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Receiving Tube Manual

THIS MANUAL, like its preceding editions, has
been prepared to assist those who work or experi-
ment with home-entertainment-type electron tubes
and circuits. It will be found valuable by engineers,
service technicians, educators, experimenters, radio
amateurs, hobbyists, students, and many others
technically interested in electron tubes.

The material in this edition has been augmented
and revised to include the recent technological
advances in the electronics field. Many tube types
widely used in the design of new electronic equip-
ment only a few years ago are now chiefly of interest
for renewal purposes. Consequently, in the Tube
Types Section, information on many older types is
limited to basic essential data ; information on newer
and more important types is given in greater detail.
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Electrons, Electrodes,

and Electron Tubes

The electron tube is a marvelous
device. It makes possible the performing
of operations, amazing in conception,
with a precision and a certainty that are
astounding. It is an exceedingly 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 a 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, billion,
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
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 cath-
ode, which supplies electrons, and one or
more additional electrodes, which con-
trol and collect these electrons, mounted
in an evacuated envelope. The envelope
may be made of glass, metal, ceramie, 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 condue-
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
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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 700-750°C (a dull red) to
produce a copious supply of electrons.
Coated filaments operate very efficiently
and require relatively little filament
power. However, each of these cathode
materials has special advantages which
determine the choice for a particular
application.

FILAMENT

Fig. 1

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,
1U5, and 8V4. AC-operated types hav-
ing directly heated filament-cathodes
include the 2A3 and 6Y3GT.

An indirectly heated cathode, or
heater-cathode, consists of a thin metal
sleeve coated with electron-emitting ma-
terial such as alkaline-earth oxides. The
emissive surface of the cathode is main-
tained at the required temperature (ap-
proximately 1050°K) by resistance-heat-
ing of a tungsten or tungsten-alloy wire
which is placed inside the cathode sleeve
and electrically insulated from it, as
shown in Fig. 2. The heater is used only
for the purpose of heating the cathode
sleeve and sleeve coating to an electron-
emitting temperature. Useful emission
does not take place from the heater wire.
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A new dark heater insulating coat-
ing developed by RCA has better heat
transfer than earlier aluminum-oxide
coatings, and makesit possible to operate
heaters at lower temperatures for given
power inputs. Because the tensile
strength of the heater wire increases at
the lower operating temperatures, tubes
using dark heaters have increased re-
liability, stability, and life.

The heater-cathode construction is
well adapted for use in electron tubes in-
tended for operation from ac power lines
and from storage batteries. The use of
separate parts for emitter and heater
functions, the electrical insulation of the
heater from the emitter, and the 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 line.
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
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. 8. Under the influence of

ELECTRON
FLOW

Fig. 8

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 current.

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 dec voltage for the electrodes of the
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other tubes in the receiver. Rectifier
tubes having only one plate and one
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
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used in the same tube, current may be
obtained on both halves of the ac cycle.
The 6X4, 6Y3GT, and 5U4GB are ex-
amples of this type and are called
full-wave rectifiers.

Not all of the electrons emitted by
the cathode reach the plate. Some return
to the cathode while others remain in
the space between the cathode and plate
for a brief period to 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
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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.

Although tubesaresometimes tested
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,
the same plate current could be produced
at a lower plate voltage. One way to
make the effect of space charge small is
to make the distance between plate and
cathode small. This method is used in
rectifier types having heater-cathodes,
such as the 5V4GA and the 6AX5GT.
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
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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
to be “ionized,” i.e., it has lost one or
more electrons and, therefore, has a
positive charge. Ionization is evidenced
by a bluish-green glow between the
cathode and plate. When ionization oc-
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.

Ionic-heated-cathode rectifiers
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 caused 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 ionic-
heated -cathode tube is designed so that
when sufficient voltage is applied to the
tube, ionization of the gas occurs be-
tween the anode which isinstantaneously
positive and the cathode. Under normal
operating voltages, ionization does not
take place between the anode that is
negative and the cathode so that the
requirements for rectification are satis-
fied. The initial small flow of current
through the tube is 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
(siderods) and extending the length of
the cathode. The spacing between turns
of wire is large compared with the size of
the wire so that the passage of electrons
from cathode to plate is practically un-
obstructed by the grid. In some types, a
frame grid is used. The frame consists
of two siderods supported by four metal
straps. Extremely fine lateral wire (di-
ameter of 0.5 mil or less) is wound under
tension around the frame. This type of
grid permits the use of closer spacings
between grid wires and between tube
electrodes, and thus improves tube per-
formance.

The purpose of the grid is to control
the flow of plate current. When a tube
is used as an amplifier, a negative de volt-
age is usually applied to the grid. Under
this condition the grid does not draw ap-
preciable 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 dec 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
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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 6AF4A.

The grid, plate, and cathode of a
triode form an electrostatic system, each
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electrode acting as one plate of a small
capacitor. The capacitances are those
existing between grid and plate, plate
and cathode, and grid and cathode.
These capacitances are known as inter-
electrode capacitances. Generally, the
capacitance between grid and plate is of
the mostimportance. In high-gain radio-
frequency amplifier circuits, this capaci-
tance may act to produce undesired
coupling between the input circuit, the
circuit between grid and cathode, and
the output circuit, the circuit between
plate and cathode. This coupling is 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 increased 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 picofarads (pf) for a triode to 0.01
pf 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,
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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 force 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 called
secondary emission because the effect is
secondary to the original cathode emis-
sion.

In the case of screen-grid tubes, the
proximity of the positive screen grid to
the plate offers a strong attraction to
these secondary electrons and particu-
larly so if the plate voltage swings lower
than the screen-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
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No.3) and is usually connected to the
cathode, as shown in Fig. 8. Because of
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-
sible 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 8V4 and 6K6GT; representative
pentodes used for voltage amplification
are the 1U4, 6AU6A, 6BA6, and 5879.

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 screen 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
80 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 beam power tube
is its low screen-grid current. The screen
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 screen
grid and control grid causes 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
effective suppressor action provided by
space charge and because of the low cur-
rent drawn by the screen 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

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

Electrons, Electrodes, and Electron Tubes

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 power tubes are 6AQ5A,
6L6GB, 6V6GT, and 50C5.

Multi-Electrode and
Multi-Unit Tubes

Early 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 areintended either to
give optimum performance in a particu-
lar application or to combine in one bulb
functions 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 type in
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 sync separator and synec 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 such as the 6U8A and 6X8. This
class also includes class A twin triodes
such as the 6CG7 and 12AX7, and types
such as the 6CM7 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, 6BE6, and
6SAT7. These tubes are similar to the
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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.

Receiving Tube Structure

Receiving tubes generally utilize a
glass or metal envelope and abase. Orig-
inally, the base was made of metal or
molded phenolic material. Types hav-
ing a glass envelope and a molded phen-
olic base include the “octal” types such
as the 5U4GB and the 6SN7GTB.
Types having a metal envelope and
molded phenolic octal base include the
6AC7and the6AG7. Many modern types
utilize integral glass bases. Present-day
conventional tube designs utilizing glass
envelopes and integral glass bases in-
clude the seven-pin and nine-pin mini-
ature types, the nine-pin novar and neo-
noval types, and thetwelve-pinduodecar
types. Examples of the seven-pin mini-
ature types are the 6AU6A and 6BN6.
Examples of the nine-pin miniature types
arethe 12AUTA and 6EAS8. Examples of
the novar types are the 6BH3 and 7868.
The nine-pin base for the novar types
has a relatively large pin-circle diameter
and long pins to insure firm retention of
the tube in its socket.

The nuvistor concept provided a
new approach to electron tube design.

RCA Receiving Tube Manual

Nuvistor tubes utilize a light-weight can-
tilever-supported cylindrical electrode
structure housed in a ceramic-metal en-
velope (see page 2 for cutaway view).
Thesetubes combine new materials, proc-
esses, and fabrication techniques. Ex-
amples of the nuvistor are the 2CW4
and the 6CW4.

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
or more control electrodes for acceler-
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 a focusing
electrode (grid No. 4) within the enve-
lope 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

DEFLECTING
YOKE V4
A 4
4
GLASS NECK Vs
SECTION 74
GRID N25— ., !
BASE 7 DEFLECTED
N A 2 ELECTRON
— E r}j—’r‘ y BEAM
[ f o | 7

<
M v.a
CATHODE -———//
GRID N21 CONDUCTIVE
TING
GRID N22 GRID-02 4 -]
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GRID N2 3. CENTERING MAGNET| ENELOPE
REFERENCE LINE—"
Fig. 10
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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 and how the beam
is deflected by means of an electromag-
netic deflecting yoke. In this type of
tube, ions in the beam are prevented
from damaging the fluorescent screen by
an aluminum film on the gun side of the
screen. This film not only ‘‘traps” un-
wanted ions, but also improves picture
contrast. In many types of non-alumi-
nized tubes, ions are separated from the
electron beam by means of a tilted-gun
and ion-trap-magnet arrangement.
Color television picture tubes are
similar to black-and-white picture tubes,
but differ in three major ways. (1) The
light-emitting screen is made up of trios
of phosphor dots deposited in an inter-
laced pattern. Each dot of a trio is capa-
ble of emitting light in one of the three
primary colors (red, green, or blue). (2)
A shadow mask mounted near the screen
of the tube contains over 300,000 aper-
tures, one for each of the phosphor dot
trios. This mask provides color separa-
tion by shadowing two of the three
phosphor dots of each trio. (8) Three
closely spaced electron guns, built as a
unit, provide separate beams for excita-
tion of the three different color-phos-
phor-dot arrays. Thus it is possible to
control the brightness of each of the three
colors independently of the other two.

Electrons, Electrodes, and Electron Tubes

Thethreeelectron guns are mounted
with their axes tilted toward the central
axis of the envelope, and are spaced 120
degrees with respect to each other. The
focusing electrodes of the three guns are
interconnected internally, and their po-
tential is adjusted to cause the separate
beams to focus at the phosphor-dot
screen. All three beams must be made
to converge at the screen while they are
simultaneously being deflected, Con-
vergence is accomplished by the action
of static and dynamic magnetic fields
set up by the radial-converging magnet
assembly mounted on the neck of the
tube. These fields are coupled into the
radial-converging pole pieces within the
tube. Another pair of pole pieces in the
tube is activated by the lateral-converg-
ing magnet also mounted on the neck
of the tube. These pole pieces permit
lateral shift in position of the blue beam
in opposition to the lateral shift of the
green and red beams.

A purifying magnet is used with
color picture tubes to provide a mag-
netic field, adjustable in magnitude and
direction, to effect register over the en-
tire area of the screen. A magnetic shield
is used to minimize the effects of the
earth’s magnetic field.

Deflection of the three beams is ac-
complished simultaneously by a deflect-
ing yoke consisting of four electromag-
netic coils similar to the deflecting yoke
used for black-and-white picture tubes.

11



Electron Tube
Characteristics

The term ‘“‘characteristics” is used
“to identify the distinguishing electrical
features and values of an electron tube.
These values may be shown in curve
form or they may be tabulated. When
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 circuits under certain definite
conditions of voltages. Characteristics
may be further described by denoting
the conditions of measurements. For ex-
ample Static Characteristics are the val-
ues obtained with different dc potentials
applied to the tube electrodes, while Dy-
namic Characteristics are the values ob-
tained with an ac 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 characteristics may beshown
by plate characteristics curves and trans-
-fer (mutual) characteristics curves.These
‘eurves 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 curves is
“illustrated by Fig. 11. Fig. 12 gives the
transfer-characteristic family of curves
“for the same tube.

Dynamic characteristics include
-amplification factor, plate resistance,
-control-grid—plate transconductance,
and certain detector characteristics, and
‘may be shown in curve form for varia-
“tions in tube operating conditions.

The amplification factor, or g, is
the ratio of the change in plate voltage

A2

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
voltages are maintained constant. For
example, if, when the plate voltage is
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made 1 volt more positive, the control-
electrode (grid-No.1) voltage must be
made 0.1 volt more negative to hold
plate 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 u 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
tube is the resistance of the path between
cathode and plate to the flow of alter-
nating current. It is the quotient of a



Electron Tube

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.
Control-grid—plate transconduct-
ance, or simply transconductance (gm),
is a factor which combines in one term
the amplification factor and the plate
resistance, and is the quotient of the
first divided by the second. This term
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 control-
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 constant, 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

Characteristics ————————i

is 2000 micromhos.

Conversion transconductance (gc)
is a characteristic associated with the
mixer (first detector) function of tubes
and may be defined as the quotient of
the intermediate-frequency (if) current
in the primary of the if transformer di-
vided by the applied radio-frequency
(rf) voltage 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 transconductance is used in
the same way as control-grid—plate
transconductance is used in single-fre-
quency amplifier computations.

The plate efliciency 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 (Ep) and dc plate
current (Ip) at full signal, or

Plate efficiency_ Po watts

(%) “Ep volts X Ib amperesx 100

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

Po watts

Power sensitivity (mhos) = 1o, rms)2

13



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-
matic 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 circuits 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 service recognized by engineers
are covered by definitions standardized
by the Institute of Radio Engineers.
This classification depends primarily on
the fraction of input cycle during which
plate current is expected to flow under
rated full-load conditions. The classes
are class A, class AB, class B, and class
C. The term “cutoff bias” used in these
definitions is the value of grid bias at
which plate current is very small.

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 cutoff value, so that the
plate current is approximately zero
when no exciting grid voltage is applied,
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and so that plate current in a specific
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 cycle. The
suffix 2 may be used to denote that grid
current flows during part of the cycle.

For radio-frequency (rf) amplifiers
which operate into a selective tuned cir-
cuit, asin radio transmitter applications,
or under requirements where distortion
is not an important factor, any of the
above classes of amplifiers may be used,
either with a single tube or a push-pull
stage. For audio-frequency (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 stage using two
tubes is required for audio 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 their 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. 13 gives a graphical illustration
of this method of amplification and
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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
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:

Electron Tube Applications ———

or .M X rp X RL
1000000 X (rp+ RL)

where u is the amplification factor of
the tube, Ry, is the load resistance in
ohms, ry, 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
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from the tube is less than the tube am-
plification factor but that the gain ap-
proaches the amplification factor when
the load resistance is large compared to
the tube 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
used 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

. . » X RL
Voltage amplification = . . . -
RL+ rp resistor is too large, this drop will be too
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large, the plate voltage on the tube will
be too small, and the voltage output of
the tube will be too small. Also, the grid
resistor of the following stage should not
be too large, the actual maximum value
being dependent on the particular tube
type. This precaution is necessary 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 cathode-resistor bias
is used than when fixed bias is used.
When cathode-resistor bias is used, a
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
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 audio 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 AB, in-
put transformer can be made very high
because the choice is not limited by the
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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 increases input-circuit load-
ing. In fact, the input impedance may
become low enough at very high radio
frequencies to affect appreciably the
gain and selectivity of a preceding stage.
Tubes such as the “acorn” and ‘‘pencil”
types and the high-frequency miniatures
have been developed to have low input
capacitances, low electron-transit time,
and low lead inductance so that their
input impedance is high even at the
ultra-high radio frequencies. Input
admittance is the reciprocal of input
impedance.

A remote-cutoff amplifier tube is
a modified construction of a pentode or
a tetrode 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-
isticwhen the grid biashasbeenincreased
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.1 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 essent ally 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 cathode enclosed by the ends
of the grid is cut off. The plate current
and other tube characteristics are then
dependent on the electron flow through
the open section of the grid. This action
changes the gain of the tube so that
large signals may be handled with 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-cutoff
types can accommodate large and small
signals, they are particularly suitable for
use in sets having automatic volume
control. Remote-cutoff tubes also are
known as variable-mu types.

-3

Electron Tube Applications

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

AC FILAMENT SUPPLY
Fig. 18

power sensitivity and efficiency tham
triode or conventional 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 triode, 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-signall
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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
electrode voltages remain the same as
for single-tube operation. If a cathode
resistor is used, its value should be about
one-half that for a single tube. 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.

Operation of power tubes so that
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Power-Output Calculations

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

(1) Locate the zero-signal bias point
P by determining the zero-signal bias
Ec, from the formula:

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

where Ej is the chosen value in volts of
de plate voltage at which the tube is to
be operated, and u is the amplification
factor of the tube. This quantity is
shown as negative to indicate that a
negative bias is used.

(2) Locate the value of zero-signal
plate current, I,, 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 curve at zero volts, E. = 0, corre-
sponding to the value of Imax.

(5) Draw astraightline XY through
X and P.

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

250
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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 ohms is equal to (Emax—
Emi.) divided by (Imax — Imin), where E
is in volts and I is in amperes.



It should be noted that in the case
of filament types of tubes, the calcula-
tions are given on the basis of a de-
operated filament. When the filament is
ac-operated, the calculated 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 dec plate
current I,. If it is found that the plate-
dissipation rating of the tube is exceeded
with the zero-signal bias Ec, calculated
above, it will be necessary to increase
the bias by a sufficient amount so that
the actual plate dissipation does not ex-
ceed the rating before proceeding further
with the remaining calculations.

For power-output calculations, it is
assumed that the peak alternating grid
voltage is sufficient (1) to swing the grid
from the zero-signal bias value Ec, to
zero bias (E; = 0) on the positive swing
and (2) to swing the grid to a value
twice the zero-signal bias value on the
negative swing. During the negative
swing, the plate voltage and plate cur-
rent reach values of Epax and Imin; dur-
ing the positive swing, they reach values
of Emin and Imax. Because power is the
product of voltage and current, the
power output P, as shown by a watt-
meter is given by

Po = (Imax — Imin) ;( (Emax ~ Emin)
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:

Imax+ Imin 1
T3 "%
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

% distortion = X 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 characteristics 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, Ec, =
—(0.68 X 250) /4.2 = —40.5 volts. From
the curve for this voltage, it is found
that the zero-signal plate current I, at a.
plate voltage of 250 volts is 0.08 ampere:
and, therefore, the plate-dissipation 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 increased
by about one-half the filament voltage,
or to —45 volts, and the circuit returns.
made to the mid-point of the filament.
circuit.

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

Po = (0:12-0.012) ;< (865-105) _

8.52 watts

The resistance represented by load
line XY is
(365 — 105)

{012 —0.012) — 2410 ohms

When the values from the curves: .

aresubstituted in the distortion formula,.
we obtain

012+ 0.012 e
% distortion = 0.12-0.012 X 100 = 5.59%,

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
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thigher load resistance. A load resistance
-of 2500 ohms will give a distortion of
about 4.9 per cent. The power output is
ireduced 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 calculating 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 E.=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 cut-
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 current is found
from the plate family to be 0.054 am-
pere and, therefore, the plate dissipation
is 0.054 X 800 or 16.2 watts. Since -57.5
volts is the limit of bias for class A oper-
ation of these tubes at a 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 be
—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

PLATE VOLTS
Fig. 21

point Imsx. Then, Imax is determined
from the curve for use in the formula

Po = (Imax X Eo)/5

Tf Imax is expressed in amperes and E,
iin volts, power output is in watts.

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

Rpp = 4 X (Eo - 0.6Eo)/Imax
‘where E, is expressed in volts, Imax in
.amperes, and Rpp in ohms.

Example: Assume that the plate

‘voltage (Eo) is to be 800 volts, and the
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method for calculating power output,
erect a vertical line at 0.6 E, = 150 volts.
The intersection of the line with the
curve E¢ = 018 Imax 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 (Rpp) = 4 X (250 — 150)
/0.2 = 2000 ohms.

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

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



point P whose position is determined by
the desired operating plate voltage, E,,
and one-half the maximum-signal plate
current. Along any load line, say AA,,
measure the distance AO,. On the same
line, lay off an equal distance, O,A;. For
optimum operation, the change in bias
from A to O, should be nearly equal to
the change in bias from O, to A,. If this
condition can not be met with one line,

PLATE  MILLIAMPERES
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% total (2nd and 3rd) harmonic distortion =
v(%2nd)? + (%38rd)?

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
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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:
Load resistance (RL) = Emax - Emin
Imax — Imin
The value of RL may then be sub-
stituted in the following formula for
calculating power output.

P [Imax—Imin 4+ 1.41 (Ix - Iy)]2Ry,
°= 32

In both of these formulas, I is in
amperes, E is in volts, Ry, is in ohms,
and P, is in watts. Ix and Iy are the cur-
rent values on the load line at bias volt-
ages of Eci=V — 0.707V=0.293V and
Ec;=V 4 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
Tmax - Imin + LI (Ix = Iy) % 100
% 3rd-harmonic distortion =
Imax — Imin — 1.41 (Ix - Iy)

Tmax — Tmin F 141 (Ix = Iy) < 100

nomograph includes conversion factors
for current (¥;), power output (Fy),
plate resistance or load resistance (Fr),
and transconductance (Fgm) 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 (Eges) and the published
or original value of that voltage (Epub).
The relations shown are applicable to
triodes and multigrid tubes in all classes
of service.

To use the nomograph, simply place
a straight-edge across the page so that
it intersects the scales for Eges and Epup
at the desired values. The desired con-
version factor may then be read directly
or estimated at the point where the
straight-edge intersects the Fj, F}, F;, or
Fgm scale.

For example, suppose it is desired
to operate two 6LL6GB’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 F; is ap-
proximately 0.72, F, is approximately

RCA Receiving Tube Mannal

Because contact-potential effects become
noticeable only at very small de grid-
No.1 (bias) voltages. they are generally
negligible in power tubes. Secondary
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0.57, F: is 1.12, and Fym 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 described previously.

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

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

22

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-
cur 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
tubes are operated 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



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 amplifiers because the
increased negative bias holds plate cur-
rent within the limit of the tube 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, thereis 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 that the grids are driven
positive and draw current.

Because of the flow of grid current
in a class AB, stage there is a loss of
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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 5V4GA, 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 position is not affected by
the operating grid bias provided the
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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 capable 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

T-80 -60 -40 -20 O
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

23



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,
Ryp = 4(Eo - 0.6E) /Imax, but is more
general. Power output = (Imax/v/2)? X
Rpp/4, where Imax is the peak plate cur-
rent at zero grid volts for theload chosen.

This formula simplified is (Imax)? X Rpp/
- 8. The maximum-signal average plate
current is 2Iyax/m or 0.636 Ipax; the
maximum-signal average power input is
0.636 Imax 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,
occurs 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

Rpp = 1.6Eo0/Imax
where E, is in volts, Iy,x is in amperes,
Rpp is in ohms, and P, is in watts.

It may be found during subsequent
calculations 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
2A38’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
Imax=0.26 ampere. Using the simplified
formulas, we obtain

Rpp = (1.6 X 300)/0.26 = 1845 ohms

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
Imax) 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
tubes. From this value, subtract the
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power output of 15.6 watts to obtain the
total dissipation for both tubes which is
84.2 watts. Half of this value, 17 watts,
is in excess of the 15-watt rating of the
tube and it is necessary, therefore, to as-
sume another and higher load resistance
so that the plate-dissipation rating will
not be exceeded.

It will be found that at an operating
plate voltage of 800 volts the 2A8’s re-
quire a plate-to-plate load resistance of
3000 ohms. From the formula for Ryp,
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 Rpp/4

= (0.2/1.41)2 X 8000/4
= 15 watts

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-signal aver-
age power input is 38.1 watts. This input
minus the power output is 38.1 — 15=
28.1 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 current may now be found
by use of a curve which is derived from
the plate family and the load line. Fig.
25 is a curve of instantaneous values of
plate current and dc grid-bias voltages
taken from Fig. 24. Values of grid bias
are read from each of the grid-bias
curves of Fig. 24 along the load line and
are transferred to Fig. 25 to produce the
curved line from A to C. A tangent to
this curve, starting at A, is drawn to
intersect the grid-voltage abscissa. The
point of intersection, B, is the operating
grid bias for fixed-bias operation. In the
example, the bias is —60 volts. Refer
back to the plate family at the operating
conditions of plate volts=300 and grid
bias= —60 volts; the zero-signal plate
current per tube is seen to be 0.04
ampere.

This procedure locates the operating
point for each tube at P. The plate 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 cycles. Hence,
in the example, the peak af signal volt-
age per tube is 60 volts, or the grid-to-
grid value is 120 volts.

As in the case of the push-pull class
A amplifier, the second-harmonic distor-
tion in a class AB, amplifier using triodes
is very small and is largely canceled by
virtue of the push-pull connection.Third-
harmonic 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 —-30 volts, we have assumed a devia-
tion of 30 volts from the operating grid
voltage of —60 volts. Next assume a 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
800 + 40 = 340 volts and the (-60) 4
(-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 alarger
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
through these points is the composite
curve for a bias of -30 volts, shown as a
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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, Inax, are used in
the following formula to find peak value
of the third-harmonic component of the
plate current.
Ihs = (2Io.s ~ Imax)/3

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

= —0.002 ampere. (The fact that Insis
negative indicates that the phase rela-
tion of the fundamental (first-harmonic)
and third-harmonic components of the
plate current is such as to result in a
slightly peaked wave form. In; is 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 + Io.s)
In the example, Ini = 2/8 X (0.2 +
0.097) = 0.198 ampere. Thus, the per-
centage of third-harmonic distortion is
(Tns/In1) 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 de bias voltage, grid current is
drawn, and consequently, power is con-
sumed in the grid circuit. These condi-
tions permit high power output to be
obtained without excessive plate dissi-
pation.

The sum of the power used in the
grid circuit and the losses in the input
transformer is the total driving power
required by the grid circuit. The driver
stage should be capable of a power out-
put considerably larger than this re-
quired power in order that distortion
introduced in the grid circuit be kept
low. In addition, the internal impedance
of the driver stage as reflected into or as
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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-
tiens 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.

Class B Power Amplifiers

A class B amplifier employs two
tubes connected in push-pull, so biased
that plate current is almost zero when
no signal voltage is applied to the grids.
Because of this low value of no-signal
plate current, class B amplification has
the same advantage as class AB,, i.e.,
large power output can be obtained
without excessive plate dissipation. 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 certain triodes used as class
B amplifiers are designed to operate very
close to zero bias, the grid of each tube
is at a positive potential during all or
most of the positive half-cycle of its
signal swing. In this type of triode opera-
tion, considerable grid current is drawn
and there is a loss of power in the grid
circuit. This condition imposes the same
requirement in the driver stage as in a
class AB, stage; i.e., the driver should
be capable of delivering considerably
more power output than the power re-
quired for the grid circuit of the class B
amplifier so that distortion will be low.
Similarly, the interstage transformer be-
tween the driver and the class B stage
usually has a step-down turns ratio. Be-
cause of the high dissipations involved in
class B operation at zero bias, it is not
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feasible to use tetrodes or pentodes in
this type of class B operation.

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 AB,
and class B service under suitable oper-
ating conditions.There are several tube
types designed especially for class B serv-
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
be 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
service is the 6N7.

High-Fidelity Amplifiers

Several high-fidelity amplifiers are
shown in the CIRCUITS SECTION.
The performance capabilities of such
amplifiers are usually given in terms of
frequency response, total harmonic dis-
tortion, maximum power output, and
noise level.

To provide high-fidelity reproduc-
tion of audio program material, an am-
plifier should have a frequency response
which does not vary more than 1db over
the entire audio spectrum. General
practice is to design the amplifier so that
its frequency response is flat within 1 db
from a frequency below the lowest to be
reproduced to one well above the upper
limit of the audible region.

Harmonic distortion and intermod-
ulation distortion produce changes in
program material which may have ad-
verse effects on the quality of the repro-
duced sound. Harmonic distortion
causes a change in the character of an
individual tone by the introduction of
harmonies which were not originally
present in the program material. For
high-fidelity reproduction, total har-
monic distortion (expressed as a percent-
age of the output power) should not be
greater than about 1 per cent at the de-



sired listening level. Types such as the
6973, 7027A and 7868 are designed to
provide extremely low harmoniec distor-
tion in suitably designed push-pull am-
plifier circuits.

Intermodulation distortion is a
change in the waveform of an individual
tone as a result of interaction with an-
other tone present at the same timein the
program material. This type of distor-
tion not only alters the character of the
modulated tone, but may also result in
the generation of spurious signals at
frequencies equal to the sum and differ-
ence of theinteracting frequencies. Inter-
modulation distortionshould belessthan
2 per cent at the desired listening level.
In general, any amplifier which has low
intermodulation distortion will have very
low harmonic distortion.

The maximum power output which
a high-fidelity amplifier should deliver
depends upon a complex relation of sev-
eral factors, including the size and acous-
tical characteristics of the listening area,
the desired listening level, and the ef-
ficiency of the loudspeaker system. Prac-
tically, however, it is possible to deter-
mine amplifier requirements in terms of
room size and loudspeaker efficiency.

The acoustic power required to re-
produce the loudest passages of orches-
tral music at concert-hall level in the
average-size living room is about 0.4
watt. Because high-fidelity loudspeakers
of the type generally available for home
use have an efficiency of only about §
per cent, the output stage of the ampli-
fier should therefore be able to deliver a
power output of at least 8 watts. Be-
cause many wide-range loudspeaker sys-
tems, particularly those using frequency-
divider networks, have efficiencies of less
than 5 per cent, output tubes used with
such systems must have correspondingly
larger power outputs. The 6973, T027A,
7189, and 7868 can provide ample out-
put for most systems when used in suit-
able push-pull circuits.

The noise level of a high-fidelity
amplifier determines the range of volume
the amplifier is able to reproduce, i.e.,
the difference (usually expressed in dec-
ibels) between the loudest and softest
sounds in program material. Because
the greatest volume range utilized in
electrical program material at the present
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time is about 60 db, the noise level of a
high-fidelity amplifier should be at least
60 db below the signal level at the desired
listening level.

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
circuit arrangements which utilize the
grid or plate as the common terminal.
Probably the most important of these
amplifiers are the cathode-drive circuit,
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

O
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the plate circuit 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
voltage is applied across an appropriate
impedance in the cathode circuit. The
cathode-drive circuit is particularly use-
ful for vhf 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/gm when the load resistance is small
compared to ther, of the tube. A certain
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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 circuit.

Inverse feedback is used in audio
amplifiers to reduce distortion in the
output stage where the load impedance
on the tube is a loudspeaker. Because
the 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
of the constant-voltage type and the
constant-current type.

€ (¥4
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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, Ry, Rs, and C are connected
as a voltage divider across the output of

INPUT
SIGNAL

.|” +

Fig. 27

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 Ry/(R:1+ Ro), 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
plate-current waveform, the af plate




voltage has a waveform shown by e'p.
The plate-voltage waveform is inverted
compared to the plate-current 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
€'y, the feedback voltage appearing on
the grid is as shown by e’gr. This voltage
applied to the grid produces a compo-
nent of plate current i’pr. 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 ip. 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'p is the
component of plate current due to the
signal voltage on the grid. The algebraic
sum of these two components gives the
resultant plate current shown by the
solid curve of i,. Since i’y is the plate
current that would flow without inverse
feedback, it can be seen that the 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
obtain full power output, but this out-
put is obtained with less distortion.
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Inverse feedback may also be ap-
plied to resistance-coupled stages as
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 Ra.
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 capacitance 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.
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Fig. 29

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

Inverse feedback is not generally
applied to a triode power amplifier, such
as the 2A3, because the variation in
speaker impedance with frequency does
not produce much distortion in a triode
stage having low plate resistance. It is
sometimes applied in a pentode stage
but is not always convenient. As has
been shown, when inverse feedback is
used in an amplifier, the driving voltage
must be increased in order to give full
power output. When inverse feedback is
used with a pentode, the total driving
voltage required for full power output
may be inconveniently large, although
still less than that required for a triode.
Because a beam power tube gives full
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power output on a comparatively small
driving voltage, inverse feedback is
especially applicable to beam power
tubes. By means of inverse feedback,
the high efficiency and high power 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 cathode-fol-
lower circuit, an example of which is
given in Fig. 80. In this application, the
load has been transferred from the plate
circuit to the cathode circuit of the tube.

Fig. 80
The input voltage is applied between
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= uX Ry

rp+ [RLX (u+1)]
For a pentode:

V. A=—SmXRL

14 (gm X Ry)

In these formulas, u is the amplifi-
cation factor, RL is the load resistance
in ohms, r, is the plate resistance in
ohms, and gn 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
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
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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 14
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-
quate driver stage for a cathode-follower
output system.

When a cathode-follower circuit is
used as an impedance transformer, the
load is usually a simple resistance in the
cathode circuit 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 device 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
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 practical 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 therequired 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 tube
selected should have a value of trans-
conductance slightly lower than that
obtained from the above expression to
allow for the shunting effect of the cath-
ode load resistance. The conversion

Required gm (umhos)=



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.
For triode:

_ Zo X rp
Cathode Ri= o x A+ @1
For pentode:
Cathode Re= Zo

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

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. 31 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. 82
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
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Fig. 31

the bypass capacitor should be large
enough so that it has negligible reactance
at the lowest frequency to be handled.
In both cases the B-supply should be in-
creased to make up for the voltage taken
for biasing.

Example: Select a suitable tube
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and determine the operating conditions
and circuit components for a cathode-
follower circuit having an output im-
pedance that will match a 500-ohm
transmission line. Procedure: First, de-
termine the approximate transconduec-
tance required.
Required gm =W’- 2000 pumhos

A survey of the tubes that have a
transconductance in this order of mag-
nitude shows that type 12AX7 is among

l“%
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Fig. 32

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

Cathode Ry= o (;5000 X 62500

500X (1001 1) 2000 ohms

The voltage across this resistor for
a plate current of 0.0012 ampere is
2600 X 0.0012 = 8.12 volts. Because the
required bias voltage is only —2 volts,
the circuit arrangement given in Fig. 82
is employed. The bias is furnished by a
resistance that will have a voltage drop
of 2 volts when it carries a current of
0.0012 ampere. The required bias resist-
ance, therefore, is 2/0.0012 = 1670
ohms. If 60 cycles 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-
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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 cathode load resistance
which will also provide the required bias.
If the triode section of twin diode—
high-mu triode 6AT6 is operated under
the conditions given in the technical
data section with a plate voltage of 100
volts and a bias of —1 volt, it will have
an amplification factor of 70, a plate
resistance of 54000 ohms, a transcon-
ductance of 1300 micromhos, and a plate
current of 0.0008 ampere. Then,

500 X 54000

Cathode Rei.= 500 500X (70+1)

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
berequired 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 6AT6 is

70 X 1460

54000 + 1460 X (70 + 1)

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 circuit such as that of Fig. 32
should be used. With a high value of
cathode resistance, the voltage amplifi-
cation will approximate unity.

= 1460 ohms

V.A. = = 0.656

Corrective Filters

A corrective filter can be used to
improve the frequency characteristic of
an output stage using a beam power
tube or a pentode when inverse feedback
is not applicable. The filter consists of a
resistor and a capacitor connected in
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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 thisreflectedimpedanceincreases
with increasing frequency in the middle
and upper audio range. The impedance
of the filter, however, decreases with in-
creasing frequency. 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 cycles or higher is equal
to the voltage gain at 400 cycles.

A method of determining the proper
value of capacitance for the filter is to
make two measurements of the output
voltage across the primary of the output
transformer: first, when a 400-cycle 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 correct value of capaci-
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 Compressors and Expanders

Volume compression and expansion
are used in FM transmitters and re-
ceivers and in recording devices and am-
plifiers to make more natural the repro-
duction of music which has a very large
volume range. For example, in the music
of a symphony orchestra the sound in-
tensity of the soft passages is very much
lower than that of the loud passages.
When this low volume level is raised
above the background noise for trans-
mitting or recording, the peak level of
the program material may be raised to
an excessively high volume level, It is
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often necessary, therefore, to compress
the volume range of the program con-
tent within the maximum capabilities of
the FM transmitter or the recording de-
vice.Exceeding a maximum peak volume
level for FM modulation corresponds to
exceeding the allowed bandwidth for
transmission. In some recording de-
vices, excessive peak volume levels may
cause overloading and distortion.
Volume compression may be ac-
complished by either manual or auto-
matic control. The types of compression
used include peak limiters, volume lim-
iters, and volume compressors. A peak
limiterlimits the peak power to some pre-
determined level. A volume limiter pro-
vides gain reduction based on an aver-
age signal level above a predetermined
level. A volume compressor provides
gain reduction for only the sustained
loud portions of the sound level. Only
volume compressors can be correctly
compensated for with volume expanders.
For faithful reproduction of the
original sound, the volume expander
used in the FM receiver or audio ampli-
fier should have the reverse characteris-
tic of the volume compressor used in the
FM transmitter or recording device. In
general, the basic requirements for either
a volume compressor or expander are
shown in the block diagram of Fig. 83.

v OUTPUT
INFUT VARIABLIE-GAIN
AMPLIFIER
\A V3
AMPLIFIER RECTIFIER
Fig. 33

In a volume compressor, the variable-
gain amplifier V, has greater gain for a
low-amplitude signal than for a high-
amplitudesignal; therefore, soft passages
are amplified more than loud ones. In
an expander, the gain is greater for high-
amplitude signals than for low-ampli-
tudesignals; therefore, loud passages are
amplified more than soft ones and the
original amplitude ratio is restored.

In the diagram shown in Fig. 83, the

signal to be amplified is applied to Vi,
and a portion of the signal is also applied
to V. The amplified output from V., is
then rectified by Vs, and applied as a
negative (for compressors) or positive
(for expanders) bias voltage to V,. As
this bias voltage varies with variations
in signal amplitude, the gain of V, also
varies to produce the desired compres-
sion or expansion of the signal.

Tubes having alarge dynamic range
provide the best results in volume com-
pressor or expander applications. Ex-
amples of such types are the 6BJ6 and
6BE6. Push-pull operation is generally
desired for the variable-gain amplifier
to prevent high distortion and other un-
desirable effects which may ocecur in
volume compressors and expanders.

Phase Inverters

A phase inverter is a circuit used to
provide resistance coupling between the
output of a signal-tube stage and the in-
put of a push-pull stage. The necessity
for a phase inverter arises because the
signal-voltage inputs to the grids of a
push-pull stage must be 180 degrees out
of phase and approximately equal in
amplitude with respect to each other.
Thus, when the signal voltage input to
a push-pull stage swings the grid of one
tube in a positive direction, 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. 34 shows a push-pull power
amplifier, resistance-coupled by means
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of a phase-inverter circuit to a single-
stage triode T). Phase inversion in this
circuit is provided by triode T.. The out-
put voltage of T, is applied to the grid
of triode T;. 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 Ep, (Rs+Rs)/Rs should equal
the voltage gain of T;. Under the condi-
tions where a twin-type tube or two
tubes having the same characteristics are
used at T; and T, R4 should be equal to
the sum of Ry and R;. The ratio of
Rs+R;5 to Rs should be the same as the
voltage gain ratio of T, in order to apply
the correct value of signal voltage to T..
The value of R;is, therefore, equal to Ry
divided by the voltage gain of T; R; is
equal to R4 minus Rs. Values of R;, R,
Rs plus R;, and R4 may be taken from
the chart in the RESISTANCE-COU-
PLED AMPLIFIER SECTION. In the
practical application of this circuit,
itis convenient to use a 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 taste. 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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the frequency is increased, the 100-mi-
cromicrofarad capacitor serves as a by-
pass for the 6»megohm resistor, and the
combined impedance of the resistor-ca-
pacitor network is lowered. Thus, more

I
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Fig. 85

of the erystal 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).Theresponse curve canbe “flattened”
still more if the attenuation at low fre-
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. 87 has two stages with completely
separate bass and treble controls. Fig. 38
shows simplified representations of the
bass control of this circuit when the
potentiometer is turned to its extreme
variations (usually labeled ‘“Boost” and
“Cut”). Inthis network, as inthe crystal-
equalizing network shown in Fig. 85,
the parallel RC combination is the con-
trolling factor. For bass “boost”, the
capacitor C; bypasses resistor R; so that
less impedance is placed across the out-~
put to grid B at high frequencies than
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-
quency voltage divider. With proper
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Fig. 87

values for the components, it may be
made to respond to changes in the Rs
potentiometer setting for only low fre-
quencies (below 1000 cycles).

BASS BOOST BASS CUT
A Ry 8 A Ry ECl 8
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= Fig. 88

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 crystal-equaliz-
ing network shown in Fig. 35. In the
treble “cut” circuit, the parallel RC ele-
ments serve to attenuate the signal vol-
tage further because the capacitor by-
passes the resistance across the output.

TREBLE BOOST TREBLE CUT
R4 Ra
c D C I if D
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Ca R6 R5 Cq
Cs=F SR
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Fig. 39

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.
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
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-
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.

Phonograph and Tape Preamplifiers

The frequency range and dynamic
rangewhich can be recorded on a phono-
graph record or on magnetic tape de-
pend on several factors, including the
composition, mechanical characteristics,
and speed of the record or tape, and the
electrical and mechanical characteristics
of the recording equipment. To achieve
wide frequency and dynamic ranges,
manufacturers of commercial recordings
use equipment which introduces a non-
uniform relationship between amplitude
and frequency. This relationship is
known as a “recording characteristic.”
To assure proper reproduction of a high-
fidelity recording, therefore, some part
of the reproducing system must have a
frequency-response characteristic which
is the inverse of the recording character-
istic. Most manufacturers of high-fidelity
recordings use the RCA “New Ortho-
phonic” (RIAA) characteristic for discs
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and the NARTB characteristic for mag-
netic tape.

Some typical preamplifier stages
areshown in the CIRCUITS SECTION.
The location of the frequency-compen-
sating network or “‘equalizer” in the re-
producing system will depend on the
types of recordings which are to be re-
produced and on the pickup devices used.

A ceramic high-fidelity phonograph
pickup is usually designed to provide
proper compensation for the RIAA re-
cording characteristic when the pickup
is operated into the load resistance spec-
ified by its manufacturer. Because this
type of pickup also has relatively high
output (0.5 to 1.5 volts), it does not re-
quire the use of either an equalizer net-
work or a preamplifier, and can be con-
nected directly to the input of a tone-
control amplifier and/or power amplifier.

A magnetic high-fidelity phono-
graph pickup, on the other hand, usually
has an essentially flat frequency-re-
sponse characteristic and very low out-
put (1 to 10 millivolts). Because a pickup
of this type merely reproduces the re-
cording characteristic, it must be fol-
lowed by an equalizer network, as well
as by a preamplifier having sufficient
voltage gain to provide the input voltage
required by the tone-control amplifier
and/or power amplifier. Many designs
include both the equalizing and ampli-
fying circuits in a single unit.

A high-fidelity magnetic-tape pick-
up head, like a magnetic phonograph
pickup, reproduces the recording char-
acteristic and has an output of only a
few millivolts. This type of pickup de-
vice, therefore, must also be followed by
an equalizing network and preamplifier,
or by a preamplifier which provides
“built-in” equalization for the NARTB
characteristic.

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
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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 lim-
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-signal voltage varia-
tions. The output of the limiter is fre-
quency-modulated if voltage, the mean
frequency of which is that of the if am-
plifier. This voltage is impressed on the
input of the detector.

The reception of FM signals with-
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, a band 150
kilocycles wide. Suitable tubes for this
purpose are the 6BA6 and 6BJ6.

Television RF Amplifiers

In a radio or television receiver,
noise generated in the first amplifier



stage is often the controlling factor in
determining the over-all sensitivity of
the receiver. The “front end” of a re-
ceiver, therefore, is designed with special
attention to both gain and noise charac-
teristics.

The input circuit of an amplifier in-
herently contains some thermal noise
contributed by the resistive elements in
the input device. When an input signal
is amplified, therefore, the thermal noise
generated in the input circuit is also
amplified. If the ratio of signal power to
noise power (signal-to-noise ratio, S/N)
is the same in the output circuit as in
the input circuit, the amplifier is con-
sidered to be “noiseless” and is said to
have a noise figure of unity, or zero db.

In practical circuits, however, all
amplifier stages generate a certain
amount of noise as a result of thermal
agitation of electrons in resistors and
other components, minute variations in
the cathode emission of tubes (shot ef-
fect), and minute grid currents in the
amplifier tubes. As a result, the ratio of
signal power to noise power is inevitably
impaired during amplification. A meas-
ure of the degree of impairment is called
the noise figure (NF) of the amplifier,
and is expressed as the ratio of signal
power to noise power at the input
(Sy/Ny) divided by the ratio of signal
power to noise power at the output
(80/No), as follows:

(SyN1)
NF = (So/So)

The noise figure in db is equal to
ten times the logarithm of this power
ratio. For example, an amplifier having
a one-db noise figure decreases the signal-
to-noise ratio by a factor of 1.26, a 38-db
noise figure by a factor of 2, a 10-db
noise figure by a factor of 10, and a 20-db
noise figure by a factor of 100.

Tunerinput circuits of vhf 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 216 Me and having a bandwidth
of 4.5 Me, although the tuner is usually
aligned for a bandwidth of 6 Mec 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. The use of twin triodes in

Electron Tube Applications

e ———————8

direct-coupled cathode-drive circuits
makes it possible to obtain stable opera-
tion along with the low-noise character-
isties of triodes.

Pentodes or tetrodes do not provide
the sensitivity of triodes because of the
“partition noise” introduced by the
screen grid. The direct-coupled cathode-
drive circuit provides both the gain and
the stability capabilities of the pentode
and a low-noise triode input stage. Be-
cause the cathode-drive stage provides
a low-impedance load to the grounded-
cathode stage, its gain is very low and
there is no necessity for neutralizing the
grid-plate capacitance. An interstage
impedance, usually an inductance in
series with the plate of the first stage
and the cathode of the second stage, is
often used at higher frequencies to pro-
vide a degree of impedance matching
between the units. The cathode-drive
portion of the circuit is matched to the
input network and provides most of the
stage gain. Because the feedback path
of the cathode-drive circuit is the plate-
cathode capacitance, which in most cases
is very small, excellent isolation is pro-
vided between the antenna and the local
oscillator.

Development of single triodes hav-
ing low grid-plate capacitance has made
possible the design of a neutralized tri-
ode rf circuit. The 6BN4 has been used
commercially in neutralized triode cir-
cuits.Tubessuch as the 6GK5and6CW4,
now in common usage, were specially
designed to minimize grid-plate capaci-
tance to permit easier neutralization of
a grounded-cathode circuit over the wide
frequency band. The bridge-neutralized
rf amplifier circuit has become widely
used in television tuners. In this arrange-
ment, a portion of the output signal is
returned to the grid out of phase with
the feedback signal from the grid-plate
capacitance. This circuit provides excel-
lent gain and noise performance with
stable operation across the band.

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
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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,
Cin and Cout, as follows:

gm
Cin + Cout
Typical values for this figure are in the
order of 500 x 108 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 =

Fig. 40

tube. The contrast control, R,, in this
circuit controls the gain of the video
amplifier tube. The inductance, 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 to improve
the low-frequency response. Tubes used
as video amplifiers include types 6CL6
and 12BYT7A, or the pentode sections
of types 6AWS8A and 6ANS.

The luminance amplifier in a color-
televisionreceiveris a conventional video
amplifier having a bandwidth of approx-
imately 8.5 Mec. 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

SECOND
| DETECTOR DELAY LINE
v
TO CATHODES OF
LUMINANCE COLGR PICTURE TUBE
TO GRIDS OF

AMPLIFIER
= COLOR PlC"TURE TUBE

BANDPASS
:I AMPLIFIER HﬂODULATORSI

‘ BURST KEYER
AND AMPLIFIER

-ICOLOR KILLER l 3.58 Mc ]

OSCILLATOR

Fig. 41

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-Mc oscillator and to the
“color-killer” stage.

The color 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 8.58-Mec 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-
trical representation of a color-difference
signal, t.e., 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 cath-
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 described above, and only the
luminance signal is applied to the pic-
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 circuit shown in Fig. 42. In this
circuit, the time constant of the network

i)

C TO
SCANNING
l CIRCUITS
FROM

SECOND g
DETECTOR !
= B+
Fig. 42

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 Ci.
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 sync-pulse
period, only the amplified pulse appears
in the output. This sync-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 circuit 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-
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tition rate of the vertical generator is 60
cycles per second, and the rate of the
horizontal generator is approximately
15,750 cycles per second. The composite
video signal includes information which
enables each generator to derive its cor-
rect triggering. One horizontal sync 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 synec pulses are supplied
to actuate the vertical generator. The
vertical information is separated from
the horizontal information by differ-
entiating and integrating circuits.

In fringe areas, two conditions com-
plicate the process of sync separation.
First, the incoming signal available at
the antenna is weak and susceptible to
fading and other variations; second, the
receiver is operating at or near maximum
gain which makes it extremely sus-
ceptible to interference from pulse-type
noise generated by certain types of elec-
trical equipment, ignition systems,
switches, or the like. Some type of noise-
immunity provision is almost essential
for acceptable performance. Noise may
be reduced or eliminated from the syne
and agc circuits by gating or by a com-
bination of gating, inversion, and can-
cellation. An example, of the latter
method is shown in Fig. 43. In this cir-
cuit the 6GY6, which has two indepen-
dent control grids, serves the dual func-
tion of age amplifier and noise inverter.

HORIZONTAL GATING
PULSE INPUT

-

VIDEO A '".%?%BT rg‘
S o
Fig. 43

Because the sync tips of the video signal
at grid No.1 of the 6GY6 drive the tube
near its cutoff region, any noise signal
extending above the tip level will ap-
pear inverted across the grid-No.2 load
resistor R. This inverted noise signal is
re-combined with the video signal and.
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fed to the sync separator at point “A”
Fig. 43 where noise cancellation takes
place. This process leaves the sync pulses
relatively free of disturbing noise and
results in a stable picture. To prevent
reduction of receiver gain due to the ef-
fect of noise on the age amplifier, a por-
tion of the inverted noise signal is fed to
the second control grid, grid No.8, of the
6GY6 to cut off or gate the AGC am-
plifier when a noise pulse occurs.

Rectification

The rectifying action of a diode
finds important applications in supply-
ing a receiver with dc power from an ac
line and in supplying high dc 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 Output Circuits.

The function of a filter is to smooth
out the ripple of the tube output, as in-
dicated in Fig. 44. and to increase recti-
fier efficiency. The action of the filter is

TRANSFORMER
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PLATESNIZ 2

0 - OF FILTER

+H DC VOLTAGE
l AVAILABLE FOR
0

FULL-WAVE RECTIFICATION
Fig. 44

explained in ELECTRON TUBE IN-
STALLATION SECTION under Fil-
ters. The voltage divider is used to cut
down the output voltage to the values
required by the plates and the other
electrodes of the tubes in the receiver.

40

RCA Receiving Tube Manual

A half-wave rectifier and a full-
wave rectifier circuit are shown in Fig.
45. In the half-wave circuit, current
flows through the rectifier tube to the
filter on every other half-cycle of the ac
input voltage when the plate is positive
with respect to the cathode. In the full-
wave circuit, current flows to the filter
on every half-cycle, through plate No. 1
on one half-cycle when plate No. 1 is

HALF-WAVE RECTIFIER

+
WNPUT i
TO
VOLTS FILTER
Q

I~
ke |

FULL- WAVE RECTIFIER

|

v
OuUTPUT
TO0

INPUT
voLTS

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

Because the current flow to the fil-
ter 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 capability of the complete rec-
tifier is approximately doubled.

FILTER

=

Fig. 45




‘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 be used will depend on the
amount of plate current that passes
through the rectifier. Low plate current
requires a high value; high plate cur-
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.
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Fig. 46

A voltage-doubler circuit of simple
form is shown in Fig. 46. The circuit de-
rives its name from the fact 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 described briefly as follows. On the

VOLTAGE-DOUBLER CIRCUIT
FULL -WAVE
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positive half-cycle of the ac input, that
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 accumu-
lates on the upper plate of the capacitor,
a positive voltage builds up across the
capacitor. On the next half-cycle of the
ac input, when the upper side of the line
is negative with respect to the lower
side, the lower diode passes current so
that a negative voltage builds up across
the lower capacitor.

So long as no current is drawn at
the output terminals from the capacitor,
each capacitor can 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 +E on
one capacitor and —E on the other, the
total voltage across the capacitors is 2E.
Thus the voltage doubler supplies a no-
load dec output voltage twice as large as
the peak ac input voltage. When current
is drawn at the output terminals by the
load, the output voltage drops below 2E
by an amount that depends on the mag-
nitude of theload current and the capaci-
tance of the capacitors. The arrange-
ment shown in Fig. 46 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 25Z6GT and 117Z6GT. 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 acress the line.
The connections for the heater supply
and the voltage-doubling circuit are
shown in Fig. 47.

R =HEATERS OF OTHER TUBES N SERIES
WITH VOLTAGE -DROPPING RESISTOR.
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RE=PROTECTIVE RESISTOR

Fig. 47
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With the full-wave voltage-doubler
circuit in Fig. 47, it will be noted that
the dec 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

UNMODULATED
RF CARRIER

Fig.

tubes in the set are connected in series
with a resistance across the ac line. Such
a circuit arrangement may cause hum
because of the high ac potential between
the heaters and cathodes of the tubes.

The half-wave voltage-doubler cir-
cuit in Fig. 47 overcomes this difficulty
by making one side of the ac line com-
mon with the negative side of the de
load circuit. In this circuit, one half of
the tube is used to charge a capacitor
which, on the following half cycle, dis-
charges in series with the line voltage
through the other half of the tube. This
circuit is called a half-wave voltage
Gaoubler 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
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-
quency 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.Thereceiver
stage in which this function is performed
is called the demodulator or detector
stage.
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AF MODULATING
WAVE

AM Detection
The effect of amplitude modula-
tion on the waveform of the rf wave is
shown in Fig. 48. There are three differ-
ent basie circuits used for the detection
of amplitude-modulated waves: the di-

oo

AMPLITUDE -MODULATED
48 RF WAVE

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-
cycles of the rf wave. With alternate
half-cyclesremoved, 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

Fig. 49

when a modulated rf wave is applied is
illustrated by Fig. 50. The rf voltage
applied to the circuit is shown in light
line; the output voltage across capacitor
C is shown in heavy line.

Fig. 50

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
through the diode. While the diode cur-
rent is cut off, the capacitor discharges
from (b) to (¢) 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 capacitor, is exagger-
ated in the drawing. In an actual circuit
the rf component of the voltage across
the capacitor is negligible. Hence, when
the voltage across the capacitor is ampli-
fied, the output of the amplifier repro-
duces the speech or music originating at
the transmitting station.

Another way to describe the action
of a diode detector is to consider the
circuit as a half-wave rectifier. When the
rf signal on the plate swings positive, the
tube conducts and the rectified current
flows through the load resistance R. Be-
cause the de output voltage of a rectifier
depends on the voltage of the ac input,
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 circuit 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
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~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 broadcast receivers.

A typical diode-detector circuitusing
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 Rs. In a
typical circuit, resistor R; may be tapped

AF
OuTPUT

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 C;. The
function of capacitor C; is to block the
dec bias of the cathode from the grid. The
function of capacitor C, is to bypass
and rf voltage on the grid to cathode. 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 circuit,
called a diode-biased circuit, is shown in
Fig. 52. In this circuit, the triode grid is

T +8
Fig. 51

Fig. 52

connected directly to a tap on the diode
load resistor. When an rf signal voltage
is applied to the diode, the de voltage at
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‘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 capaci-
‘tor between the grid and the diode load
resistor, and consequently does not pro-
duce as much distortion of a signal hav-
ing 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
:rf 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
«0f 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,
: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 automatic-volume-control (ave)
:system. With such an ave system, the
-average amplitude of the signal voltage
-applied to the diode can be held within
‘very close limits for all values of signal
‘strength at the antenna.
The tube used in a diode-biased cir-
scuit 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, ¢.e., operated
:80 that the plate current with zero signal
is practically zero. The bias voltage can
be obtained from a cathode-bias resistor,
a C-battery, or a bleeder tap. Because of
the high negative bias, only the positive
half-cycles of the rf signal are amplified
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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
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current from the input circuit and there-
fore does not lower the selectivity of the
input circuit.

The grid - resistor - and - capacitor
method, illustrated by Fig. 54, is some-
what more sensitive than the grid-bias
method and gives its best results on
weak signals. In this circuit, there is no
negative de bias voltage applied to the
grid. Hence, on the positive half-cycles
of the rf signal, current flows from grid
to cathode. The grid and cathode thus
act as a diode detector, with the grid
resistor as the diode load resistor and the
grid capacitor as the rf bypass capacitor.
The voltage across the capacitor then
reproduces the af modulation in the
same manner as has been explained for
the diode detector. This voltage appears
between the grid and cathode and is
therefore amplified in the plate circuit.

6RID
CAPLCITOR
RF_CHOKB
GRID
RESISTOR
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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 circuit 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. 55

the frequency of the rf wave deviates
from a mean value, at an rf rate depend-
ing on the modulation, by an amount
that is determined in the transmitter
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 frequency and to 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 characteristic, as at A
of Fig. 56. With modulation, the fre-
quency swings between B and C, and
the voltage developed across the circuit
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
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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.

OPERATING
FREQUENCY

VOLTAGE

FREQUENCY
Fig. 656

The faults of the simple circuit are
overcome in a push-pull arrangement,
sometimes called a discriminator 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

AF OUTPUT

= Fig. 57 =

from the resonant frequency in each
direction.

Since the swing occurs at audio
frequencies (determined by the af modu-
lation), the voltage developed across the
diode load resistors, Ri: and R, connected
in series, varies at audio frequencies. The
output voltage depends on the difference
in amplitude of the voltages developed
across R: and R, These voltages are
equal and of opposite sign when the rf
carrier is not modulated and the output
is, therefore, zero. When modulation is
applied, the output voltage varies as
indicated in Fig. 58.

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

+

OUTPUT
VOLTAGE

CARRIER
FREQUENCY

Fig. 58

Another form of detector for fre-
quency-modulated wavesis called aratio
detector. This FM detector, unlike the
previous one which responds to a 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 basic ratio detector is given in
Fig. 59. The plate load for the final if
amplifier stage is the parallel resonant
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even at the lowest audio frequencies to
be reproduced.

The rectified voltage across C; is
proportional to the voltage across diode
1, and the rectified voltage across C, is
proportional to the voltage across diode
2. Since the voltages across the two
diodes differ according to the 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-
yuency and the smaller at frequencies
above the intermediate frequency.

These voltages across C; and C, are
additive and their sum is fixed by the
constant voltage across Cs. Therefore,
while the ratio of these voltages varies
at an audio rate, their sum is always
constant. The voltage across C, varies
at an audio rate when a frequency-
modulated rf carrier 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.

| DIODE !
_I_Cs
@{*‘—%ﬁiﬂy Rz
DIODE2 —
Fig, 59

circuit consisting of C; and the primary
transformer T. The tuning and coupling
of the transformer is practically the
same as in the previous circuit and
therefore, the rf voltages applied to the
diodes depend upon how much the rf
signal swings from the resonant fre-
quency in each direction. At this point
the similarity ends.

Diode 1, R,, and diode 2 complete a
series circuit fed by the secondary of the
transformer T. The two diodes are con-
nected in series so that they conduct on
the same rf half-cycle. The rectified cur-
tent through R, causes a negative volt-
age to appear at the plate of diode 1.
Because Cq is large, this negative voltage
at the plate of diode 1 remains constant
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Avutomatic Volume or Gain Control

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

An automatic 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 circuit 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,
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The ave circuit reduces the rf and if
gain for a strong signal usually by in-
creasing the negative bias of the rf, if,
and frequency-mixer stages when the
signal increases. A simple ave circuit is
shown in Fig. 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.

OUTPUT
OF LAST
IF STAGE

VOLTAGE

c
;’:-: Fig. 60 €2

Because of the flow of diode current
through R, thereis a voltage drop across
R: which makes the left end of R nega-
tive with respect to ground. This voltage
drop across R, is applied, through the
filter R, and C, as negative bias on the
grids of the preceding stages. When the
signal strength at the antenna increases,
therefore, the signal applied to the ave
diode increases, the voltage drop across
R: increases, the negative bias voltage
applied to the rf and if stages increases,
and the gain of the rf and if stages is de-
creased. Thus the increase in signal
strength at the antenna does not pro-
duce as much increase in the output of
the last if stage as it would produce
without ave. .

When the signal strength at the
antenna decreasesfrom a previoussteady
value, the ave circuit acts, 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
circuit 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 Rs, prevents the
ave voltage from varying at audio fre-
quency. The filter is necessary because
the voltage drop across Ri 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
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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 circuit to smooth out variations in
signal due to fading, but prevents the
circuit 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 circuit, the diode section D, of
the 6H6 acts as detector and avce diode.

~3V(MIN)
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AMPLIFIER
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Fig. 61
R is the diode load resistor and R, and
Csare the ave filter. Because the cathode
of diode D, is returned through a fixed
supply of -3 volts to the cathode of D, a
de current flows through R: and R, in
series with D,. The voltage drop caused
by this current places the ave lead at
approximately -8 volts (less the negligi-
ble drop through D;). When the average
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amplitude of the rectified signal devel-
oped across R, does not exceed 8 volts,
the ave lead remains at -8 volts. Hence,
for signals not strong enough to develop
8 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 Rs
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 avc bias voltage to the
controlled stages. In this way, the cir-
cuit regulates the receiver gain for
strong signals, but permits the gain to
stay constant at a maximum value for
weak signals.

It can be seen in Fig. 61 that a por-
tion of the -8 volts delay voltage is
applied to the plate of the detector
diode D,, this portion being approxi-
mately equal to Ri/(R1 + R.) times -3
volts. Hence, with the circuit constants
as shown, the detector plate is made
negative with respect to its cathode by
approximately one-half volt. However,
this voltage does not interfere with de-
tection because it is not large enough to
prevent current flow in the tube.

Automatic gain control (agc) 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 carrier level may be determined
by measurement of the peaks of the
sync pulses at the output of the video
detector.

A conventional agc circuit, such as
that shown in Fig. 62, consists of a diode

AGC
i Rp VOLTAGE TO
T3 :( ANA- IF AND RF
STICE | o STAGES

Fig.62

detector circuit and an RC filter. The
time constant of the detector circuit is
made large enough to prevent the pic-
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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
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 Ri.
Because of the large time constant of
RiC,, however, only a small percentage
of the voltage across Ciislost during the
interval between horizontal sync pulses.
During succeeding positive cyecles, the
incoming signal must overcome the neg-
ative charge stored in C,beforethe 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 cycles, 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 synec 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 dc output, or both.
A direct-coupled amplifier must be used
for amplification of the dc signal. The
addition of amplification makes the sys-~
tem more sensitive to changes in carrier
level.

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
agc circuits because the filter circuit can
employ lower capacitance and resistance
values.

In the keyed agc system, the nega-



tive output of the video detector is fed
directly to the grid No.1 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,
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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
is in phase with the horizontal sync 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.1l
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 application 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 asa 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,
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the target appears as a ring of light.

A ray-control electrode is mounted
between the cathode and target. When
thepotential 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
HIELD
SHIELD RAY-CONTROL
~~ ELECTRODE
TARGET~ TRIODE
'YRIODE ~~~cmuoot:
GRID

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
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 throughresistor R produces:
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Fig. 65

a voltage drop which determines the po-
tential of the control electrode. When
the voltage of the triode grid changes in
the positive direction, plate current in-
creases, 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 indicator tube is
the 6AF6G. This tube containg only an
indicator unit but employs two ray-con-
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trol electrodes mounted on opposite sides
of the cathode and connected to indi-
vidual base pins. It employs an external
dec amplifier. (See Fig. 66.) Thus, two
symmetrically opposite shadow angles

TYPE
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TRIODE
CONNECTED
%

AVC
VOLTAGE
%. 8+
R:TYPICAL VALUE 1S 0.5 MEGOHM
Fig. 66

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
6AF6G 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 broadcast receivers, this ap-
plication is limited practically to super-
heterodyne receivers for supplying the
heterodyning frequency. Several circuits
(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
electromagnetic coupling between the
grid and plate circuits. When sufficient
energy is fed back to more than compen-
sate for the loss in the grid circuit, the
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tube will oscillate. The action consists
of regular surges of power between the
plate and the grid circuit at a frequency
depeniddent on the circuit constants of
inductance and capacitance. By proper
choice of these values, the frequency
may be adjusted over a very wide range.

8- HEATER B%
TRANSFORMER

Fig. 68

Multivibrators

Relaxation oscillators, which are
widely used in present-day electronic
equipment, are used to produce non-
sinusoidal waveshapes such 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 cir-
cuit of the free-running type. In this cir-
cuit, oscillations are maintained by the
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alternate shifting of conduction from
one tube to the other. The cycle usually
starts with one tube, Vi, 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 conduct. 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 circuit components.

In this circuit, therefore, conduc-
tion switches from V, to V., over the
interval during which C. discharges
from the voltage across R4 to the cutoff
voltage for V.. The actual transfer ot
conduction does not occur until cutoff
is reached. Conduction switches back to
V. 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 agivenamplitudeand 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 circuit,
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 a controlled
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 sync 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
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a sawtooth voltage to be developed
across the capacitor C,. A portion of this
sawtooth is fed back to the grid of the
control tube,V,. The positive sync pulses

EONTA
HORIZO| L

SCANNING
AMPLIFIER

= Fig. 70
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-sync” combination
(C). The sync pulse occurs partly during
the portion of the sawtooth voltage in
which the triode V. draws current. Any
shift in sync pulse as it is superimposed
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Fig. 71

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 occurs at.
the corner of the sawtooth waveform
allows the control tube to conduct more
current and, consequently, allows the
capacitor C, to charge to a higher volt-
age. This increased reference voltage also
appears in the grid circuit of V, and
makes the grid more positive. The in-
creased grid voltage then speeds up the
frequency of oscillations until proper
synchronization results.
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The blocking oscillator can be made
more immune to changes in frequency
and noise if V; is brought out of cutoff
very sharply. This effect is obtained by
sine-wave stabilization. The tuned cir-
cuit Ls-C; in the plate circuit of Fig. 70
superimposes a shock-excited sine wave
on the plate and grid waveforms, as
shown in Fig. 72.

GRID CUTOFF

GRADUAL APPROACH ;
TUBE CAN BE DRIVEN
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SLIGHT CIRCUIT
VARIATIONS.

SHARPER APPROACH
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SUSCEPTIBLE TO

8 FREQUENCY CHANGES.
Fig. 72

Deflection Circuits
Vertical Output 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. 73. Waveshapes at
critical points of the circuit are included

=

RCA Receiving Tube Manual

the inductive components in the yoke
and transformer. The effect of these in-
ductive components must be taken in-
to consideration, 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,asdescribedbelow.

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.
74(a). When R, is sufficiently large, C,
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.
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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
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74(b). The negative-going pulse of the
grid-voltage waveshape prevents the high
plate pulse from causing excess conduc-
tion, and thereby prevents overdamping,

a Fig. T4 b



This vertical deflection stage uti-
lizes twin-triode tubes such as the 6DR7
and 6EM7. The 6EMY7 is particularly
suitable for this application because it
incorporates dissimilar units to provide
for the different operating requirements
of the oscillator and output sections.

Horizontal Output Circuits

Fig. 75 shows a typical horizontal-
output-and-deflection circuit usedin tele-
vision receivers. In addition to supplying
the deflection energy required for hori-
zontal deflection of the picture-tube
beam, this circuit provides the high de
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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 a beam
power tube such as the 6DQ6B, 6CD6-
GA, or 6GW6.

In this circuit, a sawtooth voltage
from the horizontal-oscillator tube is ap-~
plied to the grid No.l of the horizontal-
output tube. When this voltage rises
above the cutoff point of the output tube,
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 cuts off the output tube.
This sudden change sets up an oscillation
of about 50 to 70 Kec 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 sec-
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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
reaches its 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
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 de 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
diode charges the ‘“boost” capacitor
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-Voltage Regulator Circuit

In color-television receivers, it is
very important to regulate the high-vol-
tagesupply tothepicturetube. A suitable
circuit using the 6BK4 for regulation of
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Fig. 76
the output of a high-voltage, high-impe-
dance supply is shown in Fig. 76. In this

53



circuit, the cathode is held at-a fixed
positive potential with respect to ground.
Because thegrid potential is kept slightly
less positive by the voltage drop across
resistor R,, 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 a decrease 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,
Rs, 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 grid voltage for the 6BK4 can
also be obtained from a tap on the B-
boost voltage supply. The use of this
lower voltage (about 375 volts) elimi-
nates the need for costly and trouble-
some high-voltage resistors. In this ar-
rangement, variations in high voltage
also vary the tapped-down B-boost volt-
age at the regulator grid, and the result-
ing variations in conduction of the regu-
lator increase or decrease the loading of
the high-voltage supply so that the total
load remains nearly constant.

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 frequency-con-
verting device consisting of an oscillator
and a frequency mixer is employed. In
such a device, shown diagrammatically
in Fig. 77, two voltages of different fre-
quency, the rf signal voltage and the
voltage generated by the oscillator, are

FREQUENCY
MIXER

OSCILLATOR

INTERMEDIATE
FREQUENCY

OUTPUT

RADIO
FREQUENCY
INPUT

FREQUENCY CONVERTER
Fig. 77
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-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
frequencies of the input voltages, numer-
ous sum and difference frequencies.

The output circuit of the mixer
stage is provided with a tuned circuit
which is adjusted to select only one beat
frequency, i.e., the frequency equal to
the difference 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
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.
b, 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
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. 3)
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 avc bias because
changes in ave bias produce little change
in oscillator transconductance or in the
input capacitance of grid No. 1.

Examples of the pentagrid conver-
ters discussed in the preceding para-
graph are thesingle-ended types 1R5 and
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6BES6. A schematic diagram illustrating

the use of the 6BE6 with self-excitation

is given in Fig. 78; the 6BE6 may also
TYPE 6BE6
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IGRIDS N2 2&4

GRID N2t
(OSCILLATOR GRID) (SCREEN)

OSCILLATOR
CIRCUIT

be used with separate excitation. A com-
plete circuit 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
mixergrid (grid No.1)hexodescreen 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 critical to changes in oscillator-
plate voltage or signal-grid bias and,
therefore, finds important use in all-
wave receivers to minimize frequency-
shift effects at the higher frequencies.

A further method of frequency 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.
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The tube contains a heater-cathode,
five grids, and a plate. Grids Nos. 1 and
8 are control grids. The rf signal voltage
is applied to grid No. 1. This grid has a
remote-cutoff characteristic and is suited
for control by ave bias voltage. The
oscillator voltage is applied to grid No.
8. This grid has a sharp-cutoff character-
istic and produces a comparatively large
effect on plate current for asmall amount
of oscillator voltage. Grids Nos. 2 and 4
are connected together within the tube.
They accelerate the electron stream and
shield grid No. 3 electrostatically from
the other electrodes. Grid No. 5, 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 functions. A
typical television mixer-oscillator circuit
is shown in Fig. 79. 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 ~e—em

|___.

QOSCILLATOR
TUBE

RF
OQUTPUT

MIXER
TUBE

Fig. 79

Tubes containing electrically independ-
ent oscillator and mixer units in the
same envelope, such as the 6U8A and
6X8, are designed especially for this
application.

Avutomatic Frequency Control

An automatic frequency control
(afc) circuit 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
tumed. This correction is made by ad-
justing the frequency of the oscillator.
Such a circuit will automatically com-

pensate for slight changes in rf 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-
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actance. The detector section may be
essentially the same as the FM detector
illustrated in Fig. 57 and discussed un-
der Detection. In the afc system, how-
ever, the output is a de 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. 80).
_|
%:— OC CONTROL
VOLTAGE

!

1 dl
E I
Fig. 80

The plate current of the reactance
tube is shunted across the oscillator tank
circuit. Because the plate current and
plate voltage of the reactance tube are
almost 90° out of phase, the control tube
affects the tank circuit in the same 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.

Automatic frequency control is also
used in television receivers to keep the
horizontal oscillator in step with the
horizontal-scanning frequency (15,750
cps) at the transmitter. A widely used
horizontal afe circuit is shown in Fig. 81.
This circuit, which is often referred to
as a balanced-phase-detector or phase-
discriminator circuit, is usually em-
ployed to control the frequency of a
multivibrator-type horizontal-oscillator
circuit. The 6AL5 detector supplies a de
control voltage to the grid of the hori«
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 afe circuit at a given
moment.

The horizontal sync pulses obtained
from the synec-separator circuit are fed
through a single-triode phase-inverter or

FROM FREQ.
DETECTOR

-3



phase-splitter circuit to the two diode

units of the 6AL5. Because of the action

of the phase-inverter circuit, the signals
SYNC
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Fig. 81
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
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both units. Any change in the oscillator
frequency alters the phase relationship
between the reference sawtooth and the
incoming horizontal syne 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 6AL5 are
biased so that conduction takes place
only during the tips of the sync pulses.
The relative position of the sync 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-oscil-
lator tube is essentially a low-pass filter
which preventsthe horizontalsynecpulses
from affecting the horizontal-oscillator
performance,
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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
currentsupplied tothefilament or heater,
but mostsatisfactory 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 variable
or fixed) is used with a dc 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-
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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 battery.

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.

AC filament or heater operation
should be considered on the basis of
either a parallel or a series arrangement
of filaments and/or heaters. In the case
of the parallel arrangement, a step-down
transformer is employed. Precautions
should be taken to see that the line volt-
age is the same as that for which the
primary of the transformer is designed.
The line voltage may be determined by



measurement with an ac voltmeter
(0-150 volts).

If the line voltage measures in 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 transformer
between the acoutlet and thetransformer
primary. Before such a transformer is in-
stalled, the acline fluctuations should be
very carefully noted. Some radio sets are
equipped with a line-voltage switch
which permits adjustment of the power
transformer primary to the line voltage.
When this switch is properly adjusted,
theseries-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 resistanceinseries with
the heaters and the supply line is usually
required. This resistance should be of
such value that, for normal line voltage,
tubes will operate at their rated heater
or filament current. The method for cal-
culating the resistor valueis given below.

When the filaments of battery-type
tubes are connected in series, the total
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 cathode current in
order to maintain the filament voltage
at its rated value.

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 (ohms) =
supply volts — rated volts of tube type
total rated filament current (amperes)
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Thus, if a receiver using two IT4’s, one
IR5, one IU5, and one 3V4 is to be
operated from a 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
4 % 0.05 ampere + 1 X 0.1 ampere), t.e.,
approximately 2 ohms. Since this resis-
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 8 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 valueis so 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 calcu-
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 6BE6, one
6BAG6, one 6AT6, one 25L6GT, and one
25Z6GT is to be operated from a 117-
volt power line, the series resistor is
equal to 117 volts (the supply voltage)
minus 68.9 volts (the sum of 3 X 6.3
volts + 2 X 25 volts) divided by 0.3 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 0.8 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
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voltage between the heaters and cath-
odes of these tubes and minimizes the
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. 82.

RCA Receiving Tube Manual

Thebalanced arrangement described
above also minimizes heater-grid hum.
High grid-circuit impedances should be
avoided, if possible. High heater volt-
ages should also be avoided because
heater-cathode hum rises sharply when
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Heater-to-Cathode Connection

When heater-type tubes are oper-
ated from ac, their cathodes may be re-
turned (through resistors, capacitors, or
other components) to the mid-tap on
the heater supply winding, to the mid-
tap of a small resistor (about 50 ohms)
connected across the winding, or to one
end of the heater supply winding, de-
pending on circuit requirements. In all
circuits, it is important to keep the
heater-cathode voltage within the maxi-
mum ratings specified for the tube.

Heater-typetubesmayproducehum
as a result of conduction between heater
and cathode or between heater and con-
trol grid, or by modulation of the elec-
tron stream by the alternating magnetic
field surrounding the heater. When a
large resistor is used between heater and
cathode (as in series-connected heater
strings), or when one side of the heater
is grounded, even a minute pulsating
leakage current between heaterand cath-
ode can develop a small voltage across
the cathode-circuit impedance and cause
objectionable hum. The use of a large
cathode bypass capacitor is recom-
mended to minimize this source of hum.

Much lower hum levels can be
achieved when heaters are connected in
parallel systems in which the center-tap
of the heater supply is grounded or,
preferably, connected to a positive bias
source of 15 to 80 volts de to reduce the
flow of alternating current. The heater
leads of the tubes should be twisted and
kept away from high-impedance circuits.
The balanced ac supply provides almost
complete cancellation of the alternat-
ing-current components.
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the heater voltage is increased above
the published value.

Certain tube types are designed es-
pecially to minimize humin high-quality,
high-fidelity audio equipment. Examples
are the 5879, 7025, and 7199.

Plate Voltage Supply

The plate voltage for electron tubes
is obtained from batteries, rectifiers,
direct-current power lines, and small
local 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-
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 for
different operating conditions have been
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
dc supply, from the voltage drop across
a resistor in the cathode circuit, or from
the voltage drop across a resistor in the
grid circuit. The first method is called
“fixed bias’’; the second is called ““cath-
ode bias” or “self bias”; the third is
called “grid-resistor bias” and is some-
times incorrectly referredto 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 ohms)
shunted across the filament terminals.
This method reduces hum disturbances
caused by the ac supply. If bias voltages
are obtained from the voltage divider of
a high-voltage dc supply, the grid return
is connected to a more negative tap
than the cathode.

The cathode-biasing method uti-
lizes the voltage drop produced by the
cathode current flowing through a re-
sistor connected between the cathode
and the negative terminal of the B-sup-
ply. (See Fig. 83.) 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 increasingly nega-
tive with respect to the cathode, the re-
quired negative grid-bias voltage can be
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1000/3 = 3000 ohms. If the cathode cur-
rent of morethan one tube passes through
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 capacitor (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 6AC7, input
capacitance and input conductance
change appreciably with plate current.

OUTPUT
INPUT
OUTPUT

5
8- 8+
C=BYPASS CAPACITOR

Fig. 83

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 (ohms) =
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 current is 9 X

When such a tube having a separate
suppressor-grid connection is used as an
rf amplifier, these changes may be mini-
mized by leaving 2 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
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obtain bias voltage is not recommended
for amplifiers in which there is appreci-
able shift of electrode currents with the
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 current 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 22-1 and 22-4 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-
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 22-1 and
22-4 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. 84 and 85; (2) from a
bleeder circuit by means of a potentiom-
eter as shown in Fig. 86; or (3) from a
bleeder circuit in which the bleeder cur-
rent is varied by a tube used for auto-
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VARIABLE

8- A- A+ Be
Fig. 84

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
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

Fig. 85

a fixed resistance in series with the vari-
able resistance, or by connecting a fixed
cathode resistance in series with the
variable resistance used for regulation.
Where receiver gain is controlled by
grid-bias variation, it is advisable to
have the control voltages extend over a
wide range in order to minimize cross-
modulation and modulation-distortion.

VARIABLE

A+ A- B-

B+
Fig. 86

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

In most tubes employing a 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. 87. The value of grid voltage at
which the grid-current curve intercepts
the horizontal axis is determined by
several different physical processes, in-
cluding an electrothermal effect due to
the differences in temperature and in
material composition of the grid and the
cathode, and by the positive grid cur-
rent. For values of grid potentials which

Y
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CURRENT

49,

GRID_VOLTS

4 +
\_/

Fig. 87

are larger than this intercept, the direc-
tion of the grid current is positive (i.e.,
from the grid to the cathode). At smaller
values of grid potential, the direction of
the grid current is negative (i.e., from
the cathode to the grid).

Positive grid current consists of
electrons emitted from the cathode
which areintercepted by the control grid.
Negative grid current, which becomes
appreciable only when the grid potential
is more negative than the value of the
intercept, is a result of the emission of
electrons from the heated control grid to
the cathode, the effect of gas molecules
in the tube, and the influence of leakage
currents between the grid and cathode
and the grid and the plate.

The value of grid potential at the
intercept of the grid-current curve on
the horizontal axis (often mistakenly
called contact potential) may be as high
as 114 volts. If the operating bias of the
tubeis less than this intercept, it is found
that two effects are present. Direct cur-
rent flows in the grid circuit, and the
- dynamic input resistance of the tube
may be relatively low. It is generally de-
sirable to supply the tube with a value
of bias sufficiently high so that the oper-
ating point of the tube is not near the
value of this intercept. If the value of

Electron Tube Installation

the operating bias is near the value of
the intercept, care should be taken to
avoid undesirable effects in the grid cir-
cuit due to grid current or low input re-
sistance.

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
a series 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 screen-grid
current variations of tetrodes. Fig. 88
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-
cation 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

O O
A+ A- 8- 8¢
Fig. 88

the high uniformity of the screen-grid
current characteristic 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
the cathode-biasing method, it mini-
mizes the need for circuit adjustments.
Fig. 89 shows a pentode with its screen-
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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 screen-grid
voltage should not be used. A change in
screen-grid current appears as a change

in the voltage drop across the series
resistor in the screen-grid circuit; 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. 88.) When the screen-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 ecircuit 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 occur and may produce many
harmful effects on receiver performance.

To prevent this feedback, it is a
desirable practice to shield separately
each unit of the high-frequency stages.
For instance, in a superheterodyne re-
ceiver, eachif and rf coil may be mounted
in a separate shield can. Baffle plates
may be mounted on the ganged tuning
capacitor to shield each section of the
capacitor from the other 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-frequency
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 capaci-
tors of each tube should be kept short
and made directly to eathode ground.

Particular care should be taken
with the lead dress of the input and out-
put circuits of high-frequency stages so
that the possibility of stray coupling is



minimized. Unshielded leads connected
toshielded componentsshould bedressed
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 coupling
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. 90 illustrates several forms of
filter circuits. Capacitor C forms the
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L=AF OR RF CHOKE

Fig. 90

low-impedance path, while the choke or
resistor assists in diverting the signal
through the capacitor by offering a high
impedance to the power-supply circuit.

The choice between a resistor and a
choke depends chiefly upon the permis-
sible de voltage drop through the filter.
In circuits where the current is small (a

CHOKE-INPUT TYPE FILTER
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CAPACITOR= INPUT TYPE FILTER,

fewmilliamperes), resistorsarepractical;
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-
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
filter usually consists of capacitors and
iron-core chokes. In any filter-design
problem, the load impedance must be
considered as an integral part of the fil-
ter because the load is an important
factor in filter performance. Smoothing
effect is obtained from the chokes be-
cause they are in series with theload and
offer a high impedance to the ripple volt-
age. Smoothing effect is obtained from
the capacitors because they are in paral-
lel 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 ac-
cording to whether a choke or capacitor
is placed next to the rectifier tube. See
Fig. 91.

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

If an input capacitor is used, con-
sideration must be given to the instan-
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Fig. 91

65



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-
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 current 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
60-cycle supply line, ete.). It is usually
caused by the formation of a steep wave
front when plate current within the tube
begins to flow on the positive half of
each cycle of the ac supply voltage.
There are several ways of 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.
92.) The rf chokes should be placed with-
in the shielding of the tube.The rf bypass
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Fig. 92

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
shield;ng between primary and second-
ary are not likely to transmit rf disturb-
ances to the line. Often the interference
may be eliminated simply by making
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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.
Output-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 dec 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 circuit. Typical arrange-
ments of each type of coupling device
are shown in Fig. 93. Examples of trans-
formers for push-pull stages are shown
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in several of the circuits given in the
CIRCUIT SECTION.

High-Fidelity Systems
The results achieved from any high-
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ddelity amplifier system depend to a
large degree upon the skill and care with
which the system is constructed. Im-
proper placement of transformers, other
components, and wiring, and attempts
to achieve excessive compactness, can
only result in instability, oscillation,
hum, and other operating difficulties, as
well as in damage to components by
overheating. It is important, therefore,
that construction of high-fidelity am-
plifier systems be undertaken only by
persons who have had some experience
in the layout, mechanical construction,
and wiring of audio equipment.

It is impractical to give specific
construction data for various amplifiers
and supplementary units because the
best arrangement for each unit or com-
bination of units will depend on the re-
quirements of the user. It is possible,
however, to list some general considera-
tions which should be observed in the
construction of any high-fidelity am-
plifier system.

Any amplifier having two or more
stages should be constructed with a
straight-line layout so that maximum
separation is provided between the
signal input and output circuits and ter-
minals. Power-supply connections, par-
ticularly those carrying ac, should be
isolated as far as possible from signal
connections, especially from the input
connection. Signal-carrying conductors,
even when shielded, should not be cabled
together with power-supply conductors.
Internal wiring for ac-operated tube
heaters, switches, pilot-light sockets,
and other devices, should be twisted and
placed flat against the chassis. All con-
nections to the ground side of the circuit
in each unit should be made to a common
bus of heavy wire. This bus should be
connected to the chassis only at the point
of minimum signal voltage, i.e., at the
signal-input terminal of the unit.

All internal wiring that carries sig-
nal voltages should be as short as pos-
sible, and as far as possible above the
chassis, to minimize losses at the higher
audio frequencies due to stray shunt
capacitance. All connections between
units should be made with shielded cable
having a capacitance of not more than
30 picofarads per foot, such as Alpha
Type 1249 or 1704, Belden Type 8401

or 8410, or equivalent cable.

Because power amplifiers and pow-
er-supply units of high-fidelity systems
normally dissipatelarge amounts of heat,
they should be constructed and installed
in such a manner as to assure adequate
ventilation for the tubes and other com-
ponents. A beam power tube or rectifier
tube should be separated from any other
tube or component on the same side of
the chassis by at least 114 tube diam-
eters.

Power amplifiers and power-supply
units which are to be installed horizon-
tally (i.e., with the tubes vertical) in
cabinets or on shelves should be pro-
vided with mounting feet, perforated
bottom covers, and a number of small
holes around each tube socket to permit
relatively cool air to enter from below
and provide ventilation for the under
side of the chassis and tubes.

If a power amplifier, tone-control
amplifier, and one or more preamplifiers
are to be constructed on the same chassis,
the mechanical layout should be planned
so that the circuits operating at the low-
est signal levels are farthest from the
output stage and power supply. Ampli-
fier units which normally operate at com-
parable signal levels but are not used
simultaneously (such as preamplifiers for
tape pickup heads and magnetic phono-
graph pickups) may be installed side by
side on the same chassis without danger
of interaction. Units which operate si-
multaneously, however (such asthe chan-
nels of a stereophonic system), should
not be installed side by side on the same
chassis without careful consideration to
placement of components and wiring,
and the possible use of shielding to pre-
vent interaction.

When an amplifier, preamplifier,
mixer, or other unit requiring heater
power is located more than five or six
feet from its power-supply unit, the
heater-current conductors in the power-
supply cable must be large enough to
assure that each tube receives its rated
heater voltage. In cases where very large
heater currents or very long power-sup-
ply cables are involved, it may be de-
sirable to install a heater-supply trans-
former on or near the amplifier unit. If
such a transformer is installed on or near
a preamplifier for a magnetic-tape pick-
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up head, a magnetic phonograph. pickup,
or a dynamic microphone, the trans-
former should be completely shielded
and positioned to prevent its field from
inducing hum in the pickup! device.

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 failure 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 ultor-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 cap 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-
voltagesystem may besubject to corona,
especially when the humidity is high,
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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-
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 1inch 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.

Picture-Tube Safety Considerations

Tube Handling. Breakage of pic-
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 electronic equipment,

High-Voltage Precautions. In pic-
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 circuit
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

of Tube Data

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, and electrode
supply voltages are given with reference
to a specified datum point as follows:
For types having filaments heated with
de, the negative filament terminal is
taken as the datum point to which other
electrode voltages are referred. For types
having filaments heated with ac, the
mid-point ($.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.

Ratings are established on electron
tube types to help equipment designers
utilize the performance and service capa-
bilities of each tube type to best advan-
tage. Ratings are given for those charac-
teristics which careful study and experi-
ence indicate must be kept within cer-
tain limits to insure satisfactory per-
formance.

Three rating systems are in use by
the electron-tube industry. The oldest
is known as the Absolute Maximum
system, the next as the Design Center
system, and the latest and newest as the
Design Maximum system. Definitions of
these systems have been formulated by
the Joint Electron Tube Engineering
Council (JETEC)* and standardized by
the National Electrical Manufacturers
Association (NEMA) and the Electronic
Industries Association (EIA) as follows:

Absolute Maximum ratings arelim-
iting values which should not be ex-
ceeded with any tube of the specified
type under any condition of operation.
These ratings are used only in rare in-
stances for receiving types, but are gen-

*Now identified as the Joint Electron Device En-
gineering Council (JEDEC).

erally used for transmitting and indus-
trial types.

Design Center ratings are limiting
values which should not be exceeded
with a tube of the specified type having
characteristics equal to the published
values under normal operating condi-
tions. These ratings, which include al-
lowances for normal variations in both
tube characteristics and operating con-
ditions, were used for mo#t receiving
tubes prior to 1957. Unless specified
otherwise, ratings given in the TUBE
TYPES SECTION are based on the
Design Center System.

Design Maximum ratings are limit-
ing values which should not be exceeded
with a tube of the specified type having
characteristics equal to the published
values under any conditions of opera-
tion. These ratings include allowances
for normal variations in tube character-
istics, but do not provide for variations
in operating conditions. Design Maxi-
mum ratings were adopted for receiving
tubes in 1957.

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 across
the heater to reach 80 per cent of the
rated value in the circuit shown in Fig.
94, The heater is placed in series with a
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resistance having a value 8 times the
nominal heater operating resistance
(R = 8 E¢/Ij), 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 Ex.

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.

Grid-No.2(Screen-grid) Input isthe
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 screen-grid circuit is
added to the power in the plate circuit to
obtain the total B-supply input power.

‘When thescreen-grid voltage issup-
plied through a series voltage-dropping
resistor, the maximum screen-grid volt-
age rating may be exceeded, provided
the maximum screen-grid dissipation
rating is not exceeded at any signal con-
dition, and the maximum screen-grid
voltage rating is not exceeded at the

RCA Receiving Tube Manual

maximum-signal condition. Provided
these conditions are fulfilled, the screen-
grid supply voltage may be as high as,
but not above, the maximum plate volt-
age rating.

For certain voltage amplifier types,
as listed in the data section, the maxi-
mum permissiblescreen-grid (grid-No.2)
input varies with thesereen-grid voltage,
as shown in Fig. 95. (This curve cannot
be assumed to apply to types other than
those for which it is specified in the data
section.) Full rated screen-grid input is
permissible at screen-grid voltages up to
50 per cent of the maximum rated screen-
grid supply voltage. From the 50-per-
cent point to the full rated value of sup-
ply voltage, the screen-grid input must
be decreaged. The decrease in allowable
screen-grid input follows a curve of the
parabolic form. This rating chart is use-
ful for applications utilizing either a
fixedscreen-grid voltageoraseriesscreen-
grid voltage-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 screen-grid voltage to be used. When
a voltage-dropping resistor is used, the

100

GRID=N22 INPUT EXPRESSED AS PER CENT OF
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THIS CURVE ALSO APPLIES TO TYPES
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minimum value of resistor that will as-
sure tube operation within the boundary
of the curve can be determined from the
following relation:
Eor (Ecoc2—Ees)

Be 2 e
where Ry is the minimum value for the
voltage-dropping resistor in ohms, B is
the selected screen-grid voltage in volts,
Ec, is the screen-grid supply voltage in
volts, and P, is the screen-grid input in
watts corresponding to Eg,.

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

The nomograph shown in Fig. 96
can be used to determine tube voltage
drop or plate current for any diode unit
when values for a single plate-voltage,
plate-current condition are available
from the data. It can also be used to
compare the relative perveance (G=1Iy/
E) 8/2) of several diodes. Perveance can
be considered a figure of merit for di-
odes; high-perveance units have lower
voltage drop at a fixed current level.

Tube voltage drop or plate current
for a specific diode unit can be deter-
mined asfollows: First, convenient values
are selected for the plate-voltage and
plate-current scales of the nomograph.
The published plate-current and plate-
voltage values are then located on the
scales and connected with a straight
edge. The intersection of the connect-
ing line with the perveance scale is then
used as a pivot point to determine the
value of tube voltage drop correspond-
ing to a desired current value, or the
value of plate current corresponding to
a desired tube voltage drop. Because the
pivot point for a specific diode unit rep-
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resents its perveance, the pivot points
for several units (plotted to the same
scales) can be used to compare their
relative perveance.

For example, type 5U4GB has a
tube voltage drop (per plate) of 44 volts
at a plate current of 225 milliamperes.
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Fig. 96

Convenient scales for this type are from
1 to 100 volts for plate voltage and from
10 to 1000 milliamperes for plate cur-
rent. The points 44 volts and 225 milli-
amperes are then connected with a
straightline to determine the pivot point.
Using this pivot point, it is easy to de-
termine such values as a plate current
of 150 milliamperes at a tube voltage
drop of 33 volts, or a voltage drop of 25
for a current of 100 milliamperes.

For readings in the order of one
volt and/or one milliampere, the nomo-
graph is not accurate because of the
effects of contact potential and initial
electron velocity.

Maximum peak plate current is
the highest instantaneous plate current
that a tube can safely carry recurrently
in the direction of normal current flow.
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The safe value of this peak current in
hot-cathode types of rectifier tubes is a
function of the electron 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 circuit is largely deter-
mined by filter constants. If a large
choke is used at the filter input, the peak
plate current is not much greater than
the load current; but if a large capacitor
is used 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.

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. 97, 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

Iﬂg <

O
*

A

0

Fig. 97

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
voltage, rms value of ac input voltage,
and dc output voltage depend largely on
the individual characteristics of the rec-
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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 cathode-ray
oscillograph or a peak-indicating elec-
tronie 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 circuits, mathematical deter-
mination of peak inverse voltage requires
the use of vectors.

The Rating Chart for full-wave
rectifiers presents graphically the rela-
tionships between maximum ac voltage
input and maximum de output current
derived from the fundamental ratings
for conditions of capacitor-input and
choke-input filters. This graphical 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 the limiting current and voltage
relationships presented in the Rating
Chart.

The Operation Characteristics
for a full-wave rectifier with choke-input
filter not only show by means of bound-
ary line the limiting current and volt-
age relationships presented in the Rating
Chart, but also give some 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-



cates 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 concisely 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 application.

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

Characteristics 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 characteristics that range
above or below the values given in the
characteristic curves.

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

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 direct voltages present, and with
no external shields. All electrodes other
than those between which capacitance
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, connected together
is commonly known as the input capaci-
tance. The capacitance between the out-
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put electrode and all other electrodes,
except the input electrode, connected
together is known as the output capaci-
tance.

Hum and noise characteristics of
high-fidelity audio amplifier tube types
such as the 7025 and the 7199 are tested
in an amplifier circuit such as that shown
in Fig. 98. The output of the test circuit
is fed into a low-noise amplifier. The

AMPLIFIER

TRUE RMS
VACUUM-=-TUBE
VOLTMETER

Fig. 98

bandwidth of this amplifier depends on
the characteristic being measured. If
hum alone is being tested, a relatively
narrow bandwidth is used toinclude both
the line frequency and the major har-
monics generated by the tube under test.
In noise or combination hum-and-noise
measurements, the bandwidth is defined
in the registration of the tube type.

The amplifier gain is calibrated so
that the vacuum-tube voltmeter meas-
ures hum and noise in microvolts refer-
enced to the grid of thetube undertest. A
pentode can also be evaluated in this
manner by the addition of a screen-grid
supply adequately bypassed at the tube
screen-grid pin connection. Power-sup-
ply ripple at the plate of the tube under
test must be negligible compared to its
hum and noise output. Extraordinary
shielding of both the test socket and the
associated operating circuit is required
tominimize capacitances between heater
leads and high-impedance connections.

The test-circuit components are de-
termined by the tube type being tested
and the type of hum to be controlled.
Heater-cathode hum can be eliminated
from the measurement by closing S;.
The circuit can also be made more or
less sensitive to heater-grid hum by in-
creasing or decreasing the grid resistance
Rg. No circuit changes affect the com-
ponent of magnetic hum generated by
the tube.
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Application Guide

for RCA Receiving Tubes

In the Application Guide on the fol-
lowing pages, RCA receiving tubes are
classified in two ways: (a) by function,
and (b) by structure (diode, triode, etc.).
The functional classification covers 38
principal types of application, as listed
below.

Tube types are grouped by struc-
ture under each classification; they are
also keyed to indicate miniature, octal,
nuvistor, and novar types.

Triodes are designated as low-, me-
dium-, or high-mu types on the following
basis: low, less than 10; medium, 10 or
more, but less than 50; high, 50 or more.

Where applicable, tubes are designated
as sharp-, semiremote, or remote-cutoff on
the basis of the ratio, in per cent, of the
negative control-grid voltage to the
screen-grid voltage (or, for triodes, the
plate voltage) as given in the character-
istics or typical operation values. These
terms are defined as follows: sharp, less
than 10 per cent; semiremote, 10 or more,
but less than 20 per cent; remote, 20 per
cent or more.

For more complete data on these
types, refer tothe TECHNICAL DATA
FOR RCA RECEIVING TUBES start-
ing on page 83.

APPLICATIONS:

1. Audio-Frequency
Amplifiers

2. Automatic Gain Control
(AGC and AVC) Cireuits

3. Burst Amplifiers

4. Cathode-Drive RF Ampli-
fiers (Grounded-Grid)

5. Color Killers

6. Color Matrixing Circuits

14. Frequency

Circuits

7. Complex-Wave Amplifiers
Generators 20. Limiters
8. Converters 21. Mixers—RF
9. Dampers 22. Mixer-Oscillators—RF

10. Demodulators (Color TV)
11. Detectors

12. DC Restorers 25. Oscillators

13. Discriminators

15. FM Detectors

16. Gated Noise, AGC, and
Sync Amplifiers

17. Harmonic Generators

18. Horizontal-Deflection

19. Intermediate-Frequency

23. Multivibrators
24. Noise Inverters

26. Phase Inverters

27. Phase Splitters

28. Radio-Frequency
Amplifiers

29. Reactance Circuits

30. Rectifiers

31. Regulators

32. Relay Control Circuits

33. Syne Amplifiers

34. Syne Clippers

35. Sync Separators

36. Tuning Indicators

37. Vertical-Deflection
Circuits

38. Video Amplifiers

Dividers

1. AUDIO-FREQUENCY
AMPLIFIERS

High-Mu Triode
o 12SF5

[High-Mu Triode with Twin Diode

Voltage Amplifiers *3AV6 * 6CN7 0128Q7
® 4AV6 06SQ7 0 12SQ7GT

Medium-Mu Triode with Twin Diode ® 6AT6 06SQ7GT * 14GT8

® 6BF6 ® 12BF6 0 12SR7 ® 6AV6 ¢ 12AT6 ¢ 18FY6

0 6SR7 ¢ 6BN8 ¢ 12AV6 ¢ 18FY6A
Medium-Mu Triode—Sharp-Cutoff Pentode ~|High-Mu Triode with Triple Diode

071991 ¢ 5T8 o 6T8A ¢ 19T8

High-Mu Twin Triode

Medium-Mu Twin Triode ¢ 6EU7 t ° 12A27 0 12SL7GT

e5J6 ® 7AU7 0 12SN7GTA 0 6SL7GT o 12AZ7A ® 20EZ7

® 6J6A ® 9AU7 e 19J6 e 12AX7 ¢ ¢ 12BZ7 © 7025}

0 6SN7GTB e 12AU7A e 12AX7A+

® Miniature o Octal > Nuvistor » Novar t For high-fidelity equipment.
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Sharp-Cutoff Pentode
¢ 3DT6A* ¢ 6DT6A* 058791
¢ 4DT6A* ® 6GX6* 07543 t
®5GX6* ® 6HZ6*

Remote-Cutoff Pentode with Diode
¢ 12CR6

Power Amplifiers

Power Triode

RCA Receiving Tube Mannal

Sharp-Cutoff Twin Pentode

*3BUS ¢ 4BU8 * 6BU8
*3GS8 0 4GS8 o 6HS8
3. BURST AMPLIFIERS
Medium-Mu Triode—Sharp-Cutoff Pentode
¢ 5EA8 ¢ 6EA8 ¢ 6GH8A
¢ SGHS8 * 6GHS

243 High-Mu Triede with Twin Diodes
Beam Power Tube * 6BN8
0 5AQ5 0 6L6GCt * 25FSA
¢ 5CZs5 o6V6 ¢ 34GDS5
05V6GT 0 6V6GTA ¢346D5A | 4. CATHODE-DRIVE RF AMPLI-
* 6AQ5A 0 6W6GT 3585 FIERS (GROUNDED-GRID)
® 6ASS 06Y6G ©35CS5
* 6CM6 ¢ 12ABS 035L6GT | Medium-Mu Triode
# 6CUS ® 12AQ5 ¢ 50B5 ® 6BC4
* 6CZ5 ¢ 12CAS ¢ 50C5 . . .
06DG6GT  12CU5/12C5 o SOFES Medium-Mu Twin Triode
* 6DS5 012L6GT o50L6GT | °*4BC3 ¢ 5BK7A * 6BQ7A
» 66C5 012V6GT 06973 *4BQ7A *5BQ7A * 6BS8
0 6FE5 012W6GT 07027A 1 * 4BS§ * GBC8 ¢ 6BZ7
0 6L6 ©25C5 07408 © 4BZ7 ¢ 6BK7A ¢ 6FW8
0 6L6GB High-Mu Triode
Power Pentode >2CW4 ¢ 6AB4 >6DS4
* 6BQ5 * 8BQ5 * 50FK5 >2DS4 >6CW4
¢ 6EHS ¢ 12EHS ¢ 60FX5 . . N
0 6F6  25EH5 «7189 ¢ High-Mu Twin Triode
© 6GK6 ¢ 35EH5 » 78681 * 6DT8 ® 12AZ7 ¢ 12DT8
0 6K6GT e S50EH5 o 12AT7 0 12AZ7A
2. AUTOMATIC GAIN CONTROL | 5. COLOR KILLERS
CIRCUITS (AGC & AV() Quadruple Diode
Diode—Sharp-Cutoff Pentode *6JU8
¢ 6KL8 ¢ 12KL8
Diode—Remote-Cuntoff Pentode
o 6EQ7 . 12607 S 6. COLOR MATRIXING CIRCUITS
‘Twin Diode—Medium-Mu Triode Medium-Mu Twin Triode
¢ 6BF6 » 12BF6 012SR7 *6C67 *66U7 * 8FQ7
0 6SR7 ® 6FQ7 ¢ 8CG7 ¢ 12BH7A
‘Twin Diode—High-Mu Triode.
*3AV6 06SQ7 0125Q7 | 7, COMPLEX-WAVE GENERA.
® 4AV6 06SQ7GT 0 12SQ7GT| TORS
® 6AT6 ¢ 12AT6 ¢ 18FY6
*6AV6 ¢ 124v6 ®18FY6A | High-Mu Twin Double-Plate Triode
Medium-Mu Triode—Sharp-Cutoff Pentode * 12FQ8
* SANS * GBASA *6CU8 | Sharp-Cutoff Twin-Plate Tetrode—Diode
e 5GHS ¢ 6BHS ¢ 6GH8 © 6FA7
® 6ANSA ¢ 6CH8 ¢ 6GHBA
® 6AZ8 Sharp-Cutoff Three-Plate Tetrode—Diode
High-Mu Triode—Sharp-Cutoff Pentode * 6KM3
® 6AWSA ® 8BAWSBA *38JV8 Three-Plate Tetrode~Medium-Mu Triode
«6JV8 ¢ 6FH8
® Miniature o0Octal D Nuvistor » Novar * Dual-controlgrids t For high-fidelity equipment
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8. CONVERTERS Twin Diode—Medium-Mu Triode
¢ 6BF6 ¢ 12BF6 o0 12SR7
Medium-Mu Triode—Sharp-Cutoff Pentode 0 6SR7
L]
g i Loehs | Twin Diode—High-Mu Triode
«SKES o 6CHB .6X3 *3AV6 * 6CN7 0125Q7
«5U8 « GGHBA »19X8 ¢ 4AV6 065Q7 0 12SQ7GT
® 6AT6 0 6SQ7GT ¢ 14GT8
High-Mu Twin Triode ®6AV6 * 12AT6 ¢ 18FY6
* 6DT8 ® 12AZ7 ¢ 12DT8 e 6BN8 * 12AV6 ¢ 18FY6A
» 12AT7 * 12AZ7A Triple Diode
Sharp-Cutoff Pentode ¢ 6BJ7
*6AUG * 12AU6 * 18GD6A Triple Diode—High-Mu Triode
Pentagrid ¢ 5T8 * 6T8A ¢ 19T8
e 6BA7 ¢ 12BA7 0 12SA7GT) .
* 6BE6 « 12BE6 e18rxe | Quadruple Diode
0 6SA7 012SA7 *18FX6A | ©6JU8
06SA7GT Sharp-Cutoff Pentode
¢ 3DTG6A* * 5GX6* *6GX6*
9. DAMPERS © 4DT6A* * 6DT6A* * 6HZ6*
Half-Wave (Diode) 12. DC RESTORERS
0 6AU4GTA 0 6WAGT » 17BS3
0 6AX4GT 0 12AX4GTA 017D4 Diode—Sharp-Cutoff Pentode
0 6AX4GTB 0 12AX4GTB 017DE4 *5AM38 * 6AM3BA ¢ 6AS8
» 6AY3 » 12AY3 017DM4 ®5As8
» 6BA3 » 12BS3 o0 19AU4 . "
» 6BH3 012D4 0 19AU4- T:;‘;:;_,Dlode
» 6BS3 o0 12DM4 GTA
0 6CQ4 0 17AX4GT » 22BH3
o0 6DA4 0 17AX4GTA o 22DE4 13. DISCRIMINATORS
0 6DE4 » 17AY3 025AX4 | FM
o 6DM4 » 17BH3 GT
» 6DW4 Twin Diode
¢ 3ALS ¢ 6ALS ¢ 12ALS
10. DEMODULATORS (COLOR TV)| Twin Diode—High-Mu Triode
¢ 6BN8 ¢ 14GT8
Medium-Mu Twin Triode
e 12BH7A Triple Diode—High-Mu Triode
¢ 5T8 ¢ 6T8A ¢ 1978
High-Mu Twin Triode
® 12AZ7 © 12AZ7A Beam Tube
* 3BN6 ¢ 4ABN6 * 6BNG
Sharp-Cutoff Pentode
*6GY6 FM Quadrature-Grid
Pentagrid Amplifier Sharp-Cutoff Pentode
e 6BY6 ¢ 3DT6A* *5GY6* *6GY6*
¢ 4DT6A* ¢ 6DT6A* ® 6HZ6*
11. DETECTORS *56X6* * 66X6*
Beam Tube
Diode—Sharp-Cutoff Pentode
e 5AM8 © 6AMBA * 6KL8 * 3BNG * 4BNG * 6BN6
® 5AS8 ® 6AS8 ¢ 12KL8 Horizontal AFC
Diode—Remote-Cutoff Pentode Twin Diode—High-Mu Triode
® 6EQ7 ¢ 12EQ7 ® 20EQ7 ¢ 6BN8 ¢ 6CN7
¢ 12CR6
s e 14. FREQUENCY DIVIDERS
Twin Diode
® 3ALS 06H6 0 12H6 High-Mu Twin Double-Plate Triode
® 6ALS o 12ALS ¢ 12FQ8
® Miniature o Octal > Nuvistor » Novar * Dual-control gridg
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15. FM DETECTORS
(See 13. DISCRIMINATORS)

16. GATED NOISE, AGC, AND
SYNC AMPLIFIERS

High-Mu Triode—Sharp-Cuioff Pentode
® 6KAS8 ® 8KA8

Sharp-Cutoff Pentode
* 6GY6*

Pentagrid Ampliﬁér

*3BY6 *6BY6
*3CS6

® 6CS6

17. HARMONIC GENERATORS
(See 7. COMPLEX-WAVE GENERATORS)

18. HORIZONTAL-DEFLECTION
CIRCUITS

Oscillators
Medium-Mu Triode—Sharp-Cutoff Pentode
* 5GHS8 ¢ 6GH8 ¢ 6GHS8A
Medium-Mu Twin Triode
® 6CG7 ¢ 8CG7 e 12AU7
® 6FQ7 * 8FQ7 e 12BH7A
0 6SN7GTB ® 9AU7 o0 12SN7.
® 7AU7 GTA
Amplifiers
Beam Power Tube
06AUSGT 0 6GW6 017BQ6-
06AV5GA » 6)JB6 GTB
06BG6A » 6JE6 017DQ6B
06BQ6GTB/ o0 12AVS5GA » 17GJ5
6CU6 o 12BQ6GTB/ » 17GTS5
0 6CB5A 12CU6 o 17GW6
06CD6GA o 12DQ6A » 17JB6
o0 6DN6 o 12DQ6B » 22JG6
o0 6DQ5 » 12GJ5 025AV5GA
06DQ6B » 12GTS 025BQ6-
06EX6 o 12GW6 GTB/25CU6
» 6GJ5 » 12JB6 025CD6GB|
» 6GTS o0 25DN6

19. INTERMEDIATE-FREQUENCY
AMPLIFIERS

Medinum-Mu Triode—Sharp-Cutoff Tetrode
¢5CQ8 ¢ 6CQ8

Medium-Mu Triode—Sharp-Cutoff Pentode

RCA Receiving Tube Mannal —————=

High-Mu Triode—Sharp-Cutoff Pentode

® 6AWSA e 6KV8 e 8JV8
* 6GN8 ® BAWSA ¢ 10HF8
¢ 6HF8 * 8GN8 ¢ 11KV8
*6JV8
Sharp-Cutoff Pentode
¢ 3AU6 ¢ SEW6 ® 6DC6
* 3CB5 0 6AB7 ¢ 6DE6
¢ 3CB6 06AC7 ® 6DK6
® 3CFé6 0 6AGS5 ®6EJ7
¢ 3DK6 ® 6AH6 ® 6EW6
¢ 3JCé6 ® 6AKS ¢ 6HS6
¢ 3JD6" ® 6AU6 0 6JC6
® 4AU6 ® 6AUGA *6JD6"*
¢ 4CB6 ® 6BC5 e 12AU6
¢ 4EW6 ® 6CB6 ® 12AW6
*4JCé6 ® 6CB6A ¢ 18GD6A
e 4JD6" ¢ 6CF6 ¢ 19HS6
Sharp-Cutoff Pentode with Diode
® 5AMS8 ® 6AMSA ¢ 6KL8
e 5AS8 ® 6AS8 ¢ 12KL8
Semiremote-Cutoff Pentode
¢ 3BZ6 ® 6EH7 ® 6JH6
® 4BZ6 ® 6GM6 ¢ 12BZ6
® 5GM6 ¢ 6HR6 ¢ 19HR6
® 6BZ6
Remote-Cutoff Pentode
® 6BAG6 ¢ 12BA6 ¢ 18FW6
0 6SK7 o 12SK7 ¢ 18FW6A
0 6SK7GT 0 12SK7GT
R te-Cutoff Pentode with Diode
¢ 6EQ7 ¢ 12EQ7 ¢ 20EQ7
20. LIMITERS
Beam Tube
¢ 3BN6 ® 4BN6 ® 6BN6
Sharp-Cutoff Pentode
¢ 3AU6 ® 6GX6 ¢ 12AU6
e 4AT" ¢ * 6HS6 0 12SH7
¢ 5GX6 ¢ 6HZ6 o 19HS6
© 6AUGA 0 6SH7
Sharp-Cutoff Pentode with Diode
¢ 6KL8 ¢ 12KL38
21. MIXERS—RF
Medium-Mu Twin Triode
¢ 5J6 ® 12AV7 ¢ 19J6
® 6J6A
High-Mu Triode
>2CW4 ¢ 6AB4 > 6CW4

22, MIXER-OSCILLATORS—RF

¢ 5ANS ©6AZ8 e 6CU8 Medium-Mu Triode—Sharp-Cutoff Tetrode
® 6ANSA * 6BHS ® 6CX8 ¢ 5CL8A ¢ 6CL8A * 6CQ8

® 6AUBA ¢ 6CH8 ® 8CX8 ¢ 5CQ8 :

o Miniature o Octal D Nuvistor » Novar ® Approaches semiremote-cutoff characteristic;

* Dual-control grids
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Medium-Mu Triode—~Sharp-Cutoff Pentode

¢ 5AT8 e 5U8 ® 6FG7

* 5B8 *5X38 ® 6KES8

¢ SBR8 ® 6AT8A ® 6UBA

¢ 5CG8 * 6BRSA ® 6X8

¢ 5SEA8 ¢ 6CGBA ® 19EA8

¢ 5KE8 e 6EA8 ® 19X8
High-Mu Twin Triode

e 6DTS8 ® 12AT7 * 12DT8
Triode-Hexode

0 6K8 0 12K8

23. MULTIVIBRATORS
Medium-Mu Triode—Sharp-Cutoff Pentode

e 5GHS8 * 6GH8 ® 6GHSA
Medium-Mu Twin Triode
® 6CG7 e 7AU7 o0 12SN7.
e 6GU7 ® 9AU7 GTA
0 6SN7GTB e 12AU7TA
High-Mu Twin Triode
® 12AX7 e 12AX7A

24. NOISE INVERTERS

High-Mu Triode—Sharp-Cutoff Pentode
® 6KA8 ¢ 8KAS8

Sharp-Cutoff Pentode
e 6GY6*

25. OSCILLATORS

Application Guide — =

High-Mu Twin Triode
® 12AX7 ¢ 12AX7A

26. PHASE INVERTERS

Medium-Mu Triode—High-Mu Triode
¢ 12DW7

Medium-Mu Twin Triode

* 6CG7 e 7AU7 0 12SN7e«
e 6GU7 ® 9AU7 GTA
o 6SN7GTB e 12AU7A

High-Mu Triode—Sharp-Cutoff Pentode
® 6AWSA e 6HF8 ¢ 8GN8
¢ 6EBS e BAWSBA ¢ 10HF8
e 6GN8 ¢ SEB8

High-Mu Twin Triode
0 6SC7 ® 12AX7A 0 12SL7GT
0 6SL7GT o0 128C7 7025
o 12AX7

27. PHASE SPLITTERS
Medium-Mu Triode—Sharp-Cutoff Tetrode

*5CQ8 *6CQ8

Medium-Mu Triode—Sharp-Cutoff Pentode
¢ 5ANS8 ® 6BASA * 6CU8
® 6ANS8 ¢ 6CH8 7199
® 6AZ8

High-Mu Triode—Sharp-Cutoff Pentode

Radio Frequency—UHF *6AWEA * BAWBA
Medium-Mu Triode
e 2AF4B © 3AF4A e6AF4A | 28. RADIO-FREQUENCY
>2DV4 * 3DZ4 >6DV4 AMPLIFIERS
* 2DZ4 ® 6AF4 ® 6DZ4
. Medium-Mu Triode
Radio Frequency—VHF « 2BN4A « 6BC4 ¢ 6BN4A
Medium-Mu Twin Triode e 3BN4A
e 5J6 e 12AV7 ®19J6
° 6J6A Medium-Mu Triode—Sharp-Cutoff Tetrode
¢ 5CQ8 *6CO8
High-Mu Triode . . .
* 6AB4 Medium-Mu Twin Triode
* 4BC8 ®5J6 ® 6BZ7
Power Triode *4BQ7A * 6BC8 * 6FW8
® 6C4 (Class C) ¢ 4BS8 ¢ 6BK7B ®6J6A
° 4BZ7 * 6BQ7A ® 12AV7
Low Frequency, Sweep Type o SBK7A © 6BS8 ©19J6
Medium-Mu Triode—Sharp-Cutoff Pentode ¢ 5BQ7A
e 5ANS ® 6BASA * 6CU8 . .
* 6ANSA * 6BH8 * 6CX8 High-Mu Triode
© 6AUSA * 6CHB e 8CX8 >2CW4 * 6AB4 * 6FH5
* 6AZ8 > 2DS4 > 6CW4 ® 6FQ5A
¢ 2FHS > 6DS4 ¢ 6GK5
High Mu Triode with Twin Diode * 3GK5 ¢ 6ERS5 >13CW4
6BN8 6CN7
* ¢ High-Mu Twin Triode
High-Mu Triode—Sharp-Cutoff Pentode * 6DT8 ® 12AZ7A ¢ 12DT8
® 6AWSA ® BAWSA o 12AZ7
o Miniature o0 Octal D Nuvistor » Novar * Dual-e;)ntml grids
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Power Triode
0 6C4 (Class C)

Sharp-Cutoff Tetrode
¢ 2CY5 ¢ 6CY5 ® 6FV6
¢ 3CYS5
Sharp-Cutoff Pentode
¢ 3AU6 ¢ 6AKS ¢ 6DE6
® 3BCS5 ® 6AUGA o0 6SH7
¢ 3CB6 * 6BC5 06SJ7
¢ 3CF6 * 6BH6 ¢ 12AU6
®4AU6 * 6CB6 ® 12AW6
¢ 4CB6 ¢ 6CB6A o 12SH7
0 6AB7 * 6CF6 0128)J7
06AC7 ® 6DC6 ¢ 18GD6A
0 6AGS
Sharp-Cutoff Pentode with Diode
® 6KL8 ¢ 12KL8
Semiremote-Cutoff Pentode
06SG7 0 128G7
R te-Cutoff Pentod
* 3BA6 0 6SK7GT 0 12SK7GT)
® 6BA6 o 12BA6 ¢ 18FW6
*6BJ6 o0 12SK7 ¢ 18FW6A
0 6SK7

Remote-Cutoff Pentode with Diode
e 6EQ7 ¢ 12EQ7 ® 20EQ7

29. REACTANCE CIRCUITS
Medium-Mu Triode—Sharp-Cutoff Pentode
¢ 5AN8 ® 6AZ8 * 6CH8
® 6ANSA ® 6BASA e 6CUS

High-Mu Triode with Twin Diodes
¢ 6CN7

High-Mu Triode—Sharp-Cutoff Pentode
® 6AWSA ® BAWSA

30. RECTIFIERS

RCA Receiving Tube Manuat

High-Voltage Types (For rf-rectifier or
pulsed low-current applications)—Vacuum

Half-Wave (Diode)

0 1B3GT 0 1K3 ®3A2
0 1G3GT/ e1V2 03A3

1B3GT * 1X2B o0 3B2
o1J3

31. REGULATORS

High-Voltage, Low Current
Sharp-Cutoff Beam Triode
o 6BK4

32. RELAY CONTROL CIRCUITS

Medium-Mu Twin Triode
® 12FV7

High-Mu Twin Triode
® 6EV7

33. SYNC AMPLIFIERS
Medium-Mu Triode—Sharp-Cutoff Pentode

® 6AUBA ¢ 6CX8 ¢ 8CX38
® 6AZ8
Medium-Mu Twin Triode
® 6CG7 ® 7AU7 o 12AU7A

High-Mu Triode with Twin Diode
¢ 6CN7

High-Mu Triode—Sharp-Cutoff Pentode

® 6AWSA ® BAWSA e 8JV8
*6JV8

High-Mu Twin Triode
¢ 12BZ7

34. SYNC CLIPPERS
Medium-Mu Triode—Sharp-Cutoff Tetrode

¢ 5CQ8 ¢ 6CQ8

Power-Supply Types—Vacuum Medium-Mu Triode—Sharp-Cutoff Pentode
Half-Wave (Diode) e 5AN8 ® 6AZ8 ¢ 6CX8

°35W4 © 36AM3A *50DC4 ® 6ANSA * 6CH8 *8CX8

035Z5GT *36AM3B * 6AUBA * 6CU8

.o High-Mu Triode—Sharp-Cutoff Pentode

Full-Wave (Twin Diode) ° 6AWSA °6JV8 © 8GNS

03DG4 05V3A ©5Z4 * 6EBS * BAWSA *8JV8

o 5AS4A o 5VG4 0 6AX5GT *6GWS « SEBS o 10HF8

» 5BC3 05V4GA *6CA4 o GHF3

o 5DJ4 0 5XG4 ® 6X4

05046 05Y3GT 0 6X5GT High-Mu Twin Triode

o 5U4GB 05Y4GT e 12X4 ¢ 12BZ7

o Miniature o0 Ocial > Nuvistor » Novar
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Sharp-Cutoff Twin Pentode

¢ 3BUS ¢ 4BUS e 6BUS
® 3GS8 ® 4GS8 ¢ 6HS8
Pentagrid Amplifier
¢ 3BY6 * 6BY6 ¢ 6CS6
® 3CS6
35. SYNC SEPARATORS

Medium-Mu Triode—Sharp-Cutoff Tetrode
*5C08 *6CQ8

Medium-Mu Triode—Sharp-Cutoff Pentode

¢ 5AN8 ® 6AZ8 ® 6GHS8
¢ 5GHS8 ¢ 6CHS8 ® 6GH8A
® 6ANSA * 6CUS8 ¢ 8CX8
¢ 6AUBA * 6CX38
Medium-Mu Twin Triode
¢ 6CG7 e 7AU7 ¢ 12AU7A

High-Mu Triode with Twin Diode
¢ 6CN7

Application Guide

Medium-Mu Dual Triode

* 6CM7 ® 6CS7 * 8CM7

High-Mu Triode—Low-Mu Triode

* 6CY7 » 6GF7 » 10GF7
¢ 6DR7 0 6GL7 o 13EM7
® 6EA7 ¢ 10DR7 » 13FD7
o 6EM7 o 10EM7 » 13GF7
» 6FD7

High-Mu Triode—Beam Power Tube
» 15KY8

Amplifiers

Low-Mu Triode
e 12B4A

Medium-Mu Triode
® 6S4A

Beam Power Tube

® 5AQ5 ® 6AQ5A ® 6EMS5
High-Mu Triode—Sharp-Cutoff Pentode ® 5CZ5 ° 6CM56 * 8EM5
*6AWSA ¢ 6KAB *8JV8 05V6GT *6CZ
¢ 6EB8 e 6KV38 ¢ 8KAS8
* 6GN8 * BAWSA e108F8 | Power Pentode
¢ 6HF3 ¢ SEBS ¢ 11KV8 0 6K6GT
e6JV8 * 8GN8
High-Mn Twin Triode 38. VIDEO AMPLIFIERS
Sharp-Cutoff Twin Pentode Medium-Mu Triode—Sharp-Cutoff Pentode
«3BUS * 4BUS * 6BUS * SANS * 6BASA *6CUs
*3GS8 0 4GS3 *6HS8 * GANSA * 6BHE * 6CX8
® 6AUSA ¢ 6CH8 ¢ 8CX8
Pentagrid Amplifier ® GAZ8
¢ 3BY6 ® 6BY6 ® 6CS6
* 3CS6 High-Mu Triode—Sharp-Cutoff Pentode
® 6AWSA *6JV8 ¢ 8GN8
¢ 6EB8 ¢ 6KV8 *38JV8
36. TUNING INDICATORS © 6GN8 e BAWSA * 10HF8
Indicator with Triode Unit * GHF8 * SEB8 * 11KV
6ES 6US
Sharp-Cutoff Pentode
Twin Indicator Units ¢ 12BY7A
0 6AF6G
Sharp-Cutoff Pentode with Diode
37. VERTICAL-DEFLECTION Ay * GAMBA * 6AS8
CIRCUITS
. . . B P Tube
Oscillators and Amplifiers (Combined) _egg,xgwer "
Medium-Mu Triode—Low-Mu Triode
* 6DE7 ¢ 10DE7 ¢ 13DE7 Power Pentode
s 6EW7 0 6AG7 * 6CL6 ® 6GK6
¢ Miniature o0 Octal > Nuvistor » Novar

For information on picture tubes, refer to the RCA PICTURE TUBE CHAR-
ACTERISTICS CHART at the end of the TECHNICAL DATA section,
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2 —Internal Shield

3

Plate

Grid No. 3 (Suppressor)

4—
5

Grid No. 2 (Screen)

6—Grid No. 1 (Control Grid)

Cathode

7—

—Heater

8

Exhaust Tip

9—

11—Spacer Shield Header

—Insulating Spacer

12
13
14

Spacer Shield

—Inter-Pin Shield

15—Glass Button-Stem Seal

16—Llead Wire

17 —Base Pin

18 —Glass-to-Metal Seal

Structure of a Miniature Tube
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Technical Data

for RCA Tube Types

This section contains technical descriptions of RCA tubes used in standard
broadcast, FM, and television receivers, in audio amplifiers, and in many other
diverse applications. It includes data on current types, as well as information on
those RCA discontinued types in which there may still be some interest. Unless
otherwise specified, the ratings given are based on the Design Center system. Infor-
mation on picture tubes is shown at the end of this section.

In choosing tube types for the design of new electronic equipment, the designer
should refer to the APPLICATION GUIDE FOR RCA RECEIVING TUBES

on pages 75 to 81.

Tube types are listed in this section according to the numerical-alphabetical-
numerical sequence of their type designations. For Key: Basing Diagrams, see

inside back cover.

.5'3
‘¢z &
@ _®
e/
]
O,
NC NC

DIODE

Miniature type used as detector tube in
portable FM receivers and in portable high-
frequency measuring equipment. Outline 7B,
OUTLINES SECTION. Tube requires minia-
ture seven-contact socket. Heater volts (ac/
dc), 1.4; amperes, 0.15. Maximum ratings for
half-wave rectifier service: peak inverse plate
volts, 330 maxz; peak plate ma, 5 maz; dc out-
put ma., 0.5 max; peak heater-cathode volts,
140 mazx. This type is used principally for re-
newal purposes.

REMOTE-CUTOFF PENTODE

Glass type used in battery-operated re-
ceivers as rf or if amplifier. This type is similar
electrically to type 1D5-GP. Outline 24B, OUT-
LINES SECTION. Tube requires four-contact
socket. Filament volts (de), 2.0; amperes, 0.06.
Type 1A4-P is a DISCONTINUED type listed
for reference only.

POWER PENTODE

Glass octal type used in output stage of bat-
tery-operated receivers. Outline 14C, OUT-
LINES SECTION. This type may be supplied
with pinNo.1 omitted. Tube requiresoctal socket
and may bemountedinany position. Forfilament
considerations, refer to type 1U4. Filament volts
(dc), 1.4; amperes, 0.05. Typical operation as
class A1 amplifier: plate and grid-No.2 volts, 90
(110 mazx); grid-No.1 volts, -4.5; peak af grid-

1A3

1A4P

1A5GT

No.1 volts, 4.5; plate ma., 4.0; grid-No.2 ma., 1.1; plate resistance (approx.), 0.3 megohm; transcon.
ductance, 850 ymhos; load resistance, 25000 ohms; power output, 115 milliwatts. Type 1A5-GT is used
principally for renewal purposes.
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PENTAGRID CONVERTER

Glass type used in battery-operated re-

ceivers. This type is identical electrically with

" A6 type 1D7-G, except for interelectrode capaci-
tances. Outline 24B, OUTLINES SECTION. °

‘Tube requires six-contact socket. Filament volts

(dc), 2.0; amperes, 0.06. Type 1A6 isa DISCON-

TINUED type listed for reference only. 14 (]

Gg

PENTAGRID CONVERTER

Glass octal type used in superheterodyne
circuits having battery power supplies. Outline
15A, OUTLINES SECTION. Tube requires oc-

] AZGT tal socket and may be mounted in any position.
Filament volts (dc), 1.4; amperes, 0.05. Typical
operation as converter: plate and grid-No.2 volts,
90 (110 max); grids-No.3-and-No.5 supply volts,
110 max; grids-No.3-and-No.5 volts, 45 (60 max);
grid-No.4 volts, 0; grid-No.1 resistor, 0.2 meg-

©ohm;-plate resistance (approx.), 0.6 megohm; plate ma., 0.6; grids-No.3-and-No.5 ma., 0.7; grid-No.2
ma., 1.2; grid-No.1 ma., 0.035; total cathode ma., 2.5 (4 max); conversion transconductance, 260
wmhos. This type is used principally for renewal purposes.

POWER PENTODE

Subminiature type used in output stage of
small, compact, battery-operated receivers for
the standard AM broadcast band. Maximum

'l Ac 5 dimensions: over-all length, 1.75 inches; seated
height, 1.5 inches; diameter, 0.4 inch. Tube re-
quires subminiature eight-contact socket. Fila-
ment volts (de), 1.25; amperes, 0.04. Filament
voltage should never exceed 1.6 volts. Typical
operation as Class A: amplifier: plate and grid-

No.2 volts, 67.56 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 max; plate resistance, 0.156 megohm; transconductance,750
pmhos; load resistance, 25000 ohms; total harmonic distortion, 10 per cent; maximum-signal power out-
put, 50 milliwatts. This is a DISCONTINUED type listed for reference only.

HALF-WAVE VACUUM RECTIFIER L
Duodecar type used to supply

]ADZ power to the anode of the picture tube ic (3) (O)Le.
in television receivers. Outline 16A,
OUTLINES SECTION. Tube re- (i 1c
quires duodecar twelve-contact socket (A5 F

and may be mounted in any position. Socket terminals 4 and 10 may be used as
tie points for components at or near filament potential. Filament volts (ac/dc),
1.25; amperes, 0.2,

PULSED RECTIFIER
For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Mazimum Values):
PEAK INVERSE PLATE VOLTAGE#. . ..o vuitetectianesscasessassasnncsans 26000%mazx volts

PEAK PLATE CURRENT. . ..cv0vvannnosannaroas Ceeeerarannas 50 mazx ma
AVERAGE PLATE CURRENT. . ... creccecstcsassasesteateseastesane 0.5 mazx ma

Characteristics, Instantaneous Value:

Tube Voltage Drop for plate current of Tma. . ..ceeeeeceseceroesoacnias 225 volts
# 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 cycle is 10 microseconds.

8 The dec component. must not exceed 22000 volts,
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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 broadcast band. Maximum dimensions: l AD 5
over-all length, 1.76 inches; seated height, 1.6
inches; diameter, 0.4 inch. Tube requires sub-
miniature eight-contact socket. Filament volts
(de), 1.25; yo! , 0.04. Fil t voltage
should never exceed 1.6 volts. Characteristics
as class A amplifier: plate and grid-No.2 volts, 67.56 mazx; grid-No.1 volts, 0; plate resistance, 0.7 meg-
ohm; transconductance, 786 umhos; total cathode ma., 4 max; plate ma., 1.85; grid-No.2 ma., 0.75. This
is a DISCONTINUED type listed for reference only.

HALF-WAVE VACUUM RECTIFIER

Miniature type used as rectifier of high-
voltage pulses produced in the ing systems
of television receivers. Outline 9A, OUTLINES
SECTION. Tube requires miniature nine-con=
tact socket. Socket terminals 8 and 7 may be le2
connected to the filament, or used as tie points
forthefilament-droppingresistor;otherwisethey
should not be used. Filament volts (ac), 1.4;
amperes, 0.65. Maximum ratings as pulsed rec-
tifier in 625-line, 30-frame system: peak inverse plate volts (absolute maximum), 25000 max (dec 20000
maz); peak plate ma., 11 max; average plate ma., 1 maz. For filament and high-voltage considerations,
refer to type 1B3-GT. Type 1AX2 is used principally for renewal purposes.

Yo HALF-WAVE VACUUM RECTIFIER

[1
Le Glassoctaltypeused in high-voltage,
© (®*°  low-current applications such as the 1B3GT
rectifier in a high-voltage, rf-operated
f ew Dr  power supply or as a rectifier of high-
ORIO voltage pulses produced in television

R Tc scanning systems.
FILAMENT VOLTAGE (AC/DC) . ¢ veeerassanssonnnanns eereeen ceeeeieeenas 1.25% volts
FILAMENT CURRENT. . ... .cvvunvercnncssnoncsanse Ceeestieesasssaraaaas 0.2 ampere
DIRECT INTERELECTRODE CAPACITANCE (Approx.):
Plate to Filament and Internal Shield..........co0vivvieeniiiiinnnas 1.8 pf

* Under no circumstances should the filament voltage be less than 1.06 volts or greater than 1.46 volts.
PULSED RECTIFIER
For operation in a 525-line, 30-frame system

Maximum Ratings, (Design-Mazimum Values):

PEAK INVERSE PLATE VOLTAGE* . 26000°max volts
PEAK PLATE CURRENT........ . . 50 max ma
AVERAGE PLATE CURRENT. . . . 0.6 mazx ma
Characteristics, Instantaneous Value:

Tube Voltage Drop for plate currentof Tma.....coec0.. ceeetcscen s 100 volts

, RADIO-FREQUENCY RECTIFIER
Maximum Ratings, (Design-Mazimum Values):

PEAK INVERSE PLATE VOLTAGE ....ovuvuses 83000 maz volts
PEAK PLATE CURRENT . . .0 00vovovnnrnrnncsnnnns ceesecasseae 85 maz ma
AVERAGE PLATE CUBBENT. . ... ..ovvtiinecnneccnanccnnnes .

1.1 maz ma
FREQUENCY RANGE OF SUPPLY VOLTAGRE 1.5 to 100 Ke
* 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.
® The de component must not exceed 22000 volts.

INSTALLATION AND APPLICATION
Type 1B3-GT requires an octal socket and may be mounted in any position.
Plate connection is cap at top of bulb. Socket terminals 1, 3, 4, 5, 6, and 8 may be
connected to socket terminal 7 or to a corona shield which is connected to socket
terminal 7. Socket terminals 4 and 6 may be used as tie points for components at
or near filament potential. This type may be supplied with pins 1, 4, and/or 6
omitted. Outline 15D, OUTLINES SECTION.
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The high voltages at which the 1B3-GT is operated are very dangerous. Great
care should be taken to prevent coming in contact with these high voltages. In
those circuits where the filament circuit is not grounded, the filament circuit oper-
ates at dec 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
1B3-GT to produce soft 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.

tor, 20; transconductance, 575 umhos. This is a DISCONTINUED type listed for reference only.

(approx.), 115000 ohms; tra

1B4P

1B5/25S$

1B7GT

1C5GT

SHARP-CUTOFF PENTODE

Glass type used as rf amplifier or detector
inbattery-operatedreceivers. Outline24B,0UT-
LINES SECTION. Tube requires four-contact
socket. For typical operating conditions and
maximum ratings as a class A; amplifier, refer
to type 1E5-GP. Filament volts (dc), 2.0; am-
peres, 0.06. Type 1B4-P is 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. Maximum dimensions: over-all length,
4-3/16 inches; seated height, 3-9/16 inches; di-
ameter, 1-9/16 inches. Tube requires six-contact
socket. Filament volts (dc), 2.0; amperes, 0.06.
Typical operation as class A amplifier: plate

volts, 135 mazx; grid volts, -8; plate ma., 0.8;

plate resistance, 35000 ohms; amplification fac-

PENTAGRID CONVERTER

Glassoctal type used insuperheterodyne cir-
cuits having battery power supply. Outline 15A,
OUTLINES SECTION. Filament volts (dc),
1.4; amperes, 0.1. This is a DISCONTINUED
type listed for reference only. The 1B7-GT may
be replaced by the 1A7-GT if circuit adjust-
ment is made for lower filament current of
type 1A7-GT.

POWER PENTODE

Glass octal type used in output stage of
battery-operated receivers. Outline 14C, OUT-
LINES SECTION. This type may be supplied
with pin No.l omitted. Tube requires octal
gocket. Filament volts (dc), 1.4; amperes, 0.1.

Typical operation as class A1 amplifier: plate G3
and grid-No.2 volts, 90 (110 maxz); grid-No.1
volts, —7.5; peak af grid-No.1 volts, 7.5; plate N NC
ma., 7.8; grid-No.2 ma., 8.5; plate resistance
duct: 1550 wmh load resistance, 8000 ohms; power output,

240 milliwatts. Type 1C5-GT is used principally for renewa | purposes.
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PENTAGRID CONVERTER

Glass type used in battery-operated re-
ceivers. Similar electrically to type 1C7-G ex-
ceptforinterelectrodecapacitances. Outline 24B,
OUTLINES SECTION. Tube requires six-con-
tact socket. Filament volts (dc), 2.0; amperes,
0.12. Type 1C6 is a DISCONTINUED type
listed for reference only.
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PENTAGRID CONVERTER

Glass octal type used in battery-operated
receivers. Outline 28, OUTLINES SECTION.
Tube requires octal socket. Filament volts (dc),
2.0; amperes, 0.12. Typical operation as conver- IC7G
ter: plate volts, 180 max; grids-No.3-and-No.6
(screen-grid) volts, 67.5 maz; grid-No.2 (anode-
grid) supply volts, 180 (applied through 20000~
ohm dropping resistor bypassed by 0.01-uf
capacitor); grid-No.4 (control-grid) volts, -8;
grid-No.1 (oscillator-grid) resistor, 560000 ohms; plate ma., 1.5; grids-No.3-and-No.6 ma., 2; grid-No.2
ma., 4; grid-No.l ma., 0.2, This is a DISCONTINUED type listed for reference only.

REMOTE-CUTOFF PENTODE

Glass octal type used in battery-operated
receivers as rf or if amplifier. Outline 28, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (de), 2.0; amperes, 0.06. Typical l DSGP
operation as class A: amplifier: plate volts, 180
max; grid-No.2 (screen-grid) volts, 67.6 maz;
grid-No.1 volts, -8 min; plate ma., 2.3; grid-No.2
ma., 0.8; plate resistance (approx.), 1.0 megohm;
d 't 750 h 1 d tance
at bias of —15 volts, 16 umhos. This is a DIS-
CONTINUED type listed for reference only.

REMOTE-CUTOFF TETRODE

Glass octal type used in battery-operated
receivers as rf or if amplifier. Outline 23, OUT-
LINES SECTION. Filament volts (dc), 2.0; ID5GT
amperes, 0.06. This isa DISCONTINUED type
listed for reference only. It is similar electrically
to type 1D6-GP.

PENTAGRID CONVERTER

Glass octal type used in battery-operated
receivers. Outline 23, OUTLINES SECTION.
Tube requires octal socket. Fil t volts (de),
2.0; amperes, 0.06. Typical operation as conver- -l D7 G
ter: plate volts, grids-No.3-and-No.b volts, grid-
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.6 ma., 2.4; grid-No.2
ma., 2.3; grid-No.1 ma., 0.2. This isa DISCON-
TINUED type listed for reference only.

DIODE—TRIODE—POWER PENTODE

Glass octal type used in compact battery-
operated receivers. Diode unit is used as detector
or ave tube, triode as first audio amplifier, and 'l D BGT
pentode as power output tube. Outline 15A,
OUTLINES SECTION. Tube requires octal
socket. Filament volts (dec), 1.4; amperes, 0.1.
Typical operation of pentode unit as class A; am-
plifier: plate and grid-No.2 volts, 90 (110 mazx);
grid-No.1 volts, -9; plate ma., 5; grid-No.2 ma.,
1; transconductance, 925 umhos; load resistance, 12000 ohms; total harmonic distortion, 10 per cent;
power output, 200 milliwatts. Characteristics of triode unit as class A: amplifier: plate volts, 90 110
maz); grid volts, 0; amplification factor, 25; plate resistance (approx.), 43500 ohms; transconductance,
676 pmhos; plate ma., 1.1. This is 8 DISCONTINUED type listed for reference only.
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DIODE—
SEMIREMOTE-CUTOFF PENTODE

Miniature type used in battery-operated
portable radio receivers as combined AM de-
tector and af voltage amplifier. Outline 7B,
OUTLINES SECTION. Tube requires minia-
ture seven-contact socket and may be mounted
in any position. Filament volts (dc), 1.4; am-
peres, 0.05. Characteristics of pentode unit as
class A; amplifier: plate and grid-No.2 (screen-
grid) volts, 67.5 (90 maz); grid-No.1 volts, 0;

plate resis.tance (gpprox.)., 0.6 megohm; transconductance, 630 ymhos; plate ma., 2.1; grid-No.2 ma.;
0.55. Maximum diode rating: plate ma., 0.25 maw. This type is used principally for renewal purposes.

1E5GP

1E7GT

1E8

SHARP-CUTOFF PENTODE

Glass octal type used as rf amplifier or de-
tector in battery-operated receivers. Outline 23,
OUTLINES SECTION. Tube requires octal
socket. Filament volts (dc), 2.0; amperes, 0.06.
Characteristics as class A; amplifier: plate volts,
180 max; grid-No.2 volts, 67.56 max; grid-No.1
volts , —3; 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

Glass octal type used in push-pull output
stage of battery-operated receivers. Outline 14C,
OUTLINES SECTION. Tube requires octal
socket. Filament volts (dc), 2.0; amperes, 0.24.
Typical operation as push-pull class A; ampli-
fier: plate and grid-No.2 volts, 185 max; grid-
No.1 volts, -7.5; plate ma., 10.5; grid-No.2 ma.,
8.5; output watts, 0.675. 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
broadcast band. Maximum dimensions: over-all
length, 1.75 inches; seated height, 1.5 inches;
diameter, 0.4 inch. Tube requires subminiature
eight-contact socket. Filament volts (de), 1.25;
amperes, 0.04. Typical operation as converter:
plate volts and grids-No.2-and-No.4 supply
volts, 67.6 max; grids-No.2-and-No.4 resistor,

20000 ohms; grid-No.8 volts, 0; grid-No.1 resistor, 0.1 hm; plate r
conversion transconductance, 150 ymhos; total cathode ma., 2.5 (4 maz); plate ma., 1; grids-No.2-and-
No.4 ma., 1.5; grid-No.1 ua., 70. This is a DISCONTINUED type listed for reference only.
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1F4

1F5G

(approx.), 0.4 megohm;

POWER PENTODE

Glass type used in output stage of battery-
operated receivers. Outline 27, OUTLINES
SECTION. Tube requires five-contact socket.
Filament volts (de), 2.0; amperes, 0.12, Type
1F4 is similar electrically to type 1F5-G. Type
1F4 is a DISCONTINUED type listed for ref-
erence only.

POWER PENTODE

Glass octal type used in output stage of
battery-operated receivers. Outline 26, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (dc), 2.0; amperes, 0.12. Typi-
cal operation as class A; amplifier: plate and
grid-No.2 (screen-grid) volts, 185 (180 maz) ; grid-
No.1 volts, —4.5; plate ma., 8; grid-No.2 ma.,
2.4; cathode resistor, 432 ohms; output watts,
0.31. This is a DISCONTINUED type listed
for reference only.

3

F=’

b
O,
6/’ (&)ca1
'c

62 ]

()
L
ev F.
G3
u NG



(X
©

U\l

Lc Lc

Technical Data

TWIN DIODE—
SHARP-CUTOFF PENTODE

Glass type used as combined detector, am-
plifier, and ave tube in battery-operated re-
ceivers. Outline 23, OUTLINES SECTION.
Tube requires six-contact socket. Filament volts
(de), 2.0; amperes, 0.06. Typical operation of
pentode unit as class A; amplifier: plate volts,
180 maz; grid-No.2 (screen-grid) volts, 67.5 maxz;
grid-No.1 volts, —1.5; plate ma., 2.2; grid-No.2
ma., 0.7. This is a DISCONTINUED type
listed for reference only.

TWIN DIODE—
SHARP-CUTOFF PENTODE
Glass octal type used as combined detector,
amplifier, and avc tube in battery-operated re-
ceivers. Outline 23, OUTLINES SECTION.
Tube requires octal socket. Filament volts (dc),
2.0; amperes, 0.06. Similar electrically to type
1F6 except for interelectrode capacitances. Type

1F7G 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, rf-op-
erated power supply or as a rectifier of
high-voltage pulses produced in tele-

1F6

1F7G

1G3GT/
1B3GT

vision scanning systems. Outline 15B, OUTLINES SECTION. This type may be
supplied with pins 1, 4, and/or 6 omitted. Tube requires octal socket and may be
mounted in any position. Except for physical dimensions, this type is identical with
glass octal type 1B3-GT.
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MEDIUM-MU TRIODE

Glass octal type used in battery-operated
receivers as detector or voltage amplifier. Out-
line 14C, OUTLINES SECTION. Tube requires
octal socket. Filament volts (dc), 1.4; amperes,
0.05. Typical operation and characteristics as
class A; amplifier: plate volts, 90 (100 max);
grid volts, -6; plate ma., 2.3; plate resistance,
10700 ohms; amplification factor, 8.8; trans-
conductance, 826 umhos. This is a DISCON-
TINUED type listed for reference only.

- POWER PENTODE

Glass octal type used in output stage of
battery-operated receivers. Outline 26, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (dc), 2.0; amperes, 0.12. Typical
operation as class A; amplifier: plate and grid-
No.2 (screen-grid) volts, 1356 max; grid-No.1
volts, ~18.5; plate ma., 9.7; output watts, 0.55,
This is a DISCONTINUED type listed for
reference only.

1G4GT

1G5G
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HIGH-MU TWIN POWER TRIODE

Glass octal type used in output stage of
battery-operated receivers. Outline 14C, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (dc), 1.4; amperes, 0.1. Typical
operation as class B amplifier: plate volts, 90
(110 maz); de grid volts, 0; peak af grid-to-grid
volts, 48; effective grid-circuit impedance per
unit, 2530 ohms; plate ma. (zero signal), 2,
(maximum signal), 11; peak grid ma. per unit, 6;
output watts (approx.), 0.35. This is a DISCON-
TINUED type listed for reference only.

MEDIUM-MU TRIODE

Glass octal type used as detector or voltage
amplifier in battery-operated receivers. Qutline
22, OUTLINES SECTION. Tube requires octal
socket. Filament volts (dc), 2.0; amperes, 0.06.
Typical operation as class A: amplifier: plate
volts, 180 maz; grid volts, —18.5; amplification
factor, 9.3; plate resistance, 10300 ohms; trans-
conductance, 900 umhos; plate ma., 3.1. Thisisa
DISCONTINUED type listed for reference only.

-DIODE—HIGH-MU TRIODE

Glass octal type used as combined detector
and amplifier in battery-operated receivers. Out-
line 16A, OUTLINES SECTION. Tube requires
octal socket. Filament volts (dc), 1.4; amperes,
0.05." Characteristics of triode unit as class A1
amplifier: plate volts, 90 (110 mazx); grid volts,
0; plate ma., 0.15; plate resistance (approx.),
240000 ohms; amplification factor, 65; trans-
conductance, 276 pymhos. Diode is located at
negative end of filament. This type is used prin-
cipally for renewal purposes.

TWIN DIODE—MEDIUM-MU TRIODE

Glass octal type used as combined detector,
amplifier, and ave tube in battery-operated re-
ceivers. Outline 22, OUTLINES SECTION.
Tube requires octal socket. Filament volts (dc)
2.0; amperes, 0.06. Type 1H6-G is similar elec-
trically to type 1B5/25S. Type 1H6G is a
DISCONTINUED type listed forreference only,

HALF-WAVE VACUUM RECTIFIER

Glass octal type used as a recti-
fier of high-voltage pulses produced in
the scanning systems of black-and-
white television receivers. Outline 15D,
OUTLINES SECTION. Except for

Il
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physical dimensions, this type is identical with glass octal type 1K3.
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1J5G

POWER PENTODE

Glass octal type used in output stage of
battery-operated receivers. Outline 26, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (dc), 2.0; amperes, 0.12. Typical
operation as class Ai amplifier: plate and grid-
No.2(screen-grid) volts, 135 maz; 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.
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Technical Data

HIGH-MU TWIN POWER TRIODE

Glass octal types used in output stage of
battery-operated receivers. Type 1J6-G, Out-

line 22; type 1J6GT, Outline 14E, OUTLINES 1J6G
SECTION. Tubes require octal socket. Fila-
ment volts (de), 2.0; amperes, 0.24. Typical 1J6GT

operation as class B power amplifier: plate volts,
135 max; peak plate ma. per plate, 50 max;
NC NC grid volts, 0; zero-signal plate ma. per plate,
b; effective plate-to-plate load resistance, 10000
ohms; average input watts, 0.17; output watts, 2.1, These are DISCONTINUED types listed for
reference only.

@) HALF-WAVE VACUUM RECTIFIER

Glass octal type used as a recti-
@) Deas fier of high-voltage pulses produced in ] K3

PRI e scanning systems of black-and-
L c white television receivers. Type 1K3
requires an octal socket and may be

mounted in any position. Plate connection is cap at top of bulb. Socket terminals

1, 8, 4, 5, 6, and 8 may be connected to socket terminal 7 or to a corona shield

which is connected to socket terminal 7. Socket terminals 4 and 6 may be used as

tie points for components at or near filament potential. Outline 15B, OUTLINES

SECTION. For high-voltage considerations, see type 1B3-GT.

FILAMENTVOL'IAGE(AC/DC).....-.-.................. ....... 1.25% volts
FILAMENT CURRENT ....... ceveeeensasssessssessestrersrrasesse 0.2 ampere
DirECT INTERELECTRODE CAPACITANCI (Approx)

Plate to Filament and Internal Shield ........ 1.6 pf

* Under no circumstances should the filament voltage be less than 1.05 volts or greater than 1.45 volts.

PULSED RECTIFIER
For operation in a 525-line, 80-frame system
Maximum Ratings, (Design-Mazimum Values):
PEAK INVERSE PLATE VOLTAGE* ........0.00
PEAK PLATE CURRENT. ..... .
AVERAGE PLATE CURRENT .....

260000mazx volts
. . 50 max ma

Characteristics, Instantaneous Valve:

Tube Voltage Drop for plate current of Tma.....oveeveiinnanas N 225 volts
*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.

® The dc component must not exceed 22000 volts.

PENTAGRID CONVERTER

Miniature type used in low-drain battery-
operated receivers. Outline 7B, OUTLINES
SECTION. Tube requires miniature seven-con-
tact socket and may be mounted in any posi- ]L6
tion. Filament volts (dc), 1.4; amperes, 0.05.
Typical operation as converter: plate and grid-
No.2 volts, 90 (110 max); grids-No.3-and-No.5
supply volts, 110 maz; grids-No.8-and-No.5
volts, 46 (65 mazx); grid-No.4 volts, 0; grid-No.1
resistor, 0.2 megohm; plate resistance (approx.), 0.65 megohm; plate ma., 0.5; grids-No.3-and-No.5 ma.,
0.6; grid-No.2 ma., 1.2; grid-No.1l ma., 0.085; total cathode ma., 2.35 (4 maz); conversion transcon-
ductance, 300 pmhos. This type is used principally for renewal purposes.

POWER PENTODE

Glass lock-in type used in output stage of
battery-operated receivers. Outline 13A, OUT-
LINESSECTION. Tuberequireslock-in socket. 1LA4
Filament volts (de), 1.4; amperes, 0.05. For
electrical characteristics and typical operation,
refer to glass-octal type 1A6-GT. Type1LA4 isa
DISCONTINUED typelisted forreference only.
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PENTAGRID CONVERTER

Glass lock-in type used in battery-operated

receivers. Outline 13A, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts

'IL A6 (de), 1.4; amperes, 0.05. Typical operation as
converter is the same as for type 1A7-GT ex-
cept that grid-No.2 voltsis 65 maz, total cathode
ma. is 4.0 maz, plate resi ceis 0.75 )
and conversiontransconductance for a grid-No.4
bias of -8 volts is 10 ymhos. This type is used
principally for renewal purposes.

POWER PENTODE

Glass lock-in type used in output stage of
battery-operated receivers. Outline 13A, OUT-
1LB4 LINESSECTION. Tuberequireslock-in socket.
Filament volts (dc), 1.4; amperes, 0.05. For elec-
trical characteristics, reier 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
inbattery-operated receivers. Outline18A,0UT-
LINESSECTION. Tube requireslock-in socket.
Filament volts (dc), 1.4; amperes, 0.05. Typical
1LC5 operation as class A; amplifier: plate volts, 90
(110 mazx) ; grid-No.2 (screen-grid) volts, 456 max;
grid-No.1 volts, 0; plate resmtance (approx.),
greater than 1 m; tra , 775
upmhos; plate ma., 1.15; grld-No.Z ma., 0.3. This
isa DISCONTINUED typelisted for reference
only.

PENTAGRID CONVERTER

Glass lock-in type used in battery-operated

receivers, Outline 13A, OUTLINES SECTION.

Tube requires lock-i ket. Fil t volts

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

] L c 6 converter: plate volts, 90 (110 mazx); grids-No.3-
and-No.b volts, 85 (46 max) ; grid-No.2 volts, 45;

grid-No.1 volts, 0; plate resistance, 0.66 meg-

ohm; plate ma., 0.75; grids-No.8-and-No.6 ma.,

0.70; grid-No.2 ma., 1.4; total cathode ma., 2.9;

conversion transconductance (zero bias), 275 umhos. 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
receivers. Outline 18A, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts
'ILD 5 (dc), 1.4; amperes, 0.05. Characteristics of pen-
tode unit: plate volts, 90 (110 maz); grid-No.2
volts, 45; grid-No.1 volts, 0; plate ma., 0.6;
grid-No.2 ma., 0.1; plate resistance, 0.76 meg-
ohm; transconductance, 576 uymhos. This is a
DISCONTINUED type listed for reference
only.

MEDIUM-MU TRIODE

Glass lock-in type used as detector or volt-
age amplifier in battery-operated receivers. Out-
line 13A, OUTLINES SECTION. Tube requires

] I_ E3 lock-in socket. Filament volts (dc¢), 1.4; amperes,
0.05. Typical operation as class A: amplifier:
plate volts, 90 (110 maz); grid volts, ~8; plate
ma., 1.4; plate resistance, 19000 ohms; trans-
conductance, 760 upmhos; amplification factor,
14.5. This type is used principally for renewal
purposes.
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REMOTE-CUTOFF PENTODE

Lock-in type used-as rf or if amplifier in
battery-operated receivers. Outline 13A, OUT-
LINES SECTION. Tuberequireslock-in socket.
Filament volts (dc), 1.4; amperes, 0.05. Typical
operation as class A1 amplifier: plate volts, 90
(110 max); grid-No.2 volts, 45 (110 smax); grid-
No.1 volts, 0; plate resistance (approx.), greater
than 1 megohm; transconductance, 800 umhos;
plate ma., 1.7; grid-No/2:ma., 0.4. This type is
used principally for renewal purposes.

DIODE—HIGH-MU TRIODE

Glass lock-in type used as combined detec-
tor and amplifier in battery-operated receivers.
Outline 18A, OUTLINES SECTION. Tube re-
quires lock-in socket. Filament volts (dc), 1.4;
amperes, 0.05. For electricalscharacteristics, re-
fer to glass-octal type 1H6GT. Type 1LH4 is
used principally for renewal purposes.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
inbattery-operatedreceivers. Outline18A,0UT-
LINESSECTION. Tuberequires lock-insocket.
Filament volts (dc), 1.4; amperes, 0.05. Typical
operation as class A: amplifier: plate and grid-
No.2(screen-grid) volts, 90 (110 mazx); grid-No.1
volts, 0; plate ma., 1.6; grid-No.2 ma., 0.35;
plate resistance (approx.), 1.1 megohms; trans-
conductance, 800 umhos. This type is used
principally for renewal purposes.

HALF-WAVE VACUUM RECTIFIER

Glass octal type used as high-
voltage rectifier in television receivers.
Maximum over-alllength,3-9/16inches;
maximum seated length, 8 inches; max-
imum diameter, 1-9/16 inches. Tube

ILGS

1LH4

ILNS

IN2A

requires octal socket and may be operated in any position. For installation and

application considerations, refer to type 1B3GT.

FILAMENT VOLTAGE (AC). ¢ vvvvrveveeennnnnennnnns [
FILAMENT CURRENT. . ...oovvvvnnnnnns [ [
DIRECT INTERELECTRODE CAPACITANCE:

Plate to Filament and Internal Shield........oiviiiniiinnnieiennnnss

PULSED RECTIFIER
For operation in a 525-line, 80-frame system
Maxi Ratings, (Design-Mazxi: Values):
PEAK INVERSE PLATE VOLTAGE®", ... ....

PEAK PLATE CURRENT. ..... ..
AVERAGE PLATE CURRENT.........

Characteristics, Instantaneous Valve:
‘Tube Voltage Drop for plate current of Tma. ...oovvveriieenneeennnn..

1.26%
0.2

1.4

28000 mazx
50 max
0.5 maz

100

volts
ampere

pf

volts
ma

volts

* Under no circumstances should the filament voltage be less than 1.05 volts or greater than 1.45 volts,
° The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
525-line, 830-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

& The dec component must not exceed 24000 volts.
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SHARP-CUTOFF PENTODE

Glass octal type used as rf or if amplifier in
battery-operated receivers. Outline 16A, OUT-
LINES SECTION. Tube requires octal socket.
] N 5 GT Filament volts (de), 1.4; amperes, 0.05. Charac-
teristics as class Ai amplifier: plate and grid-
No.2 volts, 90 (110 maz); grid-No.1 volts, 0;
plate resistance (approx.), 1.6 megohms; trans-
conductance, 7560 uymhos; plate ma., 1.2; grid-
No.2 ma., 0.3. This type is used principally for
renewal purposes.

DIODE—POWER PENTODE

Glass octal type used as combined detee-
tor and power output tube in battery-operated
receivers. Maximum over-all length, 4 inches;

] N6G maximum diameter, 1-3/16 inches. Filament
volts (dc), 1.4; amperes, 0.05. Typical operation
of pentode unit as class A1 amplifier: plate and
grid-No.2 (screen-grid) volts, 90 (110 max);
grid-No.1 volts, —4.5; plate ma., 8.1; grid-No.2
ma. (zero-signal), 0.6; plate resistance (approx.), NC NC

0.8 hm; tra ductance, 800 umhos; load resistance, 26000 ohms; output watts, 0.1. This
is a DISCONTINUED type listed for reference only.

REMOTE-CUTOFF PENTODE

Glass octal type used as rf or if amplifier in
battery-operated receivers. Outline 156A, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (dc), 1.4; amperes, 0.06. Typical

]P SGT operation as class A; amplifier: plate volts, 90
(110 max) ; grid-No.2 (screen-grid) volts, 90 (110
mazx); grid-No.l1 volts, 0; plate resistance
(approx.), 0.8 L d 760
wpmhos; plate ma., 2.8; grid-No.2 ma., 0.7. This
isa DISCONTINUED type listed for reference
only.

BEAM POWER TUBE

Glass octal type used in the output stage ‘O
of battery-operated receivers. Outline14C,0UT- g (3)

1Q5CGT LINES SECTION. Tube requires octal socket.
Filament volts (dc), 1.4; amperes, 0.1. For elec-
trical char: istics and ratf refer to type ',r-
8Q5-GT with parallel filament arrangement. G
Type 1Q56-GT is a DISCONTINUED type for O
reference only.

PENTAGRID CONVERTER

Miniature type used in lightweight, por-
table, compact, battery-operated receivers. Out-
line 7B, OUTLINES SECTION. Tube requires

] R 5 miniature seven-contact socket. Characteristics

as converter with separate excitation: plate volts,

67.56 (90 max); grids-No.2 and No.4 volts, 67.5

mazx; grid-No.8 volts, 0; rms grid-No.1 volts,

25; grid-No.l resistor, 0.1 megohm; plate re-

sistance (approx.), 0.4 megohm; conversion

transconductance, 280 ymhos; plate ma., 1.4; grids-No.2 and No.4 ma., 3.5; grid-No.1l ua, 250; total
cathode ma., 5.2. This type is used principally for renewal purposes.
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POWER PENTODE

Miniature type used in output stage of
lightweight, compact, portable, battery-oper-
ated equipment. Types 1S4 and 3S4 are identi-
cal except for filament arrangement. Outline 7B,
OUTLINES SECTION. Type 1S4 requires 'ls4
miniature seven-contact socket and may be
mounted in any position. For ratings and typi-
cal operation, refer to type 3S4 with parallel
filament arrangement. Filament volts (dc), 1.4;
amperes, 0.1. This type is used principally for
renewal purposes.

ca o DIODE—
(+) SHARP-CUTOFF PENTODE
Po ‘o Miniature type used in lightweight, por-
© !
table, compact, battery-operated receivers as 'I S 5
combined detector and af voltage amplifier. Out-
@ @ line 7B, OUTLINES SECTION. Tube requires
NN T R
miniature seven-contact socket. Filament volts
() (dc), 1.4; amperes, 0.05. For electrical charac-
Gap teristics, refer to type 1U5. Type 1S5 is used

principally for renewal purposes.

REMOTE-CUTOFF PENTODE

Miniature type used in lightweight, por-
table, compact, battery-operated receivers as
rf or if amplifier. Outline 7B, OUTLINES SEC-
TION. Tube requires miniature seven-contact
socket. Filament volts (dc), 1.4; amperes, 0.05. ] T4
Characteristics as class A1 amplifier: plate and
grid-No.2 volts, 67.5 (90 max); grid-No.1 volts,
0; plate resistance (approx.), 0.25 megohm;
transconductance, 8756 umhos; plate ma., 3.4%;
grid-No.2 ma., 1.5. This type is used princi-
pally for renewal purposes. -

c2 o BEAM POWER TUBE
@) ® Glass octal type used in output stage of
P / battery-operated receivers. Outline 14C, OUT-
© LINES SECTION. Tube requires octal socket.
Filament volts (dc), 1.4; amperes, 0.05. Typical lT SGT

¢- operation as class A; amplifier: plate and grid-
PO

No.2 volts, 90 (110 mazx); grid-No.1 volts, —6;

peak af grid-No.1 volts, 6; plate ma., 6.5; grid-

No.2 ma. (zero-signal), 0.8; grid-No.2 ma.

(maximum signal), 1.5; plate resistance, 0.25

megohm; transconductance, 1160 ymhos; load resistance, 14000 ohms; total harmonic distortion, 7.6
per cent; output watts, 0.17. This is a DISCONTINUED type listed for reference only.

Zz
P4
o

C

DIODE—SHARP-CUTOFF PENTODE

Subminiature type used as combined de-
tector and audio amplifier in small, compact,
battery-operated receivers for the standard AM
broadcast band. Maximum dimensions: over-all 'l'r6
length, 1.75 inches; seated height, 1.5 inches;
diameter, 0.4 inch. Tube requires subminiature
eight-contact socket. Filament volts (dc), 1.25;
amperes, 0.04. Filament voltage should never
exceed 1.6 volts. Typical operation of pentode
unit as class A; amplifier: plate and grid-No.2 volts, 67.5 maz; grid-No.1 volts, 0; plate resistance (ap-
prox.), 0.4 hm; tr: ductance, 600 gmhos; plate ma., 1.6; grid-No.2 ma., 0.4; total cathode ma.,
2.0 max. Maximum diode plate ma., 0.25. This is a DISCONTINUED 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 ave in lightweight,
compact, portable, battery-operated equipment.

]U4 Outline 7B, OUTLINES SECTION. Tube re-
quires miniature seven-contact socket. Fila-
ment volts (dc), 1.4; amperes, 0.06. Charac-
teristics as class A; amplifier: plate and grid-No.
2 volts, 90 (120 mazx); grid-No.1 volts, 0; plate
resistance (approx.), 1 megohm; transconduct-

ance, 900 umhos; plate ma., 1.6; grid-No.2 ma., 0.5. This type is used principally for renewal purposes,

DIODE—SHARP-CUTOFF
PENTODE

Miniature type used in lightweight, com-

] U 5 pact, portable, battery-operated receivers as

combined detector and af voltage amplifier.

Outline 7B, OUTLINES SECTION. Tube re-

quires miniature seven-contact socket. Filament

volts (dc), 1.4; amperes, 0.05. Characteristics of

pentode unit as class Ai amplifier: plate and

grid-No.2 volts, 67.5 (100 mazx), grid-No.1 volts,

0; plate resistance (approx.), 0.6 megohm;

ductance, 625 pmhos; plate ma., 1.6; grid-No.2 ma., 0.4. Maximum diode plate ma., 0.28 maz.
Thls type is used prmclpally for renewal purposes.

HALF-WAVE VACUUM RECTIFIER

Glass type used in ac/dc or automobile
receivers. Maximum dimensions: over-alllength,
4-3/16 inches; seated height, 3-9/16 inches; di-
] ameter, 1-9/16 inches. Tube requires four-con-
V tact socket. Heater volts (ac/dc), 6.3; am-
peres, 0.8. Maximum ratings as half-wave recti-
fier: peak inverse plate volts, 1000; peak plate
ma., 270; peak heater-cathode volts, 500; de
output ma., 45. This type is used principally
for renewal purposes.

HALF-WAVE VACUUM RECTIFIER

Miniature type used in high-volt-

]V2 age, low-current applications such as

the rectifier in high-voltage, pulse-op-

erated voltage-doubling power supplies

for kinescopes. The very low power

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

FILAMENT VOLTAGE (AC). ¢t vveucsnsessessessasansassasessscsscsscssasss 0.626% volt
FILAMENT CURRENT. . .0 vvvunnnnnans 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCE:

Plate to Filament (APProX.). e eeeeeereeetssscsssssssosssssessassocans 0.8 pf

® Under no circumstances should the filament voltage be less than 0.525 volt or greater than 0.725 volt.

PULSED RECTIFIER
For operation in a 625-line, 80-frame system

Maximum Ratings, (Design-Maximum Values):

PEAK INVERSE PLATE VOLTAGE* .......... teseeseeessesansans 82500 mazx volts
PEAK PLATE CURRENT. .« s tcvveernesaneossosnsoncnsossncsnns .. 11 mazx ma
AVERAGE PLATE CURRENT. .. vvvtvvernnnnnnnnnnnans 0.6 max ma
® The duration of the voltage pulse must not exceed 15 per cent of one honzontal scanning cycle. In

a 525-line 80-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

® The dc component must not exceed 7000 volts.
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INSTALLATION AND APPLICATION

Type 1V2 requires a 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-contactsockets designed with a cylindrical center shield, itisnecessary
to remove the center shield. In addition, socket terminals 2, 3, 7, and 8 shall not
be used. Socket terminal 6 may be used as a tie point for components at or near
filament potential. Outline 8D, OUTLINES SECTION.

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

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

HALF-WAVE VACUUM RECTIFIER

Miniature types used in high-volt-
age, low-current applications such as ]X2A

the rectifier in a high-voltage, rf-op- P

erated powersupply, orastherectifier of ] X‘ B
high-voltage pulses produced in tele-

vision scanning systems. Outline 9A, OUTLINES SECTION. Tubes require min-
iature nine-contact socket and may be mounted in any position. Socket terminals
3 and 7 may be used as tie points for components at or near filament potential. For
high-voltage considerations, refer to type 1B3-GT. Type 1X2-A is used principally
for renewal purposes.

FILAMENT VOLTAGE (AC) .+t vveuiininesunueonsonooonssasascassnsascnsns 1.25* volts
FILAMENT CURRENT. o4t v otttttiintoeenensansennnsnssnans .. 0.2 ampere
DIRECT INTERELECTRODE CAPACITANCE:

Plateto Filamentand Internal Shield (APProX.). ....veeeennecsvaeccoses 1.0 pf

* Under no circumstances should the filament voltage be less than 1.056 volts or greater than 1.45 volts.

PULSED RECTIFIER

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

1X2-A 1X2-B
. . Design-Center Design-Maximum

Maximum Ratings: Values# Values

PEAK INVERSE PLATE VOLTAGE®. .. ....0ouveneinnnnnnn 20000tmax 22000 maz volts
PRAK PLATE CURRENT 45 max 45 mazx ma
AVERAGE PLATE CURRENT 0.5 maz 0.5 mazx ma
Characteristics, Instantaneous Valve:

Tube Voltage Drop for plate current of 7 ma.....oovveeenrenneneennenns 100 volts

t Absolute Maximum.Underno circumstancesshould this absolute value be exceeded.
# Except as noted.
# The dc component must not exceed 16000 volts for 1X2-A, 18000 volts for 1X2-B.

POWER TRIODE

Glass type used in output stage of radio re-
ceivers and amplifiers. Outline 28, OUTLINES
SECTION. Tube requires four-contact socket.
Filament volts (ac/dc), 2.5; amperes, 2.5. Typi- 2 A3
cal operation as class A1 amplifier: plate volts,
250 (300 max); grid volts, —45; plate ma., 60;
amplification factor, 4.2; load resistance, 800
ohms; transconductance, 5250 ymhos; plate dis-
sipation, 15 max watts; load resistance, 2600
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ohms; power output, 8.5 watts. Typical operation as push-pull class AB; amplifier (values are for two
tw.abes): plate supply volts, 300; cathode-bias resistor, 780 ohms; peak af grid-to-grid volts, 156; zero-
signal plate ma., 80; maximum-signal plate ma., 100; effective load resistance (plate-to-plate), 5000
ohms; power output, 10 watts. This type is used principally for renewal purposes.

POWER PENTODE

Glass type used in output stage of ac-oper-
ated receivers. Outline 27, OUTLINES SEC-
TION. Tube requires six-contact socket. Except
2 A5 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, amplifier, and
2A6 ave tube. Outline 24B, OUTLINES SECTION.
‘Tube requires six-contact socket. Except for its
heater rating (2.6 volts ac/de; 0.8 ampere),
and within its 250-volt maximum plate rating,
the 2A6 has electrical characteristics identical
with type 6SQ7. Type 2A6 is a DISCONTIN-
UED type listed for reference only.

PENTAGRID CONVERTER

Glass type used in ac-operated receivers.
Outline 24B, OUTLINES SECTION. Tube re-
quires small seven-contact (0.756-inch, pin-circle
2 A7 diameter) socket. Except for its heater rating
(2.5 volts ac/dc; 0.8 ampere) and its interelec-
trode capacitances, the2A7 haselectrical charac-
teristics identical with type 6A8. Complete
shielding of this tube is generally necessary.
Type 2A7 is a DISCONTINUED type listed
for reference only.

MEDIUM-MU TRIODE

2AF4A Miniature types used as local os-
2 AF4B cillator in uhf television receivers em-
Related types: ployingseries-connected heaterstrings.
3AF4A, 6AF4A Outline 7A, OUTLINES SECTION.
Heater volts (ac/dc), 2.85; amperes, .
0.6; warm-up time (average), 11 seconds. Type 2AF4-B only, maximum ratmg
(design maximum), peak heater-cathode volts, 180 max. When the heater is posi-
tive with respect to the cathode, the de component of the heater-cathode voltage
must not exceed 100 volts. Typical operation of 2AF4-B as oscillator at 1000 Mes
plate ma., 17.5; grid pa (approx.), 700. Except for heater ratings noted, these
types are identical with miniature type 6AF4-A. Type 2AF4-A is a DISCONTIN-
UED type listed for reference only.

HALF-WAVE VACUUM RECTIFIER L

Duodecar type used to supply

2AH2 high voltage to the anode of picture *

tubes in television receivers. Outline

16A,0UTLINESSECTION. Tubere- -

quires 12-contact socket and may be KiSH

mounted in any position. Socket terminals 2, 3, 5, 6, 7, 8, 9, and 11 should not be

used as tie points; terminals 4 and 10 may be used as tie points for components at

or near cathode potential. For high-voltage and X-ray safety considerations, refer
to type 1B3-GT. Heater volts (ac/dc), 2.5; amperes, 0.3.
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PULSED RECTIFIER
For operation in a 525-line, 80-frame system

Maximum Ratings, (Design-Mazimum Values):

PEAK INVERSE PLATE VOLTAGE®, ........... Ceeeeeieeeeennaean 80000°naz volts
PEAK PLATE CURRENT. ....... 80 maz ma
AVERAGE PLATE CURRENT. ... .000ueeeesonsssocsssnsscsssscssscncncese 1.6 maz ma

Characteristics, Instantaneous Valve:
Tube Voltage Drop for plate current of Tma........covvueeeenencncecons 100 volts

"The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
626-iine, 30-frame system, 16 per cent of one horizontal scanning cycle is 10 microseconds.
® The dc component must not exceed 24000 volts.

HK,IS _LC
" P
ux HALF-WAVE VACUUM RECTIFIER
L (98 Duodecar type used to supply
1c® (e  high voltage to the anode of picture 2A52
tubes in television receivers. Outline
i ©  16B, OUTLINES SECTION. Tube

HKIS H requires duodecar twelve-contact
socket and may be mounted in any position. Socket terminals 4, 7, and 10 may be
used as tie points for components at or near heater potential. For high-voltage and
X-ray safety considerations, refer to type 1B3-GT. Heater volts (ac/dc), 2.5;
amperes, 0.33.
PULSED RECTIFIER
For operation in a 625-line, 80-frame system
Maximum Ratings, (Design-Maximum Values):

PEAK INVERSE PLATE VOLTAGE®. . .......... 80000°maz volts
PEAK PLATE CURRENT. ... .0vvveunnnnnns PR . 80 maz ma
AVERAGE PLATE CURRENT.......... P P 1.6 max ma

Characteristics, Instantaneous Valve:

Tube Voltage Drop for plate current of Tma. . ......cco00eeeerececrnnans 100 volts
© The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
625-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

® The dec component must not exceed 24000 volts.

TWIN DIODE—
REMOTE-CUTOFF PENTODE

Glass type used as combined detector, ave
tube, and amplifier. Outline 24B, OUTLINES
SECTION. Tube requires small seven-contact
(0.75-inch, pin-circle diameter) socket. Except 2B7
for its heater rating (2.5 voltsac /de; 0.8 ampere)
and its interelectrode capacitances, the 2B7
has electrical characteristics identical with type
6B8-G. Type 2B7 is a DISCONTINUED type -
listed for reference only. v

MEDIUM-MU TRIODE

Miniature types used as rf amplifier in vht
television tuners employing series-connected
heater strings. Outline 7B, OUTLINES SEC- 2BN4
TION. Heater volts (ac /dc),2BN 4:2.83,2BN }-A:
2.86: amperes, 0.6; warm-up time (average), 11
seconds. Except for heater rating, these types 2BN4 A
are identical with miniature types 6BN4 and
6BN4A, respectively. Type 2BN4 is a DIS- Related types:
CONTINUED type listed for reference only. 3BN4A, 6BN4A
Type 2BN4-A is used principally for renewal
purposes.
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2CW4

Related types:
6CW4, 13CW4

. HIGH-MU TRIODE

Nuvistor type used as a grounded-
cathode, neutralized rf amplifier in vhf
tuners of television and FM receivers
employing series-connected heater
strings. Outline 1, OUTLINES SEC-
TION. Heater volts (ac/dc), 2.1; am-
peres, 0.45; warm-up time (average), 8
seconds. Except for heater ratings, this

type is identical with nuvistor type 6CW4.

2CY5

Relafed types:
3CY5, 4CY5, 6CY5

SHARP-CUTOFF TETRODE
Miniature typeused asrf amplifier

in vhf tuners of television receivers .

employing series-connected heater
strings. Outline 7B, OUTLINES SEC-
TION. Heater volts (ac/dc), 2.4; am-

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

2DS4

Related type:
6DS4

HIGH-MU TRIODE

Nuvistor type used as grounded-
cathode, neutralized rf amplifier in vhf
tuners of television and FM receivers
employing series-connected heater
strings. Because of its cutoff charac-
teristics, the 2DS4 is used in circuits
to reduce cross-modulation distortion.
Outline 1, OUTLINES SECTION.
Heater volts (ac/de), 2.1; amperes,

INDEX=LARGE LUG
©@=SHORT PIN3 IC—DO NOT USE

0.45; warm-up time (average), 8 seconds. Except for heater ratings, this type is
identical with nuvistor type 6DS4.

2DV4

Related type:
6DV4

2DZ4

Related fypes:
3DZ4, 6DZ4

MEDIUM-MU TRIODE

Nuvistor type used at frequencies
up to 1000 megacycles in uhf oscillator
stages of television receivers employ-
ing series-connected heater strings.
Outline 1, OUTLINES SECTION.
Heater volts (ac/de), 2.1; amperes,
0.45; warm-up time (average), 8 sec-
onds. Except for heater ratings, this
type is identical with nuvistor type
6DV4. ‘

MEDIUM-MU TRIODE

Miniature type used as a local-
oscillator tube in ubf television re-
ceivers covering the frequency range
from 470 to 890 megacycles and em-
ployingseries-connected heaterstrings.

INDEX=LARGE LUG
@=SHORT PiN; IC=00 NOT USE

P
Outline 7A; OUTLINES SECTION. Heater volts (ac/dc), 2.35; amperes, 0.6;
warm-up time (average), 11 seconds. Peak heater-cathode volts, 180 maz (the de
component mustnot exceed 100 volts when heater is positive with respect to cathode).
Except for heater and heater-cathode ratings, this type is identical with miniature

type 6DZ4.
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ELECTRON-RAY TUBE

Gt TA
() (2 Glasstype with triode unit used toindicate visu-
/‘ ally by means of a fluorescent target the eﬁect;
of a change in a controlling voltage. It is use
:'{; (O as a convenient means of indicating accuratera- 2 E 5
dio receiver tuning. Maximum dimensions:over-
o‘e all length, 4-3/16 inches; seated height, 3-9/16 lolalz: ;ypoz
H H

inches:diameter,1-9/16 inches. Tuberequiressix-
contact socket. Except for its heater rating (2.6
volts ac/dc; 0.8 ampere), the 2Eb has electrical
characteristicsidentical with type 6E5. Type 2E6 isa DISCONTINUED typelisted for reference only.

% TWIN DIODE

: H
@) Miniature type used as a horizontal phase
H G) ( \o s detector in television receivers. Outline 7B,
OUTLINES SECTION. Tube requires minia-
‘ ture seven-contact socket and may be mounted 2 EN 5
) Q) POy in any position. Heater volts (ac/dc), 2.1; am-
O
NC

Poz peres, 0.45; warm-up time (average), 11 seconds.

Maximum ratings (design maximum) as half-

wave rectifier: dc output ma. per plate, 5 maz;

peak heater-cathode volts, 200 max. When the
heater is positive with respect to cathode, the dc component of the heater-cathode voltage must not
exceed 100 volts. Type 2ENG is used principally for renewal purposes.

SHARP-CUTOFF TRIODE

Miniature type with frame grid
used in vhf tuners of television re-

ceivers. Outline 7B, OUTLINES 2ER5
SECTION. Heater volts (ac/dc), 2.3; Related types:
amperes, 0.6. Except for heater rat- 3ERS, 6ERS

ings, this type is identical with mini-
ature type 6ERS5.

SHARP-CUTOFF TRIODE

Miniaturetype used asan rf ampli- :Z H 5
fier in vhf tuners of television receivers F
. . Related types:
employing series-connected heater 3FHS5, 6FH5

strings. Outline 7B, OUTLINES SEC-

TION. Heater volts (ac/dc),2.85; am-

peres, 0.6; warm-up time (average), 11 seconds. Except for heater ratings, this
type is identical with miniature type 6FHS5.

BEAM HEXODE

Miniature type used as rf-ampli-
fier tube in vhf television receivers 2Fss
employing series-connected heater Related type:
6FS5

strings. Outline 7B, OUTLINES SEC-

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

peres, 0.6; warm-up time (average), 11 seconds. Except for heater ratings, this
type is identical with miniature type 6FS5.

H P
i HIGH-MU TRIODE

Miniature type with frame grid
used as grounded-cathode rf-amplifier %ﬁ'KS
tube in vhf tuners of television re- 36K5, 6K
ceivers employing series-connected
heaterstrings. Outline7B, OUTLINES
SECTION. Heater volts (ac/dc), 2.3; amperes, 0.6; warm-up time (average), 11
seconds. Except for heater ratings, this type is identical with miniature type 6GK5.

101




RCA Receiving Tube Mannal

HALF-WAVE VACUUM RECTIFIER

Miniature type used as rectifier of high-volt-
age pulses produced in scanning systems of color-
television receivers. Outline 9A, OUTLINES

3 A2 SECTION. Tube requires miniature 9-contact

socket and may be mounted in any position.

Socket terminals 3 and 7 may be connected to

the heater. Heater volts (ac), 3.15; amperes,

0.22. Maximum ratings as pulsed rectifier in 625-

line, 30-frame system: peak inverse plate volts,

18000 mazx; peak plate ma., 80 mar; average plate ma., 1.6 maz. For high-voltage considerations, see
type 1B3-GT. Type 8A2 is used principally for renewal purposes.

HALF-WAVE VACUUM RECTIFIER

Glass octal type used as rectifier
3 A3 of high-voltage pulses produced in the
scanning systems of color television

receivers. Outline 15D, OUTLINES ®

SECTION. Tube requires octal socket e e
and may be mounted in any position. Socket terminals 1, 3 4, 5, 6, and 8 may be
connected to socket terminal 7. Socket terminals 4 and 6 may be used as tie points
for components at or near heater potential. For high-voltage considerations, see

type 1B3-GT.

HEATER VOLTAGE (AC) . vt tninrinnesnorseessnssonnsossosssnoacnssns 8.156* volts
HEATER CURRENT. . .. .iivenivnnnnnenrnnnnnns creecsseseserss 0.22 ampere
DIRECT INTERELECTRODE CAPACITANCE (Approx.):

Plate to Heater, Cathode, and Internal Shield. .................. .. 1.6 pf

¢ Under no circumstances should the heater voltage be less than 2.65 volts or greater than 8.65 volts.

PULSED RECTIFIER
For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Maximum Values):

PEAK INVERSE PLATE VOLTAGE®. ... ......... N eeeiiiees PR 80000 maz volts
PEAK PLATE CURRENT. .............. hesesrecnesaseeaeseesrennee . 88 mazx ma
AVERAGE PLATE CURRENT. ...\t ttittnttennennenreneonneennnennnns 1.7 maz ma

® The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
626-line, 80-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

DIODE—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

3 AsGT inches; maximum diameter, 1-5/16 inches. Fila-

ment volts, 1.4 (parallel), 2.8 (series); amperes,

0.1 (parallel), 0.05 (series). Typical operation as

class A1amplifier:triode unit—plate volts,90 (110

max); grid volts, 0; amplification factor, 65;

plateresi ce, 0.2 hm; tr ductance,

825 umhos; plate ma., 0.2; pentode unit—plate and grid-No.2 volts, 90 (110 mazx); grid-No.1 volts, 0;

plate resistance, 0.8 megohm; transconductance, 7560 umhos; plate ma., 1.5; grid-No.2 ma., 0.5. Thisis a
DISCONTINUED type listed for reference only.

H 2 5 L3
MEDIUM-MU TRIODE
. H3 26
Miniature type used as local os- L
3AF4 A cillator in uhf television receivers cov- —
Related fypes: ering the frequency range of 470 to 890  ¢\& Dp
2AF4B, 6AF4A megacycles per second and employing Q

series-connected heater strings. Out-
line TA, OUTLINES SECTION. Heater volts (ac/dc), 3.15; amperes, 0.45; warm-
up time (average), 11 seconds. Except for heater ratings, this type is identical with
miniature type 6AF4-A.
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TWIN DIODE
Miniature type having high-per-
veance used as detector in television 3 ALS
receivers employing series-connected Related types:
heaterstrings. Outline7A, OUTLINES 6ALS, 12ALS

SECTION. Heater volts (ac/dc), 8.15;
p time (average), 11 seconds. Except for heater ratings, this
type is identical with miniature type 6ALS.

NP HALF-WAVE
we  VACUUM RECTIFIER

(8)
" e'ﬁbo Duodecar type used to supply 3 AT2
(O, d’

(One high voltage to the anode of picture

nRY (A tubes in television receivers. Outline

()~—T2 ™ 16B, OUTLINES SECTION. Tube

HKIS H requires duodecar twelve-contact
socket and may be mounted in any position. For high-voltage and X-ray safety
considerations, refer to type 1B3-GT. Heater volts (ac/dc), 3.15; amperes, 0.22.

PULSED RECTIFIER
For operation in a 625-line, 30-frame system
Maximum Ratings, (Design-Mazimum Values):

PEAK INVERSE PLATE VOLTAGE™ . . ...t viivenreecennercsoennsascscnnnn - 80000 maz volts
PEAK PLATE CURRBNT. . ¢ cveeersessosseesssssesssssssosscsssnsssssne 88 maz ma
AVERAGE PLATE CURRENT. .0t etteeroronsennassessassssascsssssssnnns 1.7 max ma

® The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
625-line, 80-frame system, 16 per cent of one horizontal scanning cycle is 10 microseconds.

H 3
OO,
o ‘ od) SHARP-CUTOFF PENTODE

O Miniature type used as rf ampli-

‘ fier in television receivers employing 3 AU6
O m series-connected heater strings. Out- Related types:
N0 line 7B, OUTLINES SECTION. 4AuU6, 6AU6A, 12AU6

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

0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts, 200 maxz. When
the heater is positive with respect to the cathode, the dec 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 6AU6.

TWIN DIODE—HIGH-MU TRIODE

Miniature type used as combined

detector, amplifier, and ave tube in 3 AV6
television receivers employing series- Related types
connected heater strings. Outline 7B, 4AV6, 6AV6, 12AV6
OUTLINES SECTION. Heater volts .

(ac/de), 8.15; amperes, 0.6; warm-up time (average), 11 seconds. Peak heater-
cathode volts, 200 maxz. 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 6AV6.
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HALF-WAVE VACUUM RECTIFIER

Glass octal type used as rectifier ©)
3 AW3 of high-voltage pulses produced in the Lc
scanning system of television receivers.
Outline 15B, OUTLINES SECTION.
Tube requires octal socket and may be -H v Oux
mounted in any position. Heater volts (®
(ac/dc), 8.15; amperes, 0.22. [

PULSED RECTIFIER
For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Mazimum Values):

PEAK INVERSE PLATE VOLTAGE*. ... .ovvvevenes volts
PEAK PLATE CURRENT. ..... e Ceveen eeees . . ma
AVERAGE PLATE CURRENT.....oovuveneene et e 1.7 max ma

* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
526-line, 80-frame system, 16 per cent of one horizontal scanning cycle is 10 microseconds.

HALF-WAVE VACUUM RECTIFIER

Glass octal type used as rectifier of high- Lc Lc
voltage pulses produced in the scanning systems ¢ Lc
of television receivers. Outline 25B, OUTLINES  “*(3) (&)

3 Bz SECTION. Tube requires octal socket and may
be mounted in any position. Low-potential cir-
cuitsshould not be connected to any of thesocket H w o
LC LC

terminals. Any or all of the following socket~ s

terminal connections are permissible and may

aid in corona reduction: socket terminais 1, 3,
5, and 7 may be connected together; socket terminals 2, 6, and 8 may be connected together; socket
terminal 4 may be connected to socket terminals 2 or 7, or may be used as a tie point for a heater-
voltage dropping resistor. Heater volts (ac/dc), 8.15; amperes, 0.22. Maximum ratings as pulsed rec-
tifier in 525-line, 30-frame system: peak inverse plate volts (absolute maxtmum); 35000 max. (dc 25000
mazx); peak plate ma., 80 max; average plate ma., 1.1 max. For high-voltage considerations, see type
1B3-GT. Type 8B2 is used principally for renewal purposes.

v

REMOTE-CUTOFF PENTODE

Miniature type used as rf ampli- 9‘ ON
3BA6 fier in standard broadcast and FM re- ‘
Related types: ceivers, as well as in wide-band, high- Ga JO A
6BA6, 12BA6 frequency applications;forusein equip- [ 0
ment employing series-connected &
heater strings. Outline 7B, OUTLINES SECTION. Heater volts (ac/dc), 8.15;

amperes, 0.6; warm-up time (average), 11 seconds. Except for heater ratings, this
type is identical with miniature type 6BA6.

SHARP-CUTOFF PENTODE

Miniature type used as rf or if am-

3 B C 5 plifier in television receivers employing
Related types: series-connected heater strings. Out-
4BC5, 6BC5 line 7B, OUTLINES SECTION.

Heater volts (ac/dc), 3.15; 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 6BC5.
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PENTAGRID CONVERTER

Miniature type used as converter
in superheterodyne circuits in both the 3BE6
standard broadcast and FM bands in Related types:
equipment employing series-connected 6BE6, 12BE6

heater strings.Outline 7B, OUTLINES ]
SECTION. Heater volts (ac/dc), 3.15; amperes, 0.6; warm-up time (average), 11
seconds. Except for heater ratings, this type is identical with miniature type 6BES6.

MEDIUM-MU TRIODE 3BN4
Miniature types used as rf ampli-
fier in grid-drive circuits of vhf tele- 3BN4A
vision tuners. The double base-pin Related types:
connections for both cathode and grid 2BN4A, 6BN4A

reduce effective lead inductance and

lead resistance with consequent reduction in input conductance. In addition, the
basing arrangement facilitates isolation of input and output circuits and permits
short, direct connections to base-pin terminals. OQutline 7B,OUTLINES SECTION.
Heater volts (ac/de), 3; amperes, 0.45; warm-up time (average), 11 seconds. Ex-
cept for heater ratings, the 83BN4 and 3BN4-A are identical with miniature types
6BN4 and 6BN4-A, respectively. Type 3BN4 is a DISCONTINUED type listed
for reference only.

BEAM TUBE
Miniature type used as combined
limiter, discriminator, and af voltage 3BN6
amplifier in intercarrier television and Related types:
FM receivers employing series-con- 4BN6, 6BN6

nected heater strings. Outline 7C,

OUTLINES SECTION. Heater volts (ac/dc), 3.15; amperes, 0.6; warm-up time
(average), 11 seconds. Except for heater ratings, this type is identical with min-
iature type 6BN6.

SHARP-CUTOFF TWIN PENTODE

Miniature type used as combined

sync separator, sync clipper, and age 3BU8
amplifier tube in television receivers Related fypes:
employing series-connected heater 4BUS, 6BUS

strings. Outline 8D, OUTLINES SEC-
TION. Heater volts (ac/de), 8.15; amperes, 0.6; warm-up time (average), 11 sec-
onds. Except for heater ratings, this type is identical with miniature type 6BUS.

PENTAGRID AMPLIFIER
Miniature type used as gated am-

plifier in television receivers employing 3 BY6
series-connected heater strings. Out- Related type:
line 7B, OUTLINES SECTION. 6BY6

Heater volts (ac/dc), 8.15; amperes,
0.6; warm-up time (average), 11 seconds. Except for heater ratings, this type is
identical with miniature type 6BY6.
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SEMIREMOTE-CUTOFF PENTODE

Miniature type used in gain-con-
3BZ6 trolled video if stages of television re-
Related fypes: ceivers employing series-connected

4BZ6, 6BZ6, 12BZ6 heaterstrings. Outline 7B, OUTLINES

SECTION. Heater volts (ac/dc), 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 dc component must not

exceed 200 volts). Except for heater and heater-cathode ratings, this type is
identical with miniature type 6BZ6.

SHARP-CUTOFF PENTODE

[+ a
" @ p
Miniature type used asrf orifam- (3 ()ca,
3 CB6 plifier in television receivers employing ‘ ‘
Related types: series-connected heater strings. OQut-  GXIIN Ga
4CB6, 6CB6, 6CB6A line 7B, OUTLINES SECTION. - ) 18,
Heater volts (ac/dc), 3.15; amperes, [
0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts: heater negative
with respect to cathode, 800 mazx; 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 identical with miniature types 6CB6 and 6CB6-A.

SHARP-CUTOFF PENTODE K i
Miniature type used as rf and if ") (6)52
3 CE 5 amplifier in vhf television receivers em-
Related type: ployingseries-connected heaterstrings. & &
6CE5S Outline 7B, OUTLINES SECTION. s

Heater volts, 3.15; amperes, 0.6; heater )
warm-up time (average), 11 seconds. Except for heater ratings, this type is iden-
tical with miniature type 6CE5.

P

'n Q
SHARP-CUTOFF PENTODE @&
Miniature type used asrf orif am-  “Q) O]
3 CF6 plifier in television receivers employing \ ‘
Related type: series-connected heater strings. Out- K N Ga
6CF6 line 7B, OUTLINES SECTION. 0 s
Heater volts (ac/dc), 3.15; amperes, <)

0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts: heater negative
with respect to cathode, 300 mazx; 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 identical with miniature type 6CF6.

PENTAGRID AMPLIFIER

Miniature type used as gated am-
3 CS6 plifier in television receivers employing
Related types: series-connected heater strings. Out~

4Cs6, 6CS6 line 7B, OUTLINES SECTION.

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

0.6; warm-up time (average), 11 seconds. Except for heater ratings, this type is
identical with miniature type 6CS6.
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SHARP-CUTOFF TETRODE

Miniature type used as rf ampli-
fier in vhf tuners of television receiv-
ers employing series-connected heater
strings. Outline 7B, OUTLINES SEC-
TION. Heater volts (ac/dc), 2.9; am-

3CY5

Related types:

2CY5, 4CY5, 6CYS

peres, 0.45; warm-up time (average), 11 seconds. Except for heater ratings, this

type is identical with miniature type 6CY5.

I3

®°  FULL-WAVE VACUUM RECTIFIER

G) Glass octal type used as power
supply in television receivers and other

'c (?)Po1 equipment having high dc require-
ments. Outline19D, OUTLINESSEC-

TION. Tube requires octal socket and

3DG4

F
may be operated in any position. It is especially important that this tube, like
other power-handling tubes, be adequately ventilated. For discussion of Rating
Chart, refer to INTERPRETATION OF TUBE DATA. Filament volts (ac/dc),

3.3; amperes, 3.8.

FULL-WAVE RECTIFIER
Maximum Ratings, (Design-Mazximum Values):

PEAK INVERSE PLATE VOLTAGB. . .............. e ceesrenene
PEAK PLATE CURRENT (PerPlate). . ...........coioiiiiiiiiiiiinnnes .e
HoT-SWITCHING TRANSIENT PLATE CURRENT (Per Plate).......... e .
AC PLATE SUPPLY VOLTAGE (Per Plate, rms).............ovvieuenennns .
DC OutpuT CURRENT (PerPlate) . . ............ciiiiiiiniinnnnn, Ceeeee
BuLB TEMPERATURE (at hottest point on bulb surface)........cc00eereeon

RATING CHART

T T

w TYPE_3DG4 1 l l l l |

B E4=3.3 VOLTS AC

s MAXIMUM OPERATING VALUES WITH:

: o

CITOR-I ILTER

w 2501240 e

» F A s\
] I

oo —t—

§ i EN C

2 1 (RN

3 150|

g e L L TN

- | | D

5 00— 1

S I I

3 50 } {

8 1 1

433 325 375|6

[s] 100 200 300 400
AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD)
92CS~10982T

Typical Operation with Capacitor Input to Filters

AC Plate-to-Plate Supply Voltage (rms)....... ceeecomomseasesrnsnesee
Filter-Input Capacitor®...................... ce e meneaeeeeaaanes ceeen
Effective Plate-Supply Impedance per Plate. . .ceeeseeernnnernnn cersenee
DC Output Voltage at Input to Filter (Approx.):

At full-load current 0f 850 ma..........iveveenseiecrssnsscsscensos

Characteristics:
Tube Voltage Drop for plate current of 8350 ma (per plate)........co.ut e

1050 mazx

volts

1.2 mar amperes
6.6 mar amperes
See Rating Chart
See Rating Chart

200 maz

25

°C

volts
uf
ohms

volts

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 peak plate currgxt.
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SHARP-CUTOFF PENTODE

Miniature types used as interme-
3 DK6 diate-frequency amplifier in television
Related types: receivers. Outline 7B, OUTLINES

6DK6, 12DK6 SECTION. Heater volts (ac/dc), 3.15,

amperes. 0.6; warm-up time (average),

11 seconds, Peak heater-cathode volts: heater negative with respect to cathode,

300 maz; heater positive with respect to cathode, 200 max (the dec component must

not exceed 100 volts). Except for heater and heater-cathode ratings, this type is
identical with miniature type 6 DK6.

SHARP-CUTOFF PENTODE
3DTé6

Miniature types used as FM de-
3 DT6 A tector in television receivers employing
Related types: series-connected heaterstrings. Outline
4DT6A, 6DT6A 7B, OUTLINES SECTION. Heater
volts (ac/de), 38.15; amperes, 0.6;

warm-up time (average), 11 seconds. Except for heater ratings, these types are
identical with miniature types 6DT6 and 6DT6-A, respectively. Type 3DT6 is a

DISCONTINUED type listed for reference only. H K
4 5
MEDIUM-MU TRIODE . s
3 pam sy 6
Miniature type used as a local- -
3DZ4 oscillator tube in uhf television re- 5 N
Related types: ceivers covering the frequency range  6~'\ N (4
2DZ4, 6DZ4 from 470 to 890 megacycles and em- |
ploying series-connected heaterstrings. P

Outline 7A, OUTLINES SECTION. Heater volts (ac/dc), 3.2; amperes, 0.45;
warm-up time (average), 11 seconds. Peak heater-cathode volts, 180 max (the dc com-
ponent must not exceed 100 volts when heater is positive with respect to cathode).
Except for heater and heater-cathode ratings, this type is identical with minjature

type 6DZ4.
SHARP-CUTOFF PENTODE
Miniature type used as rf ampli-
3 E A 5 fier in vhf tuners of television receivers
Related type: having series-connected heater strings.
6EAS Outline 7B, OUTLINES SECTION.

Heater volts (ac/dc) 2.9; amperes, )
0.45; warm-up time (average), 11 seconds. Except for heater ratings, this type is
identical with miniature type 6EAS5.

SEMIREMOTE-CUTOFF PENTODE

Miniature type used as if-ampli-

fier tube in television receivers. Out-

3 EH 7 line8C,0UTLINESSECTION.Heater
volts (ac/dc), 8.4; amperes, 0.6; Except

Related types: . . PO .

for heater ratings, this type isidentical
AEH7, GEH7 with miniature type 6EH7.

SHARP-CUTOFF PENTODE
Miniature type used as if-ampli-
fier tube in television receivers.Outline
3EJ7 8C, OUTLINES SECTION. Heater
Related types: volts (ac/de), 8.4; amperes, 0.6. Ex-
4EJ7, 6E)7 cept for heater ratings, this type is

identical with miniature type 6EJ7.
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HIGH-MU TRIODE

Miniature type with frame grid
used in vhf tuners of television re-

ceivers. Outline 7B, OUTLINES SEC- 3ER5
TION. Heater volts (ac/dc), 2.8; am- Related types:
peres, 0.45. Except for heater ratings, 2ERS, GERS
this type is identical with miniature
type 6ERS5.
HIGH-MU TRIODE

Miniature type used as rf-ampli-
fier tube in vhf tuners of television re- 3FH5
ceivers employing series-connected Related types:
heaterstrings. Outline 7B, OUTLINES 2FHS, 6FH5

SECTION. Heater volts (ac/dc), 3;
amperes, 0.45; warm-up time (average), 11 seconds. Except for heater ratings, this
type is identical with miniature type 6FH5.

HIGH-MU TRIODE

Miniature type with frame grid

used as grounded-cathode rf-amplifier 3GK5
tube in vhf tuners of television re- Related type:
ceivers employing series-connected 2GK5, 6GK5

heaterstrings. Outline 7B, OUTLINES

SECTION. Heater volts (ac/dc), 2.8; amperes, 0.45; warm-up time (average), 11

seconds. Except for heater ratings, this type is identical with miniature type 6GKS5.
H

SHARP-CUTOFF TWIN PENTODE 3658/

Miniature type used as combined
sync separator, syne clipper, and age 3BU8
amplifier tube in television receivers Related type:
employing series-connected heater 4GS8/4BUS
Kils 63p) strings. Outline 8D, OUTLINES SEC-
TION. Heater volts (ac/dc), 3.15; amperes, 0.6. Except for heater ratings, this
type is identical with miniature type 4GS8/4BUS.

HIGH-MU TRIODE

Miniature type used as rf-ampli-
fier tube in vhf television tuners. Out-

line 7A, OUTLINES SECTION. 3HAS
Heater volts (ac/dc), 2.7; amperes, Related type:
0.45. Except for heater ratings, this CHAS |
type is identical with miniature type

6HAS.

Miniature type used in age am-

plifier, sync, and noise-limiting cir- 3H58
cuits of television receivers employing Related types:
_ series-connected heater strings. One 4HS8, 6HS8
K Gapy pentode unit is used as a combined

sync separator and sync clipper; the other pentode unit is used as the age amplifier.
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Outline 8D, OUTLINES SECTION. Heater volts (ac/dc), 3.15; amperes, 0.6;
warm-up time (average), 11 seconds. Except for heater ratings, this type ‘s identical
with miniature type 6HSS.

SHARP-CUTOFF PENTODE

Miniature type with frame grid
3JC6 used in if-amplifier stages of television
Related types: receivers utilizing intermediate fre-

4JC6, 6JC6 quencies in the order of 40 megacycles

and employing series-connected heater
strings. Outline 8B, OUTLINES SECTION. Heater volts (ac/dc), 3.5; amperes,
0.6; heater warm-up time (average), 11 seconds. Except for heater ratings, this
type is identical with miniature type 6JC6.

SHARP-CUTOFF PENTODE

Miniature type used as if-ampli-
3JD6 fier tube in television receivers utiliz-
Related types: ing intermediate frequencies in the or-

4JD6, 6JD6 der of 40 megacycles and employing

series-connected heater strings. Out-
line 8B, OUTLINES SECTION. Heater volts (ac/dc), 8.5; amperes, 0.6; warm-up
time (average), 11 seconds. Except for heater ratings, this type is identical with
minijature type 6JD6.

BEAM POWER TUBE

Glass lock-in type used in output stage of
ac/dc /battery portable receivers. Outline 13A,
3LF 4 OUTLINES SECTION. Tube requires lock-in
socket. Filament volts (de), 1.4 (parallel), 2.8
(series); amperes, (.1 (parallel), 0.05 (series).
For electrical characteristics, refer to glass-octal
type 8Q5-GT. Type 3LF4 is used principally
for renewal purposes.

POWER PENTODE

Miniature type used in outpu: stage of
lightweight, compact, portable battery-operated
3 Q 4 equipment. Outline7B, OUTLINESSECTION.
Except for terminal connections, types 3Q4 and
8V4 are identical. Refer to type 3V4 for ratings
and typical operation. Type 8Q4 is used prin-
cipally for renewal purposes.

BEAM POWER TUBE

Glass octal type used in output stage of

ac /dc battery portable receivers. Outline 14C,

OUTLINES SECTION. This type may be sup-

3Q 5 GT plied with pin 1 omitted. Filament volts (dc),
2.8 in series filament arrangement and 1.4 in

parallel arrangement; amperes. 0.05 (series),

0.1 (parallel). Typical operation as Class A

amplifier: plate and grid-No.2 volts, 110 maz;

grid-No.1 volts, -6.6; peak af grid-No.1 volts,

6.1 (series), 5.4 (parallel) ; plate ma., 8.5 (series), 10 (parallel) ;grid-No.2 ma., 1.1 (series), 1.4 (parallel);
total cathode ma., 6 maz for each 1.4-volt filament section; plate resistance (approx.), 0.11 megohm
(series), 0.1 megohm (parallel); transconductance, 2000 umhos (series), 2200 umhos (parallel); load
resistance, 8000 ohms; total harmonie distortion, 8.5 per cent (series), 6 per cent (parallel); max.-signal
power output, 830 mw (series), 400 mw (parallel). This type is used principally ‘or renewal purposes.
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POWER PENTODE

Miniature type used in output stage of
lightweight, compact, portable, battery-oper-
ated equipment. Outline 7B, OUTLINES SEC-
TION. Tube requires miniature seven-contact 3S4
socket. Filament volts (dc), 2.8 (series), 1.4
(parallel) ; amperes, 0.05 (series); 0.1 (parallel).
Typical operation as class A; amplifier: plate
and grid-No.2 volts, 67.5 (90 maz); grid-No.1
volts, —7; peak af grid-No.1 volts, 7; zero-signal
plate ma., 6 (series) 7.2 (parallel); zero-signal grid-No.2 ma., 1.2 (series), 1.5 (parallel) ; plate resistance
(approx.); 0.1 megohm; transconductance, 1400 umhos (series), 1550 ymhos (parallel) ; load resistance,
5000 ohms; maximum-signal power output, 160 milliwatts (series), 180 milliwatts (parallel). This type
is used principally for renewal purposes.

POWER PENTODE

Miniature type used in output stage of
lightweight, compact, portable, battery-oper-
ated equipment. Outline 7B, OUTLINES SEC-
TION. Tube requires miniature seven-contact
socket. Filament volts (dc), 2.8 (series), 1.4 3V4
(parallel); amperes, 0.05 (series), 0.1 (parallel).
Typical operation as class A; amplifier; plate
and grid-No.2 volts, 90 (100 maz); grid-No.1
volts, —4.5; peak af grid-No.1 volts, 4.5; zero-
signal plate ma., 7.7 (series), 9.5 (parallel); grid-No.2 ma., zero-signal, 1.7 (series), 2.1 (parallel); plate
resistance (approx.), 0.12 megohm (series), .1 megohm (parallel); transconductance, 2000 pmhos
(series), 2150 umhos (parallel); load resistance, 10000 ohms; maximum-signal power output, 240 milli-
watts (series), 270 milliwatts (parallel). This type is used principally for renewal purposes.

H P
L9 .  SHARP-CUTOFF PENTODE
9‘ O Miniature type used as rf ampli- 4 AU 6
‘ fier in television receivers employing
G3 O« series-connected heater strings.Outline Related types:
SN0 7B, OUTLINES SECTION. Heater ~ 3AU6 6AU6A, 12AU6
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, 200 max; heater positive with respect to cathode, 200 max
(the de component must not exceed 100 volts). Except for heater and heater-cath-
ode ratings, this type is identical with miniature type 6AUS.

TWIN DIODE—HIGH-MU TRIODE

Miniature type used as combined
detector, amplifier, and ave tube in 4AV6
automobile and ac-operated radio re- Related types:
ceivers employing series-connected 3AV6, 6AV6, 12AVE

heater strings.Outline 7B,OUTLINES
SECTION. Heater volts (ac/de), 4.2; amperes, 0.45; warm-up time (average), 11
seconds. Except for heater ratings, this type is identical with miniature type 6AV6.

SHARP-CUTOFF PENTODE

Miniature type used in compact
radio equipment as an rf or if amplifier 4BC5
at frequencies up to 400 megacycles Related types:
per second. Outline 7B, OUTLINES 3BC5, 6BC5

SECTION. Heater volts (ac/dc), 4.2;
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amperes, 0.45; warm-up time (average), 11 seconds. Peak heater-cathode volts:
heater negative with respect to cathode, 200 max; heater positive with respect to
cathode, 200 max (the dc component must not exceed 100 volts). Except for heater
and heater-cathode ratings, this type is identical with miniature type 6BC5.

H
MEDIUM-MU TWIN TRIODE O
Miniature type used in direct- *"2(3) Nl
4BC8 coupled cathode-drive rf amplifier cir-
Related type: cuits of vhf television tuners employ- ord -

6BC8 ing series-connected heater strings.

Outline 8B, 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 6BC8.

PT3 1S

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in frequency-
4BL8 changer service in television receivers.
Related type: Outline 8B, OUTLINES SECTION,

' 6BL8 Heater volts (ac/dc), 4.6; amperes, 0.6

Except for heater ratings, this type is
identical with miniature type 6BLS.

BEAM TUBE
Miniature type used as combined
4BN6 limiter, discriminator, and audio-volt-
Related types: age amplifier in intercarrier television
3BN6, 6BN6 and FM receivers employing series-

connected heater strings. Outline 7C,
OUTLINES SECTION. Heater volts (ac/dc), 4.2; amperes, 0.45; 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 6BN6.

H
MEDIUM-MU TWIN TRIODE ®
Miniature type used in direct- "72(3) CT
4BQ7 A coupled cathode-drive rf amplifier cir-
Related types: cuits of vhf television tuners employ- . 3! k1,
5BQ7A, 6BQ7A ing series-connected heater strings.

PT2 s

Outline 8B, OUTLINES SECTION.
Heater volts (ac/dc), 4.2; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater ratings, this type is identical with miniature type 6BQ7-A.

MEDIUM-MU TWIN TRIODE

Miniature type used in direct- %T2(3) ( $T

4858 coupled cathode-drive rf amplifier cir-
Related type: cuits of vhf television tuners employ- o s
6BS8 ing series-connected heater strings. : !

Outline 8B, OUTLINES SECTION. PT3 3
Heater volts (ac/dc), 4.5; amperes, 0.6; warm-up time (average), 11 seconds.
Exeept for heater ratings, this type is identical with miniature type 6BS8.
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SHARP-CUTOFF TWIN PENTODE

Miniature type used as combined
syne separator, sync clipper, and age 4BU8
amplifier tube in television receivers Related types:
employing series-connected heater 3BUS, 6BUS

strings. Outline 8D, OUTLINES SEC-
TION. Heater volts (ac/dc), 4.2; amperes, 0.45; warm-up time (average),11 seconds.
Except for heater ratings, this type is identical with miniature type 6BUS.

SEMIREMOTE-CUTOFF PENTODE

Miniature type used in gain-con-
trolled video if stages of television re- 4BZ6
ceivers employing series-connected Related types:
heater strings. Outline 7B, OUT- 3BZ6, 6BZ6, 12BZ6
LINES SECTION. Heater volts
(ac/de), 4.2; amperes, 0.45; warm-up time (average), 11 seconds. Except for heater
ratings, this type is identical with miniature type 6 BZ6.

H

MEDIUM-MU TWIN TRIODE

Miniature type used in direct-

coupled cathode-drive rf amplifier cir- 4BZ7
cuits of vhf television tuners employ- Related type:
ing series-connected heater strings. 6BZ7

Outline 8B, OUTLINES SECTION.
Heater volts (ac/dc), 4.2 amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater ratings, this type is identical with miniature type 6BZ7.

H P
OBNO SHARP-CUTOFF PENTODE
H(3) O Miniature type used as if and as
\ ‘ rf amplifier in television receivers em- 4CB6
“ TEN Ga ploying series-connected heater strings. Related types:
0 1S Qutline 7B, OUTLINES SECTION. 3CB6, 6CB6, 6CB6A
G Heater volts (ac/de), 4.2; amperes,

0.45; warm-up time (average), 11 seconds. Peak heater-cathode volts: heater nega-
tive with respect to cathode, 300 max (the dc component must not exceed 200
volts); 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
identical with miniature types 6CB6 and 6CB6-A.

PENTAGRID AMPLIFIER
Miniature type used as a gated

amplifier in television receivers. In 4CS6
such service, it may be used as a com- Related types:
bined sync separator and sync clipper. 3CS6, 6CS6

Outline 7B, OUTLINES SECTION.
Heater volts (ac/dc), 4.2; amperes, 0.45; warm-up time (average), 11 seconds. Ex-
cept for heater ratings, this type is identical with miniature type 6CS6.

H P

SHARP-CUTOFF TETRODE
Miniature type used as rf ampli-

fier in vhf tuners of television receivers 4CY5
employing series-connected heater Related types:
strings. Outline 7B, OUTLINES SEC- 2CY5, 3CY5, 6CY5

TION. Heater volts (ac/dc), 4.5; am-
peres, 0.3; warm-up time (average), 11 seconds. Except for heater ratings, this type
is identical with miniature type 6CY5.
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SHARP-CUTOFF PENTODE

Miniature type used in the gain-

controlled picture if stages of television 4D E6
receivers utilizing an intermediate fre- Related type:
quency in the order of 40 megacycles 6DE6

per second. Also used as an rf amplifier

in vhf television tuners. Outline 7B, OUTLINES SECTION. Heater volts (ac/dc),
4.2; amperes, 0.45; warm-up time (average), 11 seconds. Except for heater ratings,
this tube is identical with miniature type 6 DES6.

SHARP-CUTOFF PENTODE
Miniature types used as FM de- 4DT6

tector in television receivers employing 4DT6 A
series-connected heater strings. Qutline Related types:

7B, OUTLINES SECTION. Heater 3DT6A, 6DT6A
volts (ae/de), 4.2; amperes, 0.45;

warm-up time (average), 11 seconds. Except for heater ratings, these types are
identical with miniature types 6DT6 and 6DT6-A, respectively. Type 4DT6 is a
DISCONTINUED type listed for reference only.

SEMI REMOTE-CUTOFF PENTODE

Miniature type used as if-ampli-
fier tube in television receivers. Out-
line8C,OUTLINES SECTION. Heat- 4EH7
er volts (ac/de), 4.4; amperes, 0.45;
Except for heater ratings, this type is

Related types:

identical with miniature type 6EHT. 3EN7, 6EH7
SHARP-CUTOFF PENTODE
Miniature type used as if-ampli-
fier tube in television receivers. Outline 4 EJ 7
8C, OUTLINES SECTION. Heater Related types:
volts (ac/dc), 4.4; amperes, 0.45. Ex- 3EJ7, 6EJ7

cept for heater ratings, this type is
identical with miniature type 6EJ7.

VARIABLE-MU TWIN TRIODE

Miniature type used in direct-
coupled cathode-drive rf amplifier cir- 4E58
cuits of television receivers employing Related type:
series-connected heater strings. Out- 6ES8

! line 8B, OUTLINES SECTION.
Heater volts (ac/dc), 4; amperes, 0.6; warm-up time (average), 11 seconds. Except
for heater ratings, this type is identical with miniature type 6ES8.

SHARP-CUTOFF PENTODE

H G2 Miniature type used in the gain-
\‘ controlled picture-if stages of vhf tele- 4EW6
W e vision receivers operating at an inter- Related types:
s mediate frequency in the order of 40 5EW6, 6EW6

c megacycles per second. Outline 7B,

OUTLINES SECTION. Heater volts (ac/dc), 4.2; amperes, 0.6; warm-up time
(average), 11 secongs, Except for heater ratings, this type is identical with minia-~
ture type 0W6,
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SHARP-CUTOFF TWIN PENTODE

Miniature type used as combined
sync separator, sync clipper, and age
amplifier tube in television receivers

O ® employing series-connected heater
KIS G3py strings. Outline 8D, OUTLINES SEC-

4GS8
/4BUS8

Related type:
3GS8/3BUS

TION. Tube requires miniature nine-contact socket and may be mounted in any

position.

HEATER VOLTAGE (AC/DC)
HEATER CURRENT. . ..oovvvrrenns
HEATER WARM-UP TIME (Average)...
DIRECT INTERELECTRODE CAPACITANCES
Grid No.3 to Plate (Each Unit)........ooivuinnnrieeeennnnnnnnens ..
Grid No.1 to All Other Electrodes. . ......vieviieriiienneennennnnas
Grid No.8 to All Other Electrodes (Each Unit)............... .0
Plate to All Other Electrodes (Each Unit)..........ccccvviiiennnns
Grid No.8 of Unit No.1 to Grid No.3 of Unit No.2..................

CLASS A; AMPLIFIER
Maximum Ratings, (Design-Mazimum Values):

PLATE VOLTAGE (BEach Unit). . .......ooiiiriiiiiiiiiiiiinnnnnns eeee
GRID-N0.3 (SUPPRESSOR-GRID) VOLTAGE (Each Unit):
Peak positive valte........ovvviitiiiiiiiierrrrrniinaaaeaanns e
DC negativevalue..............ccvvinunnnnns

DCopositivevalue, ... .......coiiiiiiiiiiiiiiiiinnaeeenn e
GRID-NO0.2 (SCREEN-GRID) VOLTAGE
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Negative bias value.............. ..
CATHODE CURRENT. . . oottt itttnteenneonneoannneennnennnoesansesnns
GRID-NO.2 INPUT . ., . tttiteiannnnnnneenneannnns
PLATE D1ssIpATION (BEach Unit).............vuten .
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.........coovven .. [

Heater positive with respect to cathode..............c.u..e e

Characteristics: With Both Units Operating

Plate Voltage (Each Unit)...........coooiiiiiiiiiia.n. 100
Grid-No.3 Voltage (Each Uni e
Grid-No.2 Voltage............ e 67.5
Grid-No.1 Voltage.......... .
Plate Current (Each Unit) -
Grid-No.2 Current. . . ...oovvuvveiiiiniinnnnnns g

Plate Voltage.......... e e, 100
Grid-No.8 Voltage.....covviiieniieieiinnonneeans 0
Grid-No.2 Voltage
Grid-No.1 Voltage
Grid-No.8 Transconductance. .. ........ooeveeeeeeeennnns . =
Grid-No.1 Transconductance. . ...........coouevveinneennn. 1200
Plate Current...... T -
Grid-No.3 Voltage (Approx.) for plate current of 100 pa..... . -
Grid-No.1 Voltage (Approx.) for plate current of 100 pa...... -

Maximum Circuit Valves:

Grid-No.3-Circuit Resistance (Each Unit)..... Cheerereraareeeraaas eeen
Grid-No.1-Circuit Resistance. ................. e

°The de component must not exceed 100 volts.
® Adjusted to give a de grid-No.1 current of 100 microamperes.
® With plate and grid No.3 of the other unit connected to ground.

POWER PENTODE

Miniature type used in audio out-
put stages of radio and television re-
ceivers employing series-connected
heaterstrings. Outline 7B, OUTLINES
SECTION. Tube requires miniature

£00 max

50 max
=50 mazx
& max
150 max
-60 max
12 max
0.75 max
1.1 maz

200 max
200°max

-8.7
-2

volts
ampere
seconds

volts

volts
volts
volts
volts
volts
ma
watt
watts

volts
volts

volts
volts
volts
volts
ma
ma
ma

volts
volts
volts
volts
pmhos
wumbhos
ma
volts
volts

0.5 maxz megohm
0.5 mar megohm

4GZ5

seven-contact socket and may be mounted in any position. Heater volts (ac/dc), 4;

amperes, 0.6; warm-up time (average), 11 seconds.
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CLASS A; AMPLIFIER

Maximum Ratings, (Design-Maximum Values):
PLATE VOLTAGE. .4t eettsentnuttnsaeeuneessensessmmessosenennsensenns
GRID-NO.2 (SCREEN-GRID) VOLTAGE & s+ et vvveneneanononernnnenenens
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive-bias value.
AVERAGE CATHODE CURRENT
PLATE DISSIPATION.......
GRID-NO.2 INPUT. ¢ ot vvveveneneneanenennenancnennsnsnenes
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode......veuenreeeneneenennn.

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

R R R I PPN REEE)

DI R P S S

Typical Operation:
PlateSupplyVoltage.................................... 250
Grid-No.2 Supply Voltage......couovvnrennensn. 250

Cathode-Bias Resistor. ........coovvvnennenn. 270
Peak AF Grid-No.1 Voltage. ...oovvvueeeenrennrnnrennnnan 9.8
Zero-Signal Plate Current. . ...vveeeeennnnnerereeennnnnns . 16
Maximum-Signal Plate Current........... ettt 16
Zero-Signal Grid-No.2 Current. ... ..oooeeeeeenenarnnenn.n . 2.7
Maximum-Signal Grid-No.2 Current.......ooeveveeennnn. 5]
Plate Resistance (ADProX.) e eeeeeeeeeeerenns -
Transconductance,...... -
Load Resistance.,....... 15000
Total Harmonic Distortion. coeeeeeieveeenrneeneenrenenns 10
Maximum-Signal Power OutPut.e.eeeeereeeeeerrernnnnnnes 1.8

Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. ...cueeeeeiereeiiieeeersessssscsnnnnnnns
For cathode-bias operation............... sessssceeccrsransecesse
® The dc component must not exceed 100 volts.
® Bypassed.

SHARP-CUTOFF PENTODE

Miniature type with frame grid

4HM6 used in the if-amplifier stages of tele-
vision receivers employing series-con-

nected heaterstrings.Outline8B,0UT-
LINESSECTION. Tuberequires min-

300 mazx volts
800 max volts
0 max volts
30 mazx ma
4.8 max watts
1.1 mazx watts
200 mazx volts

200"max volts
200 max °C

250 volts
250 volts
270° ohms
2 volts

16 ma

16 ma
2.7 ma
b ma
0.15 megohm
8400 pmhos
15000 ohms
10 per cent
1.1 watts

0.5 max megohm
1 max megohm

iature nine-contact socket and may be mounted in any position. Heater volts
(ac/de), 4.2; amperes, 0.45; warm-up time (average). 11 seconds.

CLASS A: AMPLIFIER
Maximum Ratings, (Design-Maximum Values).

PLATE VOLTAGE......vovuvnn.
GRID-NO0.2 (SCREEN-GRID) SUPPLY VOLTAGE. cecscncnna cesese ceesenens ..
GRID-NO.2 VOLTAGE. . sttt vivtttenannnnneseessososassnnnnnsses eeaaee
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Negatlve-bms value....ooiiviiiiee
CATHODE CURRENT..... e TR cesesscssesesnsssseseennes .
PLATE DISSIPATION. .t ovvvvvteeereeerinnannnss sesseressses ceseccssses
GRID-NoO.2 INPUT:

For grid-No.2 voltages up t0 125 voltS. s v.veuiierererrcernncennanns

For grid-No.2 voltages between 125 and 150 VoltS. ..vveeeeeronnecson
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.......... cecsoase cesecescam

Heater positive with respect to cathode....c.eveeerrrerccssssesoson

Characteristics:

Plate Supply Voltage. . .oveeeteeeereissrsssssasssssssssssssssscsssns
Grid Ne.3 (Suppressor Grid).
Grid-No.2 Supply Voltage......coc0une
Cathode-Bias Resistor. ....cveveeennss
Plate Resistance (Approx.).
Transconductance. ....
Plate Current.........
Grid-No.2 Current,......... ..
Grid-No.1 Voltage (Approx.) ior transconductance of 100 umhoS. ¢ v« oo 0 ome

116

250 maz volts
250 max volts
See curve page 70
=60 max volts
25 max ma

2.5 max watts

0.6 max watt
See curve page 70

200 max volts
200" mazx volts

teesseesscsssssssssssss Connected to cathode at socket

125 volts
volts

56 ohms
0.156 megohm
15000 pmhos
13 ma
8.2 ma
-3 volts
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Maximum Circuit Values:

Grid-No.1-Circuit Resistance:
For fixed-bias operation. ......oeviuienieieniieeirsesiacansessonne
For cathode-bias operation. ..........ovviiueeenereneennceenncenns

® The de component must not exceed 100 volts.
H

SHARP-CUTOFF TWIN PENTODE

Miniature type used in age am-
plifier, syne, and noise-limiting circuits
PP, of television receiversemploying series-
connected heater strings. One pentode
K Gapy unit is used as a combined sync sepa-

0.26 maxr megohm
1 max megohm

4HS8

Related types:
3HS8, 6Hs8

rator and sync clipper; the other pentode unit is used as the age amplifier. Outline
8D, OUTLINES SECTION. Heater volts (ac/dc), 4.2; amperes, 0.45; warm-up
time (average), 11 seconds. Except for heater ratings, this type is identical with

miniature type 6HSS8.

). SEMIREMOTE-CUTOFF PENTODE

o4 Miniature type with frame grid
used in the if-amplifier stages of tele-
2. Vision receivers employing series-con-
nected heaterstrings.Outline 8B,0UT-
¢ui8  LINESSECTION. Tuberequlresmm-

4HT6

iature nine-contact socket and may be mounted in any position. Heater volts
(ac/de), 4.2; amperes, 0.45; warm-up time (average), 11 seconds.

CLASS A; AMPLIFIER

Maximum Ratings, (Design-Mazximum Values):
PLATE VOLTAGH. s 4 ettt voeenuunansoesssnnastossansssosssnsssesnsnnnsas 250 maz volts
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGH. ¢ s cceeenrccassnseenanancnns 250 max volts
GRID-NO.2 VOLTAGH. ¢ .t tvvcvvsesensssecssoesessssesasasasnssasnnnnos See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Negative-bias value. ~50 max volts
CATHODE CURRENT. . 25 maz ma
PLATE DISSIPATION. , 2.5 maz watts
GRID-NO.2 INPUT:

For grid-No.2 voltages up to 125 volts. ............. cesesesacnnans . 0.6 maz watt

For grid-No.2 voltages between 125 and 250 volts. ....conuunennnn.n . See curve page 70
PEAK HEATER-CATHODE VOLTAGH:

Heater negative with respect to cathode............cccoviiiiiinen.n . 200 max volts

Heater positive with respect to cathode.....ccoveeevieieecennns . 200"max volts
Characteristics:
Plate Supply Voltage....... 125 volts
Grid-No.3 (Suppressor Gr Connected to cathode at socket
Grid-No.2 Supply Voltage.... 1256 volts
Cathode-Bias Resistor. .. .. 56 ohms
Plate Resistance (Approx.). 0.1483 megohm
Transconductance..... 14000 umhos
Plate Current....... 15 ma
Grid-No.2 Current. ..... ma
Grid-No.1 Voltage (Appro: -4.5 volts

Maximum Circuit Values:

Gnd-No.l-Clrcuit Resistance:
For fixed-bias operation............... v ereettetttrarasrenan -
For cathode-bias operation...........ccooiiinnnen tecsceesennas -

® The dc component must not exceed 100 volts,
H

SHARP-CUTOFF PENTODE

Miniature type with frame grid
used in if-amplifier stages of television
receivers utilizing intermediate fre-
quencies in the order of 40 megacycles
and employing series-connected heater

0.25 maxr megohm
1 maz megohm

4JC6

Relaied types:
3JC6, 6JC6

strings. Outline 8B, OUTLINES SECTION. Heater volts (ac/dc), 4.5; amperes,
0.45; warm-up time (average), 11 seconds. Except for heater ratings, this type is

identical with minjature type 6JC6.

117

v



= = RCA Receiving Tube Manual

SHARP-CUTOFF PENTODE
Miniature type used as if-ampli- XG) \'0

4J D6 fier tube in television receivers utiliz-

Related types: ing intermediate frequencies in the or- o 2

3JD6, 6JD6 der of 40 megacycles and employing !
series-connected heater strings. Out- K Gl

line 8B, OUTLINES SECTION. Heater volts (ac/dc), 4.5; amperes, 0.45; warm-up
time (average), 11 seconds. Except for heater ratings, this type is identical with
miniature type 6JD6.

DIODE—SHARP-CUTOFF
PENTODE
Miniature type used in diversified
5 AM8 applications in television receivers em-
Related type: ploying series-connected heater strings.
6AMSA The pentode unit is used as an ampli-

fier and the high-perveance diode as a
detector or dec restorer. Outline 8B, OUTLINES SECTION. Heater volts (ac/dc),
4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater ratings,
this type is identical with miniature type 6AMS8-A.

MEDIUM-MU TRIODE— H_ (5 Pe
SHARP-CUTOFF PENTODE ®r S < G2e
Miniature type used in a wide 2 [2-f:2 !
5 AN 8 variety of applications in televisionre- _ (2 ON
Related type: ceivers employing series-connected > 2 ®
6ANBA heater strings. The pentode unit is used 2 G3p_kp
as an amplifier and the triode unit is 15

used in oscillator or sync circuits. Outline 8B, OUTLINES SECTION. Heater volts
(ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater
ratings, this type is identical with miniature type 6ANS.

BEAM POWER TUBE

Miniature type used as audio am-

5 AQ 5 plifier in television receivers employing

R series-connected heater strings. Out-

ohasn veas  line 7C, OUTLINES SECTION.

Heater volts (ac/dc), 4.7; amperes, 0.6;

warm-up time (average), 11 seconds. Except for heater ratings, this type is
identical with miniature type 6AQ5-A.

Poz Ne

FULL-WAVE VACUUM RECTIFIER

P
5AS4 Glass octal types used in power ' G ok
5 AS 4 A supply of television receivers having
high de requirements. Type 5AS4-A, 9‘ OW
Outline 19C, OUTLINES SECTION. ORIO
Type 5AS4 maximum dimensjons: NE G
over-all length, 5-1/8 inches; seated height, 4-9/16 inches; diameter, 2-1/16 inches.
Type 5A84-A may be supplied with pins 8, 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 (ac), 5.0; am-

peres, 3.0. For maximum ratings, typical operation, and curves, refer to type
5U4-GB. Type 5AS4 is a DISCONTINUED type listed for reference only.
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DIODE—SHARP-CUTOFF
PENTODE
Miniature type used in diversified
applications in television receivers em- 5 ASB
ploying series-connected heater strings. Related type:
The pentode unit is used as an ampli- 6AS8

fier and the high-perveance diode as a

detector or dc restorer. Outline 8B, OUTLINES SECTION. Heater volts (ac/dc),
4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater ratings,
this type is identical with miniature type 6AS8.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

G Miniature type used as combined
oscillator and mixer tube in television 5 AT8
(8)csp receivers employing series-connected Related type:
heaterstrings. Outline 8B, OUTLINES 6ATSA

SECTION. Heater volts (ac/dec), 4.7;
amperes, 0.6; warm-up time (average), 11 seconds. Except for heater ratings, this
type is identical with miniature type 6AT8-A.

fo Ne

QRO FULL-WAVE VACUUM RECTIFIER

NC e F’D|
Glass octal type used as power

supply in television receiversand other 5 AU4

9‘ Dne equipment having high de require-
ORIO ments. Maximum dimensions: over-all
NC F length, 4-8/4 inches; seated height,

4-3/16 inches; diameter, 1-11/16 inches. Tube requires octal socket and must be
used in vertical position; horizontal operation is permissible only if pins 2 and 4
are in vertical plane, It is especially important that this tube, like other power-
handling tubes, be adequately ventilated. Filament volts (ac/de¢), 5; amperes, 3.75.
For discussion of Rating Chart, refer to INTERPRETATION OF TUBE DATA.

FULL-WAVE RECTIFIER

Maxi Ratings, (Design-Center Values):
PEAK INVERSE PLATE VOLTAGE. .. .tvtttieeeerannssesssssccsssssssaene 1400 maz volts
PEAK PLATE CURRENT (Per Plate).........ccovveiiiniennececnenannenes N 1075 maz ma

HOT-SWITCHING TRANSIENT PLATE CURRENT
(Per Plate), maximum duration 0.2 second
AC PLATE SUPPLY VOLTAGE (Per Plate, rms).............

5.25 mar amperes
See Rating Chart

DC OUTPUT CURRENT (Per Plate)..cuuiiivereriininrireneeesecnnnnnes . See Rating Chart
RATING CHART
T ¥ l
w [ T1veE 5AU4 |
5 Eje8 TS AC
2 MAXIMUM OPERATING VALUES WITH:
— CHOKE=INPUT FE.TER

e rCAPACITOR-®PUT FILTER
Y 2s0
2 120

02_la
§ ZOOrF-—JT o <
s be2sy_ L I R Dy, ey S I
5 150 } E C
2 | ~
I 0 U O O I A P
s 100 1 D
a
3 |
3 59 :
Q 58
e 1 s}

o 100 200 300 400 500
AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOgg LOAP)
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Typical Operation:

Filter Input Capacitor Choke
AC Plate-to-Plate Supply Voltage (rms)................... 600 800 1000 volts
Filter-Input Capacitor. .................ccuiiiiiinnnnn... 40 40 - uf
Effective Plate Supply Impedance per flate. . .............. 30 50 - ohms
Filter-Input Choke. .......... ...ttt - - 10 henries
DCOutput Current. . ......ovvivieeeeennnnenneeeennnnns 350 325 325 ma
DC Output Voltage at Input to Filter (Approx.)............ 275 396 895 volts
Characteristics, Instantaneous Value:
Tube Voltage Drop for plate current of 350 ma (per plate).......... reeon 50 volts
MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE n
P
Miniature type used in a wide )
5 AVS variety of applications in television re- "T@)] (D3R®
ceivers employing series-connected
heater strings. Outline 8B, OUTLINES c~r G2p
SECTION. Tube requires miniature ),
nine-contact socket and may be ' P
mounted in any position.
HEATER VOLTAGE (AC/DC) .. \.vvivttieieinaniinineeereesnnns Ceeeiaaee 4.7 volts
HEATER CURRENT. . . ...t iiitiiiinennennn 0.6 ampere
HeATER WARM-UP TIME (Average) 11 seconds
DIRECT INTERELECTRODE CAPACITANCES:
Triode Unit:
GridtoPlate ............ ..ot 1.5 pf
Grid to Cathode and Heater............ 2 pf
Plate to Cathode and Heater 0.34 pf
Pentode Unit:
Grid No.ltoPlate ........ii ittt iiiininnenn . 0.04 max pf
GridNo.1to Cathode, Heater, Grid No.2, Grid No.3,and Internal Shield. . 7 pf
Plate to Cathode, Heater, Grid No.2, Grid No.3. and Internal Shield.. 3 pf
Triode Grid to Pentode Plate. ..... ...t iiiiiiiiiiiiennannnnns . 0.005 pf
Pentode Grid No.1 to Triode Plate. ........coiiiiiniiiiiiiinininenns 0.006 pf
Pentode Plate to Triode Plate ................. e . 0.045 pf
CLASS A, AMPLIFIER
Maximum Ratings, (Design-Center Values): Triode Unit Pentode Unit
PLATE VOLTAGE .. ... ..0iitiiietiiiinnneneennnenns ces 300 max 300 max volts
GRID NO.2 SUPPLY VOLTAGE ... ...vvuuininnenneeonnnnnn ves - 800 max volts
GRID -NO. 2 (SCREEN-GRID) VOLTAGE . .......ovueunennan .. - See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive-bias value .... 0 maz 0 mazx volts
PLATE DISSIPATION ........ioiviiiiiiieinniininnnnnnns . 2.6 maz 2 maz watts
GRID-N0.2 INPUT:
For grid-No.2 voltages up to 150 volts .............. .o - 0.5 max watt
For grid-No.2 voltages between 150 and 300 volts ..... . - See curve page 70
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode ............. . 200 maz 200 max volts
Heater positive with respect to cathode ........... e 200°maz 200°max volts
Characteristics:
Plate Supply Voltage ........covvveriinnnnn. [ .. 200 200 volts
Grid-No.2 Supply Voltage cee - 150 volts
Grid-No.1 Voltage . .......ouiiiiniiiiiinenninennneenns . -6 - volts
Cathode-Bias Resistor .............cooviiiiiiiiiineninn . - 180 ohms
Amplification Factor . ........cvitiiiiiiiriiiiiinaan, 19 - ohms
Plate Resistance (APProx.) .........coviiiiinninineinnen . 5750 800000 ohms
TransconductancCe. ... ....ovivrivnteeiuenrneinonnaeeens 8300 6200 pmhos
Grid-No.1 Voltage (Approx.) for plate current of 10 pa ..... . -19 -8 volts
Plate CUurrent . .....ovvvntviiniiiieeneeeuneenenennneans 13 9.5 ma
Grid-No.2 Current ...........civvierernnnniernnnnnions . - 2.8 ma
Grid-No.1-Circuit Resistance:*
For fixed-bias operation. .. .......coviiiiiinniinnnens . 0.5 maz 0.25 mar megohm
For cathode-bias operation ..................civeinns 1.0 maz 1.0 maz megohm

® The dc component must not exceed 100 volts.

* If either unit is operating at maximum rated conditions, grid-No.1-circuit resistance for both units

should not exceed the stated values.
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PD2

@) FULL-WAVE VACUUM RECTIFIER
P

Ol Glass octal type used in power sup-
plies of radio and television receivers
16, having high de requirements. Maxi-
ORIO mumdimensions:over-alllength,5-3/16
NE F inches; seated length, 4-5/8 inches;

5AW4

diameter, 1-9/16 inches. Tube requires octal socket and may be operated in any
position. It is especially important that this tube, like other power-handling tubes,
be adequately ventilated. Filament volts (ac/dc), 5; amperes, 3.7. For discussion of
Rating Chart, refer to INTERPRETATION OF TUBE DATA.

FULL-WAVE RECTIFIER
Maximum Ratings, (Design-Center Values):
PEAK INVERSE PLATE VOLTAGE
PEAK PLATE CURRENT (Per Plate) . .. ......oiiiiiiiiiniieneiiiiinnenes
HoT-SWITCHING TRANSIENT PLATE CURRENT
(Per Plate) maximum duration 0.2 second...........oovvvevnnnn.. .
AC PLATE SUPPLY VOLTAGE (Per Plate, rms) .. .......ccoviiiiineiinnnn..
DC OutPuT CURRENT. . ........ P

Typical Operation:

Filter Input Capacitor
AC Plate-to-Plate Supply Voltage (rms) . .. .vvvvverenennn.. 900
Filter-Input Capacitor. ........coviiiiinieie i, 10
Effective Plate Supply Impedance per Plate................ 153
Filter-Input Choke. ...oovviiiii it iiennn. . -
DCOutput Current. . ..ov.vivetteeenenniinennrenennnnnn . 250
DC Putput Voltage at Input to Filter (Approx.)........... . 422

Characteristics, Instantaneous Valve:
Tube Voltage Drop for plate current of 250 ma (per plate)............

RATING CHART

T
TYPE 5AW4 J
E¢=5 VOLTS AC

E’ |
&
[ MAXIMUM OPERATING VALUES WITH:
& 200 ~CHOKE ~INPUT FILTER
B CAPACITOR-INPUT FILTER
£ isof-A B
T ~
g R R pe S _-Hc
§ ﬁ§5| E
100f— ¢ ;
! 1 o
! '
50{—+ :
8 ! H
) |
40, 440, _540|c

o 100 200 300, 400 500 600 700
AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD)
92C5-1208T

FULL-WAVE VACUUM RECTIFIER

Lock-in type used in power supply of radio
equipment having moderate de requirements.
Outline 138B, OUTLINES SECTION. Tube re-
quires lock-in socket. Filament volts (ac), 5.0;
amperes, 2.0. Maximum ratings as full-wave
rectifier: peak inverse plate volts, 1400 maz;
peak plate ma. (per plate), 375 max; dc output
ma., 125 max. This type is used principally for
renewal purposes.

Typical Operation:

Filter Input
AC Plate-to-Plate Supply Voltage (rms) een
Filter-Input Capacitor. ........coovveveeeunenn.... .. 4

Capacitor

Total Effeetive Plate-Supply Impedance Per Platet
Filter-Imput Cheke. . .

1550 max volts
750 max ma
4 max amperes

See Rating Chart
See Rating Chart

Choke
1100 volts:
- uf
- ohms
10 henries
250 ma
440 volts.
50 volts

5AZ4

Choke
1000 volts:
- uf
ohms
§ henries
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Filter Input Capacitor Choke
DC Output Current ........ teebsesssresiseascnssannens 125 125 ma

DC Output Voltage at Input to Filter (Approx.):

At half-load current (62.5 ma.) ........ PN P 392.6 405 volts

At full-load current (125 ma.) .....covvvvnrrennnn.. e 340 882 volts
Voltage Regulation (Approx.):

Half-load to [ull-load current ........... seveassecns .o 52.5 23 volts

{ When a filter-input capacitor larger than 40 u. 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.

MEDIUM-MU TRIODE—
5B8 SHARP-CUTOFF PENTODE

Miniature type used as combined
vhf oscillator and mixer in television
receivers employing series-connected
heater strings. Outline 8B,OUTLINES
SECTION. Tube requires miniature

nine-contact socket and may be mounted in any position. Heater volts (ac/dc),
4.7; amperes, 0.6; warm-up time (average), 11 seconds.

CLASS A; AMPLIFIER

Tri
Maximum Ratings, (Design-Center Values): [?:3‘ Pf]’;f:-’td‘
PLATE VOLTAGE. . ... .ovvviinnnninnennnen 800 mazx 800 mazx volts
GRID _{0.2 (SOREEN-GRID) SUPPLY VOLTAGE. ..... Cerieeeea - 800 max volts
GRID-NO.2 VOLTAGE . . sttt ttiiintrnnnnnsnnens sonnnnns . - See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGI, POSlthe—blas value. 0 maz 0 maz volts
PLATE DISSIPATION. ......... Ceeeens ceeees Leevsscesese o 2.6 maz 2 mazx watts
GRID No.2 INPUT:

For grid-No.2 voltages up to 150 volts. ............. cosen - 0.6 maz watt

For grid-No.2 voltages between 150 and 300 volts......... - See curve page 70
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode... .............. 200 maz 200 max volts

Heater positive with respect to cathode. .. .........c00. 200" max 200%mazx volts
Characteristics:
Plate Supply Voltage. ......iiiveieerennniienesneneenes 200 200 volts
Grid-No.2 Supply Voltage....... . - 160 volts
Grid Voltage. . ...oocvvve tiviennnennnnns .. . -6 - volts
Cathode-Bias Resistor... ............ ves - 180 ohms
Amplification Factor........ 19 -
PlateResmtance(Approx.)....................‘........... 5760 800000 ohms
Transconductance. . .c..vevesecossscsvecccssssssssccsssess 3300 6200 upmhos
Plate Current...... 13 9.6 ma
Grid-No.2 Current. . . - 2.8 ma
Grid-No.1 Voltage (Approx ) for plate currenl: of 0pa....... =19 -8 volts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance*:

For fixed-bias operation.....ccveeeeeeecaecoceccecccnns 0.5 maz 0.256 max megohm

For cathode-bias operation. ......ccoeeeeiecicenececeanns . 1.0 max 1.0 max megohm

®The dec component must not exceed 100 volts,
* If either unit is operated at maximum rated conditions, grid-No.1-circuit resistance for both units
should not exceed the stated values.

FULL-WAVE VACUUM RECTIFIER

Novar type used in power supplies

5BC3 of radio equipment and television re-

ceivers having high de requirements.

Outline 17B, OUTLINES SECTION.

Tube requires novar nine-contact

socket. Vertical operation is preferred, but tube may be operated in horizontal

position if pins 2 and 7 are in vertical plane. It is especially important that this

tube, like other power-handling tubes, be adequately ventilated. Filament volts
(ac), 5; amperes, 3.
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FULL-WAVE RECTIFIER
Maximum Ratings, (Design-Maximum Values):

PEAK INVERSE PLATE VOLTAGE. .. ...........000un. Cereeriieieesene cew 1700 max volts

PEAK PLATE CURRENT (Per Plate)............ ..o, Cheeee 1 maz ampere

HoT-SWITCHING TRANSIENT PLATE CURRENT (Per Plate)°............. ‘e b max amperes

AC PLATE-SUPPLY VOLTAGE (Per Plate, rms)............ ceeeaneenann e See Rating Chart

DC OutpuTt CURRENT (Per Plate)............ See Rating Chart

Typical Operation with Capacitor Input to Filter:

AC Plate-to-Plate Supply Voltage (rms)........ e 600 900 1100 volts

Filter-Input Capacitor®, .......... .. .civvuiinnn. . 40 40 40 uf

Total Effective Plate-Supply Impedance per Plate. ... 21 67 97 ohms

DC Output Voltage at Input to Filter (Approx.):

At load current of: 300ma........c.ovvvvunnn .. 290 - - volts
276 ma........ v . - 460 - volts
162ma.......coviiivninnnn . - - 630 volts
150ma. ....oovvvnnn. eeeen . 335 - - volts

1837.6ma...... [ .. - 520 - volts
8lma...... [ ceeesas - - 680 volts

Typical Operation with Choke Input to Filter:

AC Plate-to-Plate Supply Voltage (rms)............cc0cuue 900 1100 volts

Filter-Input Choke. ........coiiveeinivunnreennnne ereaee 10 10 henries
DC Output Voltage at Input to Filter (Approx.):

At load current of: 348ma........oonnnn PN 840 - volts

275 ma......... [ - 440 volts

1T4ma. . .coviiiniinnneninnns . 366 - volts

137.6ma.....ooviiininiiinniinnn, - 455 volts

° If hot switching is regularly required in operation, the use of choke-input circuits is recommended.
Such circuits limit the hot-switching current to a value no higher than that of the peak plate current.
‘When capacitor-input circuits are used, 2 maximum peak current value per plate of 5 amperes during
the initial cycles of the hot-switching transient should not be exceeded.

® 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

TYPE 5BC3
w E£55 VOLTS AC
;. MAXIMUM OPERATING VALUES WITH: —
CHOKE - INPUT FILTER
& l‘ ~CAPACITOR=INPUT FILTER
a |
x‘,ZO rtéo“!‘\ — BI
x A T
L i
3% R ©
E
Z100]98 -t ot N
5 i
£ [
% 5 +
I |
b |
166 Is
[ 100 200 300 400 500 600
AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD)
92CS-1R200TH
MEDIUM-MU TRIODE—
- SHARP-CUTOFF PENTODE
3p. .. .
* Miniature type used as combined vhf mixer 5 B E 3
o0 26 and oscillator tube in television receivers em-
[ 23 Ke ploying series-connected heater strings. Outline

8B, OUTLINES SECTION. Tube requires min-

iature nine-contact socket. Heater volts (ac /dc),

4.7; amperes, 0.6; warm-up time (average), 11

seconds. Characteristics of triode unit as class A1 amplifier: plate supply volts, 150 (800 maz); cathode-
bias resistor, 56 ohms; amplification factor, 40; plate resistance (approx.), 5000 ohms; transconductance,
8500 umhos; plate ma., 18; plate dissipation, 2.6 maz watts. Pentode unit: plate supply volts, 250 (300
maz); grid-No.2 supply volts, 110 (800 maz); cathode-bias resistor, 68 ohms; plate resistance (approx.)
0.4 megohm; transconductance, 5200 ymhos; plate ma., 10; grid-No.2 ma., 3.5; plate dissipation. 2.8'
max watts; grid-No.2 input, 0.6 maz watt. This type is used principally for renewal purposes. ’

Gy Gip
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MEDIUM-MU TWIN TRIODE

Miniature type used in direct- "% & £
5BK7A coupled cathode-drive rf amplifier cir-
Related type: cuits of vhf television tuners utilizing o, »
6BK7B series-connected heater strings. Out- ¢ i

line 8B, OUTLINES SECTION. Pz s
Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except
for heater ratings, this type is identical with miniature type 6BK7-B.

MEDIUM-MU TWIN TRIODE "
Miniature type used in direct- ""2 !
5BQ7 A coupled cathode-drive rf amplifier cir-
Related types: cuits of vhi television tuners employ- GTz K
4BQ7A, 6BQ7A ing series-connected heater strings. n

Outline 8B, OUTLINES SECTION. 12
Heater volts (ac/dc), 5.6; amperes, 0.45; warm-up time (average), 11 seconds.
Except for heater ratings, this type is identical with miniature type 6BQ7-A.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

5BR 8 Mini?ture 1‘cype used in 1a widg
] variety of applications in color an
Re':;:';x”' black-and-white television receivers
employing series-connected heater
strings. Outline 8B, OUTLINES SEC-
‘TION. Heater volts (ac/de), 4.7; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater ratings, this type is identical with miniature type 6BR8-A.

TWIN DIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a variety of appli-

5 BT 8 cations in television receivers employing series-

connected heater strings. The pentode unit is

used as an if amplifier, video amplifier, age am-

plifier, or reactance tube. The diode unit is

used in automatic-frequency-control and detec-

tor circuits. Outline8B, OUTLINES SECTION.

Heater volts (ac/de), 4.7; amperes, 0.6; warm-

up time (average), 11 seconds. Tube requires

miniature nine-contact socket. Characteristics of pentode unit as class A1 amplifier: plate supply volts,

200 (800 maz); grid-No.2 supply volts, 150 (800 mazx); cathode-bias resistor, 180 ohms; plate resistance

(approx.), 0.3 megohm; transconductance, 6200 pmhos; plate ma., 9.5; grid-No.2 ma., 2.8; plate dis-

sipation, 2 max watts; grid-No.2 input, 0.5 maz watt. Maximum diode plate ma. (each unit), 1 mazx.
‘This type is used principally for renewal purposes.

TWIN DIODE— .
SHARP-CUTOFF PENTODE

Miniature type used in television Po
SBW8 receivers employing series-connected

Related type: heater strings. The pentode unit is ﬁg-a / (®czp
6BWS used as a sound if amplifier, sound
limiter, and age keyer. The diodes are 02 Pp

used as horizontal phase detectors. Outline 8B, OUTLINES SECTION. Heater
volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for
heater ratings, this type is identical with miniature type 6BW8.
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“ ee MEDIUM-MU TRIODE—
. ?&; o  SHARP-CUTOFF PENTODE
Miniature type used as combined
Pr é& : ;Q c3p oscillator and mixer tube in television 5CG8
0\39 K receivers employing series-connected Related type:
oF 1 heater strings. Outline 8B, OUT- 6CG8

LINES SECTION. Heater volts (ac/
dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater
ratings, this type is identical with miniature type 6CG8-A.

H MEDIUM-MU TRIODE—
FTR SHARP-CUTOFF TETRODE 5CL8
*1(3) GZTR Miniature types used as combined
vhf oscillator and mixer in television 5C|_8 A
IRON 'l‘s"‘ receivers employing series-connected Related types:
(® heaterstrings. Outline 8B, OUTLINES 6CLBA, 19CL8A
6T ¢t SECTION. Heater volts (ac/dc), 4.7;

amperes, 0.6; warm-up time (average), 11 seconds. Except for heater ratings, types
5CL8 and 5CLS8-A are identical with miniature types 6CL8 and 6CL8-A, respec-
tively. Type 5CL8 is a DISCONTINUED type listed for reference only.

HIGH-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in television
receivers employing series-connected 5 CM 8
heater strings. The pentode unit is used Related type:
asanintermediate-frequency amplifier, 6CM8

avideo amplifier,an age amplifier,oras
a reactance tube. The triode unit is used in sweep-oscillator, sync-separator, sync-
clipper, and phase-splitter circuits. Outline 8B, OUTLINES SECTION. Heater
volts (ac/de), 4.7; amperes, 0.6. Except for heater ratings, this type is identical
with miniature type 6CMS.

H MEDIUM-MU TRIODE—
ke SHARP-CUTOFF TETRODE
C2rRGY (D's Miniature type used in a wide 5 C 8
0 variety of applications in color and Q
GiTR 972kt black-and-white television receivers Related type:
employing series-connected heater 6cas

T ot strings. The tetrode unit is used as a

mixer or amplifier and the triode unit is used in oscillator and rf amplifier circuits.
Outline 8B, OUTLINES SECTION. Heater volts (ac/dec), 4.7; amperes, 0.6;
warm-up time (average), 11 seconds. Except for heater ratings, this typeisidentical
with miniature type 6CQ8.

BEAM POWER TUBE
Miniature type used as vertical

deflection amplifier and as audio out- SCZS
put tube in television and radio receiv- Related type:
ers employing series-connected heater 6CZ5

strings. Outline 8E, OUTLINES SEC-
TION. Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater ratings, this type is identical with miniature type 6CZ5.
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T HIGH-MU TRIODE—
SHARP-CUTOFF PENTODE
Kt
5 D H 8 Miniature type used in television **/SG);

receivers having series-connected

heater strings. Pentode used as video 310,

or audio if amplifier; triode used as

sync amplifier, syne clipper, sync sep-
arator, or vertical oscillator. Outline 8B, OUTLINES SECTION. Tube requires
miniature nine-contact socket and may be operated in any position. Heater volts
(ac/dc), 5.2; amperes, 0.6; heater warm-up time (average), 11 seconds.

CLASS A; AMPLIFIER

Maximum Ratings, (Design-Mazimum Values): Triode Unit Pentode Unit
PLATE VOLTAGE. .. ....oooivniunnnnnnnnns . 800 max 300 max volts
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE. . - 800 max volts
GRID-NO.2 VOLTAGE. . . . e v eevvennnnnnns . - See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive- . 0 max 0 mazx volts
PLATE DISSIPATION.......... e teeesssneens ceeee 2.0 max 2.2 maz watts
GRID-N0.2 INPUT
For grid-No.2 voltages up to 150 volts.......... eee - 0.66 max watt
For grid-No.2 voltages between 150 and 300 volts. - .nust - See curve page 70
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............ eee 200 mazx 200 max volts
Heater positive with respect to cathode................ 200 °max 200 °*mazx volts
Characteristics: Triode Unit Pentode Unit
Plate Supply Voltage. ....ovvieeieererenrreerannnnnnnnnns 250 125 volts
Grid-No.2 Supply Voltage......cooovivviiiieiiiinne. ‘e - 125 volts
Cathode-Bias Resistor. . ......oovviiieieei i, . 390 56 ohms
Plate Current............... et i i .. 7.8 13.5 ma
Grid-No.2 CUITEnt. . e vvvviinr et iiiiiiiiiinienees - 3.8 ma
Amplification Factor..................ooit 53 -
Plate Resistance (Approx. ) 0.012 0.15 megohm
Transconductance.......... . 4400 8600 umhos
For plate current of 10 ua. . -10 - volts
For plate current of 20 pa.......... - -6 volts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. .....cooveeeeerecossccsenesss 0.5 maz 0.26 maz megohm
For cathode-bias operation........... et 0.1 max 1.0 max megohm

VERTICAL DEFLECTION OSCILLATOR
For operation in a 525-line, 30-frame system

Maximum Ratings, (Design-Maximum Values): Triode Unit
DCPLATEVOLTAGE ...t ovvveiennnnnnnannns tesesesssecssessres PN 300 mazx volts
PEAK NEGATIVE-PULSE GRID VOLTAGE............. ceeerecsrereenroone . 400 max volts
PEAK CATHODE CURRENT. . .o vvvvneeiennnnnnnnns cessecsessceccsnnanse 35 max ma
AVERAGE CATHODE CURRENT. .. .vtvviternnnennnnasnnans ceetensenne N 12 max ma
PLATE DISSIPATION, ..o oo ve et eernnnnnnnannnens sesesenen PN . 1 max watt
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode...........coioveeeiinnins 200 max volts

Heater positive with respect to cathode. .....coveeinnnnnnnnnicenns 200°mazx volts

Maximum Circuit Vaives:

Grid Circuit Resistance: .
For fixed-bias, cathode-bias, or
grid-resistor-bias operation. . .....ceeviiecetccrcssoccccctnccssacos 2.2 maxr megohms

° The de component must not exceed 100 volts.

FULL-WAVE VACUUM RECTIFIER o, @ "Du
5 D J 4 Glass octal type used in power sup- F02(3) /A N\ ()

ply of radio and television receivers
having high de requirements. Outline
19D, 0UTLINESSECTION, Tubere-
quires octal socket; operation in ver-
tical position is preferred, but horizontal operation is permissible if pins 2 and 4
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are in vertical plane. It is especially important that this tube, like other power-
handling tubes, be adequately ventilated. Filament volts (ac/dc), 5; amperes, 3.

FULL-WAVE RECTIFIER
Maximum Ratings, (Design-Mazimum Values):

PEAK INVERSE PLATE VOLTAGE. . ..ottt ittt it 1700 maz volts
PEAK PLATE CURRENT (Per Plate)......covvieininnnnen e, 1 max ampere
HOT-SWITCHING TRANSIENT PLATE CURRENT (Per Plate)........... . 5 mar amperes
AC PLATE-SUPPLY VOLTAGE (Per Plate, rms, without load) .. See Rating Chart
DC OuTPUT CURRENT (Per Plate)......covvenninnnnn .. See Rating Chart
Typical Operation:
Filter Input Capacitor Choke

AC Plate-to-Plate Supply Voltage (rms, without load)....... 600 900 1100 volts
Filter-Input Capacitor® .. 40 40 - u
Filter-Input Choke.......coovvvvneiovunn. .- - 10 henries
Effective Plate-Supply Impedance per Plate. . .. 21 67 - ohms
DC OQutput Voltage at Input to Filter (Approx.)............ 290 460 420 volts
DCOUtPut CUITent. o vvverrenrnarisenerenenrnrnnnninons 300 275 275 ma

° When capacitor values greater than 40 uf are used, the effective plate-supply impedance should be
increased so that the maximum rating for peak plate current is not exceeded.

RATING CHART
TYPE 5DJ4
p E¢=5 VOLTS AC
=3
[ LT g
CHOKE=INPUT FILTER
§ l_ I-CAPAC!TOR-INPU'I"FILTER
200(F — A Y11
g Pl _[°
2 5ol L £ c
Ed |
g |
1o N
Py A PRI g G R Iy
5 B
25
8
P v s

© 100 200 300 400 500 600
AC PLATE SUPPLY VOLTS (RMS) PER PLATE (wumog%}lg&g)

H MEDIUM-MU TRIODE—
P SHARP-CUTOFF PENTODE

S2p (»§%* Miniature type used as combined
oscillator and mixer in television re- 5EA8
G T ceivers employing series-connected Related types:
heater strings and operating at inter- 5EAS, 19EA8

eT Gr mediate frequencies in the order of 40
megacycles. Outline 8B, OUTLINES SECTION. Heater volts (ac/dc), 4.7; am-
peres, 0.6; warm-up time (average), 11 seconds. Except for heater ratings, this
type is identical with miniature type 6EAS.

L MEDIUM-MU TRIODE—
O, SHARP-CUTOFF PENTODE

(D™ Miniature type used as combined
oscillator and mixer in television re- SEUB
KpG3p48 ceivers employing series-connected Related type:
o heaterstrings. Outline8B, OUTLINES 6EUS

d S2p SECTION. Heater volts (ac/dc), 4.7;
amperes, 0.6; warm-up time (average), 11 seconds. Cathode warm-up time (time
required for the transconductance to reach 6500 umhos when the tube is operated
from a cold start with de plate volts=100, grid volts=0, and heater amperes= 0.560),
85 seconds. Except for heater ratings and cathode warm-up characteristic, this
type is identical with minjature type 6EUS.
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H P
SHARP-CUTOFF PENTODE ORO,
Miniature type used in the gain- vQ) oL
5EW6 controlled picture-if stages of vhf tele- k ‘
Related types: vision receivers operating at an inter- N 53
4EW6, 6EW6 mediate frequency in the order of 40 (") s
megacycles per second. Outline 7B, Gi

OUTLINES SECTION. Heater volts (ac/dc), 5.6; amperes, 0.45; warm-up time
(average), 11 seconds. Except for heater ratings, this type is identical with minja-
ture type 6EW6.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used as combined
5FG7 oscillator and mixer tube in vhf tele-
Related type: vision receivers employing series-con-
6FG7 nected heaterstrings. Outline8B,0UT- @
LINES SECTION. Heater volts (ac/ o7 cip

dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater
ratings, this type is identical with miniature type 6FGT7.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used as combined

5FV8 vertical deflection oscillator and gen-

" Related type: eral-purpose or if amplifier in television
6FV8 receivers employing series-connected

heaterstrings. Outline8B,0UTLINES
SECTION. Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11
seconds. Except for heater ratings, this type is identical with miniature type 6FV8.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in multivi-

SGH8 brator-type horizontal-deflection cir-
Related type: cuits in television receivers employing
6GH8 aseriesheater-string arrangement. Also

used for age-amplifier or sync-separa-
tor applications in such receivers. Outline 8B, OUTLINES SECTION Heater
volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for
heater ratings, this type is identical with miniature type 6GHS.

SEMIREMOTE-CUTOFF PENTODE

Miniature type used in gain-con-

SGM6 trolled picture-if stages of television

Related type: receivers employing series-connected

6GM6 heater strings and operating at inter-

mediate frequencies in the order of 40

megacycles. Outline 7B, OUTLINES SECTION. Heater volts (ac/ dc), 5.6; am-

peres, 0.5; warm-up time (average), 11 seconds. Except for heater ratings, this
type ie identical with miniature type 6GM6.
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SHARP-CUTOFF PENTODE

Miniaturetype used for FM sound-
detector service in locked-oscillator, SGX6

quadrature-grid FM detector circuits, Related type:

as combined detector, limiter, and 6GX6
audio-voltage driver. Tube has two

independent control grids, and has controlled heater warm-up time for use in
receivers employing series-connected heater strings. Outline 7B, OUTLINES SEC-
TION. Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 sec-
onds. Except for heater ratings, this type is identical with miniature type 6GX6.

MEDIUM-MU TWIN TRIODE

Miniature type used as combined
rf power amplifier and oscillatorin tele- 5J 6
vision receivers employing series-con- Related types:
nected heaterstrings. Outline 7B,OUT- 616, 1936

LINES SECTION. Heater volts
(ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater
ratings, this type is identical with miniature type 6J6.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Kp
(D% Miniature type with frame-grid
) pentode unit used as combined oscil- 5KE8
T lator-mixer tube in television receivers Related type:
using an intermediate frequency in the 6KE8

er order of 40 megacycles and employing

series-connected heater strings. Outline 8B, OUTLINES SECTION. Heater volts
(ac/dc), 5.6; amperes, 0.45; warm-up time (average), 11 seconds. Except for heater
ratings, this type is identical with miniature type 6KES.

FULL-WAVE VACUUM RECTIFIER

P
Metal type used in power supply of radio
ro equipment having large dc requirements. Out-
' line 6, OUTLINES SECTION. Tube requires
octal socket. Vertical tube mounting is pre-

G ferred but horizontal mounting is permissible if 5 T4

pins 2 and 4 are in vertical plane. Filament
F ‘ volts (ac), 5.0; amperes, 2.0. Maximum ratings
ORIO as full-wave rectifier: peak inverse plate volts,
s F 1550 maz; peak plate ma. (per plate), 675 mazx;

dc output ma., 225 maz. This type is used prin-
cipally for renewal purposes.

Typical Operation:
Filter Input Capacitor Choke

AC Plate-to-Plate Supply Voltage (rms) ........ 900 1100 volts
Filter-Input Capacitor. .........covvvuevnnn.. 4 - uf
Total Effective Plate-Supply Impedance Per Platet 150 - ohms
Filter-Input Choke.......c.ccvviiineiininnneann .. - 10 henries
DC Output Current. . ....ovueeeeennnuueeeeeneeennneenannas 225 226 ma
DC Output Voltage at Input to Filter (Approx.): -

At half-load current (112 ) 539 4656 volts

At full-load current (226 ma ) .. 480 450 volts
Voltage Regulation (Approx.):

Half-load to full-load current. ..............coouunn. veee. D9 15 volts

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

Miniature type used as combined (, KT,Dj80z
5T8 AM detector, FM detector, and af ' '
Related types: voltage amplifier in radio and tele-
6T8A, 19T8 vision receivers employing series-con- Po2 oT
nected heater strings. Outline 8B, ep3 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 6T8-A.

Ppz NC
FULL-WAVE VACUUM RECTIFIER e ORNO, -
5U4G Glass octal types used in power © (©
5 U 4GB supplies of radio and television receiv- 4
ers having high dec requirements. Type F@ ‘ NC
5U4-GB, Outline 19D, OUTLINES OMIO.
SECTION. Type 5U4-G maximum NC F

dimensions: over-all length, 5-5/16 inches; seated height, 4-3/4 inches; diameter,
2-1/16 inches. Tubes require octal socket. Either type may be supplied with pins
3, 5, and 7 omitted. Vertical mounting is preferred but horizontal mounting is per-
missible if pins 1 and 4 are in vertical plane. The coated filament is designed to
operate from the ac line through a step-down transformer. The voltage at the fila-
ment terminals should be 5.0 volts at an average line voltage of 117 volts. It is
especially important that these tubes, like other power-handling tubes, be ade-
quately ventilated. For discussion of Rating Chart and Operation Characteristics,
refer to INTERPRETATION OF TUBE DATA. Maximum ratings for type
5U4-G as full-wave rectifier: peak inverse plate volts, 1550 mazx; peak plate amperes
per plate, 0.8 max (transient, 4.0 maz). Type 5U4~G is used principally for renewal
purposes. Filament volts (ac), 5; amperes, 3.

FULL-WAVE RECTIFIER

Maximum Ratings, (Design-Center Values): 5U4-GB

PEAK INVERSE PLATE VOLTAGE. . . oot vviieteteiiannceennnnecooanacennas 1550 mazx volts
PEAK PLATE CURRENT (Per Plate) .. .........c0vunnn 1.0 max ampere
HoT-SWITCHING TRANSIENT PLATE CURRENT (Per Plate) . . v
AC PLATE SUPPLY VOLTAGE (Per Plate,rms). .......... . See Rating Chart
DC OUTPUT CURRENT (Per Plate) ....oovviviinineeeiinereeeenneecenns See Rating Chart

RATING CHART

T T
TYrPE 5U4 -GB
€45 VOLTS AC

MAXIMUM OPERATING VALUES WITH:
CHOKE - INPUT FILTER
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Typical Operation of 5U4-GB with Capacitor Input to Filter:

AC Plate-to-Plate Su}l)_gly Voltage ('ms) e cvevvvenens 600 900 1100 volts
Filter-Input Capacitor®. ... ..eveeereeennesaasanonn 40 40 40 uf
Total Effective Plate-Supply Impedance per Plate.... 21 67 97 ohms

130



Technical Data ——

DC Output Voltage at Input to Filter (Approx.):
150ma.............. 335 - - volts
At half-load current of 137.6ma.............. - 520 - volts
8lma.............. - - 680 volts
300ma.............. 290 - - volts
At full-load current of 275 ma.............. - 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). .................... 900 1100 volts
Filter-Input Choke. ... ..... ... ... ... ... ... . ... .ciiiiuunn.. 10 10 henries
DC Output Voltage at Input to F;ilber (Approx.): 355 .
MB. ..ttt iinnrnnnnrnnenss - volts
At half-load current of { 1878 ma ...l 50 465 volts
MB. . .oiiiinnneneanannnns - volts
. Atfull-load current of { GBI e - 440 volts
Voltage Regulation (Approx.):
Half-load to full-load current. .................c.oovvuuen 15 15 volts

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

*Higher values of ¢apacitance 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.

. OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
FULL~WAVE CIRCUIT, CAPACITOR INPUT TO FILTER FULL-WAVE CIRCUIT, CHOKE INPUT 1;0 'll;TER
TYPE 5U4-GB TYPE 5U4-GB
Egf =50 VOLTS AC E£=50VOLTS AC SUPPLY FREQUENCY=80CPS

= SUPPLY FREQ)UENCV =60 CPS - [- SOLID-LINE CURVES=CHOKES OF INFINITE

CAPACITOR (C) INPUT TO FILTER: 40 UL - BONNL[‘) RAN s FOR
TOTAL EFFECTIVE PLATE=-SUPPLY IMPEDAI LONG-DASH = UNDARY LIN

R S  conr-onsw cunve SIOKE SE3 A8 Stown
SHORT-DASH = U
QURVELL 2 3 4 6 7 FOR REPRESENTATIVE
OHMS (1111 20 36 52 67 82 97 i CHOKE. SIZES Ve o]
CURRENT=-AND ~VOLTAGE BOUNDARY LINE ‘DEA’:“ CURRENT-AND-VOLTAGE BOUNDARY LINE CBA
1}

SEE RATING CHART S THE SAME AS SHOWN ON RATING CHART
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92CM~8446T 92CM-8447T)
MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE
Miniature type used as combined 5 U 8
oscillator and mixer tube in AM/FM
receivers and television receivers em- Related types:
ploying series-connected heater strings. 6UBA, 9UBA

Outline 8B, OUTLINES SECTION.
Heater volts (ac/de), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except
for heater ratings, this type is identical with miniature type 6U8-A.
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Pop NC

FULL-WAVE VACUUM RECTIFIER OO,

NC Poy
5V3 Glass octal types used as power ) (&
supply in color television receivers and
5v3 A other equipment having high de re- 9‘ 0N
quirements. Outline 19D, OUTLINES ORIO
SECTION. Tubes require octal socket. NC F
Vertical mounting is preferred, but horizontal mounting is permissible if pins 2
and 4 are in vertical plane. It is especially important that these tubes, like other
power-handling tubes, be adequately ventilated. For discussion of Rating Chart,
refer to INTERPRETATION OF TUBE DATA. Type 5V8is a DISCONTINUED
typelisted forreferenceonly. Filament volts (ac/dc), 5; amperes, 3.8 (5V3),3(5V3-A).

FULL-WAVE RECTIFIER

D51{3 f) VS-A
. — esign- esign-
Maximum Ratings: Center Values Mazimum Values
PEAK INVERSE PLATE VOLTAGE. . .. .......uuiiiivan ... 1400 mazx 1550 max volts
PEAK PLATE CURRENT (Per Plate). . ...................... 1.2 max 1.4 max amperes
HoT-SWITCHING TRANSIENT PLATE CURRENT (Per Plate). . ... 5.5 max 6.6 maxr amperes
AC PLATE-SUPPLY VOLTAGE (Per Plate, rms, without load)... See Rating 550 max volts
DC OuTpUT CURRENT (Per Plate)......................... Chart 415°mazx ma
© With capacitor-input filter for ac plate-supply voits (rms, per plate, without load) = 470.
Typical Operation: 5V3 5V3-A

Filter Input Capacitor Choke Capacitor Choke
AC Plate-to-Plate Supgly Voltage (rms) . . ................. 850 1000 850 1000 volts
Filter-Input Capacitor® ................................. 40 - 40 - uf
Effective Plate-Supply Impedance per Plate. . ........ 56 - 50 - ohms
Minimum Filter-Input Choke.............. - 10 - 10 henries
DC Output Current. .................. 350 350 350 350 ma
DC Output at Input to Filter (Approx.)................... 430 385 440 390 volts
Characteristics: 5V8 5Vs-A
Tube Voltage Drop for plate current of 350 ma (per plate)... . 47 42 volts

8 When capacitor values greater than 40 uf are used, the effective plate-supply impedance should be
increased so that the maximum rating for peak plate current is not exceeded.

RATING CHART

TYPE 5V3 MAXIMUM OPERATING VALUES WITH:
w E4=5 VOLTS AC —CHOKE=-INPUT FILTER
g ’_ —CAPACITOR~INPUT FILTER
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AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD)
9205-1023172

FULL-WAVE VACUUM RECTIFIER
5V4G

Glass octal types used in full-wave

power supplies having high de require-

5V4GA ments. Outlines 26 and 19A, 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
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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. Heater volts (ac/dc), 5; amperes, 2.

FULL-WAVE RECTIFIER
Maximum Ratings, (Design-Center Values):

PEAK INVERSE PLATE VOLTAGE. . ... 00t vteiereneeeeneneeenneennnenns 1400 maz volts
AC PLATE-SUPPLY VOLTAGE (Per Plate, rms):

‘With capacitor-input filter 376 max volts

‘With choke-input filter. . ..... 500 max volts
PEAK PLATE CURRENT (Per Plate . 526 mazx ma
DC OUTPUT CURRENT. . .ot ttvvttttiinueronnnnneeonnnnssssssnnneennns 175 mazx ma
Typical Operation:

Filter Input Capacilor Choke
AC Plate-to-Plate Supply Voltage(rms).........covvuuunnns 750 1000 volts
Filter-Input Capacitor®. . ............ooiiiiiiiiiiinnnnnn, 10 - uf
Total Effective Plate-Supply Impedance per Plate . 100 - ohms
Filter-Input Choke. . ... .........ciiuuiiiiiieeeliiiinnnnns - 4 henries
DC Output Voltage at Input to Filter (Approx.) lor dc output
current of 1765 MA. . ... ..o ieiieniineenrreenienns 410 410 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 peak plate current.

OPERATION CHARACTERISTICS
FULL-WAVE RECTIFIER CIRCUIT
TYPE 5V4-GA

E£=50 VOLTS | | |

SUPPLY FREQUENCY= 60 CPS__ |

= e CHOK| E( INFUT TO rn.‘r
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92CM=6090T2

BEAM POWER TUBE

Glass octal type used as output
amplifier in television receivers em- SV6GT
ploying series-connected heater strings. Related types:
Outline 14C, OUTLINES SECTION. 6V6GT, 12V6GT
This type may be supplied with pin
No.1 omltted Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11
seconds. Except for heaterratings, this type is identical with glass octal type 6V6-GT.

Poz FULL-WAVE VACUUM RECTIFIER

Metal type 5W4 and glass-octal type 5W4-
GT are used in power supply of radio equipment
having low dc requirements. Outlines 5 and 14D, 5w4
respectively, OUTLINES SECTION. Both
types require octal socket. Filament volts (ac),
5.0; amperes, 1.5. Maximum ratings: peak in- 5 W4GT
verse plate volts, 1400 maz; peak plate ma., 300
$:5W4 (4 mazx; de output ma., 100 maz. These are DIS-
NC:3W4-GT CONTINUED types listed for reference only.
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FULL-WAVE VACUUM RECTIFIER N oo

Glass octal type used in power supply of () B
radio equipment having large dc requirements.
Maximum dimensions: over-all length, 5-5/16 "02 Nc
5x4G inches; seated height, 4-3/4 inches; diameter,
2-1/16 inches. Filament volts, 5.0; amperes, 3.0.
Tube requires octal socket. Maximum ratings @ v @)
as full-wave rectifier: peak inverse plate volts,
15560 max; peak plate amperes per plate, 675 O °'
maz. Type 5X4-G is used principally for re-
newal purposes.
H

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used as combined

SX8 oscillator and mixer in AM/FM re-
Related types: ceivers and television receivers em-
6X8, 19X8 ploying series-connected heater strings.

Outline 8B, OUTLINES SECTION.
Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Ex-
cept for heater rating, this type is identical with miniature type 6X8.
PD,

FULL-WAVE VACUUM RECTIFIER O.

5Y3G Glass octal types used in power (&
supply of radio equipment having mod-
5Y3GT erate dc requirements. Type 5Y3-G, 9‘
Outline 26, type 5Y3-GT, Outline 14D, ORIO
OUTLINES SECTION.Tubesrequire NC 7
octal socket. Vertical tube mounting is preferred, but horizontal mounting is per-
missible if pins 2 and 8 are in horizontal plane. It is especially important that these
tubes, like other power-handling tubes, be adequately ventilated. For discussion
of Rating Chart and Operation Characteristics, refer to INTERPRETATION OF
TUBE DATA. Maximum ratings for type 5Y3-G as full-wave rectifier: peak in-
verse plate volts, 1400 max; peak plate ma. per plate, 375 max. Type 5Y3-G is a
DISCONTINUED type listed for reference only. Filament volts (ac), 5; amperes, 2.

FULL-WAVE RECTIFIER
Maximum Ratings, (Design-Center Values): 5Y8-GT
PEAK INVERSE PLATE VOLTAGE. . . ot vvviviennnnnninincecocnesconans 1400 maz volts

PEAK PLATE CURRENT (PerPlate)......... ..o iviiiiinininiiininnnns 440 maz ma
HoT-SWITCHING TRANSIENT PLATE CURRENT (Per Plate) .... .. 2.5 maz amperes

AC PLATE SUPPLY VOLTAGE (Per Plate,rms) ............ . See Rating Chart
DC OUTPUT CURRENT (Per Plate) . ......oviiiiiiiiniennnnennrnnannns See Rating Chart
RATING CHART
TYPE 5Y3~GT I l [
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MAXIMUM OPERATING VALUES WITH:
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Typical Operation of 5Y3-GT with Capacitor Input to Filter:

AC Plate-to-Plate Supply Voltage (rms)......... 700 1000 volts
Filter Input Capacitor*. . .....ooeviuiieienn, 20 10 M3
Effective Plate-Supply Impedance per Plate...... 50 140 ohms

DC Output Voltage at Input to Filter (Approx.):

At half-load current of } 62
At full-load current of }

bma ....ooiiiiiiiiiieiiia.. 390 - volts
42 ma . 610 volts
125 ma ... - volts
84 ma . 560 volts

Voltage Regulation (Approx.):
Half-load to full-load current............... 40 50 volts

Typical Operation of 5Y3-GT with Choke Input to Filter:

Filter Input Chol
DC OQutput

AC Plate-to-Plate Supply Voltage (rms)......... 700 1000 volts
Ke# o oviiiiiiieiieiaaan 10 10 henries
Voltage at Input to Filter (Approx.): 210 s
ma ........... e, . - vol
At half-load current of | o, 278 --ooee OREIRRN A 405 volts
-] 160 ma ....... e rieere e, .. 245 - volts
At tull-load current of ¢ Jog P2 e 380 volts

ma .... -
Voltage Regulation (Approx.): Half-load to full-load current...... 26 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 currents
are not less than 35 ma., and 50 ma.,respectively, for Plate-to-Plate supply voltages of 700 and 1000

volts (rms).
OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
FULL - WAVE CIRCUIT, CAPACITOR INPUT TO FILTER FULL-WAVE CIRCUIT, CHOKE INPUT TO FILTER
TYPE 5Y3-GT _ E£=50 VOLTS AC TYPE 5Y3-GT _ E =50 VOLTS AC
FILTER-INPUT CAPACITOR —— CHOKES OF INFINITE
700 = 700
\TE = ecoen
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NC PDy
) ® FULL-WAVE VACUUM RECTIFIER 5Y4G
Po2(3) Okt Glass octal types used in power
supplies of radio equipment having 5Y4G A
@) () moderate DC requirements. Outlines
NC N 26, 14D, and 19D, respectively, OUT- 5Y4GT
D LINES SECTION, Tubes require oc-

tal socket. Type 5YAGT is supplied
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with pins 4 and 6 missing. Vertical tube mounting is preferred, but horizontal mount-
ing is permissible: if pins 2 and 7 are in horizontal plane (5Y4-G); if pins 1 and 4 are
in vertical plane (5Y4-GA); if pins 2 and 3 are in vertical plane (5Y4-GT). It is
especially important that these tubes, like other power handling tubes, be adequately
ventilated. For discussion of Rating Chart, refer to INTERPRETATION OF
TUBE DATA. Maximum ratings for type 5Y4-G as full-wave rectifier: peak in-
verse plate volts, 1400 maz; peak plate ma. per plate, 875 max (transient amperes,
2.2 mazx). Type 5Y4-G is a DISCONTIN UED type listed for reference only. Fila-
ment volts (ac/dc), 5; amperes, 2.

FULL-WAVE RECTIFIER

5Y4-GA
Maximum Ratings, (Design-Center Value): 5Yt-GT
PEAK INVERSE PLATE VOLTAGE . ... ....iuiittniniinetinnnennnnaennnns 1400 maz volts
PEAK PLATE CURRENT (PerPlate) . .................. ... oo, 400 mazx ma

HOT-SWITCHING TRANSIENT PLATE CURRENT . ...

2.2 maxr amperes
AC PLATE SUPPLY VOLTAGE (Per Plate, rms)

See Rating Chart

DC Outpur CURRENT (PerPlate) ....................iii... See Rating Chart
Typical Operation of 5Y4-GA & 5Y4-GT:
Filter Input Capacitor Choke

AC Plate-to-Plate Supgly Voltage (rms) ................... 700 1000 volts
Filter-Input Capacitor®.............. ... 10 - ut
Total Effective Plate~Supply Impedance per Plate .......... 50 - ohms
Filter-Input Choke. . ...........c.ooiiiiiviiiiiiiinnenn... - 10 henries
DCOutput Current .............c.uiunruiuinnnnnnirnnnnnnnns 125 125 ma
DC Out ut Voltage at Input to Filter (Approx.):

t full-load current (125 ma.) .................ccoun.n 3560 390 volts

Characteristics, Instantaneous Valve:
Tube Voltage Drop for plate current of 125 ma (per plate)............... 60 volts

° Values of capacitance greater than 20 uf may be used, provided the plate-supply impedance is in-
creased to prevent exceeding the maximum peak-plate-current rating.

TYPE 5Y4-GT
w 5Y4-GA
a  |Efs5 VOLTS AC
a MAXIMUM OPERATING vu.uss WITH: —
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FULL-WAVE VACUUM RECTIFIER

Glass type used in power supply of radio P02 £y
equipment having large dec requirements. Out- @) O
line 28, OUTLINES SECTION. Tube requires

four- tact ket. Vertical ting is pre-
523 ferred but horizontal mounting is permissible if
pinsland 4 areinhorizontal plane. Filament volts

(ac), 5.0; amperes, 3.0. Maximum ratings as full- *
wave rectifier: peak inverse plate volts, 1560 o o
maz; peak plate ma. per plate, 675 maz. Type
5Z3 is used principally for renewal purposes.

FULL-WAVE VACUUM RECTIFIER

Metal type used in power supply

524 of radio equipment having moderate
de requirements. QOutline 5, OUT-

LINES SECTION. Tube requires

octal socket and may be mounted in
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any position. Heater volts (ac), 5.0; amperes, 2.0. Maximum ratings: peak inverse
plate volts, 1400 mazx; peak plate ma. per plate, 8375 max. Typical operation as full-
wave rectifier with capacitor-input filter: ac plate-to-plate supply volts (rms), 700;
total effective plate-supply impedance per plate, 50 ohms; dc 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.

e G POWER TRIODE
@) © Glass type used in output stage of radio re-
ceivers. Outline 28, OUTLINES SECTION. 6 A 3

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
is a DISCONTINUED type listed for reference
only.

HIGH-MU TWIN POWER TRIODE

Glass type used in output stage of ac-oper-
ated receivers as a class B power amplifier or
with units in parallel as a class A\ amplifier to
drive a 6A6 as class B amplifier. Outline 27,
OUTLINES SECTION. Tube requires medium 6A6
seven-contact (0.855-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 a DISCONTINUED type
listed for reference only.

PENTAGRID CONVERTER

Glass types used in superheterodyne cir-
cuits. Outline 24B, OUTLINES SECTION. 6 A7
These types require the small seven-contact
(0.75-inch, pin-circle diameter) socket. Except
for interelectrode capacitances, the 6A7 is iden- 6 A7s
tical electrically with type 6A8. Type 6A7S, now
DISCONTINUED, has the external shield con-
nected to cathode. In general, its electrical char-
acteristics are similar to those of the 6A7, but
the two types are usually not directly interchangeable. Type 6A7is used principally for renewal purposes.

PENTAGRID CONVERTER

Metal type 6A8 and glass octal types 6A8-G 6A8
and 6A8-GT used in superheterodyne circuits.
6A8 Outline 3, 6A8-G Outline 23, 6A8-GT 6 ASG
Outline 15A, OUTLINES SECTION. Tubes re-
quire octal socket. Heater volts (ac/dc), 6.3;
ampgeres, 0.3. Characteristics as coverter: plate 6A86T
S:6A8 and grid-No.2-supply volts, 250 (300 max); Related type:
BC: 6AB-GT grids-No.3-and-No.5 (screen-grid) volts, 100 12A8GT

max; grid-No.4 (control-grid) volts, -3 (0 max);
grid-No.2 (anode-grid) resistor, 20000 ohms (bypassed by 0.1-uf capacitor); grid-No.1 (oscillator-grid)
resistor, 50000 ohms; plate resistance (approx.), 0.36 megohm; conversion transconductance, 550
pmbhos; plate ma., 8.5; grids-No.3-and-No.5 ma., 2.7; grid-No.2 ma., 4; grid-No.1 ma., 0.4; total cathode
ma., 10.6 (14 max); plate dissipation, 1 max watt; grids-No.3-and-No.5 input, 0.3 max watt; grid-No.2
input, 0.75 max watt; peak heater-cathode volts, 90 max. These types are used principally for renewal
purposes.

loloN HIGH-MU TRIODE
"G) e° Miniature type used as cathode-
‘ drive amplifier, frequency converter, 6 AB 4
@) 0 or oscillator at frequencies up to about
' J * 800 megacycles per second particularly
O in television and FM receivers. Outline

P
7B,0UTLINES SECTION. Tube requires miniature seven-contact socket and may
be mounted in any position. Heater volts (ac/dc), 6.3; amperes, 0.15. For maximum
ratings, characteristics, and curves, refer to type 12AT7.

137



6AB5/

6N5

RCA Receiving Tube Manual

ELECTRON-RAY TUBE

Glass type with triode unit used to indicate
visually by means of a fluorescent target the
effects of a change in a controlling voltage. It is
used as a convenient means of indicating accu-
rate radio-receiver tuning. Maximum dimen-
sions: over-all length, 4-3/16 inches; seated
height, 3-9/16 inches; diameter, 1-3/16 inches.
Tube requires six-contact socket. Heater volts
(ac/dc), 6.3; amperes, 0.15. Maximum ratings

Gt TA
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in indicator service: triode-plate supply volts, 180 mazx; fluorescent-target volts, 180 max, 125 min.
This type is used principally for renewal purposes.

6AB7

SHARP-CUTOFF PENTODE

Metal type used in rf and if stages of pic-
ture amplifier of television receivers particularly
those employing automatic-gain control. Out-
line 2, OUTLINES SECTION. Tube requires
octal socket. Heater volts (ac/dc), 6.3; amperes,
0.45. Maximum ratings as class A: amplifier:
plate and grid-No.2 supply volts, 300 max;
grid No.3, connect to cathode at socket; grid-

No.2 volts, 200 mazx; plate dissipation, 3.75 max watts; grid No.2 input, 0.65 max watt. Typical oper-
ation: plate and grid-No.2 supply volts, 300; grid-No.3 volts, 0; grid-No.2 series resistor, 30000 ohms;
grid-No.1 volts, -3; plate resistance (approx.), 0.7 megohm; transconductance, 5000 umhos; grid-No.1
volts for transconductance of 50 umhos, -22.5; plate ma., 12.5; grid-No.2 ma., 8.2. This type is used
principally for renewal purposes.

6AC5GT

HIGH-MU POWER TRIODE

Glass octal type used in single-ended or
push-pull audio-frequency power amplifiers of
the direct-coupled type in which a driver tube
develops positive grid bias for the 6AC5-GT
output stage. Outline 14C, OUTLINES SEC-
TION. This type may be supplied with pin No.
1 omitted. Tube requires octal socket. Heater

G
"
@ " @
H H
N K

volts (ac/dc), 6.3; amperes, 0.4. Maximum ratings as push-pull class B power amplifier: plate volts,
250 max; peak plate ma., 110 max; average plate dissipation, 10 max watts. This type is used princi-

pally for renewal purposes.

6AC7

SHARP-CUTOFF PENTODE

Metal type used as video amplifier tube in
television receivers, and as a mixer or oscillator
tube in low-frequency applications. Outline 2,
OUTLINES SECTION. Tube requires octal
socket. Heater volts (ac /dc), 6.3; amperes, 0.45.
Characteristics as class A1 amplifier: plate and
grid-No.2 supply volts, 300 mazx; grid No.3 con-
nected to cathode at socket; grid-No.2 series
resistor, 60000 ohms; cathode-bias resistor, 160

ohms; plate resistance (approx.), 1 megohm; transconductance, 9000 umhos; plate ma., 10; grid-No.2
ma., 2.5; plate dissipation, 3 max watts; peak heater-cathode volts, 90 mazx. This type is used princi-

pally for renewal purposes.
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6AD6G

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/dc), 6.3; amperes, 0.15. Maxi-
mum target volts, 150. This is a DISCON-
TINUED type listed for reference only.
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LOW-MU TRIODE — POWER PENTODE

Glass octal type used in a push-pull ampli-
fier circuit in conjunction with type 6F6-G. Tri-
ode unit serves as phase inverter. Outline 26,
OUTLINES SECTION. Tube requires octal 6AD7G
socket. Heater volts (ac/dc), 6.3; amperes, 0.85.
For typical operation of pentode unit, refer to
type 6F6-G. Maximum ratings of pentode unit
as class A or push-pull class AB: amplifier: plate
volts, 375 maz; grid-No. 2 volts, 285 max; plate
dissipation, 8.5 max watts; grid-No.2 input, 2.7 max watts. Maximum ratings of triode unit as classA:
amplifier: plate volts, 285 max; plate dissipation, 1.0 maz watt.This type is used principally for renewal
purposes.

G

©), LOW-MU TRIODE
P Glass octal type used as class A amplifier
in ac/dc radio receivers. Outline 14C, OUT-
LINES SECTION. Heater volts (ac/dc), 6.3; 6AESGT
amperes, 0.3. Maximum ratings as class A1 am-
H " u plifier: plate volts, 300 max; plate dissipation,
ORIO 2.5 max watts. This is a DISCONTINUED
NC (3 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
22, OUTLINES SECTION. Contains two tri-
odes with different cutoff characteristics. If ave
voltage is applied to the common control grid in 6AE6G
suitable circuit, one triode section operates on
weak signals while the other operates on strong
signals. Heater voltage (ac/dc), 6.3; amperes,
0.15. This is a DISCONTINUED type listed
for reference only.

TWIN-INPUT TRIODE

Glass octal type used as a voltage amplifier
or as a driver for two type 6AC5-GT tubes in
dynamic-coupled, push-pull amplifiers. In the
latter service, type 6AE7-GT replaces two tubes 6AE7GT
ordinarily required asdrivers. Outline14C,OUT-
LINES SECTION. Heater volts (ac/dc), 6.3;
amperes, 0.5. This is a DISCONTINUED type
listed for reference only.

HALF-WAVE VACUUM RECTIFIER
Miniature type used as a damper

tube in horizontal deflection circuits of 6AF3
television receivers. Outline 9B, OUT- Related type:
LINESSECTION. Tuberequires min- 12AF3

iature nine-contact socket and may be

mounted in any position. Socket terminals 1, 2, 3, 6, 7, and 8 should not be used as
tie points. It is especially important that this tube, like other power-handling
tubes, be adequately ventilated. Heater volts (ac/dc), 6.3; amperes, 1.2.

DAMPER SERVICE
For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Maximum Values):

PEAK INVERSE PLATE VOLTAGES . .. .. .0ovttttttiitiitiineaanannenns 4500 max volts
PEAK PLATE CURRENT. . .. .00ttt i intintiietnneeenennannennnnnennns 750 max ma
AVERAGE PLATE CURRENT . ... ... ittt it eninneenannnnnnns 185 max ma
PEAK HEATER CATHODE VOLTAGE:
Heater negative with respect to cathode............................ 4500* max volts
Heater positive with respect to cathode ........................... 300" max volts
BuLs TEMPERATURE (At hottest point) . .............coviiievnnnennn .. 210 max °C

# 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 cycle is 10 microseconds.

* The dc component must not exceed 1000 volts.

® The dc component must not exceed 100 volts.
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6AF4 MEDIUM-MU TRIODE

Miniature types used as local

6AF4A oscillators in uhf television receivers

X covering the frequency range of 470 to

2?;:‘,’:::: 890 megacycles per second. 6AF4 Out-

line 7B, 6AF4-A Outline 7A, OUT-

LINES SECTION. Tubes requires miniature seven-contact socket
mounted in any position.

and may be

HEATER VOLTAGE (AC/DC) .. vvvvvnenneeinennnnes e 6.3 volts
HEATER CURRENT . ..o ittiiii it iiiininneennnenns e 0.225 ampere
DIRECT INTERELECTRODE CAPACITANCES:*
Grid to Plate. ... ...ttt i i i it e e 1.9 pf
Grid to Cathode and Heater. ............ooiviiiiiniiiieninnnnn., 2.2 pf
Plate to Cathode and Heater. . ... PP 1.4 pf
Heater to Cathode®* .. ... ..........coiiiiiiiiiiiiniinnnnane, e 2.2 pf
* With external shield connected to cathode, except as noted.
** With external shield connected to plate.
Characteristics: CLASS A; AMPLIFIER
Plate Supply Voltage ................... e e e 80 volts
Cathode-Bias Resistor............... 150 ohms
Amplification Factor................ e 13.5
Plate Resistance (Approx.) ....... et ee ettt e 2100 ohms
TransconductanCe. . .o evvruuneenrnnnnenenennnnnans Ceeeeeeiiiaa, 6500 wmhos
PlateCurrent.......c..covvviiennniineeenenns [P P . 17.5 ma
UHF OSCILLATOR
Maximum Ratings, (Design-Mazxi: Values):
PLATE VOLTAGE. ..... cesesrescoerrasasarsrasteasasns 150 mazx volts
GRID VOLTAGE, Negatwe-blas value. .. ... .. setsesasnesreonsens eecesens .. -50 maz volts
GRID CURRENT. . 2 mazx ma
PLATE DISSIPATION. . 2.5 max watts
DC CATHODE CURRENT. . ... \itiiuiiineninnneneannennens sereceaveses 24 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode...........................L. 50 mazx volts
Heater positive with respect to cathode.............. e e 50°mazx volts
Typical Operation as Oscillator at 1000 Mc:
Plate Supply Voltage. . ......ovtitiiitiiiiii ittt ieiiieereenennnnnnn 100 volts
Plate Resistor................. et i i i e e e i 220 ohms
Grid ReSiStOr. ..ottt ittt it i i i i e 10000 ohms
Plate CUITeNt. . ...ttt it ittt iiiiinee e inneeranenanannnas 17 ma
Grid Current (APProX.). . . uivutvuennenennnnenenrneeeeneeeeanennnnnn 750 pa
Maximum Circuvit Values:
Grid-Circuit Resistance:
For fixed-bias operation................ et eeee et e N Not recommended

For cathode-bias operatlon ............ et teeeea e PP
°The dc component must not exceed 25 volts.

AVERAGE PLATE CHARACTERISTICS

.5 max megohm
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ELECTRON-RAY TUBE

Glass octal 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,
2-5/16inches;maximumdiameter,1-5/16inches.
This type may be supplied with pin No.l

6AF6G

omitted. Tube requires octal socket. Heater volts (ac/dc), 6.3; amperes, 0.15. Maximum ratings in in-
dicator service; fluorescent-target volts, 250 max, 125 min; ray-control-electrode supply volts, 250 maz;
peak heater-cathode volts, 90 maxz. Typical operation: fluorescent-target volts, 250; fluorescent-target
ma., 8.75; ray-contact-electrode volts (approx. for 0° shadow angle), 155; ray-control-electrode volts
(approx. for 100° shadow angle), 0.

KT;
o 1s?

DUAL TRIODE—
SHARP-CUTOFF PENTODE

Duodecar type used in a variety
of applications in television receivers.
The high-mu triode unit is used for age
keyer service, the medium-mu triode
unit for sync separator service, and

6AF1

Related type:
15AF11

the pentode unit for video amplifier service. Outline 12C, OUTLINES SECTION.
Tube requires duodecar twelve-contact socket and may be mounted in any posi-
tion. Heater volts (ac/dc), 6.3; amperes, 1.05.

Maximum Ratings, (Design-Maximum Values):

PLATE VOLTAGE. ......
GRID-NO.2 (SCREEN-GRID SUPPLY VOLTAGE. .. ..

GRID-NO.2 VOLTAGE

GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive-

bias value. .......
PLATE DISSIPATION. . ..

GRID-NO.2 INPUT:

For grid-No.2 voltages between 165 and 330

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

Characteristics:

Plate Supply Voltage. . ......................
Grid-No.2 Supply Voltage. ...................
Grid-No.1 Voltage...........................
Cathode-Bias Resistor. .. ....................
Amplification Factor. ........................
Plate Resistance (Approx)....................
Transconductance....................cooon...
PlateCurrent...............coovviiiin...

Grid-No.1 Voltage (Approx.) for plate current
of 100 pa. . ..ot

Maximum Circuit Valuves:

Grid-No.1-Current Resistance:
For fixed-bias operation. .................

CLASS A: AMPLIFIER
Triode Triode
Unit No.1 UnitNo.2
...................... 330 max 330 max
...................... 0 max 0 max
...................... 1.1 max 2 max
For grid-No.2 voltages up to 165 volts . .. .. - -
200 mazx 200 max
200"mazx 200%"max
200 200
-2 -
- 220
68 41
12400 9400
5500 4400
9.2
- -6.5
0.5 max 0.5 max
1 max 1 mazx

For cathode-bias operation................
®"The dc component must not exceed 100 volts.

SHARP-CUTOFF PENTODE

Miniature type used in compact
radio equipment as an rf or if amplifier
up to 400 megacycles per second.
Outline 7B, OUTLINES SECTION.
Tube requires miniature seven-con-

Pentode
Unit
330 max volts
330 max volts
See curve page 70

0 max volts
5 max watts
1.25 max watts

See curve page 70
200 max volts

200%max volts
250 volts
150 volts

- volts

100 ohms
68000 ohms
11000 pmhos
24 ma
4.8 ma
-10 volts

0.25 max megohm
1 max megohm

6AGS5

Gl
tact socket and may be mounted in any position. Except for slightly different
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characteristics, this type is similar electrically to miniature type 6BC5. Heater
volts (ac/dc), 6.3; amperes, 0.3. For typical operation as a resistance-coupled amp-
lifier, refer to RESISTANCE-COUPLED AMPLIFIER SECTION.

POWER PENTODE

Metal type used in output stage

6AG7 of video amplifier of television receiv-
ers. Outline 5, OUTLINESSECTION.

Tube requires octal socket. Heater

volts (ac/dec), 6.3; amperes, 0.65. Typi-

cal operation as class A; amplifier: plate volts, 300 maz; grid No.3 connected to
cathode at socket; grid-No.2 volts, 150 (300 mazx); grid-No.1 volts, -3 (0 max); peak
af grid-No.1 volts, 3; plate ma., 30 (zero signal), 30.5 (maximum signal); grid-No.2
ma., 7 (zero signal); 9 (maximum signal); plate resistance (approx.), 0.13 megohm;
transconductance, 11000 pmhos; load resistance, 10000 ohms; maximum-signal
power output, 3 watts; plate dissipation, 9 max watts; grid-No.2 input, 1.5 maxr watts.

LOW-MU TRIODE o)

Glass octal type having high perveance NC
used as vertical deflection amplifier in television a
6AH4GT receivers. Outline 14C, OUTLINES SECTION.

Tube requires octal socket and may be mounted e 0

in any position. Heater volts (ac/dc), 6.3; am- “' .

peres, 0.75. Characteristics as class A, amplifier: o (6)

plate volts, 250; grid volts, -23; amplification G "

factor, 8; plate resistance (approx.), 1780 ohms;

transconductance, 4500 ymhos; plate ma., 30.
Maximum ratings as vertical-deflection amplifier (for operation in 525-line, 30-frame system) ; dc plate
volts, 500 max; peak positive-pulse plate volts, 2000 max; peak negative-pulse grid volts,~£00 mazx; peak
cathode ma., 180 maz; average cathode ma., 60 max; plate dissipation, 7.5 max watts; peak heater-

cathode volts, 200 max (the de component must not exceed 100 volts). This type is used principally for
renewal purposes.

SHARP-CUTOFF PENTODE

Minature type used as if amplifier in video

stages of television receivers. Outline 7B, OUT-

LINES SECTION. Tube requires miniature

6AH6 seven-contact socket. Heater volts (ac/dc), 6.3;

amperes, 0.45. Characteristics as class A; am-

plifier: plate supply volts, 300 maz; grid No.3

connected to cathode at socket; grid-No.2 sup-

ply volts, 150 (300 mazx); cathode-bias resistor,

160 ohms; plate resistance (approx.), 0.5 megohm; transconductance, 9000 umhos; plate ma., 10; grid-

No.2 ma., 2.5; plate dissipation, 3.2 max watts; peak heater-cathode volts, 90 max. This type is used
principally for renewal purposes.

SHARP-CUTOFF PENTODE

Miniature type used as an rf or if

6AK5 amplifier especially in high-frequency

wide-band applications. It is useful as

an amplifier at frequencies up to 400

megacycles per second. Outline 7A,

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

HEATER VOLTAGE (AC/DC) . volts
HEATER CURRENT. .. ..voivtitiiiinnneeennnnnn . ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid Nol to Plate. . ...ttt ittt i 0.02 mazx pf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield... 4.0 pf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield....... 2.8 pf
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CLASS A, AMPLIFIER
Maximum Ratings, (Design-Center Values):

PLATE VOLTAGE. . ... ..ot iveinecnniennnnn Ceteareaanceans [ R .. 180 max volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE . .. ...t vuvrrunrnrannnnnnns e See curve page 70
GRID-NO.2 SUPPLY VOLTAGE. . . .ttt ttttineneetiaeineeererenacnnnnns .. 180 max volts
GRID-NO.1 VOLTAGE, Positive-bias value ................................ 0 mazx volts
PLATE DISSIPATION. ........... N 1.7 maz watts
GRID-NO.2 INPUT:

For grid-No.2 voltagesup to 90 volts. . ............... e 0.5 max watt

For grid-No.2 voltages between 90 and 180 volts e See curve page 70
CATHODE CURRENT. . . .co.v.vnnnn e e . 8 mazx

PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode .............. e, 90 mazx volts
Characteristics:
Plate Supply Voltage. .. .. TP e 120 180 volts
Grid-No.2 Supply Voltage. . .........ciiiiiiiiiiiiiiiinean. 120 120 volts
Cathode-Bias Resistor. . . 180 180 ohms
Plate Resistance (Appro 0.3 0. megohm
Transconductance. . . ... 5000 5100 umhos
Grid-No.1 Voltage for plate current of 10 u: .. -8.5 -8.6 volts
Plate Current. ..............coot 7.5 7.7 ma
Grid-No.2 Current. 2.5 2.4 ma

8 With external shield connected to pins 2 or 7.

HALF-WAVE VACUUM RECTIFIER

Miniature type used as damper
tube in horizontal-deflection circuits of
television receivers. Outline 9C, OUT-
LINES SECTION. Tube requires
miniature nine-contact socket and may
be mounted in any position. Socket terminals 1, 2, 3, 6, 7, and 8 should not be used
as tie points. It is especially important that this tube, like other power-handling
tubes, be adequately ventilated. Heater volts (ac/dc), 6.3; amperes, 1.55.

DAMPER SERVICE
For operation in 525-line, 30-frame system
Maximum Ratings, (Design-Center Values):

PEAK INVERSE PLATE VOLTAGE®(Absolute maximum)..................... 7500°max volts
PEAK PLATE CURRENT . . ..ottt ittt ittt ittt etn e etneeneatnennnnenns 550 max ma
DC PLATE CURRENT. ...\ttt ettt e titian ettt teennneeaeeennss 220 max ma
PLATE DISSIPATION. . it ottt et tiin et ie it iin e 5 max watts
PEAK HEATER-CATHODE VOLTAGE . .. ..ottt ttintiiiineneeennnnenenns 6600 max volts

© Under no circumstances should this absolute value be exceeded.
® 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 cycle is 10 microseconds.

TWIN DIODE

Miniature, high-perveance type
used as detector in FM and television
circuits. It is especially useful as a
ratio detector in ac-operated FM re-
ceivers. Each diode section can be used
1ndependently 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 7A, OUTLINES SECTION. Tube requires miniature
seven-contact socket and may be mounted in any position.

6ALS

Related types:
3ALS, 12AL5

HEATER VOLTAGE (AC/DC) . ottt viiiiee it iiineennnnnns e 6.3 volts
HEATER CURRENT. . ..\t tttittetitieanunnseannansseeennnaneennnn 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Plate No.l1 to Cathode No.1, Heater, and Internal Shield............. 2.5 pf
Plate No.2 to Cathode No.2, Heater, and Internal Shield............. 2.5 pf
Cathode No.1 to Plate No.1, Heater, and Internal Shield............. 3.4 pf
Cathode No.2 to Plate No.2, Heater, and Internal Shield............. 3.4 pf
Plate No.1to Plate No.2. .. ... 0.068 max pf
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HALF-WAVE RECTIFIER

Maxi Ratings, (Design-Center Values):
PEAK INVERSE PLATE VOLTAGE. . ..o vvvvinvnerrnnnnnnns e eeieiiiianes 330 max volts
PEAK PLATE CURRENT (Per Plate)....... . 54 max ma
DC OuTPuT CURRENT (PerPlate)............ccoviiiiiiiiiiiinnnnn, .. 9 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . .... eireiieeees [P 330 max volts
Heater positive with respect to cathode.................... e 330 max volts
Typical Operation:
AC Plate Voltage per Plate (rms) . ......c.ovvvviennnnoans . 117 volts
Min. Total Effective Plate-Supply Impedance per Plate . . 300 ohms
DC Output Currentper Plate....................... . 9 ma
AVERAGE CHARACTERISTICS
HALF-WAVE RECTIFICATION-SINGLE DIODE
TYPEBALS
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ELECTRON-RAY TUBE
Glass octal type used to indicate visually
on a pair of rectangular fluorescent patterns the
effects of changes in voltages applied to its grid
6 AL7GT and three deflecting electrodes. It is especially
useful in meeting the requirements for accurate
tuning in FM receivers. Maximum dimensions:
over-all length, 3-1/16 inches; seated height,
2-1/2 inches; diameter, 1-9/32 inches. Tube re-
quires octal socket and may be mounted in any
position. Heater volts (ac/dc), 6.3; amperes, 0.15. Maximum ratings in indicator service: fluorescent-
target volts, 365 max, 220 min; peak heater-cathode volts, 90 max.Typical operation in indicator service:
fluorescent-target volts, 315; deflecting electrodes Nos.1, 2, and 3 volts, 0; cathode resistor (approx.),
8300 ohms; deflection sensitivity (approx), 1 mm/volt; grid volts for fluorescence cutoff, —7. This type

is used principally for renewal purposes.

BEAM POWER TUBE—
SHARP-CUTOFF PENTODE
Duodecar type used as FM detec-

6A|.TI tor and audio-frequency output am-
Related type: plifier in television receivers. Qutline
12AL11 12B,0UTLINES SECTION. Tube re-

quires duodecar twelve-contact socket
and may be mounted in any position. Heater volts (ac/de), 6.3; amperes, 0.9.

BEAM POWER UNIT AS CLASS A AMPLIFIER

Maximum Ratings, (Design-Maximum Values):
PLATE VOLTAGE.................

GRID-NO.2 (SCREEN-GRID) VOLTAGE
PLATE DISSIPATION. . . . .
GRID-NO2 INPUT. . .ottt ittt iiiie i iraes
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PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............................
Heater positive with respect tocathode. . ..........................

Typical Operation:

Plate Voltage. .. ... i i i e
Grid-No.2 Voltage.................
Grid-No.1 (Control-Grid) Voltage. . .
Peak AF Grid-No.1 Voltage. . .......coiitniiiin i,
Zero-Signal Plate Current. . ........... ... ... . i i
Maximum-Signal Plate Current. .............. ... ... it
Zero-Signal Grid-No.2 Current. . ...........viiiintineiniieiennn..
Maximum-Signal Grid-No.2 Current...............oiiiiiiininnnenn.nn.
Plate Resistance (ADPProX.). ... .vurtuinnet et enunneennnnnenennnna..
Transconductance. . . .......oouuiuuiiiuntteinnneeiniiainenna,
Load ResiStance. ... ... ..ottt ittt
Total Harmonic Distortion. ............ ..o,
Maximum-Signal Power Qutput............. ...,

Maximum Circuit Valves:

Grid-No.1-Circuit Resistance:
For fixed-bias operation. ............. .ot
For cathode-biasoperation. . .............ciiiiiiiiineiiiinenann,

® The dc component must not exceed 100 volts.

PENTODE UNIT AS CLASS Ai AMPLIFIER
Characteristics: :
Plate Supply Voltage. . ....oovii it it it it
Grid-No.3 (Suppressor-Grid) Voltage. . ...........coiiiiiiiiiinieennnn.
Grid-No.2 (Screen-Grid) Supply Voltage. . ..........cciviiiiiiinnnennnn.
Cathode-Bias Resistor. . . ........ouuuuttiiiiiiiiiin i,
Plate Resistance (APDProX.). ... ..vverueeunnetuunneennnneerenaneenanan
Transconductance, Grid No.1toPlate. ............... ... ... ..o,
Transconductance, Grid No.3toPlate. ................................
Plate CUITENt. .. ..o v vttt ees e et iie ettt i e ennnnas
Grid-No.2 Current. . .. ..ottt it ittt i e e
Grid-No.1 Voltage (Approx.) for plate current of 30 ua
Grid-No.3 Voltage (Approx.) for plate current of 50 pa

PENTODE UNIT AS FM DETECTOR

Maximum Ratings, (Design-Mazimum Values):
PLATE VOLTAGE. . . .« t ottt ettt ittt ite e eie e etie et enneinaeaneas
GRID-NO.3 VOLTAGE. . . ..ottt iittiiiiee i iiian e
GRID-NO.2 SUPPLY VOLTAGE
GRID-NO.2 VOLTAGE. . .« oottt it ttttitetateteteeeeteneenneeneains
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive-bias value.................
PLATE DISSIPATION. . . ..ottt t e et iiia et
GRID-No0.2 INPUT:
For grid-No.2 voltagesup to 165 volts. . ............. ... ... .......
For grid-No.2 voltages between 165 and 330 volts. ..................
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.................. ... ... ...
Heater positive with respect to cathode. .................... ..o,

® The de component must not exceed 100 volts.

HIGH-MU TRIODE

Miniature type used as mixer and rf am-
plifier in cathode-drive circuits of uhf television
receivers. Outline 8A, OUTLINES SECTION.
Tube requires miniature nine-contact socket
and may be mounted in any position. Heater
volts (ac/de), 6.3; amperes, 0.225. Character-
istics as class A; amplifier: plate-supply volts,
200 mazx; cathode-bias resistor, 100 ohms; am-
plification factor, 85; plate resistance (approx.),

l

200 mazx volts
200%max volts

250 volts
250 volts
-8 volts
8 volts
35 ma
39 ma
2.5 ma
7 ma
0.1 megohm
6500 pmhos
5000 ohms
10 per cent
4.2 watts

0.25 mar megohm

150 volts
0 volts
100 volts
560 ohms
0.15 megohm
1000 umhos
400 pmhos
1.3 ma
2.1 ma
-4.5 volts
-4.5 volts

330 max volts
28 max volts
330 max volts
See curve page 70

0 max volts
1.7 max watts

1.1 mazx watts
See curve page 70

200 max volts
200%max volts

6AM4

8700 ohms; transconductance, 9800 umhos; plate ma., 10; plate dissipation, 2 max watts; peak heater-

cathode volts, 80 mazx. This type is used principally for renewal purposes.
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DIODE—SHARP-CUTOFF
PENTODE
6AMS Miniature types used in diversified

6 AM 8 A applications in television receivers.
Related type: Type 6AM8-A has a controlled heater
5AMS warm-up time for use in receivers em-
ployingseries-connected heaterstrings.
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 dc restorer.
Outline 8B, 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.

HEATER VOLTAGE (AC/DC) . vttt ittt e e et ee et e e, 6.3 volts
HEATER CURRENT. . .\t tvveeees it aneee s O.ﬁ ampere

seconds

DIRECT INTERELECTRODE CAPACITANCES:

Diode Unit:
Plate to Cathode and Heater ...................cc0oviinueunnnn.. 1.8 pf
Cathode to Plate and Heater ..............ccoooviinenunnennnnn.. 3 pf
Pentode Unit:
Grid No.lto Plate .............ouiiiiiineiiiinnneninnanennnn.. 0.015 max pf
Grid No.1 to Cathode, Heater, Grid No.2, No.3 and Internal Shield. . . 6.5 pf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield . 2.6 pf
Pentode Grid No.1 to Diode Plate .............couvennrennnennnennnnn. 0.006 max pf
Pentode Plate to Diode Cathode ..............c.covivinennnnnnninnins 0.15 max pf
Pentode Plate to Diode Plate. ..............ooiviiiiiiiinininnennnnnn, 0.1 max pf
PENTODE UNIT AS CLASS A; AMPLIFIER
Maximum Ratings, (Design-Maximum Values):
PLATE VOLTAGE. ..o\ttt tt ittt ettt te et ettt enennnnenns 330 maz volts
GRID-N0.3 (SUPPRESSOR-GRID) VOLTAGE, Positive value.................. 0 max volts
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE. . . .\ vvveeeeennnnnnnnnnnn, 330 max volts
GRID-NO.2 VOLTAGE. . ..\ttt ttttttttenteeeiiieeeeaneeenannennnns . See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive-bias value. ............... 0 max volts
PLATE DISSIPATION ...\ttt ittt entetennenn et eneneneennnnsnennns 3.2 max watts
GRID-NoO.2 INPUT:
For grid-No.2 voltagesup to 165 volts. ... ..................... e 0.55 mazx watt
For grid-No.2 voltages between 165 and 830 volts. ................... See curve page 70
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............................. 200 mazx volts
Heater positive with respect to cathode. ....................c.c...... 200° max volts
Characteristics:
Plate Supply Voltage. .............ccovuunnn. e e eeaa . 125 volts
Grid No.3. ............cooiviunns T Connected to cathode at socket
Grid-No.2 Supply Voltage. . ....oouviiieiitininiiiineeneennnnnnn. 125 volts
AVERAGE CHARACTERISTICS
28 PENTODE UNIT
TYPE 6AM8=A I
E¢ = 6.3 VOLTS
«» ["GRID N23 AND INTERNAL SHIELD
w CONNECTED TO CATHODE AT SOCKET,
T | GRID-N22 VOLTS=I50 4
a2 CI=0
b3
=3 R\
3 \
A .
) \ -
v \
~ \
o \
\
LN )i
g \
o \/ \ GRID-N21 VOLTS E¢y=-2
5 i :
g’ R Nl _ Lcl=c
N R
gy S~ — 2
I el S sy A S S SR Y -4
— Ib =4
) 50 100 150 50 300

200 2
PLATE VOLTS
92CM-8303T2
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Cathode-Bias Resistor. . . .. e e et 56 ohms
Plate Resistance (APProX.). . ... .uutiuietnneennerneeanoneannennennens 0.3 megohm
Transconductance. ........ S U PN 7800 pmhos
Grid-No.1 Voltage (Approx.) for plate current of 20 pa........ ......... -6 volts
Grid-No.1 Voltage (Approx.) for plate current of 2 ma and cathode-bias

resistor of 0 OMS . ... ... . i it i e -3 volts
Plate Current. ...ttt ittt e 12.5 ma
Grid-No.2 CUIrent. . . ... iit ittt ittt iiiiiit i iinii e 3.2 ma

Maximum Circuit Values:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. . ....... ...ttt 0.25 max megohm
For cathode-bias operation. ...............ooiiiiiiiinnn e, 1.0 max megohm
DIODE UNIT
Maximum Ratings, (Design-Maximum Values):
DC PLATE CURRENT. . . . ...ouvvnennnn P Lol . 5 mazx ma
PEAK HEATER-CATHODE VOLTAGE: . .
Heater negative with respect to cathode...................... PN 200 max volts
Heater positive with respect to cathode......................o000. . 200° max volts

°The dec component must not exceed 100 volts.

ROMO) HIGH-MU TRIODE
KGY (== Yo)°® Miniature type used as mixer or
—_ rf amplifier .in cathode-drive S:ircuits 6AN4
e Dp of uhf television tuners covering the

frequency range of 470 to 890 mega-
cycles per second. Outline 7A, OUT-
LINES SECTION. Tube requires miniature seven-contact socket and may be
mounted in any position. Heater volts (ac/dc), 6.3; amperes, 0.225.
CLASS A; AMPLIFIER
Maximum Ratings, (Design-Center Values):
PLATE VOLTAGE . . .. .. ittt ittt 300 max volts

PLATE DissIPATION 4 max watts
CATHODE CURRENT 80 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . ....................... ... 200 max volts
Heater positive with respect to cathode. .............. ...t 200%maz volts
Characteristics:
Plate-Supply Voltage. ......... ...ttt 200 volts
Cathode-Bias Resistor. . .. ........c.iiuieiietierennneneeneeienennns 100 ohms
Amplification Factor. . .. ... ... o it 70
TransconduCtance. .. .........uiuiniiiireetretieeeeeieraeaeaaans 10000 pmhos
Plate CUTent. . . ... ..ottt ittt eiiiiiiiies tiinnneaans 13 ma
Grid Voltage (Approx.) for plate currentof 20 pa. .. ... ................ -7 volts
Maximum Circvit Valuves:
Grid-Circuit Resistance:
For fixed-bias operation. .. ......... ... .. .cciiiiiiiiiiiiiiiiiiiaians 0.1 max megohm
For cathode-bias operation. . ............ ...ttt 0.5 max megohm

® The dc component must not exceed 100 volts.

MEDIUM-MU TRIODE—

XN ~62p SHARP-CUTOFF PENTODE
“‘;o Miniature types used in a wide 6AN8

(®c\p variety of applications in color televi-
sion receivers. The 6ANS8-A has a con- 6AN 8A
PT G3p kp trolled heater warm-up time for use in
'S receivers employing series-connected
heater strings. The pentode unit is used as an intermediate-frequency amplifier, a
video amplifier, an agc amplifier, or as a reactance tube. The triode unit is used in
low-frequency oscillator, sync-separator, sync-clipper, and phase-splitter circuits.
Outline 8B, OUTLINES SECTION. Tubes require miniature nine-contact socket
and may be mounted in any position. Type 6ANS8 is a DISGONTINUED type
listed for reference only.

Related type:
5ANS

HEATER VOLTAGE (AC/DC) . .. . . 6.3 volts
HEATER CURRENT. . ........... .. .... ... 0.45 ampere
HEATER WARM-UP TIME (Average) 6ANS-A........ccovveiiniuinineennns 11 seconds
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DIRECT INTERELECTRODE CAPACITANCES:

Triode Unit:
Grid to Plate. . PN .
Grid to Cathode and Heater. . . .. e
Plate to Cathode and Heater.

Pentode Unit:

Grid No.L to Plate. . ... oiinntitit it iiiniieanseeeess
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield . .
Plate to Cathode, Heater, Grid No 2, Grid No. 3, and Internal Shield....
late. . ... e ceeese
Pentode Grid No.1 to Triode Plate. ... ..........coiiviiiiniiiiieiinnns

Triode Grid to Pentode P!
Pentode Plate to Triode Plate. . ..

CLASS A; AMPLIFIER

Maximum Ratings, (Design-Maxzimum Values):
PLATE VOLTAGE. . ... .. vuttiiitiittinnenenieenanuneen
GRID-NO.2 SUPPLY VOLTAGE . ........
GRID-NO,2 (SCREEN-GRID) VOLTAGE
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive-bias value. . .
PLATE DISSIPATION. . ...t tiittiiiiii it nnnnaennn
GRID-N0.2 INPUT:

For grid-No.2 voltages up to 165 volts. .. ............. -

For grid-No.2 voltages between 165 and 330 volts. ... .. -
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............... 200 max

Heater positive with respect to cathode. . ... Ceeeen e 200°max

Triode Unit
330 mazx

Characteristics:
Plate Supply Voltage. .....
Grid-No.2 Sufply Voltage. .
Grid-No.1 Voltage. .
Cathode-Bias Resistor
Amplification Factor. ..
Plate Resistance (Appro .
Transconductance. . . .....vvevviviiinnnreeeeseens .
Grid-No.1 Voltage (Approx ) for plate current of 20ua .....
Grid-No.1 Voltage (Approx.) for plate current of 1.6 ma and
cathode-bias resistor of 0 ohms
Plate Current.......
Grid-No.2 Current. ....

Triode Unit
150

-3

Maximum Circuit Values:

Grid-No.1-Circuit Resistance:*
For fixed-bias operation. . .
For cathode-bias operation. . ...

°The dc component must not exceed 100 volts.

B T PRI

pf

pf

pf

.. pg

p

ce .4 pf

....0.02 pf

ven .0 02 pf

....0.15 pf
Pentode Unit

330 maz volts

330 maz volts

See curve page 70

0 mazx volts

2.8 mazx watts

0.55 mazx watt

See curve page 70

200 mazx volts

200°maz volts
Pentode Unit

125 volts

125 volts

- volts

56 ohms

170000 ohms

7800 umhos

-6 volts

-3 volts

12 ma

3.8 ma

megohm

0.25 max
.0 max megohm

*If either unit is operating at maximum rated conditions, 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-
ceivers and in-ac-operated receivers
and, triode-conneeted, as vertical de-
flection amplifiers in television receiv-

6AQ5
6AQS5A

Related types:
5AQS5, 12AQ5

ers. Type 6AQ5-A has a controlled heater warm-up time for use in television
receivers employing series-connected heater strings. Outline 7C, OUTLINES SEC-
TION. Tubes require miniature seven-contact socket and may be mounted in any
position. Within their maximum ratings, the performance of these types is equiva-
lent to that of larger types 6V6 and 6V6-GTA. Type 6AQ5 is a DISCONTINUED

type listed for reference only.

HEATER VOLTAGE (AC/DC) 4 evvvvreriieereneneneennnans . erreea
HEATER CURRENT . . . 0\t ttiitttnttteessteerioaneeanananns Ceeees .
HEATER WARM-UP TIME (Average) for 6AQ5-A..................00uunnn

DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Grid No.ltoPlate . ... oo e, P
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3.......... e
Plate to Cathode, Heater, Grid No.2, and Grid No.3. ................ .

AMPLIFICATION FACTOR¥*

PLATE RESISTANCE (APProX. )X, . ..ttt in i iteeiieneennnrneennns
TRANSCONDUCTANCEX. . . ...ttt ttt ittt ieiiiineennaas
GRID-NO.1 VOLTAGE (Approx.) for plate currentof 0.5 ma.. ..............

6.3 volts ,
0.45 ampere
11 seconds
0. g p :
P
8.5 pf
9.5
1970 ohms
4800 pmhos
-37 volts

* Grid No.2 connected to plate; plate and grid-No.2 volts, 250; grid-No.1 volts, -12.5; plate ma., 49.5.
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AVERAGE CHARACTERISTICS
PENTODE CONNECTION

25 T T T
s TYPE 6AQS5-A
E4=6.3 VOLTS
4 by | d—T" | GRID-N#2 VOLTS =250
& 200) =+10
3 e
< [\ "1
-
2 \f ' +5
%‘ls S > G F=—= =g =5
g, ,p{-_.--—-_.‘...— o
z { —
1 1
2 1004} ,}/
s “/ GRID-N21 VOLTS Eci=-5
L s s
2 \ -10
:; £
3 so—‘—(,‘, __-llz.s Ty
[ 1
L= ! -
=S === == =ECI=+I5
o e ol i S -30
° 100 200 300 92CM-4807T2

400 500
PLATE VOLTS

CLASS A, AMPLIFIER
Maximum Ratings, (Design-Maximum Values):

o

n 3
o o
GRID-N2I(I¢| MILLIAMPERES

=3

PLATE VOLTAGE. .......... e 275 ma volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE 275 max volts
PLATE DISSIPATION. .......... e 12 mazx watts
GRID-NO.2 INPUT. ........... e 2 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode ........................... 200 max volts
Heater positive with respect to cathode .. .. 200%nax volts
BuLB TEMPERATURE (At hottest point) .............. ... c.iiiiual, 250 max °C
® The dc component must not exceed 100 volts.
Typical Operation:
Same as for type 6V6-GTA within the limitations of the maximum ratings.
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. .. ..........coiiiiiiiiiiinneiaan [N 0.1 max megohm
For cathode-bias operation .............. Cessrenses seeessassssseses 0.5 max megohm
AVERAGE CHARACTERISTICS
TRIODE CONNECTION
160
o | | l
v 9, TYPE 6AQ5-A
y £4=6.3 VOLTS
@ / S GRID N22 CONNECTED TO PLATE™ |
3 o
¢ / &/
2120 &
3 / Ry 3
I ' Q’>
g ' s/ 4 k7
F /|3 A L)
£ 80 i/ S
5 / / / 7
H 4 /
: / / Y / ar
a0 A |2
2 40 |\
s /k A 4 / / /
- \c
! < / / / 2
A LA LT
. dil " ’/
[ 100 200 30 500 600

o 4
PLATE VOLTS

92CM-6333 T
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VERTICAL DEFLECTION AMPLIFIER (Triode Connection)®

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

Maximum Ratings, (Design-Maximum Values):

DC PLATE VOLTAGE. . . ............ e e
PEAK POSITIVE-PULSE PLATE VOLTAGEY .................
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE
PEAK CATHODE CURRENT. . . ... tvvttneteneeeeeennnnnn

PLATE DISSIPATION. . ... .ttt iiie i ieeiieneeennnnnn

PEAX HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode..............
Heater positive with respect to cathode...............
BuLB TEMPERATURE (At hottest point) .................

Maximum Circuit Valve:

.............. 275 max
.............. 1100 max
............. -275 max
.............. 115 max
............... 40 max
............... 10 max

............... 200 max
.............. 200%max
.............. 250 max

volts
volts
volts

ma

ma
watts
volts
voltg

Grid-No.1-Circuit Resistance:

For cathode-bias operation

° Grid No.2 connected to plate.

1 The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 525-
line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.

® The dc component must not exceed 100 volts.

6AQ6

TWIN DIODE—HIGH-MU TRIODE

Miniature type used as combined detector,
amplifier, and ave tube in compact radio re-
ceivers. Outline 7B, OUTLINES SECTION.
Tube requires miniature seven-contact socket.
Heater volts (ac/dc), 6.3; amperes, 0.15. Char-
acteristics of triode unit as class A; amplifier:
plate volts, 250 (300 mazx); grid volts, -3; am-
plification factor, 70; plate resistance (approx.),
58000 ohms; transconductance, 1200 umhos;

2.2 mar megohms

plate ma., 1; peak heater-cathode volts, 90 max. This type is used principally for renewal purposes.

6AQ7GT

1600 pmhos; plate ma., 2.3. This type is used principally for renewal purposes.

6AQ8

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. Out-
line14C,OUTLINES SECTION. Tube requires
octal socket. Heater volts (ac/dc), 6.3; amperes,
0.3. Ratings and characteristics of triode unit as
class Ai amplifier: plate volts, 250 max; grid
volts, -2; amplification factor, 70; plate resist-
ance (approx.), 44000 ohms; transconductance,

HIGH-MU TWIN TRIODE

Miniature type used as rf ampli-
fier and self-oscillating mixer in
FM/AM radio receivers. Outline 8B,
OUTLINESSECTION. Tuberequires
nine-contact socket and may be oper-

ated in any position. Heater volts (ac/dc), 6.3; amperes, 0.435. With plate volts
of 250 and grid volts of —2.3, class A, characteristics of each unit are: plate ma, 10;
plate resistance (approx.), 9700 ohms; transconductance, 5900 pmhos; amplifi-

cation factor, 57.

Maximum Ratings, (Design-Center Values, Each Unit):

PLATE VOLTAGE withplate ma=0........................... .. 550 max volts
PLATE VOLTAGE. . . ..\ttt ittt ittt e it e i iiinnnas 300 mazx volts
GRID VOLTAGE, Negative-bias value. . ........................... e -100 max volts
PLATE DISSIPATION:

Foreitherplate. . ..... ..ottt i 2.5 max watts

For both plates with both units operating. . ....................... . 4.5 max watts
CATHODE CURRENT. . . .+ .ttt e e ee e e e et et et et it 15 max ma
PEAK _HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode.............. . 90 max volts
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RF

Typical Operation, (Each Unit): Amplifier  Converter

Plate Supply Voltage. . .....cooiiiiiiiiii it 250 250 volts
Plate Voltage. ... ...ttt 230 - volts
Plate Resistor. . .. ....vuutiiiiiiiiiieiiiiiiiiiiiiianans 1800 12000 ohms
Grid ResiStor. . ..ovvvvin ittt - 1 megohm
Grid Voltage. . . . ..ottt i i -2 - volts
RMS Oscillator Voltage. . ......oovviiiiiiin .. - 3 volts
Cathode ResiStor.........oovviiiiiiiiiiiin i e, 200 - ohms
Plate Resistance (APProX.). .. ...veuneveenneneeennnnennnn 9700 22000 ohms
Transconductance. .......cvvvittiiniiitiiineeeeennnennnnn 6000 - pmhos
Conversion Transconductance. .. ..............covuiun... - 2300 pmhos
Input Resistance at frequeney (Me) = 100................. 6000 15000 ohms
Plate Current. . .....couoveteriin i rrnnieennnneanns 10 5.2 ma
Equivalent Noise Resistance..............ooovviiiiii.., 500 - ohms
Maximum Circuit Values, (Each Unit):

Grid-Circuit Resistance. . ..ottt iiiiiieenriteenreetnnenans 1 maxr megohm
Resistance between Cathode and Heater...............c.oovviinnnninn., 20000 max ohms
POWER PENTODE

H@ 6P Miniature type used as output tube prima-

rily in automobile receivers and ac-operated re-

HG) Gz ceivers. Outline 7C, OUTLINES SECTION.
\ Tube requires miniature seven-contact socket 6 AR 5

and may be mounted in any position. Heater

Gs NC volts (ac/dc), 6.3; amperes, 0.4. Maximum

K ratings as class A, amplifier: plate and grid-No.2

C'I (screen-grid) volts, 250 max; plate dissipation,

8.5 max watts; grid-No.2 input, 2.5 max watts;
peak heater-cathode volts, 90 max. Within its maximum ratings, type 6AR5 is equivalent in performance
to glass-octal type 6K6-GT. Type 6ARS5 is used principally for renewal purposes.
G3p,

Kp. |
% Q@ SEMIREMOTE-CUTOFF
G3p, & < S2p, TWIN PENTODE
$ = AL Duodecar type used as if-ampli-
O (L —_ K9, . fier tube in television receivers. Out- 6ART|
;’2 2 ) P line 12A, OUTLINES SECTION. Related type:
P2 “I |zH K Tube requires duodecar twelve-con- TIART

tact-socket and may be mounted in
any position. Heater volts (ac/dc), 6.3; amperes, 0.8.

CLASS A: AMPLIFIER
Values for each unit
Maximum Ratings, (Design-Maximum Values):

PLATE VOLTAGE. . . . .ttt tttttttetetenetteeaeteeeaeenonneniinnans 330 mazx volts
GRID-N0.3 (SUPPRESSOR-GRID) Voltage, Positive value ................... 0 max volts
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE. . . . ...ovvvtviieunnnnnnnnnns 330 max volts
GRID-NO.2 VOLTAGE. .+ttt ottt ettt ete e tetetatneneeeseaeeeneneneneneennnns See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive-bias value................. 0 max volts
GRID-NO.2 INPUT:

For grid-No.2 voltagesup to 165 volts. ..............coviiiinin... 0.65 max watt

For grid-No.2 voltages between 165 and 330 volts. .. ............coovuunnn See curve page 70
PLATE DISSIPATION. . . .ottt tiiit i iiiii et eiie e neeeaas 3.1 mazx watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............................ 200 max volts

Heater positive with respect to cathode. ....................coouut. 200°max volts
Characteristics, (Each Unit):
Plate Supply Voltage. ... ....coiiin ittt it iiiine e 125 volts
Grid NOLB. . ottt e e Connected to cathode at socket
Grid-No.2 Supply Voltage. . ......coiiii ittt iiiiiiiainanans 125 volts
Cathode-Bias ResiStor. . . ....oiiut ittt ittt i 56 ohms
Plate Resistance (APPIroX.). . ... cuutrnienn e inneeneneennennenneenns 0.2 megohm
TranscoNAUCLANCE. . . ..t ovtttte ettt ie ettt nenensneeenananenenan 10500 umhos
Plate CUrrent. .. .. ...ttt ittt ittt ittt 11 ma
Grid-No.2 Current. ... ...oiiiii i i i i i i e 3.5 ma
Grid-No.1 Voltage (Approx.) for transconductance of 50 umhos........... -15 volts

° The dc component must not exceed 100 volts.
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BEAM POWER TUBE

Miniature type used as output
amplifier primarily in automobile and
6 AS 5 in ac-operated receivers. Outline 7C,
OUTLINES SECTION. Tube re-
quires miniature seven-contact socket
and may be mounted in any position.
For curves of average plate charac-
teristics, refer to type 35C5.

HEATER VOLTAGE (AC/DC) . . vt vvvvtiivuennenossnansscsnssessscsenssass 6.8
HEATER CURRENT. . .ottt ttiitttninneseninnsaasnnansonnanens PR .. 0.8
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.ltoPlate. .. ....cooiiineniieeinieeennrenennnnas 0.6
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3........ e 12
Plate to Cathode, Heater, Grid No.2, and GridNo3.......covvviiinnn 9.0
CLASS A; AMPLIFIER
Maximum Ratings, (Design-Center Values):
PLATE VOLTAGE. ... voniinnnnnenns e veveereseess 150 maz
GRID-No0.2 (SCREEN-GBID) VOLTAGE + + o vvvvvvonntl vecesesnnsss 117 mazx
PLATE DISSIPATION. . .......... e e ettt oo 5.5 max
GRID-NO.2 INPUT . v ovnrsrrnnns N Cheeeeenn eteriiiiriisieessesees 1.0mazx
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode......... Cieressesrsesscssssese 100 mazx
- Heater positive with respect to cathode. ............. ceieerseisenseaes 100 max
BuLB TEMPERATURE (At hottestpoint)............... e e 250 max

Typical Operation:
Plate Voltage. . . .
Grid-No.2 Voltage
Grid-No.1 (Control-Grid) Voltage
Peak AF Grid-No.1 Voltage
Zero-Signal Plate Current. . ..
Maximum-Signal Plate Curren
Zero-Signal Grid-No.2 Current (Appro:
Maximum-Signal Grid-No.2 Current (Appro
Transconductance. . ..
Load Resistance
Total Harmonic Distorti
Maximum-Signal Power Output

Maximum Circuit Values:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. ................co0vuu.. F .. 0.1 max
For cathode-bias operation ............ PPN eeeaaas . 0.5 max

DIODE—
SHARP-CUTOFF PENTODE
6 AS 8 Miniature type used in diversified
applications in television and radio re-
Relam ;vpe: ceivers. The pentode unit is used as an

if amplifier, video amplifier, or age
amplifier. The high-perveance diode is

volts
ampere

pf
pf
pf

megohm
megohm

used as an audio detector, video detector, or dc restorer. Outline 8B, OUTLINES
SECTION. Tube requires miniature nine-contact socket and may be mounted in

any position.

HEATER VOLTAGE (AC/DC) 6.3

HEATER CURRENT. . ....cpvnnennnenn

DIRECT INTERELECTRODE CAPACI’I‘ANCES.

Diode Unit: .
Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield 3.0

Pentode Unit:

Grid No.lto Plate. ... .. .ovvin i it it 0.0’? max

Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shleld
Plate to Cathode, Heater, Grid No.2 Grid No. 3, and Intemal Shield. .
Pentode Grid No.l to Diode Plate. .. N
Pentode Plate to Diode Cathode.
Pentode Plate to Diode Plate. . .
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PENTODE UNIT AS CLASS A; AMPLIFIER
Maximum Ratings, (Design-Center Values):

PLATE VOLTAGE. . ...ttt ittt iieesinennnanneeeennnannaeesns 300 mazx volts
GRID-N0.3 (SUPPRESSOR-GRID) VOLTAGE, Positive value. 0 mazx volts
GRID-NO.2 SUPPLY VOLTAGE. . ....0vvveeeenneenennnn e e 300 mazx volts
GRID-N0.2 (SCREEN-GRID) VOLTAGE . ... . .. il il NN See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value................. 0 max volts
PLATE DISSIPATION. ... ..viiinieennnnenenns e 2.5 mazx watts
GRID-No0.2 INPUT:
For grid-No.2 voltagesup to 160 volts. . . ........cooevvennnnnn. P 0.5 mazx watt
For grid-No.2 voltages between 150 and 300 volts. . ..ol See curve page 70
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode..................... ... Ve 200 max volts
Heater positive with respect to cathode. .................. [ 200°mazx volts
Characteristics:
Plate Supply Voltage.............. 200 volts
Grid No.3 and Internal Shield. . ...... 0" PSP " Connected to cathode at socket
Grid-No.2 Supply Voltage. .............counnn ettt v 150 volts
Cathode-Bias ResiBtor. . . .. ovvuineiiiiiiiiiiiiiiiiiiiietieieneenenan 180 ohms
Plate Resistance (APProx.).......ocvoveeeeessn P 300000 ohms
Transconductance. . .....coveiuieiiinnesnencanrennnnns [N 6200 pmhos
Grid-No.1 Voltage (Approx.) for plate current of 10 pa. e, P, -8 volts
Plate Current. . ... .ooiuiuiiiiiiiiiiiiiriiiiiiiiiiiisiiiiinnennes 9.5 ma
Grid-No0.2 CUITeNt. ..ottt ittt ettt ieeeenannseseennnaneesroens 3 ma
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation.................... seeseraes 0.25 max megohm
For cathode-bias operation. ..........c.iiiiieriininnienrrennnnnns 1.0 max megohm
° The dc comp t must not d 100 volts.
DIODE UNIT
Maximum Ratings, (Design-Center Values):
PEAK INVERSE PLATE VOLTAGE. . . ottt iviniteennnenerannereniaarennnns 330 mazx volts
PEAK PLATE CURRENT. ¢ oo vtttttvenerttennnneonanonecinneesinseenaens 50 max ma
DC PLATE CURRENT. . Se e atiessaasesecectatesnestannnans . 5 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.......... e eee i . 200 max volts
Heater positive with respect to cathode. ................... eeeieeee 200°mazx volts
° The de component must not d 100 volts.
KT,
on 52
KT (&) (3)._PT; DUAL TRIODE—
"124 5 & &  SHARP-CUTOFF PENTODE
9)is
== Duodecar type used in television
3 322 . . . . .
e\ R ‘oGz,, receivers. High-mu triode is used in 6 AS]]
Pp 2 U audio if-amplifier service; medium-
"' |z“ mu triode is used in sync-separator

service; pentode is used in video am-
plifier service. Outline 12B, OUTLINES SECTION. Tube requires 12-contact sock-
et and may be mounted in any position. Heater voltage (ac/dc), 6.3; amperes, 1.05.

CLASS A: AMPLIFIER
Triode Units Pentode

Maximum Ratings, (Design-Maximum Values): No.1 No.2 Unat
PLATE VOLTAGE. . ..o iiitttiitniititiiiinnnnnnns 330 max 330 max 330 max volts
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE. ........ - - 330 max volts
GRID-NO.2 VOLTAGE. . . ..ot viiin i - - See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE,

Positive-bias value. .. ............... ..ot 0 max 0 max 0 max volts
GRID-N0.2 INPUT:

For grid-No.2 voltages up to 165 volts. ......... - - 1.1 max watts

For grid-No.2 voltages between 165 and 330 volts - - See curve page 70
PLATE DISSIPATION. . ..ottt iiiintianeennnnens 1.5 max 2 max 5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode......... 200 max 200 max 200 max volts

Heater positive with respect to cathode......... 200°nax 200°max 200°mazx volts
Characteristics:
Plate Supply Voltage. . ..........oviiiiininieennns 200 200 200 volts
Grid-No.2 Supply Voltage. ...........coovveeenin.n - - 125 volts
Grid Voltage.................. et -2 - - volts
Cathode-Bias Resistor. ........... e, - 220 68 ohms
Amplification Factor................coooiiiiil 68 41 -
Plate Resistance (Approx.):......... i 12400 9400 70000 ohms
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Transconductance 5500 4400 10500 umhos
Plate Current...... 7 9.2 24 ma
Grid-No.2 Current - - 5.2 ma
Grid-No.1 Voltage (Approx.):
For platecurrentof 10 pa. ..............uuns -5.5 - - volts
For platecurrent of 100 pa. . ..........oovuvnn. - -6.5 -8 volts
Maximum Circvit Values, (Eack Unit):
Grid-No.1-Circuit Resistance:
For fixed-bias operation. ...................... 0.5 max 0.5 max 0.25 maxr megohm
For cathode-bias operation.................... 1 max 1 max 1 max megohm

® The de component must not exceed 100 volts.

TWIN DIODE—HIGH-MU TRIODE
Miniature type used as a com-

6 AT6 bined detector, amplifier, and ave tube
Related type: in automobile and ac-operated radio
12AT6 receivers. Outline 7B, OUTLINES

SECTION. Tube requires miniature
seven-contact socket and may be mounted in any position. For typical operation as
resistance-coupled amplifier, refer to RESISTANCE-COUPLED AMPLIFIER
SECTION.

HEATER VOLTAGE (AC/DC) .+t ittt e ittt iiiiinteinneenenanerannnnns . volts
HEATER CURRENT. ¢ o0ttt it ttitn et teniiteeennosseonnnesensannnnnnenns . ampere
DIRECT INTERELECTRODE CAPACITANCES:
Triode Grid to Triode Plate. . . ... coviiiiiiiiiriiiienenneennnnns . pf
Triode Grid to Cathode and Heater.... . pf
Triode Plate to Cathode and Heater. .........ccvviiiuiiieneenenn,.. . pf
Plate of Diode Unit No.2 to Triode Grid. pf
TRIODE UNIT AS CLASS A, AMPLIFIER
Maximum Ratings, (Design-Center Values):
PLATE VOLTAGE. .ottt tttttttttttteteteeeeeeeeennsneseeeseososnsnsans 300 max volts
PLATE DISSIPATION. . .ttt ii et etneaacanonnneansannenns . 0.5 max watt
GRID VOLTAGE, Positive-bias value ............cciiiiiiiiiiiiiiennnnns 0 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.................coovivuun.., 90 max volts
Heater positive with respect to cathode. ...............ooiiiiiiaa.. 90 max volts
Characteristics:
Plate Voltage. . . ..covviiiriieiiieieiiennrensnenennnnnns 100 250 volts
Grid Voltage. . .. .o oo iiiiiiiiiiiiiiiiiiiiriernneanennnes -1 -3 volts
Amplification Factor. .......oovviiiieiiiirerniieeennnnnns 70 70
Plate Resistance. ... ..oivviiiiiiriiiiiieiiiineernnnnnnn, 54000 58000 ohms
TransconduCtBNCe. . oo vvvvetrererenrneeaenssaeasaneaannns 1300 1200 wmhos
Plate Current. .. coovveeerriiinernrnnereriineessaneennnns 0.8 1.0 ma

DIODE UNITS
Maximum Rating, (Design-Center Value):
PLATE CURRENT (Bach Unit)........ ..., 1.0 max 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. For diode operation curves, refer to type 6AV6.

MEDIUM-MU TRIODE—

6ATS8 SHARP-CUTOFF PENTODE
6 AT 8 A Miniature types used as combined
oscillator and mixer tubes in television
Related type: receivers utilizing an intermediate fre- 5,
5ATS 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 8B,OUTLINES SECTION. Except for interelectrode capacitances
and basing arrangement, these types are identical with miniature type 6X8. The
basing arrangement of the 6AT8 and 6AT8-A is particularly suitable for connection
to the coils of certain designs of turret tuners. Type 6AT8 is a DISCONTINUED
type listed for reference only.

HEATER VOLTAGE (AC/DC) . st viiiiininenrererennsnsanonnensosssnenees 6.3 volts
HEATER CURRENT. ..... e derecssecaesissseseasetstassersestasesresna 0.45 ampere
HEATER WARM-UP TIME (Average) for 6AT8-A.......vviviiirinnnnnnnns 11 seconds
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B, it
DIRECT INTERELECTRODE Teerna Zierna
et ke CAPACITANCES: “Shicld ‘Shield®
Grid to Plate. . .. ..ottt iii i i 1.5 15 pf
Grid to Cathode and Heater...................... e 2.0 2.4 pf
Plate to Cathode and Heater...................... .. 0.5 1.0 pf
Pentode Unit:
Grid No.ltoPlate. ...............0iiiinnnnnnnn 0.06 max 0.03 mazx pf
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No 4.6 4.8 pf
Plate to Cathode, Heater, Grid No.2, and Grid No.3 0.9 1.6 pf
Pentode Grid No.l to Triode Plate............ 0.05 maz 0.04 maz pf
Pentode Plate to Triode Plate.. ... 0.05 max 0.008 max pf
Heater to Cathode 6.0 6.0t pf

® With external shield connected to cathode except as noted. B
t With external shield connected to plate.

P

2 HALF-WAVE VACUUM RECTIFIER

Glass octal types used as damper
) tubes in horizontal-deflection circuits 6AU4GT

@ s e .
© L/~ of color television receivers and of tele-
ORMIO vision receivers utilizing picture tubes 6AU4GTA
k " having wide-angle deflection. Outline
14F, OUTLINES SECTION. Tubes require octal socket and may be mounted in
any position. These types may be supplied with pin No.1 omitted. Socket terminals
1, 2, 4, and 6 should not be used as tie points. It is especially important that these

tubes, like other power-handling tubes, be adequately ventilated. Type 6AU4-GT
is a DISCONTINUED type listed for reference only.

hO

HEATER VOLTAGE (AC/DC) . .. vt tvtinivnnnnnsnnnarasanannes bessaennones 6.3 volts
HEATER CURRENT. . .0\ tuitttttttinesosronanessroassssesssnnsssessnns 1.8 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Plate to Heaterand Cathode. .. ... ........oiiiiiiennnnnnneneennns 8.5 pf

Cathode to Heaterand Plate. . . ..........coviiiiiiieniiinnnnnnnn, 11.56 pf

Heater to Cathode. . .........ooiiiiiiiiireninenrennnnenronnnennss 4.0 pf

DAMPER SERVICE
For operation in a 525-line, 80-frame system
6AU4-GT 6AU4-GTA
. . Design-Center Design-Maximum

Maximum Ratings: Values® Values
PEAK INVERSE PLATE VOLTAGEY ...........coiviiinininnnn, 4500°maxz 4500 mazx volts
PEAK PLATE CURRENT. . . . o0vtttetttieeerinnannnnnnnnnnnaess 1050 max 1300 max ma
DC PLATE CURRENT . .. ¢ ottvinetineeennneennneeennnenannns 1756 maz 210 maz ma
PLATE DISSIPATION. ..ottt tviiintieteneeeesianannnnnnnnes 6 max 6.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode........... e 4500%%max 4500* max volts

Heater positive with respect to cathode .................... 3004 maz 3004 max volts

Except as noted.
?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 honzontalhscanmng cycle is 10 mlcroseconds
t|

© Absolute Ma:nmum Under no circumstances sh lute value be
* The dc p t must not d 900 volts,
# The de p t must not d 100 volts.
(]
o, BEAM POWER TUBE
G
K ol Glass octal type used as horizon-
taldeflectionamplifierinlow-cost, high-
NO \‘/ O efficiency deflection circuits of televi- 6AU 5 GT
ORIO) sion receivers employing either trans-
G Gy former coupling or direct coupling to

the deflecting yoke. Outline 14C, OUTLINES SECTION. Tube requires octal
socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . .t evveeneseonnssasnsnnsssessansnsososssnnons 6.3 ~volts
HEATER CURRENT . . .4t vtvtteeosronnnarsoassssasassnsssessassnnnecses 1.26 amperes
DIRECT INTERELECTRODE CAPACITANCES (Appro:
Grid No.ltoPlate........ooviiiiieeennninnereenns 0.5 pf
Grid No.1 to Cathode, Heater, Grid No.2, and Grid N 11.3 pf
Plate to Cathode, Heater, Grid No.2, and Grid No.3. 7.0 pf
TRANSCONDUCTANCE# .0 vvovurecnnunneennneoennnnns 5600 umhos
Mu-FACTOR, Grid No.2 to Grid No.11 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, 100; grid-No.1 volts, —4.5.
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HORIZONTAL DEFLECTION AMPLIFIER
For operation in a 525-line, 80-frame system
Maximum Ratings, (Design-Center Values):
DC PLATE VOLTAGE. + 1ttt vttvntneenerneeneenesenosussacsseneonneons 550 maz volts

PEAK POSITIVE-PULSE PLATE VOLTAGE* ( Absolute Mazimum) .. 6500°maz volts
PEAK NEGATIVE-PULSE PLATE VOLTAGE. ........c.0v0uun. . -1250 mazx volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE®. . ... ... c0iennrnennnnnnnnnn 200 mazx volts
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE. . .. ......u.. -300 maz volts
PEAK CATHODE CURRENT. . ...\t tiittttinieerintenanaeeonnsonnannens 400 max ma
AVERAGE CATHODE CURRENT. . ..ttt ttvnnnsesnnunnonnnnneneesssoneasans 110 max ma
GRID-NO.2 INPUT  .o\tttiitittiiiit ittt eiinnrantneeonneeeenneeenns 2.5 maz watts
PLATE DISSIPATIONTE .o\t viiiiiiiiiiiiiiiiii it iiiinnnnnnnneeneeeens 10 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode............ccvviiiivenennnns 200 mazx volts

Heater positive with respect tocathode. ..........ooiviiiiiienennn.. 200mmaz volts
BuLB TEMPERATURE (At hottest point)..........ooiiviiiiiiiiiiinnnnnns 210 max °C

Maximum Circuit Valve:
Grid-No.1-Circuit Resistance. ..........cooviiviiiiiiiiiiiiininnenan, 0.47 max megohm

* 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 cycle is 10 microseconds.

©Under no circumstances 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.

ttAn 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.

H P
6AU6 SHARP-CUTOFF PENTODE LR
Minijature types used in compact 0‘ (¢
6AU6A radio equipment as rf amplifier espe- ‘
Related fypes: cially in high-frequency, wide-band ap- ¢ JO
3AUS, 4AU6, 12AU6 plications; also used as limiter tube in 0
FM equipment. Type 6AU6-A has a <
controlled heater warm-up time for use in applications employing series-connected
heater strings. Outline 7B, OUTLINES SECTION. Tubes require miniature seven-
contact socket and may be operated in any position. For a discussion of limiters,
refer to ELECTRON TUBE APPLICATIONS SECTION. For typical oper-
ation as resistance-coupled amplifier, refer to RESISTANCE-COUPLED AM-
PLIFIER SECTION. Type 6AU6 is a DISCONTINUED type listed for refer-

ence only.
HBATER VOLTAGE (AC/DC) s« vt vttvvneinesnnrennosseenssnssnsasassnnss 6.3 volts
HEATER CURRENT. . .t iitiiiiitnnnnnnenansansiesronnnssnssnsasses seee 0.3 ampere
HEATER WARM-UP TIME (Average) for 6AU6-A.................o0vvntn 11 seconds
. Without With
DIRECT INTERELECTRODE CAPACITANCES: Ezternal External
Pentode Connection: Shield Shield®
GridNo.ltoPlate ........c.oooviviiiiiiiiiinneienns 0.0035 max 0.0035 max pf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield..................oooiiiiiiiia, 5.5 5.5 pf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ............c.coiiiiiiiiiniiiiin e, 5.0 5.0 pf
Triode Connection:t
Grid No.1 to Plate, Grid No.2, Grid No.3, and
Internal Shield ........... ..ot 2.6 2.6 pf
Grid No.1 to Cathode and Heater..................... 3.2 3.2 pf
Plate, Grid No.2, Grid No.3, and Internal Shield to
Cathodeand Heater.............coiniiniivnnnnnnnns 1.2 8.5 pf
® With extérnal shield connected to cathode.
t Grid No.2, grid No.3, and internal shield connected to plate.
. . CLASS A: AMPLIFIER Triodet Pentode
Maximum Ratings, (Design-Mazimum Values): Connection Connection
PLATE VOLTAGE. ...\ tiiitiitiinniannnnrennnnnssssnasenens 275 max 330 max volts
GRID-N0.3 (SUPPRESSOR-GRID) VOLTAGE, Positive value...... - 0 max volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE. ..\ 0.vveenrnrervnnnenns - See curve page 70
GRID-NO.2 SUPPLY VOLTAGE. . .. c0vvvvereonncavannsennnes - 330 max volts
PLATE DISSIPATION. . ..ottt ivineneennnnneeennanesannaenen 3.5 max 3.5 mazx watts

156



Technical Data

GRID-N0.2 INPUT:

For grid-No.2 voltages up to 165 volts. . . ............... - 0.75 mazx watt

For grid-No.2 valtages between 1656 and 330 volts........ - See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Positive-bias value. . ............coiiiiiiiiiiiiieia, 0 mazx 0 max volts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.......... I 200 mazx 200 max volts

Heater positive with respect to cathode. ................ 2004mazx 2004mazx volts

- ediees Triodet

Characteristics: Connection Pentode Connection
Plate Supply Voltage.......... e, 250 100 250 250 volts
Grid No.3 ... ... .0 it - Connected to cathode at socket
Grid-No.2 Supply Voltage. .................... - 100 126 150 volts
Cathode-Bias Resistor ... ..................... 330 150 100 68 ohms
Amplification Factor..............ccoiiveieenns 36 - - -
Plate Resistance (APProX.).........ceouuuueenn - 0.5 1.5 1.0 megohms
Transconductance. . .......oouvuuunnuernaeeens . 4800 3900 4500 5200 umhos
Grid-No.1 Voltage for plate current of 10 ua. ..... - -4.2 -5.6 -6.5 volts
Plate Current. ................ Ceeeeee e . 12.2 5.0 7.6 10.6 ma
Grid-No.2 Current . .. .......... - 2.1 3.0 4.3 ma

t Grid No.2, grid No.3, and internal shield connected to plate.
4 The dc component must not exceed 100 volts.

AVERAGE CHARACTERISTICS

T T
TYPE 6AUS
Ef =6.3VOLTS
|- GRID N2 3 AND INTERNAL SHIELD
CONNECTED TO CATHODE AT SOCKET.
H GRID~N2 2 VOLTS =100
5'2
o
3 €c120
A 1n cl
3
& /
by
z L) 0.8
-]
& /
)
% [GRID-N#1 vOLTS ECI=-1.0
~
é " e lC2 l:g_ =0
I <18
3
a Ib =2.0
/ -2.5
— [-3.0
[ 100 200 300 400 500 600
PLATE VOLTS 92CM=-6611TI

MEDIUM-MU TWIN TRIODE

Miniature type used as phase inverter or
amplifier in television receivers employing series-
connected heater strings. Outline 8B, OUT-
LINES SECTION. Heater volts (ac/dc), 6.3 6AU7
(series), 8.15 (parallel); amperes, 0.3 (series),
0.6 (parallel); warm-up time (average) in paral-
lel arrangement, 11 seconds. Except for heater
and heater-cathode ratings, this typeisidentical
with miniature type 12AU7. The 6AU7 is a
DISCONTINUED typelisted for reference only.

MEDIUM-MU TRIODE—

SHARP-CUTOFF PENTODE 6AUS8
Miniature types used in television
receiver applications. Tubes have con- 6AU 8 A
trolled heater warm-up time for use in Related type:
series-heater strings. Pentode unit is 8AUS

used as video amplifier, if amplifier,

age amplifier. Triode unit is used in sync-amplifier, sync-separator, sync-clipper,
and phase-inverter circuits. Outline 8D, OUTLINES SECTION. Tubes require
nine-contact socket and may be mounted in any position. Type 6AUS8 is a DIS-
CONTINUED type listed for reference only.
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HEATER VOLTAGE (AC/DC) . . .0’ vinivnnencnnnnnnsn e, 6.3 volts
HEATER CURRENT. . .. ...vvvrnnannnnn 0.6 ampere
HEATER WARM-UP TIME (Average)..... 11 seconds
DIRECT INTERELECTRODE CAPACITANCES:
Triode Unit:
Gridto Plate. . ... .o uteiin ittt i e e 2.2 pf
Grid to Cathode and Heater. . e 2.6 pf
Plate to Cathode and Heater. ... 0.34 pf
Pentode Unit:
Grid No.l1toPlate ...................... R TR e 0.06 pf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 7.5 pf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.... 3.4 pf
Triode Grid to Pentode Plate. . . ........ciiiiiiiiiiinieinnnnennnnnn, 0.022 max pf
Pentode Grid No.l1 to Triode Plate.......... TN [N 0.006 max pf
Pentode Plate to Triode Plate. . . .......ooiiiiviiiiii i, 0.12 max pf
Maximum Ratings, (Design-Maximum Values): Triode Unit Pentode Unit
PLATE VOLTAGE. . . .. ittt ittt it ittt iaa e 330 max 330 max volts
GRID-N0.2 (SCREEN-GRID) SUPPLY VOLTAGE. . .. ............ - 330 max volts
GRID-NO.2 VOLTAGE. . . ..\t ottt aann - See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive-bias value.. . .. 0 mazx 0 max volts
PLATE DISSIPATION. . ...\ttt iae e 2.8 max 3.8 max watts
GRID-N0.2 INPUT
For grid-No.2 voltages up to 165 volts. ................ - 1 maz watt
For grid-No.2 voltages between 165 and 380 volts. ...... - See curve page 70
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................ 200 max 200 max volts
Heater positive with respect to cathode. . .............. 200%max 200"max volts
Characteristics: . Triode Unit Pentode Unit
Plate Supply Voltage. . ................ . .oiiiiiein... 150 200 volts
Grid-No.2 Supply Voltage. . ..., - 125 volts
Cathode-Bias Resistor. . . ............. .. iiiiii ... 150 82 ‘ohms
Amplification Factor................. ... ... .. ... 43 -
Plate Resistance (APProX.). . .........vviiueunnennennann.. 8100 100000 ohms
Transconductance. .. ..........ouuiriinienenenennennnnns 5300 8000 pmhos
Grid-No.1 Voltage (Approx.) for plate current of 100 pa. .. .. -6.5 -7.5 volts
Plate Current. ... .......... .. ... i 9.5 17 ma
Grid-No.2 Current. . ........ ... ..o it - 3.4 ma
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation.................... ... .. 0.5 max 0.25 max megohm
For cathode-bias operation . .......................... 1.0 max 1.0 max megohm
® The dc component must not exceed 100 volts.
P
6Av5 GA BEAM POWER TUBE
. G
Glass octal types used as hori- «>()
6AV5GT zontal deflection amplifiers in tele- l
Related types: vision receivers employing either @ N7 ON
12AV5GA, 25AV5GA transformer coupling or direct cou- ORIO
pling to the deflecting yoke. 6AV5-GA [ (]

Outline 19B, 6AV5-GT Outline 14C, OUTLINES SECTION. Tubes require octal
socket and may be mounted in any position. Type 6AV5-GT isa DISCONTINUED

type listed for reference only.

HEATER VOLTAGE (AC/DC)...oovvvvnnnn e [ v .
HEATER CURRENT. . ..ottt ittt ttettineeeennneenenneeeennnnns .
TRANSCONDUCTANCEX, . ... ...tiiinennnenn e e
Mu FACTOR, Grid No.2 to Grid No. 1, , .. .. ... ...ciiiiiiiiiiiinnnnnes

* Plate volts, 250; grid-No.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
For operation in a 525-line, 30-frame system

Maximum Ratings, (Design-Center Values):

DO PLATE VOLTAGE. ¢ o ¢ttt vt tttntnnnneaeatsessessnnnonennnnnnnannnns .
PEAK POSITIVE-PULSE PLATE Voumcm'r (Absolute Ma:umum) R heae
PEAK NEGATIVE-PULSE PLATE VOLTAGE. ............ vetereeeedns N
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE . . . .ttt tiiveerernnnacrnnnanannn
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE. ... ....00...
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PEAK CATHODE CURRENT. . . ...0vvvvrenennennnnes 400 maz ma
AVERAGE CATHODE CURRENT. . ....00vvvenronnns e e, 110 max ma
GRID-NO.2 INPUT.. ... e . . 2.5 max watts
PLATE D1ssIPATIONt T 11 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.......... eeterteeeteraaeaae 200 max volts

Heater positive with respect to cathode............ e PN 200mmaz volts
BULB TEMPERATURE (At hottest point)..........coiveivneininnnnnns vee 210 mazx °C

Maximum Circuit Value:

Grid-No.1 Circuit Resistance.............. e Ceriieee e 0.47 max megohm
t The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
526-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

° Under no circumstances should this absolute value be exceeded.

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.

TWIN DIODE—HIGH-MU TRIODE

Miniature type used as combined
detector, amplifier, and ave tube in 6AV6
automobile and ac-operated radio re- Related types:

ceivers. The 6AV6 may be substituted 3AVS6, 4AV6, 12AV6
directly for the 6AT6 in applications
where the higher amplification of the 6AV6 is advantageous.

HEATER VOLTAGE (AC/DC) . vttt vvrvvnenncnsnnenesasescsonessanconsasss 6.8 volts
HEATER CURRENT. . .00 vvutvinennnnrennnesaeconanes e iieeeeees 0.8 ampere
Without With
External External
DIRECT INTERELECTRODE CAPACITANCES: Shield Shield®
Triode Grid to Triode Plate ......... e, 2.0 2.0 pf
Triode Grid to Cathode and Heater ..... Cerree e, 2.2 2.2 pf
Triode Plate to Cathode and Heater ......... ceee 0.8 1.2 pf
Plate of Diode Unit No.2 to Triode Grid.......... RN 0.04 max  0.04 max pf

® With external shield connected to cathode.

TRIODE UNIT AS CLASS A; AMPLIFIER
Maximum Rating, (Design-Ma:cimum Value):

PLATE VOLTAGE...'............... 330 maz volts
GRID VOLTAGE, Positive-bias value. .. ... .. ... . .. T 0 maz volts
PLATE DISSIPATION . . .00 vvvnun.n cossasnesessennsess ceieciieseesnsses.  0.56 max watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode.................cooviiiiininn, 200 mazx volts
Heater positive with respect tocathode. .........oviviiiiiiiienneenens 2004mazx volts
Characteristics:
Plate Voltage. ....cvvviiiiieiiiiiiiiiiiieiinnieeeennneeens 100 250 volts
Grid VOItBZe. . oo v vviiiiiiiineitiinnreeennnnensessenaneonns . -1 -2 volts
Amplification Factor. .. ....coiiiiiiiiiiiiiiiiiiiineninnnns 100 100
AVERAGE PLATE CHARACTERISTICS
N TRIODE UNIT
o ‘ TYPE 6AV6
Ry E¢=6.3vOLTS

2 °/
1

s y/
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/

PLATE MILLLAMFERC$
N \

A A /
O
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° — 765 200 00 400 500
PLATE VOLTS 92CM-6879T
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Plate Resistance. . 80000 62500 ohms

Transconductance. 1260 1600 umhos

Plate Current. . . 0.50 1.2 ma
DIODE UNITS

Maximum Rating, (Design-Mazximum Value):

PLATE CURRENT (Each Unit).......ccoiiuuiiiiiiiiiiiiiiiiiiiineenns 1.0 max ma

4 The dc component must not exceed 100 volts.
The two diode plates are placed around a cathode, the sleeve of which is common to the triode
unit. Each diode plate hasits own base pin. Diode bmsmg of the triode unit is not recommended.

AVERAGE DIODE CHARACTERISTICS
HALF-WAVE RECTIFICATION-SINGLE DIODE UNIT

INSTALLATION AND APPLICATION TvE6AVe  Eozsavours | |
Type 6AV6 requires miniature seven- - Hhe
contact socket and may be mounted in any = \ 140

position.Outline7B, OUTLINESSECTION.

The triode unit of the 6AV6 is recom-
mended for use only in resistance-coupled
circuits. Refer to the RESISTANCE-COU-
PLED AMPLIFIER SECTION for typical
operating conditions.

Grid bias for the triode unit of the N
6AV6 may be obtained from a fixed source, R
such as a fixed-voltage tap on the de power
supply, or from a cathode-bias resistor. It
should not be obtained by the diode-biasing
method because of the probability of plate-
current cutoff, even with relatively small sig-
nal voltages applied to the diode circuit. P / a )
-40 -30 -20 -10

DC VOLTS DEVELOPED BY DIODE
92CM-6875T
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2
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HIGH-MU TRIODE—
6AWS SHARP-CUTOFF PENTODE

Miniature types used in a wide

6AW8A variety of applications in television

Related fype: receivers. These types have a con-

8AWSA 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,

sync-separator, sync-chpper, and phase-splitter circuits. Outline 8D, OUTLINES

SECTION. Tubes require miniature nine-contact socket and may be mounted in
any position. Type 6AWS is a discontinued type listed for reference only.

HEATER VOLTAGE (AC/DC) .« v vt vneenusenneonasonecnesnetesennennes 6.3 volts
HEATER CURRENT. . .ttt tttettteaereeseeeeasasnasserocesecsssnnnnnns 0.6 ampere
HEATER WARM-UP TIME (AVERAGE) .. .. .tvotteeenenernnceseesssennnnnn 1 seconds
DIRECT INTERELECTRODE CAPACITANCES: Without With
External External
Triode Unit: Shield Shield®
Grid t0 Plate. . oo vverererererncereenensnenansnanns 2.2 2.2 pf
Grid to Cathode, Pentode Cathode, Pentode Grid No.3,
Internal Shield, and Heater. ..........occveruenes 3.2 3.4 pf
Plate to Cathode, Pentode Cathode, Pentode Grid No.3,
Internal Shield, and Heater.........oceeeenenens 1.8 3.0 pf
Pentode Unit:
Grid No.lto Plate. .o vvvviiiiiiiiiiierooeseerenns 0.06 max 0.05 max pf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield. .....covvvriiiiiniierannns 10 10 pf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In-
ternal Shield...........ocoviiiiiiiiiiienat, 3.6 4.5 pf
Pentode Grid No.l to Tnode Plate.....ovvvinenennnenns 0.008 mazx 0.005 max pf
Pentode Plate to Triode Plate. .., .c.ovvvvinieinnnnnnnn 0.15 max 0.025 max pf

® With external shield connected to pins 4 and 5.
160



Technical Data

AVERAGE CHARACTERISTICS

. TRIODE UNIT
e
J/ TYPE 6AWB-A
Epz63 VOLTS
s
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PLATE VOLTS 92CM -8644T

CLASS A, AMPLIFIER
Maximum Ratings, (Design-Maximum Values):

Triode Unit

Pentode Unit

PLATE VOLTAGE. . ..ottt itvinineneeeeroronneseneenns 330 mazx 330 max volts
GRID-NO.2 (SCREEN-GRID) SUPPLY Vourace.. .. .1l 330 mazx volts
GRID-NO.2 VOLTAGE. . .............. e, - See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Positive bias value. ................... ..., 0 maz 0 maz volts
PLATE DISSIPATION .......... 1.1 maz 3.75 maz watts
GRID-NO0.2 INPUT:

For grid-No.2 voltages up to 165 volts. ....... .. - 1.1 maz watts

d-No.2 voltages between 165 and 330 volts. . - See curve page 70
PEAK EATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . 200 max 200 mazx volts

Heater positive with respect to cathode............ . 200°maz 200°maz volts
Characteristics: Triode Unit Pentode Unit
Plate Supply Voltage...........covviiiiiinnnn .. . 200 150 volts
Grid-No.2 Supply Voltage............ooovveinns - 150 volts
Grid-No.1 Voltage. .... [ -2 - volts
Cathode-Bias Resistor. ..o ovvviiiiieininennnns ~ 150 ohms
Amblification Factor.........cooiveiiiiiiieiiiin, 70 -

Plate Resistance (APProxX.)......coeeeeerueeeeevnaansss . - 0.2 megohm
TranscondUCtance. . . . ovovvvnveeerrrnneeeranseernnnns . 4000 9500 unmhos
Grid-No.1 Voltage (Approx ) for plate current of 20 ua. . -6 -8 volts
AVERAGE CHARACTERISTICS
PENTODE UNIT
” ] e bAWB-A
- TYPE -
dip-ne1 vours ECL=2 €¢=6.3 VOLTS
[T — GRID-N22 VOLTS=150
“
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e
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Plate Current. ..... PN 4 15 ma
Grid-No.2 Current. ........ooovvniunnn., R P - 3.5 ma

Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. . .... e, R 0.5 maz 0.25 max megohm
For cathode-bias operation. ........................ 1.0 maz 1.0 max  megohm
°The dc component must not exceed 100 volts.

HALF-WAVE VACUUM RECTIFIER

Duodecar type used as damper
6Ax3 tube in horizontal-deflection circtits
Related types: of television receivers. Qutline 12C,
12AX3, 17AX3 OUTLINES SECTION. Tube re-

quires 12-contact socket and may be
mounted in any position. Socket terminals 5, 6, 8, and 9 should not be used as tie
points. It is especially important that this tube, like other power-handling tubes,
‘be adequately ventilated. Heater volts (ac/dc), 6.3; amperes, 1.2.

DAMPER SERVICE
For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Maximum Values):

PEAK INVERSE PLATE VOLTAGE®. .. ... ... ... ... 0iiiiiiiiiiiiinan 5000 mazx volts
PEAK PLATE CURRENT. . . ...ttt ittt it et 1000 max ma
DC PLATE CURRENT. .. ..ottt tie ettt et 165 mazx ma
PLATE DISSIPATION. . .. oo\ttt ittt et e e e 5.3 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............................ 5000"max volts
Heater positive with respect to cathode. . .......................... 300°mazx volts

Characteristics, Instantaneous Valve:
Tube Voltage Drop for plate current of 250 ma . ....................... 32 volts

° 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.

® The dc component must not exceed 900 volts.

® The de component must not exceed 100 volts.

6AXA4GT HALF-WAVEVACUUM RECTIFIER

Glass octal types used as damper

6AX4GTB tube in horizontal deflection circuits of
Related types: television receivers. Outline 14C,0UT-
‘,’}Ax;fg“.f“}:}‘:g:: LINES SECTION. May be supplied
25AX4GT with pin No. 1 omitted. Tubes require

octal socket and may be operated in any position. Socket terminals 1, 2, 4, and 6
should not be used as tie points. It is especially important that these tubes, like

othet power-handling tubes, be adequately ventilated.

HEATER VOLTAGE (AC/DC) . .. vuitiiiiiteiiiiiiennnneanneneeeananns 6.3 volts
HEATER CURRENT. . ............... 1.2 amperes
DIRECT INTERELECTRODE CAPACITANC
Cathode to Plate and Heater 8.5 pf
Plate to Cathode and Heater e 5 pf
Heaterto Cathode............ ... ... .. ... .. .ciiiiiiiiiennn. 4 pf
DAMPER SERVICE
For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Maximum Values): 6AX4-GT 6AX4-GTB
PEAK INVERSE PLATE VOoLTAGES. ... ... . ... ... .......... 4400 mazx 5000 max volts
PEAK PLATE CURRENT . . . ..ottt it e 825 max 1000 max ma
DC PLATE CURRENT. ... ...ttt 137 max 165 max ma
PLATE DISSIPATION. . ... ... ... i 5 max 5.8 max watts
- PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................ 4400°max 5000°mnax volts
Heater positive with respect to cathode. ............... 300°max 300°%max volts
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Characteristics, Instantaneous Test Condition:
Tube Voltage Drop for plate current of 250 ma. ............ 32 32 volts

® The duration of the voltage pulse must not exceed 15 per cent of one horizont.al scanning cycle. In
a 525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

oThede p t must not d 900 volts.
9The de p t must not d 100 volts.
(7
Poa ™ FULL-WAVE VACUUM RECTIFIER
© .
Glass octal type used in power
@ 6 supply of radio equipment having mod- 6Ax5 GT
WIS/ M/ “h  erate dc requirements. Outline 14C,
NC K OUTLINES SECTION. 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.
Heater volts (ac), 6.3; amperes, 1.2.

FULL-WAVE RECTIFIER

Maximum Ratings, (Design-Center Values):

PEAK INVERSE PLATE VOLTAGE. . ..t vvvvvrnrereraranenanennnnn, e 1260 max volts
PEAK PLATE CURRENT (Per Plate). .. ... P e 375 maz ma
HOT-SWITCHING TRANSIENT PLATE CURRENT
For duration of 0.2 second maximum. . ...............coiuiiieinaan... 2.6 maxr amperes
AC PLATE SUPPLY VOLTAGE (Per Plate, rms) . ... .......c0ouverenrnnnn.. See Rating Chart
DC OuTPUT CURRENT (Per Plate, rms) .. ........c.covevnrnenerennnn.s See Rating Chart
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode..................ccovvueunn... . 450 max volts
Heater positive with respect to cathode.................. [N . 4560 maz volts
Typical Operation with Capacitor Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)...... P {1 1] 900 volts
Filter Input Capacitor*.................. .. 10 10 uf
Effective Plate-Supply Impedance Per Plate. . .. 50 105 ohms
DC Output Voltage at Inputsté) gilter (Approx.): 395 Its
bma........... .. e - vol
At half-load eurrent of {6% 808 ---o oo 39 540 volta
125 ma .. 350 - volts
At full-load current of { 12002 ------ ORORIRORORRRORN: R 490 volts
Voltage Regulation (Approx.):
Half-load to full-load current.............ccocovvuenevne.. 45 50 volts
Typical Operation with Choke Input to Filter:
AC Plate-to-Plate Supply Voltage (rms). ................ eee.. T00 900 volts
Filter Input Choke. . ...... ... oiiiiittiiiiiiiinnnnnnnnn . 10# 10# # henries
DC Output Voltage at Input to Filter (Approx.):
..... Its
At half-load current of { g, Sma PO 365 volts
150ma ............... cereeeee.. 260 volts
At full-load current of [ (g mR e e - 360 volts

RATING CHART

w TYPE 6AX5-GT
5 E¢*6.3 VOLTS
-t
a MAXIMUM OPERATING VALUES WITH:
« CHOKE ~ INPUT FILTER
S [ [ CAPACITOR - INPUT FILTER
o ®Ole—a ¥l ~~
« |75 l‘\‘j\ B
w
g -...:_6% 3 _Jo== ﬂli.kc
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Voltage Regulation (Approx.):
Half-load to full-load current. . ..........coovvvive vunnn .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 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 provided theload current is not less than 35
ma. For load currents less than 35 ma, a larger value of inductance is required for optimum regulation.

MEDIUM-MU TRIODE—
SEMIREMOTE-CUTOFF PENTODE

6 AX 8 Miniature type used in television-
receiver applications; the pentode unit

is used as a video amplifier; the triode

unit is used as a sync separator. Out-

line 8B, OUTLINES SECTION.Tube

requires miniature nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) .+ttt ettt ietee ot ettt tt e iennnnn e 6.3 volts
HEATER CURRENT. . . o\ ottt ettt ettt it te et ettt 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES:®
Triode Unit:
Gridto Plate. . ... ...t e e e 1.8 pf
Grid to Cathodeand Heater. . ............................cuun.., 2.5 pf
Plate to Cathode and Heater. . ................................... 1 pf

Pentode Unit:
Grid No.ltoPlate. . ........ ... .. ... .. ... .. 0.006 max pf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and

Internal Shield 5 pf
Plate to Cathode, Heater, Grid No.2, Grid No.3 and Internal Shield . 3.5 pf
Heater to Cathode (Eachunit) .................. .0 i iiiian., 3.5e pf

CLASS A, AMPLIFIER

Maximum Ratings, (Design-Center Values): Triode Unit Pentode Unit
PLATE VOLTAGE . ...\t ittiiiitt it 300 max 300 max volts
GRID-NO.2 SUPPLY VOLTAGE . . ......... oottt iiinn., - 300 max volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE. . ..............0ovun.. - See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE. . . .. .......cuunn... 0 mazx © 0 max volts
PLATE DISSIPATION . ... ... ..ot 2.7 max 2.8 max watts
GR1D-N0.2 INPUT
For grid-No.2 voltagesup to 150 volts. . . .............. - 0.5 max watt
For grid-No.2 voltages between 150 and 300 volts. ...... - See curve page 70
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode ............... 90 max 90 max vol
Heater positive with respect to cathode. ....... ... ... 90 max 90 max voits
Characteristics: .
Plate Supply Voltage. . .......... .. ... ... .. il 150 250 volts
Grid-No.2 Supply Voltage - 110 volts
Cathode-Bias Resistor. .. ............ ... .. .ooiiieiinas 56 120 ohms
Amplification Factor . .......................... ... ... 40
Plate Resistance (APpProxX.). ............ooiviiiiiiinnenonn. 0.005 0. 4 megohm
TransconduCtance. . .. ........ouitivn et 8500 4800 umhos
Grid-No.1 Voltage (Approx.) for plate current of 10ua....... -12 -12 volts
Plate Current . ....... ... i 18 10 ma
Grid-No.2 Current. . .......... ... .. i - 3.5 ma

Maximum Circvit Values:

Grid-No.1 Circuit Resistance:
For fixed-biasoperation. .......... ... ... .. ... ... .... 0.1 max 0.1 max megohm
For cathode-bias operation .......................... 0.5 max ‘0.5 mazx megohm

° With external shield connected to cathode of unit under test except as noted.
® With external shield connected to ground.
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HALF-WAVE VACUUM RECTIFIER

Novar type used as damper tube
inhorizontal deflection circuits of black- 6AY 3

and-white television receivers. Outline Related types:
17B,OUTLINESSECTION. Tubere- 12AY3, 17AY3
quires novar socket and may be oper-

ated in any position. Socket terminals 1, 3, 6, and 8 should not be used as tie points.
It is especially important that this tube, like other power-handling tubes, be
adequately ventilated.

HEATER VOLTAGE (AC/DC) .« . ottt ittt ettt etiiieee s eanianeeennnnnens 6.3

HEATER CURRENT. . . . .\t tttinttononet it aeeteeeenaeaoneeeens 1.2

DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Plate to Cathodeand Heater. .. .......... ..., 6.5 pf
Cathode to Plate and Heater. . ............cooiviiiieinninnnnnann gg

Heaterto Cathode. ... ........oiiiiiiiiiiiiniiiiiiiiinennnnn pf
DAMPER SERVICE
For operation in a 525-line, 30-frame system

Maximum Ratings, (Design-Maximum Values):
PEAK INVERSE PLATE VOLTAGE™. . ... ... ... . it 5000 mazx volts
PEAK PLATE CURRENT . . . o0ttt ittt tnt e eeaneaanannneneeenens 1100 mazx ma
DC PLATE CURRENT. .. . oottt ettt iinee e tininaeeeannnneeenenns 175 max ma
PLATE DISSIPATION. . . .\ttt t ittt ittt eiiineeeeanneannns 6.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode............................ 5000°max volts

Heater positive with respect to cathode. . .......................... 300°mazx volts

® 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.

® The dc component must not exceed 900 volts.

O The dec component must not exceed 100 volts.

HC3pis MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a wide
variety of applications in television 6A28
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, synec-clipper, and phase-
splitter circuit. Outline 8B, OUTLINES SECTION. Tube requires miniature
nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) 4 vttt etnerneenesneasonsonsessoasooanesennns 6.3 volts
HEATER CURRENT. . .o\ it ittt inneneennaneeesneesasaneessessnasonnns 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES:

Triode Unit:

Gridto Plate. .. ... ... i it i i e . 1.7 pf

Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield ...... 2 pf

Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield ..... 1.7 pf
Pentode Unit:

Grid No.ltoPlate. . ... ... ... ittt i, 0.02 max pf

Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 6.5 pf

Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.... 2.2 pf
Triode Grid to Pentode Plate. . ................ ... ... ... ... .. ..., 0.027 maz pf
Pentode Grid No.l to Triode Plate . .. ..........coiiiiiiiiiiiiinan., 0.020 max pf
Pentode Plate to Triode Plate . . ........ccovviiiiiiiiiiiiiiiiiiinin, 0.045 max pf

CLASS A; AMPLIFIER

Maximum Ratings, (Design-Center Values): Triode Unit Pentode Unit
PLATE VOLTAGE. . ..\ttt rtninainnnnnnnaeeeeeeenn 300 mazx 300 max volts
GRID-NO0.2 (SCREEN-GRID) SUPPLY VOLTAGE . - 300 max volts
GRID-NO.2 VOLTAGE. . ........ovnvunennnn See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Po: .. 0 max 0 max volts
PLATE DISSIPATION. .. .....oiviiinieinineeeeannnnns . 2.6 mazx 2 mazx watts
GRID-N0.2 INPUT:

For grid-No.2 voltages up to 150 volts. . ............. - 0.5 max watt

For grid-No.2 voltages between 150 and 300 volts. .. .. - See curve page 70
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.............. 200 maz . volts

Heater positive with respect to cathode.............. 2008maz 4 volts
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Characteristics:
Plate Supply Voltage . . ........ooviviiineiiii, 200 200 volts
Grid-No.2 Voltage. .. ... iiiiiinsienninenennnns - 150 volts
Grid-No.l Voltage. .........oovvveinnnnenn e -6 - volts
Cathode-Bias Resistor. . ...........oovvvniiiiiaa., - 180 ohms
Amplification Factor. ..o, 19 -
Plate Resistance (APProX.) . .......coueeerniineernnnnen 5750 300000 ohms
TransconduCtanCe. . . . vvvvvreeereneroeerneeneennonnsns 3300 6000 wmhos
Grid-No.1 Voltage (Approx.) for plate current of 10 pa.... -19 - volts
Grid-No.1 Voltage (Approx.) for transconductance of 100

pmhos. ...... e e, - -12.5 volts
Plate Current. . .....ooovviinineiiineinneenneneenennas 13 9.5 ma
Grid-No.2 Current. . ... TP - 3 ma
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:*

For fixed-bias operation.............. JO PN 0.5 max 0.25 max  megohm

For cathode-bias operation. ................ ..o 1.0 mazx 1.0 maz  megohm

8 The de component must not exceed 100 volts.

4 The heater-cathode voltage should not exceed the value of the operating cathode bias. If the heater-
cathode voltage exceeds the operating cathode bias value, grid No.3 will be made negative with respect
to cathode, and thus possibly cause a change in tube characteristics.

* If either unit is ogernting at maximum rated conditions, grid-No.1-circuit resistance for both units
should not exceed the stated values.

POWER TRIODE

Glass octal type used in output stage of NC G
radio receivers and amplifiers. Maximum di- O e
mensions: over-all length, 5-5/16 inches; seated
height, 4-8/4 inches; diameter, 2-1/16 inches. e

6B4G Tube requires octal socket. For typical opera-
tion as a single-tube class A amplifier, refer to
type 2A38. Filament volts (ac/dc), 6.3; amperes, F 9 v 0 3
1.0. Maximum ratings as push-pull class AB:
amplifier: plate volts, 325; plate dissipation, 15
watts. Type 6B4-G is a DISCONTINUED Ne Ne
type listed for reference only.

DIRECT-COUPLED POWER TRIODE PTy © oM

Glass type used as class A1 power amplifier.
One triode, the driver, is directly connected

within the tube to the second, or output, triode. © (5«
6B5 Outline 27, OUTLINES SECTION. Tube re- PT3

quires six-contact socket. Heater volts (ac/dc), ‘

6.3; amperes, 0.8. Characteristics of input and o °

output triodes as class A1 amplifier follow. Input "

triode: plate volts, 300 max; grid volts, 0; plate
ma., 8. Output triode: plate volts, 300 max; plate ma., 45; plate resistance, 24000 ohms; load resistance,
7000 ohms; output watts, 4. This is a DISCONTINUED type listed for reference only.

TWIN-DIODE—HIGH-MU TRIODE
Glass octal type used as combined detector,
amplifier, and ave tube. Outline 23, OUT-
LINES SECTION. Tube requires octal socket.
6B6G Heater volts (ac/dc), 6.3; amperes, 0.3. Within
its triode maximum plate-voltage rating of 250
volts, this type is similar electrically to type
6SQ7 and curves under that type apply to the
6B6-G. This is a DISCONTINUED type
listed for reference only.

TWIN-DIODE—
REMOTE-CUTOFF PENTODE

Glass types used as combined detector, am-

6B7 plifier, and ave tubes. Outline 24B, OUTLINES
SECTION. These types fit the small seven-con-
6B7S 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—
SEMIREMOTE-CUTOFF PENTODE

Metal type 6B8 and glass octal type 6B8-G
are used as combined detector, amplifier, and 6B 8
ave tubes. Outlines 3 and 23, respectively,
OUTLINES SECTION. Type 6B8 is used
principally for renewal purposes; 6B8-G is a 6BBG
DISCONTINUED type listed for reference
only. Tubes require octal socket. Heater volts
(ac/de), 6.3; amperes, 0.3. Maximum ratings of
pentode unit as class A1 amplifier: plate volts,
300 max; grid-No.2 volts, 125 maxr; grid-No.2 supply volts, 300 mazx; grid-No.1 volts, positive-bias
value, 0 max; plate dissipation, 3.0 max watts (6B8), 2.25 max watts (6B8-G); grid-No.2 input, 0.3 mazx

watt.
TWIN DIODE—
MEDIUM-MU TWIN TRIODE

Duodecar type used in television

PT) KT|

receivers; diode units are used in hori- 6B]O
zontal-phase-detector circuits, and tri- Related type:
ode units are used in horizontal-oscil- 8810

) lator circuits.Outline 12A, OUTLINES
SECTION. Tube requires duodecar twelve-contact socket and may be mounted in
any position. Heater volts (ac/dc), 6.3; amperes, 0.6; warm-up time (average), 11
seconds.
TRIODE UNITS AS CLASS A; AMPLIFIER
Values are for each unit
Maximum Ratings, (Design-Maximum Values):

PLATE VOLTAGE. . . ...ttt 330 max volts
DC CATHODE CURRENT. . . ...t tttte ittt iiee e 20 mazx ma
PLATE DISSIPATION. . . ..ottt e e e e 3 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............................ 200 max volts
Heater positive with respect to cathode. ........................ ... 200°mazx volts
Characteristics:
Plate Voltage. . .. ... it 250 volts
Grid Voltage. . ... ..ot e e -8 volts
Amplification Factor............ ... 18
Plate Resistance (APProX.). .. .. ...iuiniuiuit ottt 7200 ohms
TransconduCtanCe. . . .. ..ottt ettt s 2500 umhos
Plate Current. . ... ...ttt e 10 ma
Grid Voltage (Approx.) for plate currentof 50 pa. .. .................... -20 volts

Maximum Circvit Valves:

Grid-Circuit Resistance:
For fixed-bias operation............... ... i 0.25 max megohm
For cathode-bias operation. .. ...... ... ... ... ... .. ... ... ... ... 1 mar megohm

DIODE UNITS (Each Unit)
Maximum Rating, (Design-Maximum Value):

PLATE CURRENT. . . .\ttt ettt ettt et 5 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............................ 200 max volts
Heater positive with respect to cathode. ........................... 200° max volts
Characteristics, Instantaneous Value:
Tube Voltage Drop for plate currentof 20 ma. . ........................ 5 volts

© The de component must not exceed 100 volts.

HALF-WAVE VACUUM RECTIFIER

Novar type used as damper tube
in horizontal-deflection circuits of tele-
vision receivers. Outline 10B, OUT- 6BA3
LINES SECTION. Tube requires
novar nine-contact socket and may be
mounted in any position. Socket terminals 1, 3, 6, and 8 should not be used as tie
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points. It is especially important that this tube, like other power-handling tubes,
be adequately ventilated.

HEATER VOLTAGE (AC/DC). .. vttt ittt it iin i nnenn e 6.3 volts
HEATER CURRENT. . . . oottt ettt ettt ettt 1.2 amperes
DIRECT INTERELECTRODE CAPACITANCES, (Approx.):
Plate to Cathodeand Heater. . .............. ..., 4.4 pf
Cathode to Plate and Heater. .. ...............o0iiiiiniiinnnnn. 6 pf
Heater to Cathode. .. .......... ..ttt 1.8 pf
DAMPER SERVICE
For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Mazimum Values):
PEAK INVERSE PLATE VOLTAGE . . ... ... ..ttt 5000%mazx volts
PEAK PLATE CURRENT. ... ... ttttttiitt ittt 1000 max ma
DC PLATE CURRENT. .. .ottt ittt ettt 165 max ma
PLATE DISSIPATION e 5.3 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............................ 5000%max volts
Heater positive with respect to cathode. . .......................... 300%max volts

® 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 cycle is 10 microseconds.

® The dc component must not exceed 900 volts.

O The dc component must not exceed 100 volts.

H P
REMOTE-CUTOFF PENTODE @
Miniature type used as rf ampli- 9‘ cz
6B A6 fier in standard broadcast and FM re- ‘
Related types: ceivers, as well as in wide-band, high- (2 ‘ ‘ ON
3BA6, 12BA6 frequency applications. This type is 's
similar in performance to metal type G

6SG7. The low value of grid-No.l-to-plate capacitance minimizes regenerative
effects, while the high transconductance makes possible high signal-to-noise ratio.

HEATER VOLTAGE (AC/DC). .« vttt ittt iiiniitiitettineenannennnennnss 6.3 volts
HEATER CURRENT . . o0ttt ittt iteneetneeneenaeeoneeeneeeneesoeeneennenans 0.3 ampere
Without With
External External
DIRECT INTERELECTRODE CAPACITANCES: Shield Shield®
Grid No.ltoPlate ................coouiiiiunnnen.nn 0.0035 max 0.0035 max pf
Grid No.1 to Cathode, Heater, Grid No.2 Grid No.3,
and Internal Shield. ...................... ... ........ 5.5 5.5 pf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ......... ... .. ... ... i iiiiiiiiennn 5.0 5.5 pf

® With external shield connected to cathode.

CLASS A, AMPLIFIER
Maximum Ratings, (Design-Maxzimum Values):

PLATE VOLTAGE. .. o\ttt ittt teinatneatsesenneenennnannnns 330 max volts
GRID-NO.3 (SUPPRESSOR-GRID) VOLTAGE, Positive value. ................. 0 max volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE. . .... P cersetiesecssesenaans See curve page 70
GRID-NO.2 SUPPLY VOLTAGE. . .. ..ottt ittt iiiiiniiiieeneneanenns 330 max volts
PLATE DISSIPATION . ..t itiiniitit ettt tiiiiiiiiiiieteaees caneenan 3.4 max watts
GRID-NO.2 INPUT:

For grid-No.2 voltagesup to 165 volts. . . .............oviviiinnn... 0.7 max watt

For grid-No.2 voltages between 165 and 330 volts. . .................. See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Negative bias value. . .... e s sieenseseraenanie P -55 max volts

Positivebias value. . . ...t i 0 mazx volts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode............................. 200 mazx volts

Heater positive with respect tocathode............................. 2004mazx volts

4 The dc component must not exceed 100 volts.
Characteristics:

Plate Supply Voltage. . .. ....ovvriiiinreinnneneneeennnnn 100 250 volts
Grid No.3 and Internal Shield Connected to cathode at socket
Grid-No.2 Supply Voltage. . ................... 100 100

Cathode-Bias Resistor. . . ............coiiviiiiiiinnna... 68 68 ohms
Plate Resistance (Approx.)..........ccoveuuneennennn. .. 0.25 1.0 megohm
Transconductance. .. .........coouiiiiiiniennnneneennnanns 4300 4400 umhos
Grid-No.1 Voltage (Approx.) for tr: ductance of 40 umh -20 -20 volts
PlateCurrent. ............oiiiiiiiiiiiiiiiiiin i 10.8 11 ma
Grid-No.2Current. ... .ooiiiiiiiiiiiinneiinneeeennan .. 4.4 4.2 ma
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INSTALLATION AND APPLICATION

Type 6BA6 requires miniature seven-contact socket and may be mounted in
any position. Qutline 7B, 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 resistor, from the ave system, or from a
combination of these methods.

AVERAGE PLATE CHARACTERISTICS
10 0, T T

T
K TYPE 6BA6

Y Egp = 6.3 VOLTS

¢

GRID-N2 2 VOLTS = 100
GRID-N2 3 VOLTS =0

-2

NJc2 EC|=0

.
A
L=

=3

GRID-N?| VOLTS EC|=-4
)

PLATE (1) OR GRID-N22 (1c2) MILLIAMPERES
a

Ip =7
X
y -1
=113
o 100 200 300 400 300 600
PLATE VOLTS 92CM=-06609T

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

6B A7 Miniature type used as converter  *(3)
in superheterodyne circuits especially
Related type: those for the FM broadecast band. Out-

12BA7 line 8D, OUTLINES SECTION. Tube
requires miniature nine-contact socket
and may be mounted in any position. Heater volts (ac/dc), 6.3, amperes, 0.3.

CONVERTER SERVICE
Maximum Ratings, (Design-Center Values):

PLATE VOLTAGE . ...\ttt t ittt ittt ne ittt eineneeenaneeeenns 300 mazx volts
GRID-NO.5-AND-INTERNAL-SHIELD VOLTAGE®. ... ..........oiiiuinnnnnnn. .. 0 max volts
GRIDS-N0.2-AND-N 0.4 (SCREEN-GRID) VOLTAGE. . . ...t ovtvvtnunnennnnnn. 100 mazx volts
GRIDS-N0.2-AND-N0.4 SUPPLY VOLTAGE. .. ......tvviiniiniininneannn .. 300 max volts
PLATE DISSIPATION. . ............... . 2.0 mazx watts
GRIDS-N0.2-AND-N 0.4 INPUT 1.5 mazx watts
ToTAL CATHODE CURRENT ... 22 max ma
GRID-N0.3 VOLTAGE:

Negative bias value. . ........... ... ... il ... . =100 max volts

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

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

Heater positive with respect tocathode . .............................. 90 mazx volts
Characteristics (Separate Excitation) :*
Plate Voltage . . .....cvuiii ittt iiiieieinenenenns 100 250 volts
Grid No.5 and Internal Shield*. .. .. .................. ... ... Connected directly to ground
Grids-No.2-and-No.4 (Screen-Grid) Voltage ................... 100 100 volts
Grid-No.3 (Control-Grid) Voltage . ..... . -1.0 -1.0 volt
Grid-No.1 (Oscillator-Grid) Resistor 20000 20000 ohms
Plate Resistance (Approx.)...... . 0.5 1.0 megohm
Conversion Transconductance.............ccoveenviunnnn.n.. 900 950 umhos
Conversion Transconductance (Approx.)**. .. .. ............... 3.6 3.5 umhos
Plate Current . ... iitiiiiiii ittt i i e 3.6 3.8 ma
Grids-No 2-and-No.4 Current . . ..................ounn ooun 10.2 10 ma
Grid-No1 Current. ... ..ooviiiiiiiiiii i, 0.35 0.35 © ma
Total Cathode Current...........coiiiiiiiiinininiennnnnn.. 14.2 14.2 ma

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate (not oscil-
lating) is approximately 8000 umhos under the following conditions: signal applied to grid No.l at zero
bias; grids No.2 and No.4 and plate at 100 volts; grid No.3 grounded. Under the same conditions, the
plate current is 32 milliamperes. and the ampllﬁcatlon factor is 16.5.

* The characteristics shown with separate excitation correspond very closely with those obtained in a
gelf-excited oscillator circuit operating with zero bias.

** With grid-No.3 bias of —20 volts.

* Internal Shield (pins No.6 and No.8) connected directly to ground.

MEDIUM-MU TRIODE —
SHARP-CUTOFF PENTODE

Miniature type used in a wide

6BA8A variety of applications in color and

Related type: black-and-white television receivers.

SBABA 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 circuits. Outline 8D, OUTLINES SECTION. Tube
requires miniature nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC). .. TN 6.3 volts
HEATER CURRENT . . . ..ottt ettt e o 0.6 ampere
HEATER WARM-UP TIME (AVerage). ... ........ouiuiunnimnnnnaaannn .. 11 seconds
Without With
External External
DIRECT INTERELECTRODE CAPACITANCES (Approx.): Shield Shield®
Triode Unit:
GridtoPlate. .............. ...l 2.2 2.2 pf
Grid to Cathode and Heater. .. ..................... 2.5 2.7 pf
Plate to Cathode and Heater........................ 0.4 1.9 pf
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Pentode Unit:
Grid No.ltoPlate. ........ouvuiuieieninnnnnnnnnnns 0.06
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield. . .......... ... ..o iiiiiinn. 10
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In-
ternal Shield. .. .............. ... oo i,
Triode Grid to Pentode Plate. . ........................
Pentode Grid No.l to Triode Plate
Pentode Plate to Triode Plate. .........................

*® With external shield connected to cathode of unit under test.

CLASS A, AMPLIFIER

Triode
Maximum Ratings, (Design-Center Values): Unit
PLATE VOLTAGE. . .. ... ..t itiiiiiiiianeeeeenes 300 max
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE . -
GRID-NO.2 VOLTAGE . . .. . .....oouunnnnn, ooe -

GRID-NO.1 (CONTROL-GRID) VOLTAGE:
Negative biasvalue. . ..................... ... -
Positive bias value. ...................... [ -

PLATE DISSIPATION. . . ... ttiiiieeiinennie s 2 max

GRID-No.2 INPUT:

For grid-No.2 voltages up to 150 volts. . . ............ -
For grid-No.2 voltages between 150 and 300 volts. ... .. -
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ............. 200 max

Heater positive with respect to cathode............... 200%max
Characteristics:
Plate-Supply Voltage. ...........ciiiiiiiiiinneneninnn. 200
Grid-No.2 Supply Voltage. . ...............covviiinnnn. -
Grid-No.1 Voltage.:. . .........coiiiiiiiiiiiennniinnn. -8
Cathode-Bias Resistor............... ... .. ooviiunn.. -
Amplification Factor. . ........... .. ..o, 18
Plate Resistance (APProx.).........ceviiinenennenenenn. 6700
TransconducCtance. . ... ......ouueuuieunennneenaenuannn 2700
Grid-No.1 Voltage (Approx.) for plate current of 10 pa. . ... -16
Plate Current. . .. ...ttt iriinnnnennninnen. 8
Grid-No.2 Current. ....i..vvviiiriinnieererninnnnens -

Maximum Circuit Valves:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. . .. ............cooviiiiann. 0.5 max
For cathode-bias operation.................oovvvun.. 1.0 max
® The dec component must not exceed 100 volts.
Pp G3p

Ggpz

TRIODE—TWIN PENTODE

Duodecar type used as vertical
deflection oscillator and for combined
sync-age applications in television re-
ceivers employing series-connected
heater strlngs Outline 12B, OUT-

0.05 pf
10 pf
4.6 pf
0.006 pf
0.003 pf
0.023 pf
Pentode
Unit
300 max volts
300 maz volts
See curve page 70
-50 mazx volts
0 max volts
3.26 mazx watts
1 max watt
See curve page 70
200 max volts
200%mazx volts
200 volts
150 volts
= volts
180 ohms
400000 ohms
9000 umhos
-10 volts
13 ma
3.5 ma
0.25 max megohm
1.0 max megohm

6BAIl

LINES SECTION. Tube requires duodecar twelve—contact socket and may be
mounted in any position. Heater volts (ac/dc), 6.3; amperes, 0.6; warm-up time
(average), 11 seconds. For ratings and characteristics of pentode units, refer to

type 6HSS. TRIODE UNIT AS CLASS A, AMPLIFIER
Maximum Ratings, (Design-Center Values):

PLATE VOLTAGE. . .. .......ovviioinn..
AVERAGE CATHODE CURREN
PLATE DISSIPATION. ........
HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............................
Heater positive with respect to cathode. .. ................ ... .. ..
Characteristics:
Plate Voltage. . . ... oottt
Grid Voltage. ... .. oottt
Amplification FACtor. ... ...ttt
TranscondUCtaANCe. . . ... ..ottt
Plate CUIrent. . . .. ...ttt i
Grid Voltage (Approx.) for plate currentof 100 pa.......................
Maximum Circuit Values:
Grid-Circuit Resistance:
For fixed-bias operation. . ........ ... .. ... .. .. . i
For cathode-bias operation. .. ........... ... ... ... ... ... ... ...
® The dc component must not exceed 100 volts.

300 max
20 mazx
1.5 max

200 max
200%nax

250
-11
18
1800
5

-18

0.25 maz
1 mazx

volts
ma
watts

volts
volts
volts
volts
umhos

ma
volts

megohm
megohm
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MEDIUM-MU TRIODE

Miniature type used as an rf am-

6B C 4 plifier in the cathode-drive circuits of

uhf television tuners covering the fre-

quency range of 470 to 890 megacycles

per second. Outline 8A, OUTLINES

SECTION. Tube requires miniature nine-contact socket and may be mounted in
any position.

HEATER VOLTAGE (AC/DC) . .ttt ote v ttee et tee ettt ae e 6.3 volts
HEATER CURRENT . . oottt it iaii ettt e 0.225 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Gridto Plate. . ... ... 1.6 pf
Grid to Heater and Cathode. ............ ..., 2.9 pf
Plate to Heater and Cathode. .............. ... i i, 0.26 pf
Heater to Cathode......... ... ... i i 2.7 pf

CLASS A, AMPLIFIER
Maximum Ratings, (Design-Center Values):

PLATE VOLTAGE. . ..ttt ittt ittt it e iatn ettt ia et annnes 250 mazx volts
PLATE DISSIPATION . . . o\ttt t it ittt et iiine ettt eeenannns 2.5 max watts
CATHODE CURRENT . « ..o\ttt et iiine et inena s seeneinnaetentniannss 25 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode 75 max volts
Heater positive with respect to cathode. ................. ... ... ..., 75 max volts
Characteristics:
Plate Supply Voltage. . ... oo i i i e . 150 volts
Cathode-Bias Resistor. .. ....... ..ot 100 ohms
Amplification Factor. .. ....... o i i e 48
Plate Resistance (APProX.) ........c.iiuiiii ittt 4800 ohms
TransCoOnAUCLANCE. . . ..o v 'ttt e et ee ettt iee e e et aaeanaas 10000 pmhos
Grid Voltage (Approx.) for plate current of 10 pa.. .............. ... ..., -10 volts
Plate CurreNt. . ..ottt ettt ettt e e 14.5 ma
Maximum Circuit Values:
Grid-Circuit Resistance:
For fixed-bias operation. .. ...... ... ... .. o il Not recommended
For cathode-bias operation. .............. .. ... i il 0.5 max megohm

SHARP-CUTOFF PENTODE

Miniature type used in compact
6BC5 radio equipment as an rf or if amplifier
Related types: at frequencies up to 400 megacycles

3BC5, 4BCS per second. Outline 7B, OUTLINES

SECTION. Tube requires miniature
seven-contact socket and may be mounted in any position. For typical operation
as resistance-coupled amplifier, refer to RESISTANCE-COUPLED AMPLI-
FIER SECTION.

HEATER VOLTS (AC/DC) .. oottt ittt ettt e et e aie e 6.3 volts
HEATER CURRENT. . ... .. ittt iitt it iaiie e 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Pentode Connection:
Grid No.ltoPlate. ............oo ittt 0.030 max pf
Grid No.1 to Cathode. Heater. Grid No.2, Grid No.3, and Internal Shield 6.5 pf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.... 1.8 pf
Triode Connection:*
Grid No.1to Plateand Grid No.2. . ......... ..o, 2.5 pf
Grid No.1 to Cathode, Heater, Grid No.3, and Internal Shield.......... 3.9 pf
Plate and Grid No.2 to Cathode, Heater, Grid No.3, and Internal Shield. . 3.0 pf

* Grid No.2 connected to plate.
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CLASS A; AMPLIFIER
Maximum Ratings, (Design-Center Values):
PLATE VOLTAGE. . ... ..\ ittt ittt iieiiaaanneans 300 max 300 max volts

Triode N Pentode
" "

GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE 300 max volts
GRID-NO.2 VOLTAGE . . ... .........covuun.. - See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive 0 max 0 max volts
PLATE DISSIPATION . . ...ttt ittt i eieeiaees 2.5 max 2 max watts
GRID-N0.2 INPUT:
For grid-No.2 voltages up to 150 volts. . ... ......... - 0.5 max watt
For grid-No.2 voltages between 150 and 300 volts. . ... - See curve page 70
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............. 90 max 90 max volts
Heater positive with respect to cathode. ............ 90 mazx 90 mazx volts
Characteristics:
Plate Supply Voltage. . ..............ooiiiiiiiiinn, 180 250 100 125 250 volts
Grid-No.2 Supply Voltage. ...................0vuvnnn - - 100 125 150 volts
Cathode-Bias Resistor. ............................0. 330 820 180 100 180 ohms
Amplification Factor. . .................... ... ... 42 40 - - -
Plate Resistance (ApPprox.).............c.c.viiveennenn. 0.006 0.009 0.6 0.5 0.8 megohm
Transconductance. . ... ...ttt eneenenaennn 6000 4400 4900 6100 5700 umhos
Grid-No.1 Voltage (Approx.) for plate current of 10 ua. ... - - -5 -6 -8 volts
PlateCurrent. . .......ooiiiiiietiiiiner e 8 6 4.7 8 7.5 ma
................................... - - 14 24 21 ma

TRIPLE DIODE

Miniature type containing three
high-perveance diode units in one en- 6BC7
velope; used in dc restorer circuits of
color television receivers. Also used in
AM /FM radio receivers as a combina-
tion FM discriminator and AM detector tube. Outline 8B, OUTLINES SECTION.
Tube requires nine-contact miniature socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC). . .. . 6.3 volts
HEATER CURRENT . . oottt ittt ittt e ensiiananaenennennns .. 0.450 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Diode-No.1 Plate to Diode-No.1 Cathode, Heater, and Internal Shield. 3.5 pf
Diode-No.2 Plate to Diode-No.2 Cathode, Heater, and Internal Shield. 5.5 pf
Diode-No.3 Plate to Diode-No.3 Cathode, Heater, and Internal Shield. 3.5 pf
Maximum Ratings, (Design-Center Values, Each Diode Unit):
PEAK INVERSE PLATE VOLTAGE. .. .. ...oitiittenannee i enan, 330 max volts
PEAK PLATE CURRENT¥, . .. ... ...uuttininrnireectoeeeeseeeiaiaiianns 54 max ma
DC OUTPUT CURRENT. . . ..t otttieeattanrannenet et eaniaeatann, 12 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ............................ 200 max volts
Heater positive with respect to cathode. ............................ 200 max volts

* In rectifier service, the minimum total effective plate-supply impedance per plate is 560 ohms.

MEDIUM-MU TWIN TRIODE

Miniature type used in direct-

coupled cathode-drive rf amplifier cir- 6BC8
cuits of vhf television tuners. In such Related type:
4BC8

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 8B, OUTLINES SECTION. Tube requires miniature nine-contact socket
and may be mounted in any position.

HEATER VOLTAGE (AC/DC) .« vt vvteetnetiaetetaeeeninneeeeniaanans 6.3 volts

HEATER CURRENT. . .t ttttttetttnttnnetiatneeenesnesnsaennennesnnnns 0.4 ampere

DIRECT INTERELECTRODE CAPACITANCES*: Unit No.1 Unit No.2
GridtoPlate . ... ... ... oo 1.2 1.2 pf
Grid to Cathode, Heater, and Internal Shield........... 2.6 - pf
Cathode to Grid, Heater, and Internal Shield........... - 5.5 pf
Plate to Cathode, Heater, and Internal Shield ......... 1.3 - pf
Plate to Grid, Heater, and Internal Shield ... .. - 2.4 pf
Plate to Cathode. . ... e ~ 0.12 pf
Heater to Cathode ........... .. 2.8 2.8 pf
Plate of Unit No.1 to Plate of Unit No.2....... 0.02 max pf

Plate of Unit No.2 to Plate and Grid of Unit No.1 ..... ... ... 0.04 maz pf
* With external shield connected to internal shield.
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CLASS A, AMPLIFIER (Each Unit)
Maximum Ratings, (Design-Mazimum Values):

PLATE VOLTAGE. . ..t ci ittt et tttiiiiieeeeeeeannnnaneeennneenann 250%mazx volts
PLATE DISSIPATION. ...\ttt ettt ettt inaas 2.2 max watts
CATHODE CURRENT. . ..\ttt ittt ittt ittt tanaaaeeeaneens 22 max ma
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode............................. 2004mazx volts

Heater positive with respect to cathode............................. 200%max volts
Characteristics:
Plate Supply Voltage. .. ... ...ttt 150 volts
Cathode-Bias Resistor. ... ...ttt iiiiiniiiiiiiiiiiiiiiiinans 220 ohms
Plate Resistance (APProX.) . .........c.uuiiniiiinnnreennneeennneeennnns 5300 ohms
Amplification Factor. ......... ...ttt 35
TransconduCtanCe. . . . ..ottt ittt ettt 6200 pmhos
Grid Voltage (Aporox.) for transconductance of 50 umhos. . .............. -13 volts
Plate Current. . ... ... it i i e 10 ma

Maximum Circuit Valus:

Grid-Circuit Resistance ................. ..ot e 0.5 max megohm
4 This rating may be as high as 300 volts under cutoff conditions, when the tube is used as a cascode
amplifier and the two units are connected in series.

® The dc component must not exceed 100 volts.

SHARP-CUTOFF BEAM TRIODE P

Glass octal types used for the voltage regu-
6BD 4 lation of high-voltage, low-current dc power
supplies in colortelevision receivers.Outline 25B,
OUTLINES SECTION. Tubes require octal
6BD4A socket. Heater volts (ac/dc), 6.3; amperes, 0.6. "
Maximum ratings for voltage-control service: dc
plate volts, 6BD4 20000 maz, 6BD4-A 27000
mazr; unregulated dc supply volts, 6BD4 40000 K N
mazx, 6BD4-A 55000 mazx; dc grid volts, -125
mazx; peak grid volts, -550 max; dc plate ma., 1.5 max; plate dissipation, 6BD4 20 max watts, 6BD4-A

25 max watts; peak heater-cathode volts, 180 max. These are DISCONTINUED types listed for
reference only.

ch
/7]
s
S

(2]

REMOTE-CUTOFF PENTODE H P
Miniature type used as rf or if amplifier in
radio receivers. This type is similar in perform- H ‘ °z
ance to metal type 6SK7. Outline 7B, OUT-
6BD6 LINES SECTION. Tube requires miniature ‘
seven-contact socket and may be mounted in
R"‘;'z':o'zp" any position. Heater volts (ac/dc), 6.3; am- ?g Jo
peres, 0.3. Characteristics as class A1 amplifier: O
plate volts, 250 (300 max); grid No.3 connected Gy
to cathode at socket; grid-No.2 volts, 100 (125
maz); grid-No.1 volts, -38; plate resistance (approx.), 0.8 megohm; tr ductance, 2000 umhos; plate

dissipation, 3 max watts; grid-No.2 input, 0.65 maz watt; plate ma., 9; grid-No.2 ma., 3; total cathode
ma., 14 mar; peak heater-cathode volts, 90 max. This type is used principally for renewal purposes.

IC K

HALF-WAVE VACUUM RECTIFIER . N
(9
Duodecar type used as damper
6BE3

tube in horizontal-deflection circuits  nc(3) P
of television receivers. Outline 12D, e
OUTLINES SECTION. Tube re-
quires duodecar twelve-contact socket H H
and may be mounted in any position. Heater volts (ac/de), 6.3; amperes, 1.2.

DAMPER SERVICE
For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Mazximum Values):

PEAK INVERSE PLATE VOLTAGE#. . ... ... ..., 5000 max volts
PEAK PLATE CURRENT. . .. ...ttt ittt ettt e 1200 max ma
DC PLATE CURRENT. .. ...ttt et et 200 mazx ma

PLATE DISSIPATION
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PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............................ 5000%"max volts
Heater positive with respect tocathode. ........................... 300°mazx volts

Characteristics, Instantaneous Value:
Tube Voltage Drop for dc plate current of 850 ma....................... 25 volts

# 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 cycle is 10 microseconds.

" The dc component must not exceed 900 volts.

O The de component must not exceed 100 volts.

PENTAGRID CONVERTER

Miniature type used as converter
in superheterodyne circuits in both the 6B E6
standard broadcast and FM bands.The Related types:
6BE6 is similar in performance to 3BE6, 12BE6

metal type 6SA7. For general discus-
sion. of pentagril types, see Frequency Conversion in ELECTRON TUBE AP-
PLICATION SECTION.

HEATER VOLTAGE (AC/DC) . evvvvniiiiinineneinnernneennennnen e 6.3 volts
HEATER CURRENT. . ........v0.n PN Chetesesseraseesetassanes e 0.3 ampere
Withou With
External External

DIRECT INTERELECTRODE CAPACITANCES: Shield Shield®

Grid No3toPlate..........covviinininnenns .. 0.30 max 0.25 max pf

Grid No3toGrid No.1......oovviivininnnnnn, .. 0.15 max 0.15 max i

Grid No.ltoPlate. .......oooiiiniiniiiennnneennn 0.10 max 0.05 max pf

Grid No.3 to All Other Electrodes. ................. 7.0 7.0 pf

Grid No.1 to All Other Electrodes. ................. 5.5 5.5 pf

Plate to All Other Electrodes . .................... 8.0 13.0 pf

Grid No.1 to Cathode and Grid No.5. . ............. 3.0 3.0 pf

Cathode and Grid No.b to All Other Electrodes except

id No.l........... e i e i e .. 15.0 20.0 pf
® With external shield connected to cathode and grid No.5.
CONVERTER

Maximum Ratings, (Design-Maximum Values):
PLATE VOLTAGE. ...ttt ttiittiititiiiieiiniiie et ineeeeeaaneneanas 330 max volts
GRIDS-N 0.2-AND-N 0.4 (SCREEN-GRID) VOLTAGE . . ..ot vviininnnnnnnnnnns . 110 max volts
GRIDS-N0.2-AND-N0.4 SUPPLY VOLTAGE. .. ......ottvrriennnnnnnnnnnanns 330 max volts
PLATE DISSIPATION . .. .0ttt ttiie e itaneeettneeenananennneeeseananns 1.1 max watts
GRIDS-NO 2-AND-NO.4 INPUT. . . ot vitiittiittieiitnineeeenenennnnn 1.1 max watts
CATHODE CURRENT. ottt vtttieteeeenenneneeeeeeseneoeeenaeeenaneenn 15.5 max ma
GRID-N 0.3 VOLTAGE:

Negative biasvalue. ....................... ettt e e -55 max volts

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

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

Heater positive with respect tocathode. . ..................covuun... 2004max volts
Typical Operation (Separate Excitation) :*
Plate Voltage. . ........cooviriieennnnn, 100 250 volts
Grids-No.2-and-No.4 (Screen-Grid) Voltage. . 100 100 volts
Grid-No.1 (Oscillator-Grid) Voltage (rms). ................. 10 10 volts
Grid-No.3 (Control-Grid) Voltage. ........................ -1.5 -1.5 volts
Grid-No.1 (Oscillator-Grid) Resistor. . ..................... 20000 20000 ohms
Plate Resistance (APProx.). .. ...vuieieinneeeennnenennnans 0.4 1.0 megohm
Conversion Transconductance, . ............ovevunneeenenn 4566 475 umhos
Grid-No. 8 Voltage for conversion transconductance of 10 umhos -30 -30 volts
Plate Current .. ..........iiiiuiiiiininreinnernnneinans 2.6 2.9 ma
Grids-No.2-and-No.4 Current. .............ccoivnivinnnnnn. 7.0 6.8 ma
Grid-No.1 Current. . . ...ttt iiinneeeinnneeans 0.5 0.5 ma
Cathode Current . ..........iiuiiiiiiiiiiieeiinnnnennns 10.1 10.2 ma

Note: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate (not oscil-
lating) is approximately 7250 umhos under the following conditions: grids No.1 and No.3 at 0 volts;
grids No.2 and No.4 and plate at 100 volts. Under the same conditions, the cathode current is 25 ma.,
and the amplification factor is 20. Grid-No.1 voltage (Approx.) for plate current of 10 ua is —11 volts.

4 The de component must not exceed 100 volts.
* The characteristics shown with separate excitation correspond very closely with those obtained in a
self-excited oscillator circuit operating with zero bias.

INSTALLATION AND APPLICATION
Type 6BE6 requires miniature seven-contact socket and may be mounted in
any position. Outline 7B, OUTLINES SECTION.
Because of the special structural arrangement of the 6BE6, a change in signal-
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grid voltage produces little change in cathode current. Consequently, an rf voltage
on the signal grid produces little modulation of the electron current flowing in the
cathode circuit. This feature is important because it is desirable that the impedance
in the cathode circuit should produce little degeneration or regeneration of the
signal-frequency input and intermediate-frequency output. Another important
feature is that, because signal-grid voltage has very little effect on the space charge
near the cathode, changes in ave bias produce little change in oscillator transcon-
ductance and in the input capacitance of grid No.l. There is, therefore, little
detuning of the oscillator by ave bias.

A typical self-excited oscillator circuit employing the 6BE6 is given in the
CIRCUIT SECTION.

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

OPERATION CHARACTERISTICS OPERAT ION_ CHARACTERISTICS
WITH SELF -EXCITATION WITH_SEPARATE OSCILLATOR EXCITATION
TYPE 6BE6
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3 P(™)= =gz x 100 (SEE TEXT) - 9 GRID-N2 | RESISTOR-OHMS = 20000
[~] x*Ey . ' . s GRID-N2 | CURRENT VARIED BY
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BEAM POWER TUBE

Miniature type used in audio output stage

of television and radio receivers. Triode-con-

. nected, it is used as a vertical deflection ampli-

fier in television receivers. Outline 7C, 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 maxz); grid-No.2 volts,

110 (117 max); grid-No.l volts, —7.5; peak af grid-No.1 volts, 7.5; plate dissipation, 5.5 max watts;

grid-No.2 input, 1.25 max watts; plate ma., 36 (zero-signal), 39 (maximum-signal) ; grid-No.2 ma., 4

(zero-signal), 10.5 (maximum-signal); plate resistance (approx.), 12000 ohms; transconductance, 7500

umhos; plate load resistance, 2500 ohms;:total harmonic distortion, 10 per cent; maximum-signal power

output, 1.9 watts; peak heater-cathode volts, 200 max (dc component 100 max when heater is positive
with respect to cathode). This type is used principally for renewal purposes.

TWIN DIODE—
MEDIUM-MU TRIODE
Miniature type used in compact
6BF6 radio equipment as combined detector,
Related type: amplifier, and ave tube. The triode
128F6 unit is particularly useful as a driver

for impedance- or transformer-coupled
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output stages in automobile receivers. It is equivalent in performance to metal
type 6SR7. Outline 7B, OUTLINES SECTION. Tube requires miniature seven-
contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . . vt vutetunnesnsuoestanoasssnsessssonessas 6.3 volts
HEATER CURRENT. ...... cetesennas eenes R e, . 0.3 ampere
Without With
External Ezxternal
DIRECT INTERELECTRODE CAPACITANCES: Shield Shield®
Triode Grid to Triode Plate. . ....................... 1.9 1.9 pf
Triode Grid to Cathode and Heater................... 1.8 1.9 pf
Triode Plate to Cathode and Heater . ................. 0.7 1.2 pf
Plate of Diode Unit No.l to Triode Grid.............. 0.07 maz 0.06 mazx pf
Plate of Diode Unit No.2 to Triode Grid. ............. 0.06 mazx 0.05 maz pf

® With external shield connected to cathode.

TRIODE UNIT AS CLASS A; AMPLIFIER
Maximum Ratings, (Design-Center Values):

PLATE VOLTAGE. ...... i, 300 max volts
PLATE DISSIPATION. ........... 2.6 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode .. 90 max volts
Heater positive with respect to cathode. . ...............ovviinan, 90 max volts
Typical Operation:
Plate Voltage. . ............co0v00 P et e e 250 volts
Grid Voltage. . . ... vviiiiiiiiii i iiiiienanannnns . -9 volts
Amplification Factor..........oooiiiiiiiiiiinrennnnenns 16
Plate Resistance (Approx.) 86500 ohms
Transconductance. . . ... 1900 umhos
Plate Current. . ... . b ma
Load Resistance. . .........covvvvinvnnnnn.. tevesessestensrrareetsans 10000 ohms
Total Harmonie Distortion. ............c.oiiiiiiiiiiiiiiiiiiinneinn 6.5 per cent
Power Output. .......ooviiiiiiiiiinenenanennns Mesesasenseasssansens 800 mw
Maximum Rating: DIODE UNITS
PLATE CURRENT (Each Unit) ... 1.0 mazx ma

The two diode plates and the triode unit have a common cathode. Diode biasing of the triode unit
of the 6BF6 is not suitable. For diode operation curves, refer to type 6AV6.

BEAM POWER TUBE 68666

“ Glass octal types used as output
amplifier in horizontal-deflection cir- 6BGbGA
cuits of television equipment and other Related type:
applications where high pulse voltages 19BG6GA
occur during short duty cycles. Type
6BG6-GA, Outline 25A, OUTLINES SECTION. Type 6BG6-G maximum dimen-
sions: over-all length, 5-11/16 inches; seated height, 5-1/8 inches; diameter, 2-1/16
inches. Tubes require octal socket. They may be supplied with pins 4 and 6 or with
pins 1, 4, and 6 omitted. Vertical tube mounting is preferred but horizontal opera-

tion is permissible if pins No.2 and .7 are in vertical plane. Type 6BG6-G is used
principally for renewal purposes.

HEATER VOLTAGE (AC/DC) .o\ viiiiiiiiininat et et ennnnenanes 6.3 volts
HEATER CURRENT . . .\ttt ittt titeennttinesnnnnenennnnnnenssseaes 0.9 ampere
DIRECT INTERELECTRODE CAPACITANCES: 6BG6-G 6BG6-GA
Grid No.ltoPlate. . ....... ... ... ..coiiiiiiereennnenn 0.34 0.8 pf
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3. . 12 11 pf
Plate to Cathode, Heater, Grid No.2, and Grid No.3...... 6.5 6 pf
TRANSCONDUCTANCE® . .o\ttt tttaeanannenesnasansnonsenenosssennnn 6000 pmhos
MU-FACTOR, Grid No.2 to Grid No.1%. .. ... .coviuieiiiiinieenninennnns 8.0

°For plate and grid-No.2 volts, 250; grid-No.1 volts, —15.

HORIZONTAL DEFLECTION AMPLIFIER
For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Center Values):

DC PLATE VOLTAGE. . ..ttt t i tinneennensnanssas R 700 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGE* (Absolute Maximum)............. 6600 max volts
PEAK NEGATIVE-PULSE PLATEVOLTAGE. .. ......coviiiiinetnnannn veeers —1600 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE. . .1\ vuvviuneinnrannnnnsneeesns 350 mazx volts
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE . ....... e -300 max volts
PEAK CATHODE CURRENT. . ...\ttt ittt esneatasnuassasennenens 400 max ma
AVERAGE CATHODE CURRENT. . . .00 ttttttiitninanannaaniinnneenneeens 110 mazx ma
PLATE DISSIPATIONTT o vt vvteittteetinnnenensneensesoneeesasasaasens 20 max watts
GRID-NO.2ZINPUT. . ..o viierinnaieennnnns FE ORI 3.2 max watts

177



RCA Receiving Tube Manual

PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. .................cooovvntn 200 max volts
Heater positive with respect tocathode. . ...............coovvivvnnen 2008max volts
BuLB TEMPERATURE (At hottest point). .. ...... ... ciiiiiiiiniinnannn, 210 max °C
Maximum Circvit Value:
Grid-No.1-Circuit Resistance. ..........coviiiiiiiiiiiiiiiiiiiienennn 0.47 max megohm

* 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 cycle is 10 microseconds.

4 Under no circumstances should this absolute value be exceeded.

t 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.

HALF-WAVE VACUUM RECTIFIER
Novar type used as damper tube

6B H 3 inhorizontal deflection circuits of black-
Related types: and-white television receivers. OQutline
17BH3, 22BH3 17A,OUTLINES SECTION. Tube re-

quires novar socket and may be oper-
ated in any position. Socket terminals 1, 3, 6, and 8 should not be used as tie
points. It is especially important that this tube, like other power-handling tubes,
be adequately ventilated.

HEATER VOLTAGE (AC/DC) . .ottt ittt ittt it iie it eaeen 6.3 volts
HEATER CURRENT. . .« o\ttt ttttntttananautstneenenntnaneneas 1.6 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Plate to Cathodeand Heater. . .............. ..., 6.5 pf
Cathode to Plateand Heater. . .................coooiiiiiiiian.., 9.0 pf
HeatertoCathode. . ... ... ... ... it 2.8 pf

DAMPER SERVICE
- For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Maximum Values):
PEAK INVERSE PLATE VOLTAGE". . .

5500 max volts

PEAK PLATE CURRENT. ........ 1100 max ma
DC PLATE CURRENT. 180 mazx ma
PLATE DISSIPATION. . 6.5 max watts
PEAK HEATER-CATHODE VOLTAG!

Heater negative with respect to cathode. . 5500®*max volts

Heater positive with respect tocathode. ......................... 800°max volts

® 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 cycle is 10 microseconds.

® The dc component must not exceed 900 volts.

B The de component must not exceed 100 volts.

SHARP-CUTOFF PENTODE KO o}
Miniature type used as rf ampli- Q) (9cz
6BH6 fier particularly in ac/dc receivers and \ ‘

in mobile equipment where low heater- - GXILN c,,
current drain is important. It is par- 0, IS
ticularly useful in high-frequency, oY
wide-band applications. Outline 7B, OUTLINES SECTION. Tube requires minia-
ture seven-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) .t vt tittiiteiiieiiiieeenneaneennnnnnns ... 6.3 volts
HEATER CURRENT . . . ¢t vttt nitans areneenunenennnenesnneenneannes 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES:"
Grid No.1 to Plate. . ... .ottt ittt it ieiieeennnn 0.0035 max pf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield . 5.4 pf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. .. .. 4.4 pf

® Without external shield, or with external shield connected to cathode.
CLASS A; AMPLIFIER
Maximum Ratings, (Design-Center Values):

PLATE VOLTAGE. . ......... e ereesenas e e, 300 max volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE. . .« vt v ttvtee it it eennenennnnnns See curve page 70
GRID-NO.2 SUPPLY VOLTAGE. . ..ot ttuvtttnnnnerennneesennneesnenenans 300 max volts
PLATEDISSIPATION. . ... covivvienenannn et e e e e, 3 max watts
GRID-N0.2 INPUT:

For grid-No.2 voltagesup to 150 volts. . . . .......covviviiiin .., 0.5 max watt

For grid-No.2 voltages between 150 and 300 volts........... e See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Negative-bias value..... ienen PN R cienn vees =50 max volts

Positive-biasvalue. . ................ e Ceerree e e 0 max volts
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PEAK HEATER-CATHODE VOLTAGE:

Heater negat)ve with respect to cathode. ... 90 mazx volts
Heater positive with respect tocathode. . ................... . .. 90 max volts
Characteristics:
PlateVoltage. . . ...........coivvann. N P 100 250 volts
Grid No.3 and Intemal Shield .......cooiiiiiiii Connected to cathode at socket
Grid-No.2 Voltage. . 100 150 volts
Grid-No.1 Voltage. -1 -1 volt
Plate Resistance (Approx 0.7 1.4 megohms
TransconductancCe. ... .......c.ocevvrennnecnneanns 3400 4600 umhos
Grid-No.1 Voltage (Approx. for plate current of 10 u -5 -7.7 volts
Plate Current............. . . 3.6 7.4 ma
Grid-No.2 Current. ..... e I 1.4 2.9 ma
MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE
Miniature type used in a wide
variety of applications in television 6BH 8
receivers. This type has a controlled Related type:
heater warm-up time for use in re- 8BHS8

ceivers employing series-connected

heater strings. The pentode unit is used as an if amplifier, a video amplifier, or an
agc amplifier. The triode unit is used in low-frequency oscillator circuits. Outline
8D, OUTLINES SECTION. Tube requires miniature nine-contact socket and may
be mounted in any position.

HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. . ......... 0.6 ampere
HEATER WARM-UP TIME (Average 11 seconds
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Triode Unit:
Gridto Plate. . ... ... i e e e, 2.4 pf
Grid to Cathodeand Heater. . ............couuiinierennieeennnnnnnn. 2.6 pf
Plate to Cathode and Heater. .. ..........oovviiiiinniinninnennnnns 0.38 pf
Pentode Unit:
Grid No.l to Plate. . ... ..o ittt 0.046 pf
Grid No.l1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 7 pf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.... 2.4 pf
Triode Grid to Pentode Plate. . ............ooviiiiiiiiiiininiinnnnnn.. 0.016 pf
Pentode Grid No.1 to Triode Plate. . ...........ooviiiiiinnennnnnnnn.nn 0.004 pf
Pentode Plate to Triode Plate. ... ........ ... ...t . 0.095 pf
CLASS A; AMPLIFIER
Maximum Ratings, (Design-Center Values): Triode Unit Pentode Unit
PLATE VOLTAGE. .. ...ttt iiniiiiiieenennn 300 max 300 maz volts
GRID-NO0.2 (SCREEN-GRID) SUPPLY VOLTAGE. . - 300 max volts

GRID-NO.2 VOLTAGE. . . ..ot ittiet e ieeeeannnns See curve page 70

GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive-bias value. . . 0 max 0 max volts
PLATE DISSIPATION. .. ...t 2.5 max 3 max watts
GRID-N0.2 INPUT:
For grid-No.2 voltages up to 150 volts. .. ............ - 1 max watt
For grid-No.2 voltages between 150 and 300 volts. .. .. - See curve page 70
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.............. 200 max 200 max volts
Heater positive with respect to cathode.............. 200%max 200%max volts
Characteristics:
Plate Supply Voltage. ................coiiiiiiiiiian, 150 200 volts
Grid-No.2 Supply Voltage. . ................ ... oot - 125 volts
Grid-No.1 Voltage. ....... ..., -5 - volts
Cathode-Bias Resistor. . ................. ...t - 82 ohms
Amplification Factor................ .. ... .. . . . 17 -
Plate Resistance (Approx.)...........c.coveuneeneennannn 5150 150000 ohms
TransconduCtance. . . ........uuureueeeeenennsneennnnns 3300 7000 pmhos
Grid-No.1 Voltage (Approx.) for plate current of 100 pa. .. -14 -8 volts
Plate Current. . ..ot iiiiiiii it 9.5 15 ma
Grid-No.2 Current. . ... e - 3.4 ma
Maximum Circvit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation.................... ... ..... 0.5 max 0.25 mar megohm
For cathode-bias operation......................... 1.0 max 1.0 max megohm

® The de component must not exceed 100 volts.
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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 transcon-

ductance and low grid-to-plate capaci-

tance. Outline 7B, OUTLINES SEC-

TION. Tube requires miniature seven-contact socket and may be mounted in any
position.

HEATER VOLTAGE (AC/DC). . vvvvvvuvnieeneeeeennns e e 6.3 volts
HEATER CURRENT. . ... itttinettittneneennnnnroonnnnesnns veesssans 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES:®
GridNo.ltoPlate.............ooiiiiiiiiiiiiie, e, 0.0035 max pf
Grid No.1 to Cathode, Heater, Grid No. 2, Grid No. 3, and Internal Shield 4.5 pf
Plate to Cathode, Heater, Grid No. 2, Grid No. 3, and Internal Shield. ... 5.5 pf

® Without external shield, or with external shield connected to cathode.

CLASS A; AMPLIFIER
Maximum Ratings, (Design-Center Values):

PLATE VOLTAGE. . ..ottt iiinininininnnnnnns sereeteseaes 300 max volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE. . ...ttt ventuitrnrensransnocansenns See curve page 70
GRID-NO.2 SUPPLY VOLTAGE. . ..o ittttiiiiiniettnnnneeennnnerannnsnons 300 mazx volts
PLATE DISSIPATION. . .ot tttttttttteinnnannrnnnsseennsaneeannes [ 3 max watts
GRID-NO0.2 INPUT:

For grid-No.2 voltagesup to 150 volts. . . ........ovviiiuiiiiennnenn, 0.6 mazx watt

For grid-No.2 voltages between 150 and 300 volts. .. ................. See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Negative bias value. .. ........ ... ..ot iiiiiiiins sessesessencans -50 max volts

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

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

Heater positive with respect to cathode. ....................ovvvvnn. 90 mazx volts
Chatacteristics:
Plate Voltage. ............. e, 100 250 volts
GHANOB. ... .. Connected to cathode at socket
Grid-No.2 Voltage. .........ovuiiuiiniiniiiiiniinennin.n. 100 100 volts

Grid-No.l1 Voltage. ... -1.0 -1.0 volt
Plate Resistance (Approx.)........ 0.25 1.3 megohms
TranscondUCLANCE. . o v vvv et erunnneeeeennnneeennnnns 3650 3600 pmhos
Grid-No.1 Voltage (Approx.) for transconductance of 10 umhos -20 -20 volts
PlateCurrent. ................outn F 9.0 9.2 ma
Grid-No.2 Current. . ..o ovviiieniiiiiiiiiiiiereennanenns 3.5 3.3 ma

TRIPLE DIODE

Miniature type used as a dc-re-
6BJ7 storer tube in each of the three signal

channels of color-television receivers.

Each diode has a separate cathode. ()

Outline 8B, OUTLINES SECTION. Koy Ko,
Tube requires miniature nine-contact socket and may be mounted in any position.
Heater volts, 6.3; amperes, 0.45.

DC RESTORER SERVICE
Maximum Ratings, (Design-Center Values, Each Diode Unit):

PEAK INVERSE PLATE VOLTAGE . ... ...ttt ittt e 330 max volts
PEAK PLATE CURRENT . .. .ottt ittt et iiie et eiineeeianeeennnns 10 max ma
DC OUTPUT CURRENT . . .. ittt ittt et i e ie it eeiineeannecnnns 1 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode ........................... 330 mazx volts
Heater positive with respect tocathode ........................... 100 max volts
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TWIN DIODE —
MEDIUM-MU TRIODE

Miniature type used in a wide
variety of applications in black-and-
white and color television receivers.
The diode units are used in phase-
detector, phase-comparator, ratio-de-

6BJ8

tector or discriminator, and horizontal afe discriminator 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 amplifierin compact portable
television receivers. This type has a controlled heater warm-up time for use in
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 8D, OUTLINES SECTION. Tube requires miniature nine-

contact socket and may be mounted in any position.

HEATER VOLTS (AC/DC) . ..ottt e 6.3
HEATER CURRENT . . ..ottt tttttttnttaitete e e annneaiiieennennnns 0.6
HEATER WARM-UP TIME (AVErage) . .. .......vurieeneerinanennnnnnnnn. 1
DIRECT INTERELECTRODE CAPACITANCES:
Triode Unit:
GridtoPlate. . ... .. ... e e 2.6
Grid to Cathodeand Heater. ... ........... ... ..., 2.8
Plate to Cathodeand Heater................ ... ... ... ... 0.31
Diode Units:
Plate to Cathode and Heater (Each Unit)........................... 1.9
Cathode to Plate and Heater (Each Unit)........................... 4.6
Plate of Unit No.1 to Plateof Unit No.2. .. ......................... 0.06 max
Plate of Diode Unit No.1 to Triode Grid. . ............................. 0.07 max
Plate of Diode Unit No.2 to Triode Grid. . .. ................... ..., .. 0.11 mazx
Plate of Either Diode Unit to All Other Electrodes. .. ................... 3.0
Cathode of Either Diode Unit to All Other Electrodes. ................... 4.8
TRIODE UNIT AS CLASS A; AMPLIFIER
Maximum Ratings, (Design-Mazimum Values):
PLATE VOLTAGE . . . ..ttt tttttt ittt ettt ittt tnenennnnianns 330 mazx
GRID VOLTAGE, Positive-bias value. ... .............. ... . ... ... ... ... 0 max
AVERAGE CATHODE CURRENT . . . . o tttttttetiniinnteeennnneneenennnnn 22 mazx
PLATE DISSIPATION . . . .. .ttt ittt 4 maz
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. ............................ 200 max
Heater positive with respect to cathode. . ........................... 200"max
Characteristics:
Plate Voltage. . . .. ... .. it . 90 250
Grid Voltage. .. ... .ttt it it 0 -9
AVERAGE CHARACTERISTICS
TRIODE UNIT
40 T y
TYPE 6BJ8
Eg= 6.3 VOLTS
30 9
O
W
a N M
2 g/ .
5 20 S
/17
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volts
ampere

seconds

volts
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ma
watts

volts
volts

volts
volts
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Amplification Factor. . ..............0iiiiiiiiinnenennnnnn 22
Plate Resistance (APProX.) . ... ...ouivrurineerenineeennnns 4700
Transconductance. . .. ...........uiiuuurneunnennnrnnnians 4700
Grid Voltage (Approx.) for plate currentof 10 pa. ........... -7
Plate Current. .. ......... .ottt 13.5
Plate Current for grid voltage of -12.5 volts. .. ............. -

Maximum Circuit Value:
Grid-Circuit Resistance. ... ........ouiiiiiiiiiiiiiin i ennns
® The dc component must not exceed 100 volts.

TRIODE UNIT AS VERTICAL DEFLECTION AMPLIFIER

For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Maximum Values):

DC PLATE VOLTAGE . . . . ottt e ttteeee e eiineeeeiineeenaieneeenins
PEAK POSITIVE-PULSE PLATE VOLTAGE T. ... . \vtiteetiiee e ieeiannnnn
PEAK NEGATIVE-PULSE GRID VOLTAGE. . . ... ttttvittiinneneineeeennnns
PEAK CATHODE CURRENT . . ..\t tttttttninin et nnennias
AVERAGE CATHODE CURRENT. . . .o\ tttttnettinneesennaeennnneneenns
PLATE DISSIPATION . . . oottt ettt et e et e et e
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. . ...................c..0uu..

Maximum Circuit Valuve:

Grid-Circuit Resistance:
For cathode-bias operation. .. ......... .. .. .. . it iiiiinnennn

DIODE UNITS
Maximum Ratings, (Design-Maximum Values):

Average
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode
Heater positive with respect to cathode. . ........

RCA Receiving Tube Manual ==

20
7160
2800

-18

1.7

1 max

330 max
1200 max
-275 max

77 max
22 max
4 max

200 max
200%mazx

2.2 max

54 max
9 max

200 max
200"max

ohms
umhos
volts
ma
ma

megohm

volts
volts
volts
ma
ma
watts

volts
volts

megohms

ma
ma

volts
volts

4 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 cycle is 2.5 milliseconds.

® The de¢ component must not exceed 100 volts.

SHARP-CUTOFF BEAM TRIODE

Glass octal type used for the volt-
age regulation of high-voltage, low-

6BK 4 current de power supplies in color tele-
vision receivers. Outline 25A, OUT-
LINES SECTION. Tube requires oc-
tal socket and may be mounted in
any position.

HEATER VOLTAGE (AC/DC) .
HEATER CURRENT. . .. .iiiiininnennneeennnn
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Gridto Plate. . ... ... i i i i i i e
Grid to Cathode and Heater........ .
Plate to Cathode and Heater
AMPLIFICATION FACTOR (APDIOX.) . s vt vvetteienteeuneneenainneanennnns

VOLTAGE-CONTROL SERVICE
Maximum Ratings, (Design-Mazximum Values):

DC PLATE VOLTAGE. + t 4 vt e ttttttttttetenteineenineneeeneeeeenennans
UNREGULATED DC SUPPLY VOLTAGE. . o\ vt ttttiinnetinnenniinennnnnnas
DC GRID VOLTAGE . « . . vttt ttiinn ettt iaeeiiaaeeennas
PEAK GRID VOLTAGE®™. . ... ... i
DC PLATE CURRENT. « 4t ottt tttit i neeinenneenantaeniennnesnennn
PLATE DISSIPATION. . o\ttt ittt ittt rneananens
PEAK HEATER-CATHODE VOLTAGE:

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

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

Maximum Circuit Value:

Grid-Circuit Resistance: -
For use with “Flyback Transformer” high-voltage supply.............

1€~ P ~C
ONRO)
ic 1C
© (®
H \J H
FORJON
6.3 volts
0.2 ampere
0.03 pf
2.(15 pf
f
2000 P
27000 mazx volts
60000 mazx volts
-135 mazx volts
—-440 max volts
1.6 mazx ma
25 max watts
200 max volts

Not recommended

3 mazx

® For interval of 20 seconds maximum duration during equipment warm-up period.
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AVERAGE TRANSFER
CHARACTERISTICS

TYPE 6BK4
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GRID VOLTS
92CS-8432TI

BEAM POWER TUBE

Miniature type used in audio output stages
of television and radio receivers. Outline 8D,
OUTLINES SECTION. Tube requires minia-

ture nine-contact socket and may be mounted

in any position. Heater volts (ac/dc), 6.3; am- 6BK5

peres, 1.2. Typical operation as class A1 ampli- A

fier: plate and grid-No.2 volts, 250 mazx; grid- ?;I:':esd ;;:;’5
P NC No.1 volts, ~5; peak af grid-No.1 volts, 5; plate 4

dissipation, 9 max watts; grid-No.2 input, 2.5
max watts; plate ma., 35 (zero-signal), 37 (maximum-signal); grid-No.2 ma., 3.5 (zero-signal), 10
(maximum-signal); plate resistance (approx.), 0.1 megohm; transconductance, 8500 umhos; load
resistance, 6500 ohms; total harmonic distortion, 7 per cent; power output, 3.5 watts; peak heater-
cathode volts, 100 mazx. This type is used principally for renewal purposes.

MEDIUM-MU TWIN TRIODE 6BK7 A
Miniature types used in direct-
coupled cathode-drive rf amplifier cir- 6BK7B
cuits of vhf television tuners. In such Related type:
circuits, one triode unit is used as the 5BK7A

direct-coupled grounded-cathode driv-

erfor the other unit. These types are also used in push-pull cathode-driverf amplifiers.
Type 6BK7-B has a controlled heater warm-up time for use in receivers employing
series-connected heater strings. Outline 88, OUTLINES SECTION. Tubes require
miniature nine-contact socket and may be mounted in any position. For typical
operation as a resistance-coupled amplifier, refer to RESISTANCE-COUPLED
AMPLIFIER SECTION. Type 6BK7-A is a DISCONTINUED type listed for
reference only.

HEATER VOLTAGE (AC/DC) . ... ittt 6.3 volts
HEATER CURRENT . ... .o\ttt it s ettt et et e e 0.45 ampere
HEATER WARM-UP TIME (Average) for 6BK7-B......................... 11 seconds
DIRECT INTERELECTRODE CAPACITANCES: Unit No. 1 Unit No. 2
GridtoPlate. . ... ... .. ... .. .. 1.8 1.8 pf
Grid to Cathode, Heater, and Internal Shield........... 3 3 pf
Plate to Cathode, Heater, and Internal Shield. . ... . .... 1 0.9 pf
Cathode to Grid, Heater, and Internal Shield........... 6 6 pf
Plate to Grid, Heater, and Internal Shield ............. 2.4 2.4 pf
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PlatetoCathode.................. ..ol 0.22 0.22 pf
Heater to Cathode . 2.8 3 pf
Grid of Unit No.1 to Grid of Unit No.2. ...............coiiivinnne. 0.004 max pf
Plate of Unit No.1 to Plate of Unit No.2.............. ... vt 0.075 max pf
CLASS A; AMPLIFIER (Eack Unit)
Manxi Ratings, (Design-Center Values):
PLATE VOLTAGE . ...ttt ittt ittt ettt iy 300 max volts
GRID VOLTAGE, Negative-biasvalue. . .................. e, ~50 max volts
PLATE DISSIPATION. .. ... ttit ittt iiiiiiiiiaiiniiinenaans 2.7 maz watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode ........................... 200*max volts
Heater positive with respect to cathode. ........................... 200®"max volts
Characteristics:
Plate Supply Voltage. ...... PN DN [P 150 volts
Cathode-Bias Resistor. ... .... PN 56 ohms
Amplification Factor.:......covvuiiiiiiiiiiiiiii it 43
Plate Resistance (Approx.). 4600 ohms
Tranaconductance. . .. ... e . 9300 umhos
PlateCurrent.......... ... ...coiiiiiiiiiin... 18 ma
Grid Voltage (Approx.) for plate current of 10 ua -11 volts

* In cathode-drive circuits with direct-coupled drive, it is permissible for this voltage to be as high as
300 volts under cutoff conditions.

® The dccomponent mustnot d 100 volts.
HALF-WAVE VACUUM RECTIFIER ic P
Glass octal type used as a damper tube in @) (®
horizontal deflection circuits of color television K Ic
receivers. Maximum dimensions: over-all length, ') (®
6Bl4 4-5/8 inches; seated height, 4-1/16 inches; di-
ameter, 1-5/8 inches. Tube requires octal socket.
Heater volts (ac/dc), 6.3; amperes, 3. Maxi- 'C v "
mum ratings for damper service: peak inverse o 0
plate volts (absolute maximum), 4500 max; & H

peak plate ma., 1200 maz; dc plate ma., 200
mazx; plate dissipation, 8 max watts; peak heater-cathode volts, 4500 absolute max when heater is nega-
tive with respect to cathode (dc component must not exceed 900 volts); 300 max when heater is positive
with respect to cathode (dc component must not exceed 100 volts). This is a DISCONTINUED type
listed for reference only.

MEDIUM-MU TWIN TRIODE

6BL7GT Glassoctal typesused as combined T2

vertical deflection amplifier and ver- {

6BL7GT A tical deflection oscillator in television Pre H.

receivers. When so operated, it is

recommended that unit No.1 (pins 4,

5, and 6) be used as the oscillator. Outline 14C, OUTLINES SECTION Tubes

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) . . ot ttiitttttieteiiete i aaiennen 6.3 volts
HEATER CURRENT. . ...ttt ttttittnteiteeteaeeanenienneeeennenns 1.5 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.): Unit No. 1 Unit Ivu 2

GridtoPlate. . ......... ......... ... ... 6 pf

Grid to Cathode and Heater.......................... 4.2 4. 6 pf

Plate to Cathodeand Heater. . ....................... 0.9 0.9 pf
AMPLIFICATION FACTOR® . ... ... . ..t 15
PLATE RESISTANCE (Approx.)* 2150 ohms
TRANSCONDUCTANCE® . . . . . ... ittt et e e 7000 umbhos
* Each unit; for plate volts, 250; grid volts, -9; plate ma., 40.

VERTICAL DEFLECTION OSCILLATOR OR AMPLIFIER®
For operation in a 525-line, 30-frame 8ystem

Maximum Ratings, (Design-Center Values): Oscillator Amplifier
DCPLATE VOLTAGE . . . ..t iitittteiiineeeneananaannannnn 500 mazx 500 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGEt (Absolute Maximum). . — 20004max volts
PEAK NEGATIVE-PULSE GRID VOLTAGE . . . .. ................ -400 max -250 max volts
PEAK CATHODE CURRENT . . ..\ttt 210 max 210 max ma
AVERAGE CATHODE CURRENT . . . ... ivvvtnnennnnananannn... 60 max 60 max ma
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PLATE DISSIPATION:

For either plate........ ettt i i i e, 10 mazx 10 max watts

For both plates with both units operating................ 12 mazx 12 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . ................ 200 max 200 max volts

Heater positive with respect to cathode. . ................ 200%max 200%max volts

Maximum Circuit Values:
Grid-Circuit Resistance. . . ......... ... oiiiiniiininnnen 4.7 max 4.7$max megohms

® Unless otherwise specified, values are for each unit.

1 The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle.Ina
525-line, 80-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.

4 Under no circumstances should this absolute value be exceeded.

® The dc component must not exceed 100 volts.

# For cathode-bias operation.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in frequency-

changer service in television receivers. 6B|_8
Outline 8B, OUTLINES SECTION. Related type:
Tube requires miniature nine-contact 4BL8

socket and may be mounted in any
position. Heater volts (ac/dc), 6.3; amperes, 0.45.

CLASS A: AMPLIFIER

Triode Pentode

Maximum Ratings, (Design-Center Values): Unit Unit
PLATE SUPPLY VOLTAGE 550 mazx 550 mazx volts
PLATE VOLTAGE. .. .ottt it iiin i 250 max 250 mazx volts
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE................. - 550 max volts
GRID-NO0.2 VOLTAGE:

With cathode currentof 14ma........................ - 176 max volts

With cathode current less than 10 ma.................. - 200 mazx volts
[07°% 920031 > 031133 5} 14 14 mazx 14 mazx ma
GRID-No0.2 INPUT:

With plate dissipation greater than 1.2 watts........... - 0.5 max watt

With plate dissipation less than 1.2 watts.............. - 0.75 max watt
PLATE DISSIPATION. . . ..ottt tiine it iiineneeenans 1.5 mazx 1.7 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 100 max 100 max volts

Heater positive with respect to cathode................ 100 mazx 100 mazx volts
Characteristics:
Plate Voltage. ........coiiiii ittt 100 170 volts
Grid-No.2 Voltage........oovriiniiiint i - 170 volts
Grid-No.1 Voltage. .. ......ooiviiiiiiiiiii i, -2 -2 volts
Amplification Factor.................. ..., 20 -
Mu-Factor, Grid No.2to Grid No.1.................ooutt. - 47
Plate Resistance (APProX.). . .........oouiiiuiiiunvinnenn.. - 0.4 megohm
TransconduCtancCe. .. ........uuuuuunininnnnnnannnenns 5000 6200 upmhos
Plate Current.. .. .....ooviniiiiiin i 14 10 ma
Grid-No.2 Current. . . .......uuuuuuiiniiiiiniiniaiines - 2.8 ma
Input Resistance at frequency of 50 Me ................... - 0.01 megohm
Equivalent Noise Resistance.......................00000n - 1500 ohms
Maximum Circvit Valves:
Grid-No.1-Circuit Resistance:

For fixed-bias operation................... ...t 0.5 max 0.5 mar megohm

For cathode-bias operation. . ......................... 0.5 max 1 max megohm

MEDIUM-MU TRIODE
Miniature types used as rf ampli- 6BN4

fier tubes in grid-drive circuits of vhf

television tuners. The double base-pin 6RBIN4A
connections for both cathode and grid n:“‘";";'.;':;
reduce effective lead inductance and '
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lead resistance with consequent reduction in input conductance. In addition, the
basing arrangement facilitates isolation of input and output circuits and permits
short, direct connections to base-pin terminals. Outline 7B, OUTLINES SECTION.
Tubes require miniature seven-contact socket and may be mounted in any position.
Type 6BN4 is a DISCONTINUED type listed for reference only.

HEATER VOLTAGE (AC/DC) ..\ v vttt it i iiie e iiiine e 6.3 volts
HEATER CURRENT. . ..ottt ittt e ittt i i it 0.2 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):*
Grid to Plate. . ... oot e 1.2 pf
Grid to Cathode and Heater................oiiiiiiiiiiinnnennnn, 3.2 pf
Plate to Cathode and Heater. ............. .. . iiiiiiiniinnnnn 1.4 pf
* With external shield connected to cathode.
CLASS A, AMPLIFIER
Maximum Ratings, (Design-Center Values):
PLATE VOLTAGE . . .« ot ettt ettt e et et e et 275 max volts
GRID VOLTAGE, Positive-bias value. . .................................. 0 max volts
PLATE DISSIPATION. . . ottt ettt ittt ettt ittt 2.2 max watts
CATHODE CURRENT. . . ..ottt t ittt ettt it 22 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............................ 100 max volts
Heater positive with respect to cathode. . .......................... 100 max volts
Characteristics:
Plate-Supply Voltage. . ..... ...ttt 150 volts
Cathode-Bias Resistor. . . ........ ...t 220 ohms
Amplification Factor............. ... i 43
Plate Resistance (APProX.). ... ....ooeeuuuieunniininnneuuunannnnn 5400 ohms
TransconduUCtanCe. . . . ...\ vttt ettt e 7700 pmhos
Grid Voltage (Approx.) for plate current of 100 pa. . .................... -6 volts
Plate CUITENt. ... oottt ettt ettt e et e 9 ma
Maximum Circuvit Value:
Grid-Circuit Resistance. . ......... ... il 0.5 max megohm

BEAM TUBE
Miniature type used as combined
6BN6 limiter, discriminator, and audio-volt-
Related types: age amplifier in intercarrier television
3BN6, 4BN6 and FM receivers. Outline 7C, 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 Ratings, (Design-Maximum Values):

PLATE-SUPPLY VOLTAGE 330 max volts
GRID-NO.2 VOLTAGE . . . ..ttt ittt nnannenerounnnnnes 110 mazx voits
GRID-NO.1 VOLTAGE, Positive peak value. ... ...................o.... 60 max volts
CATHODE CURRENT. ............. N 13 mazx ma
PEAK HEATER CATHODE VOLTAGE:
Heater negative with respect to cathode............................. 200 max volts
Heater positive with respect to cathode. ... ............... ... ... ... 200°max volts

° The dc component must not exceed 100 volts.

TWIN DIODE—HIGH-MU TRIODE

Miniature type used in a wide
6BN8 variety of applications in color and
Related type: black-and-white television receivers.

8BNS 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
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in phase-detector, ratio-detector or discriminator, and horizontal AFC discrimin-
ator circuits. Outline 8D, OUTLINES SECTION. Tube requires miniature nine-

contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . ...t tiit ittt it iit it iieineaneannen
HEATER CURRENT . . . ..ottt ttnentenninieeennnneennnnennns ..
HEATER WARM-UP TIME (AVETage) .. .. .....vuiueieeneeenennnnnnnnnnnes
DIRECT INTERELECTRODE CAPACITANCES:
Triode Grid to Triode Plate. . .............iiuiiiiiiinnnnrreennnnnn.
Triode Grid to Cathode and Heater. .. .............ccooivuviinn....
Triode Plate to Cathode and Heater. .. .............coiiuueviinan...
Plate of Diode Unit No.1 to Triode Grid................c.ccovunn .
Plate of Diode Unit No.2 to Triode Grid. . .............ccovviiiunnnn..
Plate of Diode Unit No.1 to Plate of Diode Unit No.2.................
Diode Cathode to All Other Electrodes (Each Diode Unit) .. ... N
Diode Plate to Diode Cathode and Heater (Each Diode Unit)..........
Diode Cathode to Diode Plate and Heater (Each Diode Unit)..........
Diode Plate to All Other Electrodes (Each Diode Unit)................

TRIODE UNIT AS CLASS A; AMPLIFIER
Maximum Ratings, (Design-Mazimum Values):

PLATE VOLTAGE . . . ...ttt ittt ittt ittt ie e eiiiiiieieeeenas
GRID VOLTAGE, Positive biasvalue. .. ................... ... ... ...,
PLATE DISSIPATION . . . . . ittt ittt ettt eneeeateeeenenaeeenennannnnnnnn
PBAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. .............................
Characteristics:
Plate Voltage. .. e e .. e 100
Grid Voltage. . .... -1
Amplification Factor. . . 75
Plate Resistance (Appro: 21000
Transconductance. ............c.ccovvveeeiiennn 3500
Grid Voltage (Approx.) for plate current of 10 ua -2.5
PlateCurrent. .............coviiinninnnn FR I 1.6

Maximum Circuit Value:
Grid-Circuit Resistance . .......... e e,

DIODE UNITS
Maximum Ratings, (Design-Maximum Values):
PLAI;I‘E CURRENT (Each Unit):

6.3 volts
0.6 ampere
11 seconds
2.5 pf
3.6 pf
0.25 pf
0.06 max pf
0.1 max pf
0.07 mazx pf
5 pf
1.9 pf
4.8 pf
3 pf
330 max volts
0 max volts
1.7 max watts
200 max volts
200%"max volts
250 volts
-3 volts
70
28000 ohms
2500 umhos
-5.5 volts
1.6 ma

1.0 max megohm

(2. eeen 54 mazx
DO . i it i i i i i i i e, 9 max
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode........................... .. 200 max
Heater positive with respect to cathode. ..................cooviiunn. 200%"max
® The dc component must not exceed 100 volts.
AVERAGE CHARACTERISTICS
R TRIODE UNIT
v o Tvee 6BNS
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POWER PENTODE

Miniature type used in the output

6BQ 5 stage of audio-frequency amplifiers.
Outline 8E, OUTLINES SECTION.

Related type: . . e .
88Q5 Tube requires miniature nine-contact
socket and may be mounted in any
position.
HEATER VOLTAGE (AC/DC) . .« v ttttitiietiteenetensaanee e enanannns 6.3
HEATER CURRENT . . .\ ottttt ittt tiinnesennnnnernneaannnasenneessns 0.76
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.lto Plate. ... oo iii ittt i 0.5 max
Grid No.1 to Cathode. Heater, Grid No.2, and Grid No.3. . 10.8
Plate to Cathode, Heater, Grid No.2, and Grid No.3....... 6.5
Grid No.1to Heater. . ......ovuiiiiiiiiniinnerennenneinnnnnnnnnn, 0.25 maw
CLASS A; AMPLIFIER
Maximum Ratings, (Design-Center Values):
PLATE VOLTAGE. . . ..ttt ittt cii it 300 max
GRID-NO.2 (SCREEN-GRID) VOLTAGE 300 max
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive-bias value................ 0 max
GRID-NO.2 INPUT. . ..ttt ittt ittt ettt et nineeanns 2 maz
PLATE DISSIPATION . . . ot tttt et ttinetetenen e retninnnanueceeeereeeeens 12 mazx
CATHODE CURRENT . . ..\ttt ttineeet ot niteennnneinreennseeanns 656 max
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. . ................ oo, 100 max
Heater positive with respect tocathode. ............... ... ..o i, 1004max
4 The dc component must not exceed 100 volts.
Typical Operation:
Plate Voltage. . ... .ooiuiiiiit ittt 250
Grid-No.2 Voltage. . . ... oottt ittt ettt iii ittt iineennn 250
Grid-No.1 (Control-Grid) Voltage. . .. .........civiirininiienneennenn. -7.3
Peak AF Grid-No.L Voltage. .. ..ottt i, 6.2
Zero-Signal Plate Current. .. ... ...ttt 48
Maximum-Signal Plate Current. ... .......... ... ..o ittt 50.6
Zero-Signal Grid-No.2 Current. ...........oiiiiiiiiiiiiiii it 5.5
Maximum-Signal Grid-No.2 Current. .. .........ccoiiiiiiiiiiiiniennenn. 10
Plate Resistance (APProX.) . ... ovtiitiiiniiirnneneernrnnnieeennnnnes 38000
TranscondUCLaNCe. . . .o vvttiiie e iiee e eiiie e 11300
Load Resistance. . ........ .o ittt ittt 4500
Total Harmonic Distortion. . ........... ..ottt 10
Maximum-Signal Power OQutput. .. ......... ... ..ol 5.7
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. . .........cooiiiiiiiiii it i i 0.3 max
For cathode-biasoperation...............coiiiiiiiiiiiiiiii i, 1.0 max
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. .. ......coovuiiiiiiiiiniininnenns 250 300
Grid-No.2 Supply Voltage. . .. ..., 250 300
Cathode-Bias Resistor..............cooviiiiiiiiiiinne, 130 130
Peak AF Grid-No.1-to-Grid-No.1 Voltage. ................. 22,6 28.3
Zero-Signal Plate Current. . . .......... ..o, 62 72
Maximum-Signal Plate Current. . . ........................ 75 92
Zero-Signal Grid-No.2 Current. ..........coviiiiiiinnennn. 1 8
Maximum-Signal Grid-No.2 Current. . ..................... 15 22
Effective Load Resistance (Plate-to-plate).................. 8000 8000
Total Harmonie Distortion. .. ........ooviiii i, 3 4
Maximum-Signal Power OQutput. . ....................o.0. 11 17
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-biasoperation. . ......... ..ottt 0.3 mazx
For cathode-bias operation 1.0 max
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Technical Data ——

BEAM POWER TUBE 6BQ6GT

p Glass octal types used as hori-
Ne O zontal deflection amplifiers in tele- 6BQ6GTB
3 vision receivers. Outline 15C, OUT-
LINES SECTION. Tubes require oc- / 6CU6

W@ N (Dy tal socket and may be mounted in any Related types:

0 position. These types may be supplied 128q66T8/12CUS, 178Q6-
4 Kk with pin No.1 omitted. Type 6BQ6- r8, 258Q66T8/25CU6
¢3 GTisa DISCONTINUED type listed

for reference only.

ol

z

HEATER VOLTAGE (AC/DC) ..t vttitintntineiennenninnenaeneneneons . 6.3 volts
HEATER CURRENT. ....... F T E T BRI, 1.2 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx., 6BQ6-GTB/6CUS6):
Grid No.1 t0 Plate. . ..ottt tineenennneernneeeeaanoesnnnconns . 0.6 pf
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3............. 15 pf
Plate to Cathode, Heater, Grid No.2, and Grid No.8. . ... .....ce. ... 7 pf
TRANSCONDUCTANCE* (6BQ6-GTB/6CU6) 5900 wmhos
Mu-FACTOR, Grid No.2 to Grid No.1**, . ... e e 4.3

* For plate volts, 250; grid-No.2 volts, 150; grid-No.1 volts, —22.5; plate ma., 57; 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, 30-frame system

Maximum Ratings, (Design-Center Values): 6BQ6-GT  6BQ6-GTB/6CU6
DC PLATE VOLTAGE. . ..ttt ttinnneeeeernnnaeennas .. 550 max 600 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGE @ (Absolute Maximum) 5500tmax 6000tmax volts
PEAK NEGATIVE-PULSE PLATE VOLTAGE. . . . ............ ~1250 max -1250 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE . ............... 175 max 200 max volts
PEAK NEGATIVE-PULSE GRID-N 0.1 (CONTROL-GRID) VOLTAGE -300 max -300 max volts
PEAK CATHODE CURRENT. ... ...vtiieennannnnnennnns 400 max 400 max ma
AVERAGE CATHODE CURRENT. . . .. ....cuuvevnrnnnnnnnn 110 mazx 110 max ma
GRID-NO.2Z INPUT. . . v tiitt i iiiieiiieieiniannans 2.5 max 2.5 max watts
PLATE DISSIPATIONF .. .. ....oviiiunnnnn.. e 11 max 11 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.............. 200 max 200 max volts

Heater positive with respect to cathode.............. 200%maz 200®mazx volts
BuULB TEMPERATURE (At hottest point)................. 220 max 220 max °C

Maximum Circuit Value:
Grid-No.1-Circuit Resistance. .. . ..........ciiiniiiiineiineennnan, . 0.47 max megohm

o The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
526-line, 30-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.
@ The de component must not exceed 100 volts.

MEDIUM-MU TWIN TRIODE 6BQ7

Miniature types used in direct- |
coupled cathode-drive rf amplifier cir- 6BQ7 A
cuits of vhf television tuners. In such Related types:
circuits, one triode unit is used as the 4BQ7A, 5BQ7A
direct-coupled grounded-cathode driv-
erfor the other unit. These types are also used in push-pull cathode-drive rf amplifiers.
Outline 8B, OUTLINES SECTION. Tubes require miniature nine-contact socket
and may be mounted in any position. For typical operation as a resistance-coupled
amplifier, refer to RESISTANCE-COUPLED AMPLIFIER SECTION. Type
6BQ7 is a DISCONTINUED type listed for reference only.

HEATER VOLTAGE (AC/DC) . ....vvuunun.n e JR AP 6.3 volts

HEATER CURRENT. . o\ttt ttntneneennstestesenanosenensansosnssesnens 0.4 ampere

DIRECT INTERELECTRODE CAPACITANCES (6BQ7-A):° Unit No.1 UnitNo.2
GridtoPlate. . ... ... i 1.2 1.2 pf
Grid to Cathode, Heater, and Internal Shield.............. 2.6 - pf
Cathode to Grid, Heater, and Internal Shield.............. - 5.0 pf
Plate to Cathode, Heater, and Internal Shield............. 1.2 - pf
Plate to Grid, Heater, and Internal Shield............... - 2.2 pf
Plateto Cathode. ... ...... ..., . 0.12 0.12 pf
Heater to Cathode (6BQ7-A) 3 2.6 2.6 pf
Plate of Unit No.1 to Plate of Unit No.2. ................... . 0.010 max pf
Plate of Unit No.2 to Plate and Grid of Unit No.1......... ceee 0.024 maz pf



CLASS A; AMPLIFIER (Each Unit)

Maximum Ratings, (Design-Center Values):

PLATE SUPPLY VOLTAGE
PLATE DISSIPATION. .........

CATHODE CURRENT. ...ttt ittt tntanneraeeseenununnenesnnannsnncanns

PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode................cciiuvnnne,
Heater positive with respect to cathode. ..................covuennn.

Characteristics:
Plate Supply Voltage. .
Cathode-Bias Resistor
Amplification Factor. .
Plate Resistance (Appr
Transconductance. . . ..
Plate Current
Grid Voltage (Approx.):
For platecurrent of 100 pa. . ............. ..., -
Forplatecurrentof 10 pa........... ..., -10

Maximum Circuit Valve:

Grid-Circuit Resistance. . ...............ooiiiiiieneinnnnn.. e

° With external shield connected to internal shield.
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250*mazx
2 maz
20 max

200*mazx
2008maz
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volts

0.5 max megohm

*In cathode-drive circuits with direct-coupled drive, it is permissible for this voltage to be as high as

300 volts.
s The dc component must not exceed 100 volts.
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MEDIUM-MU TRIODE—
6BR8 SHARP-CUTOFF PENTODE

Miniature types used in a wide
6BR8A variety of applications in color and
Related type: black-and-white television receivers.

5BR8 Especially useful as combined triode
oscillator and pentode mixer in vhf

92CM-TS36RIT

television tuners. Type 6BR8-A has a controlled heater warm-up time for use in
receivers employing series-connected heater strings. Outline 8B, 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 6US-A,

respectively.
HALF-WAVE VACUUM RECTIFIER
Novar type used as damper tube
6BS3 in horizontal-deflection circuits of
Related types: black-and-white television receivers.
12BS3, 17BS3 Outline 10D, OUTLINES SECTION.

Tube requires novar nine-contact sock-
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et and may be mounted in any position. Socket terminals 1, 8, 6, and 8 should not
be used as tie points; it is recommended that socket clips for these pins be removed
to reduce the possibility of arc-over and to minimize leakage. It is especially impor-
tant that this tube, like other power-handling tubes, be adequate¢ly ventilated.

HEATER VOLTAGE (AC /DC) . & . ottt ettt it et ettt et et et et et 6.3 volts
HEATER CURRENT. . . ...ttt titt ittt te e te e et ettt it e 1.2 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Plate to Cathode and Heater. . ................................... 6.5 pf
Cathode to Plate and Heater. .. .................................. 9 pf
Heater to Cathode. .. ...... ... ... ... ... . . it .. 2.8 pf
DAMPER SERVICE
For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Mazimum Values):
PEAK INVERSE PLATE VOLTAGE™. . ... ... ... ... .. i, 5000 max volts
PEAK PLATE CURRENT . . .. ..ottt ittt 1100 max ma
DC PLATE CURRENT. .. .ottt ettt et e e 200 max ma
PLATE DISSIPATION. . . ...ttt es 6 max watts
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............................ 5000®max volts
Heater positive with respect to cathode. . .......................... 300°max volts

Characteristics, Instantaneous Valve:

Tube Voltage Drop for plate current of 140 ma ........................ 12 volts
® 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 cyecle is 10 microseconds.

® The dc component must not exceed 900 volts.

O The dc component must not exceed 100 volts

MEDIUM-MU TWIN TRIODE

Miniature type used in direct-
coupled cathode-drive rf amplifier cir- 2‘5‘5'8.'
cuits of vhf television tuners. In such “s.y’ :

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 8B, OUTLINES SECTION. Tube requires miniature nine-contact socket
and may be mounted in any position. Heater volts (ac/dc), 6.3; amperes, 0.4.

CLASS A, AMPLIFIER (Each Unit)
Maximum Ratings, (Design-Center Values):

PLATE VOLTAGE. . . .t ttitiiitneeeetieeenennneesnnsaeeeenenienanens 150 max volts
PLATE DISSIPATION . . . . vttt ittt ittt ettt nnennens 2 max watts
CATHODE CURRENT . . . . o .t iiiitntetteteeteetiieeeeneeeeeeeeneens 20 max ma
PBAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. .. .......................... 200 max volts
Heater positive with respect to cathode. ............................. 200 max volts
Characteristics:
Plate-Supply Voltage. . ...ttt 150 volts
Cathode-Bias ResSistor. .. ..... ....ooiiiiiiiiiiiiiiiiiiieneieeiennnns 220 ohms
Amplification Factor. . ........ .. . i i i e 36
Plate Resistance (APProx.) . ........uuiiiiiiuiniiinineinneeinnennnns 5000 ohms
Transconductance. ... ...... ... ciiuuiiiietiiin it e 7200 umhos
Plate Current. . . ... ...ttt iiiieeeneneenannenns .. 10 ma

Grid Voltage (Approx.) for plate current of 10 pa* -7 volts

Maximum Circuit Value:
Grid-Circuit ResiStance. . ..........uueuereeteiinuirurrnienininnnns 0.5 mar megohm

* This value applies to unit No.2 only.

SHARP-CUTOFF TWIN PENTODE

Miniature type used as combined
sync separator, sync clipper, and agc

amplifier tube in television receivers. 6BU8
Outline 8D, OUTLINES SECTION. Related types:
Tube requires miniature nine-contact 38US, 4BUS
socket and may be mounted in any

position.
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HEATER VOLTAGE (AC/DC) . . ot iiiiiet ettt ttinieeeinannnnnnas 6.3
HEATER CURENT . . . ...ttt ittt iieeeeaneeeeeennennn 0.3
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.3 to Plate (Each Unit)........ 1.9
Grid No.1 to All Other Electrodes 6
Grid No.3 to All Other Electrodes (Each Unit)........................ 3.6
Plate to All Other Electrodes (Each Unit).......................... .. 3
Grid No.3 of Unit No.1 to Grid No.3 of Unit No.2.................... 0.015 mazx
CLASS A, AMPLIFIER
Maximum Ratings, (Design-Maximum Values):
PLATE VOLTAGE (Each Unit) ........... ... ..o, 300 max
GRID-N0.3 (SUPPRESSOR-GRID) VOLTAGE (Each Unit):
Peak positive value 50 max
DCnegativevalue. . ............ccoviiiiiiiinnnn... -50 max
DC positivevalue. . ........... ..ottt 3 max
GRID-N0.2 (SCREEN-GRID) VOLTAGE 150 max
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Negative bias value................ -50 max
CATHODE CURRENT . . . o ittt et iiiniine e e eananneeeanannns 12 max
GRID-NO.2 INPUT. .. ... i ittt 0.75 max
PLATE Di1SSIPATION (Bach Unit)........... ... ... oo it 1.1 max
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. ... ................... ... ... 200 max
Heater positive with respect to cathode. ............................. 200%max
Characteristics: With Both Units Operating
Plate Voltage (Each Unit) . .............. ... ..o, 100 100
Grid-No.3 Voltage (Each Unit). ....................ooue. -10 0
Grid-No.2 Voltage. . . ... ...oiiiiiiiiiiiiiiiinnennnn 67.56 67.5
Grid-No.1 Voltage. . .. ... ....couiuiiiiiieiteienniiinennn, * °
Plate Current (Each Unit)......................... .00, - 2.2
Grid-No.2 Current. . . ...t eennnnnnneeennns 6.5 3.3
Cathode Current..........o. tivuuiiiiinrernnnnnneennnnnns 6.6 7.8
With One Unit Operatingt
Plate Voltage. .. ...ttt 100 100
Grid-No.3 Voltage. . .......ooiiiiiiiiiiiiiiiiiiiiiinn, 0 0
Grid-No.2 Voltage. . ............oiiiiiiiiiiiiiiiians 67.6 67.5
Grid-No.1 Voltage. .. ... coiiiinii it 0 *
Grid-No.3 Transconductance. . . .............c.uuuueneeeennns - 180
Grid-No.1 Transconductance. . . ...........cc.uuiueieeenunnnn 1500 -
Plate Current. ... .....ooiuii ittt - 2.2
Grid-No.3 Voltage (Approx.) for plate current of 100 ua. .. ... - -4.5
Grid-No.1 Voltage (Approx.) for plate current of 100 ua . ... .. - -2.3
AVERAGE CHARACTERISTICS
. WITH EC; AS VARIABLE
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Maximum Circuit Values:

Grid-No.3-Circuit Resistance (Each Unit)........ PN 0.5 mar megohm
Grid-No.1-Circuit ResSiStance. . .. ........ouuvueerrenreenrenneenneonneans 0.5 max megohm
" The dc component must not exceed 100 volts.
* Adjusted to give a dc grid-No.1 current of 100 microamperes.
t With plate and grid No.3 of the other unit connected to ground.
AVERAGE CHARACTERISTICS
WITH Ecy AS VARIABLE
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PLATE voLTS 92CM-9429T
TWIN DIODE—
MEDIUM-MU TRIODE
Miniature type used as combined 6BV 8
synchronous detector and chrominance

amplifier in color television receivers;
also used as combined FM detector
and af voltage amplifier. Tube has con-
trolled warm-up time for use in series-connected heater strings. Outline 8B,
LINES SECTION. Tube requires miniature nine-contact socket and may

OUT-
be op-

erated in any position. Heater volts (ac/dc), 6.3; amperes, 0.6; warm-up time

(average), 11 seconds.

TRIODE UNIT AS CLASS A: AMPLIFIER
Maximum Ratings, (Design-Maximum Values):

PLATE VOLTAGE. . . ..ottt ittt ittt 330 max volts
GRID VOLTAGE, Positive-bias value. ... ............................... 0 max volts
PLATE DISSIPATION. . . ..ottt t ettt ettt 2.7 maz watts
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............................ 200 max volts
Heater positive with respect to cathode. . .......................... 200°mazx volts
Characteristics:
Plate Voltage. ......... ...ttt 75 200 volts
Grid Voltage. . ...t 0 = volts
Cathode Resistor............cooiiiiiiiiieinnnnniinnnnn... - 330 ohms
Amplification Factor............. ... ... .iiiiiiiiiiai. - 33
Plate Resistance (APpProx.). . ........ccouviineeeninnnennnn. - 5900 ohms
Transconductance. . ... ........uuuuuuineenniineeenn. s — 5600 pmhos
Plate Current. . ...ttt 14 11 ma
Grid Voltage (Approx.) for plate current of 100 pa. .......... - -11 volts
Maximum Circuit Values:
Grid-Circuit Resistance:
For fixed-bias operation. . ......... ... 0.1 max megohm
For cathode-bias operation. . ..............cooiviiiiiiiineennn... 0.5 max megohm
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DIODE UNITS—TWO
Values are for each unit
Maximum Ratings, (Design-Maximum Values):

PLATE CURRENT. . .. oottt 10 maz ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. . ... ...................... 200 mazx volts
Heater positive with respect tocathode. . .......................... 200°max volts

Characteristics, Instantaneous Test Condition:
Tube Voltage Drop for plate currentof 28 ma.......................... 5 volts
° The de component must not exceed 100 volts.

FULL-WAVE VACUUM RECTIFIER

Miniature type used in full-wave

6Bw4 power supplies having high de¢ out-
Related type: put current requirements. Outline 8D,
12BW4 OUTLINES SECTION. Type 6BW4

requires miniature nine-contact socket
and may be mounted in any position. It is especially important that this tube, like
other power-handling tubes, be adequately ventilated. Heater volts (ac/dc), 6.3;
amperes, 0.9.

FULL-WAVE RECTIFIER
Maximum Ratings, (Design-Center Values):

PEAK INVERSE PLATE VOLTAGE. . ... t.ttttttttittinnieinnninnnn, 1275 mazx volts
AC PLATE SUPPLY VOLTAGE (PerPlate,rms)............................ 450 mazx volts
STEADY-STATE PEAK PLATE CURRENT (Per Plate)....................... 350 max ma
DC OUTPUT CURRENT .. . o ittt ittt et e oee e tneeeeeenenanannnnnenennns 62.5 max ma
TRANSIENT PEAK PLATE CURRENT (Per Plate)........................... 2 mar amperes
DC HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode..... P e, 450 max volts
Typical Operation: Filter Input Capacitor Choke
AC Plate-To-Plate Supply Voltage (rms)*.................. 650 900 volts
Filter Input Capacitor. . ............cociititiiinenennnnnn 40 - uf
Total Effective Plate Supply Resistance per Plate........... 82 - ohms
Filter Input Choke. ....... ... ... ... i, - 10 henries
DC Output Current. .. .......uueeeieeinnnenineeeennnnes 100 100 ma
DC Output Voltage at Input to Filter (Approx.)............ 330 360 volts

4 AC plate supply voltage is measured without load.

TWIN DIODE—
SHARP-CUTOFF PENTODE

6BW8 Miniature type used in television ™
receivers; diodes are used as horizontal
Related type: phase detectors; pentode is used as a
5BWS

sound if amplifier, sound limiter, and
age keyer. QOutline 8B, OUTLINES
SECTION. Heater volts (ac/dc), 6.3; amperes, 0.45. Tube requires nine-contact
socket and may be operated in any position.

PENTODE UNIT AS CLASS A AMPLIFIER
Maximum Ratings, (Design-Maximum Values):

PLATE VOLTAGE. . . ...ttt ittt ettt ie e 330 max volts
GRID-NO0.2 (SCREEN-GRID) SUPPLY VOLTAGE. . . ... ..ttvvineennennnnnnn. 330 max volts
GRID-NO.2 VOLTAGE. . . ...\ttt et e et et e e See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Positive-bias value. . . ....... ... ... e 0 max volts

Negative-biasvalue. . . ......... ...t -55 max volts
GRID-N0.2 INPUT:

For grid-No.2 voltagesup to 165 volts. . .....................oo.n. 0.55 max watt

For grid-No.2 voltages between 165and 830 volts. . ................. See curve page 70
PLATE DISSIPATION. . .. ..ottt ittt ittt ittt i 3 mazx watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............................ 200 mazx volts

Heater positive with respect to cathode. . .......................... 200°max volts
Characteristics:
Plate Voltage. .. ...ttt i e e 250 volts
Grid-NO0.2 VOItRZE. . . . . oottt ettt et it 110 volts
Cathode-Bias Resistor. . . ............iiiiiiiiiiii i 68 ohms
Plate Resistance (APProxX.) . . ....c.viiinine ettt it it ee e 0.25 megohm
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Transconductance. .. ...... ..ottt ittt 5200 umhos
Grid-No.1 Voltage (Approx.) for plate current of 10ua. ... ............... -10 volts
Plate Current. . ... ...ttt e e 10 ma
Grid-No.2 CUrrent. . . . ....oovunn ittt 3.5 ma

Maximum Circuit Values:

Grid-No.1 Circuit Resistance:
For fixed-bias operation. ........... ... ittt 0.1 max megohm
For cathode-bias operation. .. .................................... 0.5 max megohm

DIODE UNITS (Each Unit)
Maximum Ratings, (Design-Mazimum Values):

PLATE CURRENT. . . ... . ...ttt i 5 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............................ 200 mazx volts
Heater positive with respect to cathode. ........................... 200°max volts

° The de component must not exceed 100 volts.

MEDIUM-MU TWIN TRIODE

Glass octal type used as combined
vertical deflection amplifier and ver- 6BX7GT
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 14C, OUTLINES SECTION. Tube
requires octal socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC)................ TN 6.3 volts
HEATER CURRENT. . ..o ovviieennnnrannannannnns e 1.5 amperes
AMPLIFICATION FACTOR™. . .. ..\ttt iitin it eanenneraernananas 10

PLATE RESISTANCE (ADPDPIOX.)¥. . oot ittteienieeeaneeenanneenneonas 1300 ohms
TRANSCONDUCTANCE*. . . .............. PPN 7600 umhos

* For plate volts, 250; cathode-bias resistor, 390 ohms; plate ma., 42.
VERTICAL DEFLECTION OSCILLATOR OR AMPLIFIER (Eack Unit)

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

Maximum Ratings, (Design-Center Values): Oscillator Amplifier
DC PLATE VOLTAGE. .. .. t.ttiveeiiteinneniiennennnons 500 max 500 max volts
PEAK PoSITIVE-PULSE PLATE VOLTAGE

(Absolute Maximum)# .............ccoou. P - 20004mazx volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. . .......ovvou.ns -400 max -260 mazx volts
PEAK CATHODE CURRENT. .......... . 180 max 180 max ma
AVERAGE CATHODE CURRENT 60 max 60 max ma
PLATE DISSIPATION:

For eitherplate. . ....................... . 10 max 10 max watts

For both plates with both units operating............ 12 max 12 mazx watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.............. 200 max 200 max volts

Heater positive with respect to cathode.............. 200°max 200°max volts

Maximum Circuit Valves:

Grid-Circuit Resistance. ... ...........cccovviiiiinn.. 2.2 max 2.2%nax megohms
# The duration of the voltage pulse must not exceed 15 per cent of one verlical scanning cycle. In a
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.

4 Under no circumstances should this absolute value be exceeded.

° The dec component must not exceed 100 volts.

® For cathode-bias operation.

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 19A, 6BY 5 G A
OUTLINES SECTION. Tube requires octal ’
socket and may be mounted in any position. It
is especially important that this tube, like other
power-handling tubes, be adequately ventilated.
Heater volts (ac/dc), 6.3; amperes, 1.6. Maxi-
mum ratings for damper service (each unit): peak inverse plate volts (absolute maximum), 3000 max;
peak plate ma., 525 max; dc plate ma., 175 mazx. Peak heater-cathode volts: heater negative with respect
to cathode, 450 mazx; heater positive with respect to cathode, 100 mazx. This type is used principally for
renewal purposes.
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PENTAGRID AMPLIFIER

Miniature type used as a gated
amplifier in color television receivers.
In such service, it may be used as a
combined sync separator and sync
clipper. Outline 7B, OUTLINES SEC-

TION. Tube requires miniature seven-contact socket and may be mounted in

any position.

HEATER VOLTAGE (AC/DC)

HEATER CURRENT. ¢ .. ottttttettteeeeininneinnnsnenssnssonnnnenans

DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to Plate. .. vvve et ininiteieieeeneeieniniianniiinnnns
Grid No.3 toPlate............. it e,
Grid No.1 to Grid No.8. ..ottt
Grid No.1 to All Other Electrodes. ....... N
Grid No.3 to All Other Electrodes. ........ooovviiiiiiiiiineinnns
Plate to All Other Electrodes. . .....ovvviiininniiiiiiieiiiniienn,

Characteristics:
Plate Voltage.........

Grids-No.2-and-No.4 Voltage. . ......coiiiiniiiniiininntneieienennns

Grid-No.3 Voltage. ....

Grid-No.1 Voltage. ..... PN
Grid-No.3-to-Plate Transconductance...........c.oouiiiueernenennnenns
Grid-No.1-to-Plate Transconductance. . ..........oovvevenrnunernnnnnns
Plate CUITeNt. . ... .vu ittt it i iiiiie e etiinereanannaaannnnns
Grids-No.2-and-No.4 Current. . ........oiiiiitieninieeeinneneannnns

Grid-No.3 Volts (Approx.) for plate current of 35 ua and grid-No.1 volts = 4

Grid-No.1 Volts (Approx.) for plate current of 35 ua and grid-No.3 volts =0.

GATED AMPLIFIER
Maximum Ratings, (Design-Maximum Values):
PLATE VOLTAGE. . ..t ttiit ittt innniianseninnnseannnanans
GRIDS-NO.2-AND-NO.4 VOLTAGE. . . ... vititiiiiitiieineriiannaeananns

GRIDS-N0.2-AND-NO.4 S
GRID-N0.3 VOLTAGE:
Negative bias value.

Positive bias value. ..

UPPLY VOLTAGE. . . ..t itvtiiiiiiniineneennnans

Positive peak value. . ........ ..ottt i i i

GRID-NoO.1 VOLTAGE, Negative bias value. ... .
PLATE DISSIPATION . . o0ttt ittt ittt iie it tierneenneennsasaanns

GRID-NO0.3 INPUT. .. ..
GRIDS-N0.2-AND-NO.4 I

For grids-No.2-and-No.4 voltages up to 165 volts
For grids-No.2-and-No.4 voltages between 165 and 330 volts.........

NPUT:

AVERAGE OPERATION CHARACTERISTICS

6.3 volts
0.3 ampere
0.08 maz pf
0.35 mazx pf
0.22 max pf
5.4 pf
6.9 pf
17.6 pf
250 volts
100 volts
-2.5 volts
-2.5 volts
500 umhos
1900 umhos
6.5 ma
9 ma
-15 volts
-12 volts
330 max volts
See curve page 70
330 max volts
-55 max volts
0 max volts
27 max volts
-110 max volts
2.3 max watts
0.1 max watt
1.1 max watts

See curve page 70
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GRID-NO.L INPUT. ..ttt ittt itaie ettt eneaeeneeanenaranennns 0.1 maz watt
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode..................cccovvvvnnn 200 max volts

Heater positive with respect to cathode............. e 200°nax volts
Characteristics as Sync Separator and Sync Clipper:
Plate Voltage. .. ... ...ttt ittt . 10 volts
Grid-No.3 Voltage.................. 0 volts
Grlds-No.Z-andoNo 4 Voltage 25 volts
Grid-No.1 Voltage. . ... ...ttt eineineiinenennes 0 volts
Plate Current. . . .......ccouiuiitinnernnneneinneenns 1.4 ma
Grids-No.2-and-No.4 Current 3.5 ma
Grid-No.3 Volts (Approx.) for plate voltage of 25 volts, grids-No.2-and-No.4

voltage of 25 volts, grid-No.1 voltage of 0 volts, and plate current of 50 pa -2.5 volts
Grid-No.1 Volts (Approx.) for plate voltage of 25 volts, grids-No.2-and-No.4

voltage of 25 volts, grid-No.3 voltage of 0 volts, and plate current of 50 ua -2.3 volts

Maximum Circuit Values:

Grid-No.1 or Grid-No.3-Circuit Resistance:
For fixed-bias operation. . .
For cathode-bias operation

© The dec component must not exceed 100 volts.

0.5 max megohm
1.0 max megohm

DIODE—
SHARP-CUTOFF PENTODE
Kp Pp Miniature type used in diversified Y
applicationsin televisionreceivers. The 6BY8
S %2p pentode unit is used as an rf amplifier

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 8D, OUTLINES SECTION. Tube requires miniature nine-
contact socket and may be mounted in any position. Heater volts (ac/dc), 6.3;
amperes, 0.6; warm-up time (average), 11 seconds.

PENTODE UNIT AS CLASS A, AMPLIFIER
Maximum Ratings, (Design-Center Values):
PLATE VOLTAGE. . ... ..ot iiiiiiiiirinnnnnnns e 300 max volts
GRID-N0.3 (SUPPRESSOR-GRID) VOLTAGE, Positive valud 0 max volts
GRID-NO.2 (SCREEN GRID) SUPPLY VOLTAGE 300 max volts
GRID-NO.2 VOLTAGE. . ............ See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE

P

o
v
x

Negative bias value -50 mazx volts

Positive bias value. . 0 max volts
PLATE DISSIPATION. . .................. . 3 max watts
GRID-N0-2 INPUT:

For grid-No.2 voltages up to 150 volts. . ......... . 0.65 max watt
For grid-No.2 voltages between 150 and 300 volts. . See curve page 70
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. .. ... . 200 mazx volts

Heater positive with respect tocathode. . ........................... 200" max volts
Characteristics:
Plate Supply Voltage. . . .......ooiiiiiiiiin e 100 250 volts
GRIDNO.3 . ... . e Connect to cathode at socket
Grid-No.2 Supply Voltage. . ............... ...t 100 150 volts
Cathode-Bias Resistor............ e 150 68 ohms
Plate Resistance (Approx.).. e .. 0.5 1 megohm
Transconductance. . .............. 3900 5200 pmhos
Grid-No.1 Voltage (Approx.) for plate current of 10 ua . 4.2 -6.5 volts
PlateCurrent..............coviiiiiiiennneennnen . 5 10.6 ma
Grid-No.2 Current. . .21 4.3 ma
Maximum Circuit Valuves:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. . ............. .. ... . iiiiiiiiiiiiin 0.25 maxr megohm

For cathode-biasoperation........ ... ... .. ... . i, 1.0 max wmegohm
® The dc component must not exceed 100 volts.

DIODE UNIT

Maximum Ratings, (Design-Center Values):
PEAK INVERSE PLATE VOLTAGE 430 max volts
PEAK PLATE CURRENT. . 180 max ma
DC PLATE CURRENT. . ....... 45 max ma
PEAK HEATER-CATHODE VOLTAG

Heater negative with respect to cathode. . . ..... . 200 mazx volts

Heater positive with respect to cathode............................. 200®"max volts

® The dec component must not exceed 100 volts.
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SEMIREMOTE-CUTOFF PENTODE

Miniature type used in gain-con-

trolled video if stages of television

6826 receivers. Outline 7B, OUTLINES
Related types: SECTION. Tube requires miniature
3BZ6, 4BZ6, 12BZ6 seven-contact socket and may be

mounted in any position.

HEATER VOLTAGE (AC/DC)

HEATER CURRENT. . ...ttt itin e
howut
External External
DIRECT INTERELECTRODE CAPACITANCES: ie Shield*
Grid No.1toPlate. ..........ooiiiieneniiiieinn, 0.025 max 0.015 max pf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield. ........... ... i 7 7 pf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In-
ternal Shield. .......... ... iiiiiiiiiia, 2 3 pf

4 With external shield connected to cathode.

CLASS A; AMPLIFIER
Maximum Ratings, (Design-Mazimum Values):
PLATE VOLTAGE. ...ttt ittt ittt ittt iieasaeesineateaneann 330 max volts

GRID N0.3 (SUPPRESSOR-GRID) VOLTAGE, Positive Value. 0 max volts
GRID-NO0.2 (SCREEN-GRID) SUPPLY VOLTAGE 330 max volts
GRID-NO.2 VOLTAGE. . . ..ottt e ieieeinnenens . See curve page 70
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value. . .... e 0 max volts
PLATE DISSIPATION. ... v ittt it tiiie e iii e einne e eeeaeeeens . 2.3 max watts
GRID-No0.2 INPUT:

For grid-No.2 voltages up to 165 volts. ............ ..ot 0.55 max watt

For grid-No.2 voltages between 165 and 330 volts. ................... See curve page 70
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.....................coiuius 200 max volts

Heater positive with respect to cathode. ..................... .. ... 200mmax volts
Characteristics:
Plate Supply Voltage ..........coviviiiiiieninienn, 125 volts
Grid No.3 . ... e Connected to cathode at socket
Grid-No.2 Supply Voltage .............coviieviinnn. 125 volts
Cathode-Bias ResiStor. ... .....covitiiiii it iiiiainenenannnen 56 ohms
Plate Resistance (APProX.). ... ... cuviureennereruieenernnnesanennaans 0.26 megohm
TranscondUCLANCe. . . ... vttt ittt iiteet ittt essenaenneenieannens 8000 umhos
Grid-No.1 Voltage (Approx.) for transconductance of 50 yumhos. .......... -19 volts
Grid No.1 Voltage (Approx.) for transconductance of 700 umhos and

cathode resistorof 0 ohms . ........... .. .. oo -4.5 volts

Plate Current. .................. e, e e s 14 ma
Grid-No.2 Current. . ..o ov vt tiinieeernieernnneeessnnnsseaennans 3.6 ma
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance:

For fixed-bias operation...................... .00 e 0.25 max megohm

For cathode-bias operation. .. ..........ciiiiiiiiiiiiiiiiennennne. 1.0 maz megohm

% The dc component must not exceed 100 volts.
AVERAGE CHARACTERISTICS
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MEDIUM-MU TWIN TRIODE

Miniature type used in direct-
coupled cathode-drive rf amplifier cir-
cuits of vhf television tuners. In such 6Bz 7
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 8B, OUTLINES SECTION. Tube requires miniature nine-contact socket
and may be mounted in any position. For typical operation as a resistance-coupled
amplifier, refer to RESISTANCE-COUPLED AMPLIFIER SECTION. Heater
volts (ac/dc), 6.3; amperes, 0.4.

CLASS A; AMPLIFIER (Each Unit)

Maximum Ratings, (Design-Center Values):

Related type:
48BZ7

PLATE VOLTAGE. . ...ttt ittt caii e 250*mazx volts
PLATE DISSIPATION. . .0\ttt itiiit it tiineetiiienenraneesonsnnneens 2.0 max watts
CATHODE CURRENT. . ...\t itit ittt iinnneeeannnnennnnnnnns [, 20 maz ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .................ooiviiiiin 200*mazx volts
Heater positive with respect to cathode................ e 200mmax volts

* In cathode-drive circuits with direct-coupled drive, it is permissible for this voltage to be as high as
300 volts under cutoff conditions.
u The de component must not exceed 100 volts.

Characteristics:

Plate Supply Voltage . 150 volts
Cathode-Bias Resistor 220 ohms
Amplification Factor. .. 36
Plate Resistance (Appro: 5300 ohms
Transconductance. . 6800 umhos
Plate Current. .......covvviiiiiiiienensnnes . 10 ma
Grid Voltage (Approx.) for plate current of 100 pa............coovvnnnn . -7 volts
Maximum Circuit Value:
Grid-Circuit Resistance..........ccviieieiniiininnnns 0.6 maz megohm
AVERAGE CHARACTERISTICS
EACH UNIT
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MEDIUM-MU TWIN TRIODE

Miniature type used in direct-coupled, cath-
ode-drive, rf amplifier circuits in vhf television
tuners. In such circuits, one triode unit is used
as the direct-coupled, grounded-cathode driver 6828
for the other unit. Qutline 8B, OUTLINES SEC-
TION. Tube requires miniature nine-contact
socket. Heater volts (ac /dc), 6.3; amperes, 0.4.
Characteristics as class A; amplifier (each unit):
plate supply volts, 125 (250 max); cathode-bias
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resistor, 100 ohms; amplification factor, 45; plate resistance (approx.), 5600 ohms; transconductance,
8000 umbhos; plate ma., 10; cathode ma., 20 max; plate dissipation, 2.2 max watts; peak heater-cathode
volts, 200 max. Type 6BZ8 is used principally for renewal purposes.

POWER TRIODE

Miniature type used in compact
6C 4 radio equipment as a local oscillator
in FM and other high-frequency cir-
cuits. It may also be used as a class C

rf amplifier. In such service, it delivers [
a power output of 5.5 watts at moderate frequencies, and 2.5 watts at 150 mega-
cycles per second. Outline 7B, 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 RESISTANCE-COUPLED AMPLI-
FIER SECTION. For additional curve of plate characteristics, refer to type

12AU7-A. ‘

HEATER VOLTAGE (AC/DC) . v vvivvnenvnnnnennannnns Ceertrensaensesenns 6.3 volts
HEATER CURRENT . & . oittttteeeteteeteeeteeeenannnsonannnnsnneeeees 0.15 ampere
Without With
Ezxternal External
DIRECT INTERELECTRODE CAPACITANCES (Approx.): Shield Shield*
GridtoPlate. . ........ ...t 1.6 1.4 pf
Grid to Cathode and Heater.......................... 1.8 1.8 pf
Plate to Cathode and Heater. ........................ 1.3 2.5 pf

4 With external shield connected to cathode.

CLASS A, AMPLIFIER
Maximum Ratings, (Design-Center Values):

PLATE VOLTAGE. ........... I Cheeeereetteerareteeaannas e 300 max volts
PLATE DISSIPATION. ................... Cessececsesreerseseannaseanene 3.5 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode......... Y 200 maz volts
Heater positive with respect to cathode..............0oovvennennnn.. 2008mazx volts
Characteristics:
Plate Voltage. . .................... e e . 100 250 volts
Grid Voltage*........ ........ ceeees 0 -8.6 volts
Ambplification Factor..................... .. 19.5 17
Plate Resistance (APProX.) ...ooeveeiinereeeeneeenenennnns 6250 7700 ohms
Transconductance. ................. e 3100 2200 umhos
PlateCurrent................ooiiiiiiinin, teesecsanene 11.8 10.5 ma
Grid Voltage (Approx.) for plate current of 10 pa'. . ......... -10 -25 volts

* Transformer- or impedance-type input coupling devices are recommended to minimize resistance in
the grid circuit.

Maximum Circuit Values:

Grid-Circuit Resistance:
For fixed bias operation. .. ............coiiiieiiinnnnnn. e . 0.25 max megohm
For cathode-bias operation. . .............ccouuiiiuninrnennnnnnnns 1.0 max megohm

® The dc component must not exceed 100 volts.
-~ AVERAGE PLATE CHARACTERISTICS
hd T T
TYPE 6C4
E¢=6.3 VOLTS

Re
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RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
Maximum Ratings, (Design-Center Values):

PLATEVOLTAGE. .. ..., ceececsnsesrenetsarsonnes 300 maz volts
GRID VOLTAGE. & 4t ittt tttiit et tiinieteeeenuneseonaneeennneeeennnenns -50 mazx volts
PLATE CURRENT. .. ..\ttt iiiiininiteeeeeennnaenennennnenns e 25 maz ma
GRID CURRENT. . ...... S 8 maz ma
PLATE DISSIPATION. . ..ovvvinnnnnnnen e s 5 max watts
Typical Operation at frequencies up to 50 Mc: .

Plate Voltage. ..................... sessecessesesasensessensoes e 300 volts
Grid Voltage. .. ....couutnis i i i e -27 volts
PlateCurrent. . ......cooiv i e 25 ma
Grid Current (APPrOX.) . .o v ottt it it iieeenernaeaneeneoniennneneens 7 ma
Driving Power (APProX.) . .. ..oviiteinin i iirene e eeennneeennnnens 0.3 watt
Power Qutput (Approx.)®......... e et 5.5 watts

® Approximately 2.5 watts power output can be obtained when the 6C4 is used at 150 megacycles as
an oscillator with grid resistor of 10,000 ohms and with maximum rated input.

o MEDIUM-MU TRIODE

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

P used as audio amplifier, oscillator, or detector
tubes. Outlines 3 and 24, respectively, OUT- 6C 5

LINES SECTION. Tubes require octal socket.

H 9 " ,,, Heater volts (ac /dc), 6.3; amperes, 0.3. Typical 6CSG'|'

operation as class Aj amplifier: plate volts, 250
S:G“ K (300 mazx); grid volts, —8 (0 mazx); amplification
BC:6C5-GT factor, 20; plate resistance, 10000 ohms; trans-

conductance, 2000 umhos; plate ma., 8; plate
dissipation, 2.5 max watts. Type 6C5-GT is a DISCONTINUED type listed for reference only. Type
6C5 is used principally for renewal purposes.

SHARP-CUTOFF PENTODE

Glass type used as biased detector and as a
high-gain amplifier in radio equipment. Qutline
24A,OUTLINES SECTION. Tuberequires six- 6C6
contact socket. Heater volts (ac/dc), 6.3; am-
peres, 0.3. For ratings and typical operation
data, refer to type 6J7. Type 6C6 is used prin-
cipally for renewal purposes.

TWIN DIODE—
MEDIUM-MU TRIODE

Glass type used as combined detector, am-
plifier, and ave tube. Outline 24B, OUTLINES
SECTION. Heater volts (ac/dc), 6.3; amperes, 6c7
0.3. This type is similar to, but not interchange-
able with, type 85. The 6C7 is a DISCON-
TINUED type listed for reference only.

MEDIUM-MU TWIN TRIODE

Glass octal type used as a voltage amplifier
and phase inverter in radio equipment. Outline
23, OUTLINES SECTION. Tube requires
octal socket. Heater volts (ac/dc), 6.3; amperes, 6c 8 G
0.3. Maximum ratings for each triode unit as
class A1 amplifier: plate volts, 250 max; grid
volts, positive-bias value, 0 max; plate dissi-
pation, 1.0 max watt. Typical operation: plate
volts, 250; grid volts, —4.5; plate ma., 3.2; plate
resistance, 22500 ohms; amplification factor, 36; transconductance, 1600 umhos. This type is used prin-
cipally for rene':val purposes.

Miniature type used as vhf rf-am-

plifier and autodyne mixer tube. Out- 6C9
line 8B, OUTLINES SECTION, ex- Related type:
centiren " cept center pin is added to base. Tube 17¢9
KTR2/IS requires miniature ten-contact socket

and may be mounted in any position. Heater volts (ac/dc), 6.3; amperes, 0.4.
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CLASS A AMPLIFIER (Each Unit)
Maximum Ratings, (Design-Maximum Values):

PLATE VOLTAGE. . ... ..ttt e 250 max volts
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE. . . . ... ..ottt 180 max volts
GRID-NO.2 VOLTAGE. . . . ..ottt et e e See curve page 70
CATHODE CURRENT . .. .o\ttt 20 max ma
PLATE DISSIPATION:

Eitherplate. . ... ... . 1.5 mazx watts

Both plates (both units operating).................... ... .. ... ..., 2.5 mazx watts
GRID-NoO.2 INPUT:

For grid-No.2 voltagesup to90 volts. .. ........................... 0.5 max watt

For grid-No.2 voltages between 90 and 180 volts. .. ................. See curve page 70
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............................ 100 max volts

Heater positive with respect to cathode. . .......................... 100 max volts
Characteristics:
Plate Voltage. . .. ... 125 volts
Grid-No.2 Voltage... ...t 80 volts
Grid-No.1 Voltage........... ... ... i, -1 volt
Plate Resistance (APProOX.). .. ...ttt 0.1 megohm
Transconductance. . ... ... ..t 8000 umhos
Plate Current. .. .. ... 10 ma
Grid-No.2 Current. . . ... .. ... 1.5 ma
Grid-No.1 Voltage (Approx.) for plate current of 20 wa................... -6 volts

FULL-WAVE VACUUM RECTIFIER

Miniature type used in power-

supply of compact, audio equipment

6c A4 having moderate dcrequirements. Out-
line 8E, OUTLINES SECTION. Tube

requires miniature nine-contact socket

Ne
and may be mounted in any position. It is especially important that this tube; like
other power-handling tubes, be adequately ventilated. Heater volts (ac/dc), 6.3;

amperes, 1.
FULL-WAVE -RECTIFIER
Maximum Ratings, (Design-Center Values):
PEAK INVERSE PLATE VOLTAGE. .. ... . ...0tittitietiiiainaanannn 1000 max

PEAK PLATE CURRENT (Per Plate) . . .. ........ ...t inaannn. 450 max
AC PLATE SuPPLY VOLTAGE (Per Plate, rms) with Capacitor Input to Filter 350 max

OPERATION CHARACTERISTICS
FULL-WAVE CIRCUIT CAPACITOR INPUT TO FILTER
I T T T
TYPE 6CA4 t;-slc.s vOoLTS '
[~ SUPPLY FREQUENCY (CPS)=60
CAPACITOR INPUT TO FILTER : SOMF
— TOTAL EFFECTIVE PLATE~SUPPLY IMPEDANCE  (——|

PER PLATE

CURVE| A | B | C
OHMS |150/200[240

306 o
‘°°WL1-, ™ -

[~ T T-eu

DOC QUTPUT VOLTS AT INPUT TO FILTER
o
L

o 50 100 150 200 2%0
OC LOAD MILLIAMPERES
92C8~1037971
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DCOUTPUT CURRENT .. .\ttt ittt et ettt inaaaaeeanns 150 max ma
Hor SWITCHING TRANSIENT PLATE CURRENT (Per Plate) . ................ 4
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............................ 500 max volts

Typical Operation with Capacitor Input to Filter:

AC Plate-to-Plate Supply Voltage (rms). .. 500 600 700 volts
Filter-Input Capacitor . .................. e 50 50 30 I
Total Effective Plate Supply Impedance per Plate. . 150 200 240 ohms
DC Output Voltage at Input to Filter (Approx.)

For dc output current of 150 ma.............. 245 293 347 volts

# When capacitor-input circuits are used, a maximum peak current value per plate of 1 ampere during
the initial cycles of the hot-switching transient should not be exceeded.

BEAM POWER TUBE

Miniature type used in af power
output stage of radio and television
receivers. Outline 7C, OUTLINES 6C A 5
SECTION. Tube requires miniature Related types:
seven-contact socket and may be op- uccAs, 25CAS
erated in any position. Heater volts
(ac/dec), 6.3; amperes, 1.2.

CLASS A; AMPLIFIER
Maximum Ratings, (Design-Center Values):

PLATE VOLTAGE. . . ...ttt ettt tttin ettt ie s 130 max volts
GRID-NO0.2 (SCREEN-GR