 mur megohm
®The de component must not exceed 100 volts,

H

DIODE—
SHARP-CUTOFF PENTODE

k p,, Miniature type used in diversified 6BY8

y [ applicationsin television receivers, The
. S2p pentode unit is used as an rf amplifier
G (T and the high-perveance diode as a

limiter or detector, This type has a

controlled heater warm-up time for use in receivers employing series-connected
heater strings. Outline 14, OUTLINES SECTION. Tube requires miniature nine-
contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DCH. .. ... ... .. i iiiinenns Cerans PP 6.3 volfs
HBATER CURRENT. . ... it ittt e it ia e ceena