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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, ceramic, or
a combination of these materials.

Cathodes

A cathode is an essential part of an
electron tube because it supplies the
electrons necessary for tube operation.
When energy in some form is applied to
the cathode, electrons are released. Heat
is the form of energy generally used.The
method of heating the cathode may be
used to distinguish between the different
forms of cathodes. For example, a di-
rectly heated cathode, or filament-cath-
ode, is a wire heated by the passage of
an electric current. An indirectly heated
cathode, or heater-cathode, consists of a
filament, or heater, enclosed in a metal
sleeve. The sleeve carries the electron-
emitting material on its outside surface
and is heated by radiation and conduc-
tion from the heater.

A filament, or directly heated cath-
ode. such as that shown in Fig. 1 may
be further classified by identifying the
filament or electron-emitting material.
The materials in regular use are tung-
sten, thoriated tungsten, and metals
which have been coated with alkaline-
earth oxides. Tungsten filaments are
made from the pure metal. Because they
must operate at high temperatures (a



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

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

Alkaline earths are usually applied
as a coating on a nickel-alloy wire or
ribbon. This coating, which is dried in a
relatively thick layer on the filament,
requires only a relatively low tempera-
ture of about 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. lixamples 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 5Y3-GT.

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

The heater-cathode 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
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attraction to the electrons (unlike elec-
tric charges attract; like charges repel).
Such a positive electric potential can be
supplied by an anode (positive elec-
trode) located within the tube in prox-
imity to the cathode.

Diodes

The simplest form of electron tube
contains two electrodes, a cathode and
an anode (plate), and is often called a
diode, the family name for a two-elec-
trode tube. In a diode, the positive po-
tential is supplied by a suitable electrical
source connected between the plate
terminal and a cathode terminal, as
shown in Fig. 8. Under the influence of
the positive plate potential, electrons
flow from the cathode to the plate and
return through the external plate-bat-
tery circuit to the cathode, thus com-
pleting the circuit. This flow of electrons
is known as the plate 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 dc voltage for the electrodes of the
other tubes in the receiver. Rectifier
tubes having only one plate and one
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cathode, such as the 35W4, are called
half-wave rectifiers, because current
can flow only during one-half of the
alternating-current cycle. When two
plates and one or more cathodes are

used in the same tube, current may be
obtained on both halves of the ac cycle.
The 6X4, 5Y3-GT, and 5U4-GB 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
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to the cathode while others remain in
the space between the cathode and plate
for a brief period to produce an effect
known as space-charge. This charge has
a repelling action on other electrons
which leave the cathode surface and im-
pedes their passage to the plate. The ex-
tent of this action and the amount of
space-charge depend on the cathode
temperature, the distance between the
cathode and the plate, and the plate
potential. The higher the plate potential,
the less is the tendency for electrons to
remain in the space-charge region and
repel other electrons. This effect may be
noted by applying increasingly higher
plate voltages to a tube operating at a
fixed heater or filament voltage. Under
these conditions, the maximum number
of available electrons is fixed, but in-
creasingly higher plate voltages will
succeed in attracting a greater propor-
tion of the free electrons.

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

Although tubes aresometimes tested

l \ [\ /‘\ PLATE CURRENT



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 5V4-GA and the 6AX5-GT.
In these types the radial distance be-
tween cathode and plate is only about
two hundredths of an inch.

Another method of reducing space-
charge effect is utilized in mercury-
vapor rectifier tubes. When such tubes
are operated, a small amount of mercury
contained in the tube is partially vapor-
ized, filling the space inside the bulb
with mercury atoms. These atoms are
bombarded by electrons on their way to
the plate. If the electrons are moving at
a sufficiently high speed, the collisions
tear off electrons from the mercury
atoms. The mercury atom is then said
to be “ionized,” i.c., it has lost one or
more electrons and, therefore, has a
positive charge. Ionization is evidenced
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by a Dbluish-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 rectifier
tubes, such as the 0Z4 and 0Z4-G, also
depend on gas ionization for their opera-~
tion. These tubes are of the full-wave
design and contain two anodes and a
coated cathode sealed in a bulb contain-
ing a reduced pressure of inert gas. The
cathode in each of these types becomes
hot during tube operation, but the heat-
ing effect is 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 theanode whichisinstantaneously
positive and the cathode. Under normal
operating voltages, ionization does not
take place between the anode that is
negative and the cathode so that the
requirements for rectification are satis-
fied. The initial small flow of current
through the tube 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 2 minimum flow of load current
at all times in order to maintain the
cathode at the temperature required to
supply sufficient emission.

Triodes

‘When a third electrode, called the
grid, is placed between the cathode and
plate, the tube is known as a triode, the
family name for a three-electrode tube.
The grid usually consists of relatively
fine wire wound on two support rods and
extending the length of the cathode.The
spaces between turns are comparatively
large so that the passage of electrons
from cathode to plate is practically un-

“obstructed by the grid wires. The pur-
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pose of the grid is to control the flow of
plate current. When a tube is used as an
amplifier, a negative de voltage is usually
applied to the grid. Under this condition
the grid does not draw appreciable
current.

The number of electrons attracted
to the plate depends on the combined
effect of the grid and plate polarities, as
shown in Fig. 6. When the plate is posi-
tive, as is normal, and the de grid volt-
age is made more and more negative, the
plate is less able to attract electrons to it
and plate current decreases. When the
grid is made less and less negative (more
and more positive), the plate more read-
ily attracts electrons to it and plate cur-
rent increases. Hence, when the voltage
on the grid is varied in accordance with
a signal, the plate current varies with
the signal. Because a small voltage ap-
plied to the grid can control a compara-
tively large amount of plate current, the
signal is amplified by the tube. Typical
three-electrode tube types are the 6C4
and 6AF4-A.

The grid, plate, and cathode of a
triode form an electrostatic system, each
electrode acting as one plate of a small
capacitor. The capacitances are those
existing between grid and plate, plate
and cathode, and grid and cathode.
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These capacitances are known as inter-
electrode capacitances. Generally, the
capacitance between grid and plate is of
the 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 sereen
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 micromicrofarads {(uuf) for a triode
t0 0.01 uuf or less for a sereen-grid tube.

The screen grid has another desir-
able effect in that it makes plate current
practically independent of plate voltage
over a certain range. The screen grid is
operated at a positive voltage and,
therefore, attracts electrons from the
cathode. However, because of the com-
paratively large space between wires of
the screen grid, most of the electrons
drawn to the screen.grid pass through it
to the plate. Hence the screen grid sup-
plies an electrostatic 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 piate 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

INPUT




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
No.3) and is usually connected to the
cathode, as shown in Fig. 8. Because of
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its negative potentiul 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 3V4 and 6 K6-GT; representative
pentodes used for voltage amplification
are the 1U4, 6AU6, 128K7, and 6BA6.

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.83). When a beam
power tube is designed without an ac-
tual suppressor grid, the electrodes are
so spaced that secondary emission from
the plate is suppressed by space-charge
effects between screen grid and plate.
The space charge is produced by the
slowing up of electrons traveling from a
high-potential screen grid to a lower-
potential plate. In this low-velocity re-
gion, the space charge produced is suffi-
cient to repel secondary electrons emit-
ted from the plate and to cause them to
return to the plate.

Beam power tubes of this design
employ beam-confining electrodes at
cathode potential to assist in producing
the desired beam effects and to prevent
stray electrons from the plate from re-
turning to the screen grid outside of the
beam. A feature of a 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
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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
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are confined to beams. The beam condi-
tion illustrated is that for a plate po-
tential less than the screen-grid poten-
tial. The high-density space-charge re-
gion is indicated by the heavily dashed
lines in the beam. Note that the edges of
the beam-confining electrodes coincide
with the dashed portion of the beam. In
this way the space-charge potential re-
gion is extended beyond the beam
boundaries and stray secondary electrons
are prevented from returning to the
screen grid outside of the beam. The
space-charge effect may also be obtained
by use of an actual suppressor grid. Ex-
amples of beam power tubes are 6AQ5-A,
6L.6-GB, 6V6-GT, 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 are intended 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 syne separator and sync 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 6U8-A and 6X8. This
class also includes class A twin triodes
such as the 6CG7 and 12A X7, and types
such as the 6CMT containing dissimilar
triode units used primarily as combined
vertical oscillators and vertical deflec-
tion amplifiers in television receivers.
Full-wave rectifiers are also multi-unit
types.

A third class of tubes combines fea-
tures of each of the other two classes.
Typical of this third class are the penta-
grid-converter types 1R5, 6BE6, and
6SA7. These tubes are similar to the
multi-electrode types in that they have
seven electrodes, all of which affect the
electron stream; and they are similar to
the multi-unit tubes in that they per-
form simultaneously the double function
of oscillator and mixer in superhetero-
dyne receivers.

Receiving Tube Structure

Receiving tubes generally utilize a
glass or metal envelope and a base. 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 5U4-GB and the 6SNT7-GTDB.
Types having a metal envelope and
molded phenolic octal base include the
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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 miniature types, the
nine-pin miniature types, and the novar
types. Examples of the seven-pin mini-
ature types are the 6AU6-A and 6BN6.
Examples of the nine-pin miniature types
types are the 12AU7-A and 6EAS8. Ex-
amples of the novar types are the 6BH3
and 7868. The nine-pin base for thenovar
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.
Nuvistor tubes utilize alight-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-und-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
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
ifrom 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.
.

The color kinescope 21FBP22 con-
sists of three electron guns and an alu-
minized, tricolor, phosphor-dot screen
on the inner surface of the spherical fil-
terglass faceplate. It utilizes magnetic
convergence, electrostatic focus, and
magnetic deflection.

10



Electron Tube

The term ‘“‘characteristies” 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 Characteristies 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 be shown
by plate characteristics curves and trans-
fer (mutual) characteristics curves.These
curves present the same information,
but in two different forms to increase its
usefulness. The plate characteristic
curve is obtained by varying plate volt-
age and measuring plate current for dif-
ferent grid bias voltages, while the trans-
fer-characteristic curve is obtained by
varying grid bias voltage and measuring
plate current for different plate voltages.
A plate-characteristic family of 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 u, is
the ratio of the change in plate voltage
to a change in control-electrode voltage
in the opposite direction, under the con-
dition that the plate current remains un-
changed and that all other electrode

Characteristics

voltages are maintained constant. For
example, if, when the plate voltage is
made 1 volt more positive, the control-
electrode (grid-No.l) 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
tubeis theresistance of the path between
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cathode and plate to the flow of alter-
nating current. It is the quotient of a
small change in plate voltage divided by
the corresponding change in plate cur-
rent and is expressed in ohms, the unit
of resistance. Thus, if a change of 0.1
milliampere (0.0001 ampere) is produced
by a plate voltage variation of 1 volt,
the plate resistance is 1 divided hy
0.0001, or 10000 ohms.
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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
is 2000 micromhos.

Conversion transconductance (gc)
is a characteristic associated with the
mixer (first deteetor) function of tubes
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12

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

Plate efficiency__ Po watts
(%)

“Eb volts X Ip amperes>< 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) = m



Electron Tube Applicatibns

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

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

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,
and so that plate current in a specific
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tube flows for approximately one-half
of each cycle when an alternating grid
voltage is applied.

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

The suffix 1 may be added to theletter
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 some 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 amplifier stage
using two tubes is required for audio
service.

Class A Yoltage 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 s’gnal (S) applied to
the grid of a tube. The output signal (O)
is the resulting amplified plate-current
variation.

The plate current flowing through
the load resistance (R) of Fig. 14 causes
a voltage drop which varies directly
with the plate current. The ratio of this
voltage variation produced in the load
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resistance to the input signal voltage is
the voltage amplification, or gain, pro-
vided by the tube. The voltage ampli-
fication due to the tube is expressed by
the following convenient formulas:

u X RL

RL+ rp

Voltage amplification =
or gm X rp X RL
1000000 X (rp + RL)
where p is the amplification factor of
the tube, Ry, is the load resistance in
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ohms, 1, is the plate resistance in ohms,
and gmn is the transconductance in
micromhos.

From the first formula, it can be
seen that the gain actually obtainable
from the tube is less than the tube’s am-
plification factor but that the gain ap-
proaches the amplification factor when
the load resistance is large compared to
the tube’s plate resistance. Fig. 15
shows graphically how the gain ap-
proaches the amplification factor of the
tube as the load resistance is increased.
From the curve it can be seen that a
high value of load resistance should be
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
resistor is too large, this drop will be too
large, the plate voltage on the tube will .
be too small, and the voltage output of
the tube will be too small. Also, the grid
resistor of the following stage should not
be too large, the actual maximum value
being dependent on the particular tube
type. This precaution is necessary 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.

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

Electron Tube Applications ——————————=

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
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between grid and cathode, (2) a resistive
component resulting from the time of
transit of electrons between cathode and
grid, and (8) a resistive component de-
veloped by the part of the cathode lead
inductance which is common to both the
input and output circuits. Components
(2) and (3) are dependent on the fre-
quency of the incoming signal. The in-
put impedance is very high at audio
frequencies when a tube is operated with
its grid biased negative. In a class A, or
AB;, transformer-coupled 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
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-
preciablelead 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
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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 thegrid 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 essentially the same as for uni-
form spacing. As the grid bias is made
more negative to handle larger input

SUPPRESSOR GRID SCREEN
GRID GRID

Fig. 16

signals, the electron flow from the sec-
tions of the 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

PLATE MILLIAMPERES
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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.

[
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Class A Power Amplifiers

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

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



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

RCA-2A3
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Electron Tube Applications

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-harmonie 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) /i

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

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

(8) Locate the point 2I,, which is
twice the value of I, and corresponds to
the value of the maximum-signal plate
current Imax.

(4) Locate the point X on the dc
bias curve at zero volts, E; = 0, corre-
sponding to the value of Inyax.

(5) Draw a straight line XY through
X and P.

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

PLATE VOLTS
Fig. 20

the grids run positive is inadvisable
except under conditions such as those
discussed in this section for class AB
and class B amplifiers.

the value of the load resistance.The load
resistance in ohms is equal to (Emax—
Emin) divided by (Imax — Imin), where I
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 dc plate
voltage K, and the zero-signal dc plate
current I,. If it is found that the plate-
dissipation rating of the tube is exceeded
with the zero-signal bias Ec, calculated
above, it will be necessary to increase
the bias by a sufficient amount so that
the actual plate dissipation does not 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) X (Emax — Emin)

0 = 3
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 harmonics in single-tube amplifiers.
The percentage of second-harmoniec dis-
tortion may be calculated by the follow-
ing formula:

Tmax+ Imin
5

~TIo

9% distortion = X 100

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

Tnax -
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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 —48.5 volts. Note that the
curve was taken with a dec 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 Iyax, where
Tmax = 21, = 2 X 0.06 = 0.12 ampere.
Line XY is drawn through points P and
X. Emax, Emin, and I are then found
from the curves. Substituting these val-
uves in the power-output formula, we
obtain
_ (0.12-0.012) X (365 105) _

8
The resistance represented by load
line XY is

(365 — 105)
{0.12 —0.01z) ~ 2410 ohms

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

Po

3.52 watts

9
0.12 + 0.012 0.06

0.1z o001z X 100=155%

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

% distortion =
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higher load resistance. A load resistance
of 2500 ohms will give a distortion of
about 4.9 per cent. The power output is
reduced only slightly to 3.5 watts.

Operating conditions for triodes in
push-pull depend on the type of opera-
tion desired. Under class A conditions,
distortion, power output, and efficiency
are all relatively low. The operating bias
can be anywhere between that specified
for single-tube operation and that equal
to one-half the grid-bias voltage required
to produce plate-current cutoff at a
plate voltage of 1.4E, where E, is the
operating plate voltage. Higher bias than
this value requires higher grid-signal
voltage and results in class AB. opera-
tion which is discussed later.

The method for 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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250

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 300 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

|
300

PLATE VOLTS
Fig. 21

point Inax. Then, I, is determined
from the curve for use in the formula

Po = (Imax X Eo)/5

If Tiax is expressed in amperes and B,
in volts, power output is in watts.

The method for determining the
proper load resistance for triodes in
push-pull is as follows: Draw a load line
through Inmax 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 —- 0.6E0)/Imax
where E, is expressed in volts, Imax in
amperes, and R, in ohms.

Example: Assume that the plate
voltage (E,) is to be 300 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. = 0is Ihax or 0.2 ampere.When
this value is substituted in the power
formula, the power output is (0.2 X 250)
/5 = 10 watts. The load resistance is de-
termined from the load formula: Plate-
to-plate load (R ,) = 4 X (250 — 150)
/0.2 = 2000 ohms.

Power output for a pentode or a
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, Eo,
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, 0,A;. For
optimum operation, the change in bias
from A to O: should be nearly equal to
the change in bias from O, to A.. If this
condition can not be met with one line,

PLATE  MILLIAMPERES
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% total (2nd and 8rd) harmonic distertion =
V(%2nd)? + (%3rd)?

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

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

Emax = Emin

Load resistance (Rp) = "
Imax — Imin

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

o = [Imax ~ Imin 4 1.41 (x ~ Iy)]2RL

32 :

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

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

% 2nd-harmonic distortion =
Imax 4+ Tmin -2 Io

Imax = Imin -t 1.41 (Ix - Iy)
% 3rd-harmonic distortion =

P

X 100

Imax — Imin - 1.41 (Ix = Iy)
Imax = Imin - 1.11 (Ix = Iy)

X 100

Eo
PLATE VOLTS
Fig. 22

nomograph includes conversion factors
for current (F;), power output (Fy),
plate resistance or load resistance (F:),
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 Epu,
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 Fy, Fy, Fy, or
Fom scale.

For example, suppose it is desired
to operate two 6L.6-GB’s in class A, push-
pul], 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, F,
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is equal to 200/250 or 0.8. The dashed
lines on the nomograph of Fig. 23 indi-
cate that for this voltage ratio Fj is ap-
proximately 0.72, F, is approximately

= Electron Tube Applications

Because contact-potential effects become
noticeable only at very small de grid-
No.1 (bias) voltages, they are generally
negligible in power tubes. Secondary
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0.57, Fy is 1.12, and F., 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 Eaes/Epup departs from unity. In
general, results are substantially correct
when the value of the ratio Bges/E up 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.

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 areoperated undersuch conditions.

Class AB Power Amplifiers

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

Class AB amplifiers are subdivided
into class AB,; and class AB,. In class
AB; there is no flow of grid current.That
is, the peak signal voltage applied to each
grid is not greater than the negative
grid-bias voltage. The grids therefore
are not driven to a positive potential
and do not draw current. In class AB,,
the peak signal voltage is greater than
the bias so 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
ola
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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
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fluctuations in the voltage output of the
power supply, with the result that power
output is decreased and distortion is in-
creased. To obtain satisfactory regula-
tion it is usually advisable to use a low-
drop rectifier,such as the 5V4-GA, with a
choke-input filter. In all cases, the resist-
ance of the filter choke and power trans-
formers should be as low as possible.

Class AB: Power Amplifiers

In class AB: push-pull amplifier
service using triodes, the operating con-
ditions may be determined graphically
by means of the plate family if E,, the
desired operating plate voltage, is given.
In this service, the dynamic load line
does not pass through the operating
point P as in the case of the single-tube
amplifier, but through the point D in
Fig. 24. Its position is not affected by
the operating grid bias provided the

T-80 -60 -40 -20
GRID VOLTS

Irig. 25

plate-to-plate load resistance remains
constant.

Under these conditions, grid bias
has no appreciable effect on the power
output. Grid bias cannot be neglected,
however, since it is used to find the zero-
signal plate current and, from it, the
zero-signal plate dissipation. Because
the grid bias is higher in class AB; than
in class A service for the same plate volt-
age, a higher signal voltage may be used
without grid current being drawn and,
therefore, higher power output is ob-
tained than in class A service.

In general, for any load line through
point D, Fig. 24, the plate-to-plate load



resistance in ohms of a push-pull ampli-
fier is Rpp=4E,/I’, where I’ is the plate
current value in amperes at which the
load line as projected intersects the plate
current axis, and E, is in volts. This
formula is another form of the one
given under push-pull class A amplifiers,
Rpp = 4(Eo — 0.6E,) /Tinax, but is more
general. Power output = (Iimax/+v2)2 X
Rpp/4, where L, 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 2Inax/m or 0.636 Imas; 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, Ly,
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 = 1.6Eo/Imax
where E, is in volts, Imax 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
ioad resistance must be selected using
the first approximation as a guide and
the process repeated to obtain satisfac-
tory operating conditions.

Example: Fig. 24 illustrates the
application of this method to a pair of
2A3’s operated at E,=300 volts. Each
tube has a plate-dissipation rating of 15
watts. The method is to erect a vertical
line at 0.6E,, or at 180 volts, which
intersects the E.=0 curve at the point
Imax=0.26 ampere. Using the simplified
formulas, we obtain ‘

Rpp = (1.6 X 800)/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
34.2 watts. Half of this value, 17 watts,
is in excess of the 15-watt rating of the
tube and it is necessary, therefore, to as-
sume another and higher load resistance
so that the plate-dissipation rating will
not be exceeded.

It will be found that at an operating
plate voltage of 300 volts the 2A3’s re-
quire a plate-to-plate load resistance of
3000 ohms. From the formula for Ry,
the value of I’ is found to be 0.4 ampere.
The load line for the 3000-ohm load re-
sistance is then represented by a straight
line from the point I’=0.4 ampere on the
plate-current ordinate to the point E,=
300 volts on the plate-voltage abscissa.
At the intersection of the load line with
the zero-bias curve, the peak plate cur-
rent, Li.x, can be read at 0.2 ampere.
Then  Po= (Imax/+Z)? X Rpp/4

= (0.2/1.41)2 X 3000/4

= 15 watts
Proceeding as in the first approximation,
we find that the maximum-signal aver-
age plate current, 0.636Im.x, 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=
23.1 watts. This value is the dissipation
for two tubes; the value per tube is 11.6
watts, a value well within the rating of
this tube type.

The operating bias and the zero-
signal plate 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 procedurelocates the operating
point for each tube at P. The plate cur-
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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-
tionin 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 —80 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
300 + 40 = 340 volts and the (-60) +
(-80) = -90-volt bias curve, read the
plate current. In this example, the plate
current is estimated to be 0.002 ampere.
The difference of 0.165 ampere between
these two currents determines the point
E on the 300 — 40 = 260-volt vertical.
Similarly, another point F on the same
composite curve is found by assuming
the same grid-bias deviation but a larger
plate-voltage deviation, say, 100 volts.

We now have points at 260 volts
and 0.165 ampere (I9), and at 200 volts
and 0.045 ampere (I¥). A straight line
through these points is the composite
curve for a bias of 30 volts, shown as a
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jong-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, Imax, are used in
the following formula to find peak value
of the third-harmonic component of the
plate current.
Thy = (2Ios - Imax)/8

In the example, where I,.; is 0.097 am-
pere and Iy is 0.2 ampere, In; = (2X
0.097-0.2) /8= (0.194-0.2) /8= —0.006/
—0.002 ampere. (The fact that In; is
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. Iy; 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 = 2/3 X (Imax + Xo.s)
In the example, I 2/8 X (0.2 +
0.097) = 0.198 ampere. Thus, the per-
centage of third-harmonic distortion is
(Tns/Iny) 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 dc 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



effective in the grid circuit of the power
stage should always be as low as possible
in order that distortion may be kept
low. The input transformer used in a
class AB, stage usually has a step-down
ratio adjusted for this condition.

Load resistance, plate dissipation,
power output, and distortion determina-
tions are similar to those for class AB..
These quantities are interdependent
with peak grid-voltage swing and driv-
ing power; a satisfactory set of operating
conditions involves a series of approxi-
mations. The load resistance and signal
swing are limited by the permissible grid
current and power, and the distortion.
If the load resistance is too high or the
signal swing is excessive, the plate-dissi-
pation rating will be exceeded, distortion
will be high, and the driving power will
be unnecessarily high.

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.

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

'}
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Fig. 26

the plate circuit and the output voltage
is taken off between the plate and ground
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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 the ry, of the tube. A certain
amount of power is required, therefore,
to drive such a circuit. However, in the
type of service in which cathode-drive
circuits are normally used, the advan-
tages of the grounded-grid connection
usually outweigh this disadvantage.

Inverse Feedback

An inverse-feedback circuit, some-
times called a degenerative circuit, is
one in which a portion of the output
voltage of a tube is applied to the input
of the same or a preceding tube in oppo-
site phase to the signal applied to the
tube.Two important advantages of feed-
back are: (1) reduced distortion from
each stage included in the feedback cir-
cuit and (2) reduction in the variations
in gain due to changes in line voltage,
possible differences between tubes of the
_same type, or variations in the values of
circuit constants included in the feed-
back 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
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can be reduced by means of inverse
feedback. Inverse-feedback circuits are
of the constant-voltage type and the
counstant-current type.

The application of the constani-
voltage type of inverse feedback to a
power output stage using a single beam
power tube is illustrated by Fig. 27. In
this cireuit, Ri, R, and C are connected
as a voltage divider across the output of
the tube. The secondary of the grid-
input transformer is returned to a point
on this voltage divider. Capacitor C
blocks the dc plate voltage from the
grid. However, a portion of the tube’s
af output voltage, approximately equal
to the output voltage multiplied by the
fraction R./(R: + R.), is applied to the
grid. 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. i

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 currenti’y has an
irregularity in its positive half-cycle.
This irregularity represents a departure
from the waveform of the input signal
and is, therefore, distortion. For this
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plate-current waveform, the af plate
voltage has a waveform shown by e’}.
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
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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

€s

e v@

Fig.

e’y, the feedback voltage appearing on
the grid is as shown by e’yr. This voltage
applied to the grid produces a compo-
nent of plate current i’;:. It is evident
that the irregularity in the waveform of
this component of plate current would
act to .cancel the original irregularity
and thus reduce distortion.

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

From the curve for i,, it can be seen
that, besides reducing distortion, inverse
feedback also reduces the amplitude of
the output current. Consequently, when
inverse feedback is applied to an ampli-
fier there is a decrease in gain or power
sensitivity as well as a decrease in dis-
tortion. Hence, the application of in-
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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 Re.
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 comnstant-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.

c-

B-C+
Iig. 29

B+

This method decreases the gain and the
distortion but increases the source im-

~
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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 2A8, because the variation in
speaker impedance with frequency does
not produce much distortion in a triode

stage having low plate resistance. It is.

sometimes applied in a pentode stage
but is not always convenient. As has
been shown, when inverse feedback is
used in an amplifier, the driving voltage
must be increased in order to give full
power output. When inverse 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
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 eathode circuit of the tube.
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= u X Ry,

rp 4 [RLX (o + 1))
For a penfode: .
zm X R,
VA= T X RD

In these formulas, u is the amplifi-
cation factor, R1, is the load resistance
in ohms, rp is the plate resistance in
ohms, and gm is the transconductance
in mhos.

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

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

Oncetherequired 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
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:

Required gm (umhos) =

Zo X rp
h ——f0XTp
Cathode Rim o X ¥ ]
For pentode:
Zo
Cathode RL—1 ~&m X Zo)

Resistance and impedance values are in
ohms; transconductance values are in
mhos.

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

In Fig. 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. 32
the bias is reduced by adding a bypassed
resistance between the cathode and the
unbypassed load resistance but, in this
case, the grid is returned to the junction
of the two cathode resistors so that the
bias voltage is only the de voltage drop
across the added resistance. The size of
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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-

(¢
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Tig. 31
creased to make up for the voltage taken
for biasing.

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

Required gm = = 2000 yumhos

1,000,000
500

A survey of the tubes that have a
transconductance in this order of mag-
nitude shows that type 12A X7 is among
the tubes to be considered. Referring to
the characteristics given in the technical
data section for one triode unit of high-
mu twin triode 12A X7, we find that for
a plate voltage of 250 volts and a bias of
-2 volts, the transconductance is 1600
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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

500 X 62500

Cathode RrL= ml—)=2600 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. 32
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-
ple, is approximately 5 volts. The B-
supply, therefore, is 250 4 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,

Cathode Ry, = 500 X 54000

54000 — 500 X (70--1)

= 1460 ohms

The bias voltage obtained across
this resistance is 1460 X 0.0008 = 1.17
volts. Since this value is for all practical
purposes close enough to the required
bias, no additional bias resistance will
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 6ATS6 is

70 X 1460

VA= 54000 + 1460 X (70 + 1)

= 0.65
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For applications in which the cath-
ode follower is used to isolate two cir-
cuits—for example, when it is used be-
tween a circuit being tested and the
input stage-of an oscilloscope or a vacu~
um-tube voltmeter—voltage output and
not impedance matching is the primary
consideration. In such applications it is
desirable to use a relatively high value
of cathode load 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.

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
series across the primary of the output
transformer. Connected in this way, the
filter is in parallel with the plate load
impedance reflected from the voice-coil
by the output transformer. The magni-
tudeof thisreflected impedanceincreases
with increasing frequency in the middle
and upper audio range. The impedance
of the filter, however, decreases with in-
creasing 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-
tance is the one which gives equal output
voltages for the two signal inputs. In
practice, this value is usually found to
be in the order of 0.05 microfarad.

Volume Expanders

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

A volume expander circuit is shown
in Fig. 33. In this circuit, the gain of the
6L7 as an audio amplifier can be varied

Electron Tube Applications

grid of the 6J5, is amplified by the 6J5,
and is rectified by the 6H6. The rectified
voltage developed across Rg, the load
resistor of the 6H6, is applied as a posi-
tive bias voltage to grid No. 3 of the 6L.7.
Then, when the amplitude of the signal
input increases, the voltage across Rs
increases, and the bias on grid No. 3 of
the 6L7 is made less negative. Because
this reduction in bias increases the gain
of the 6L7, the gain of the amplifier in-
increases with increase in signal ampli-
tude and thus produces volume expan-
sion of the signal. The voltage gain of
the expander varies from 5 to 20.

Grid No. 1 of the 6L7 is a variable-
mu grid and, therefore, will produce dis-
tortion if the input signal voltage is too
large. For that reason, the signal input
to the 6L7 should not exceed a peak
value of 1 volt. The no-signal bias volt-
age on grid No. 8 is controlled by adjust-
ment of contact P. This contact should
be adjusted initially to give a no-signal
plate current of 0.15 milliampere in the
6L7. No further adjustment of contact
P is required if the same 6L7 is always
used. If it is desired to delay volume ex-
pansion until the signal input reaches a
certain amplitude, the delay voltage can
be inserted as a negative bias on the 6H6
plates at the point marked X in the dia-
gram. All terminal points on the power-
supply voltage divider should be ade-
quately bypassed.
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Fig. 33

by changing the bias on grid No. 3. When
the bias on grid No. 3 is made less nega-
tive, the gain of the 6L7 increases. The
signal to be amplified is applied to grid
No. 1 of the 617 and is amplified by the
6L7. The signal is also applied to the

31

Phase Inverters
A phase inverter is a circuit used to
provide resistance coupling between the
output of a single-tube stage and the in-
put of a push-pull stage. The necessity
for a phase inverter arises because the



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.

T
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Fig. 34 shows a push-pull power
amplifier, resistance-coupled by means
of a phase-inverter circuit to a single-
stage triode T.. Phase inversion in this
circuit is provided by triode T.. The out-
put voltage of T, is applied to the grid
of triode Ts. 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+-R;)/R; 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 Ty and T,, R4 should be equal to
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the sum of R; and R;. The ratio of
Rs+R; to R; should be the same as the
voltage gain ratio of T in order to apply
the correct value of signal voltage to T..
The value of R; is, therefore, equal to R4
divided by the voltage gain of T,; R is
equal to Ry minus R;. Values of Ry, Ro,
Rs plus R;, and Ry may be taken from
the chart in the RESISTANCE-
COUPLED AMPLIFIER SECTION.
In the practical application of this cir-
cuit, it is convenient to use 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

It
It

10puf
AN 1o
5 MEGOHMS GRID

CJCRYSTAL MEGObSHM

4

Fig. 35

the frequency is increased, the 100-mi-
cromicrofarad capacitor serves as a by-
pass for the 5-megohm resistor, and the
combined impedance of the resistor-ca-
pacitor network is lowered. Thus, more
of the crystal output appears across the
0.5-megohm resistor at high frequencies
than at low frequencies, and the fre-
quency response at the grid is reason-
ably flat over a wide frequency range.
Fig. 36 shows a comparison between the
output of the crystal (curve A) and the
output of the equalizing network (curve
B.) 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
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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
values for the components, it may be
made to respond to changes in the Rs
potentiometer setting for only low fre-
(uencies (below 1000 cycles).

Fig. 39 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.
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potentiometer is turned to its extreme
variations (usually labeled “Boost” and
“Cut”). Inthis network, as inthe crystal-
equalizing network shown in Fig. 35,
the parallel RC combination is the con-
trolling factor. For bass “boost”, the
capacitor Cp bypasses resistor R; so that

The effect of the capacitor is negligible
at low frequencies; beyond 1000 cyecles,
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
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4
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less impedance is placed across the out-
put to grid B at high frequencies than
at low frequencies. For bass “cut,” the

in the plate circuit of the power tube,
the coupling circuit between the first af
amplifier tube and the power tube, or
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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.

Limiters

An amplifier may also be used as a
limiter. One use of a limiter is in receiv-
ers designed for the reception of fre-
quency-modulated signals. The limiter
in FM receivers has the function of
eliminating amplitude variations from
the input to the detector. Because in an
FM system amplitude variations are
primarily theresult of noise disturbances,
the use of a limiter prevents such dis-
turbances from being reproduced in the
audio output. The limiter usually fol-
lows the last if stage so that it can mini-
mize the effects of disturbances coming
in on the rf carrier and those produced
locally.

The limiter is essentially an if volt-
age amplifier designed for saturated
operation. Saturated operation means
that an increase in signal voltage above
a certain value produces very little in-
- crease in plate current. A signal voltage
which is never less than sufficient to
cause saturation of the limiter, even on
weak signals, is supplied to the limiter
input by the preceding stages. Any
change in amplitude, therefore, such as
might be produced by noise voltage
fluctuation, is not reproduced in the
limiter output. The limiting action, of
course, does not interfere with the repro-
duction of frequency variations.

Plate-current saturation of the 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.
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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

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

Tunerinput cireuits 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 Mc and having a bandwidth
of 4.5 Mec, although the tuner is usually
aligned for a bandwidth of 6 Mc 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
direct-coupled cathode-drive circuits
makes it possible to obtain stable opera-
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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
sereen grid. The direct-coupled cathode-
drive cireuit provides both the gain and
the stability eapabilities 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, whichin 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
stage. Pentodes are more useful than

triodes in such stages hecause 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, g, to the
sum of its input and output capacitances,
Ciw and Cout, as follows:

Figure of Merit = mﬁ%}a
Typical values for this figure are in the
order of 500 x 105 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

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, C.R., is used to improve
the low-frequency response. Tubes used
as video amplifiers include types 6CL6
and 12BY7-A, or the pentode sections
of types 6AWS8-A and 6ANS.

The luminance amplifier in a color-
televisionreceiveris a conventional video
amplifier having a bandwidth of approx-
imately 3.5 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 Mc
is fed to a bandpass amplifier, as shown
in the block diagram in Fig. 41. The color
synchronizing signal, or ‘“burst,” con-
tained in this signal may then be fed to
a ‘“‘burst-keyer”” tube. At the same time,
a delayed horizontal pulse may be ap-
plied to the keyer tube. The output of
the keyer tube is applied to the burst
amplifier tube and the signal is then fed
to the 3.58-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 3.58-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, i.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 simultancously to the cath-
odes. The chrominance and luminance
signals then combine to produce the
color picture. In the absence of trans-
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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
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R.C. is long with respect to the interval
between pulses. During each pulse, the
grid is driven positive and draws cur-
rent, thereby charging capacitor 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 syne-separator stage
discriminates against the video informa-
tion. Because the bias developed on the
grid is proportional to the strength of
the incoming signal, the 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-



tition rate of the vertical generator is 60
cycles per second, and the rate of the
horizontal generator is approximately
15,750 eycles per second. The composite
video signal includes information which
enables each generator to derive its cor-
rect triggering. One horizontal syne pulse
is supplied at the end of each horizontal
line scan. At the end of each frame,
several pulses of longer duration than
the horizontal sync 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 sync
and agce 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 agc amplifier and noise inverter.
Because the syne 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
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.3, of the
6GY6 to cut off or gate the AGC am-
plifier when a noise pulse occurs,

Rectification
The rectifying action of a diode
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finds important applications in supply-
ing a receiver with de power from an ac
line and in supplying high dec 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
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.
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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
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positive with respect to the eathode, and
through plate No. 2 on the next half-
eycle 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 connceted 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.
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‘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.

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
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,
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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 respeet to the lower

+E




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

VOLTAGE -DOUBLER CIRCUIT
FULL -WAVE
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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 dec
load circuit. In this circuit, one half of
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Fig.

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 the load 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 25Z6 and 117Z6-GT. These tubes
combine two separate diodes in one
tube. As voltage doublers, the tubes are
used in ‘‘transformerless” receivers. In
these receivers, the heaters of all tubes
in the set are connected in series with a
voltage-dropping resistor across the line.
The connections for the heater supply
and the voltage-doubling circuit are
shown in Fig. 47.

With the full-wave voltage-doubler
circuit in Fig. 47, it will be noted that
the de load circuitcan not be connected
to ground or to one side of the ac supply
line. This circuit presents certain dis-
advantages when the heaters of all the

tubes in the set are connected in series

with a resistance across the ac line. Such
a circuit arrangement may cause hum
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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
doubler because rectified current flows
to the load only on alternate halves of
the ac input cycle. The voltage regula-
tion of this arrangement is somewhat
poorer than that of the full-wave voltage
doubler.

Detection

When speech, musie, or video infor-
mation is transmitted from a radio or
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.

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 basic circuits used for the detection

‘of amplitude-modulated waves: the di-
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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
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.

Between points (a) and (b) on the
first positive half-cycle of the applied rf
voltage, capacitor C charges up to the
peak value of the rf voltage. Then as the
applied rf voltage falls away from its
peak value, the capacitor holds the cath-
ode at a potential more positive than the
voltage applied to the anode.The capaci-
tor thus temporarily cuts off current
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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 {lows again and the capaci-
tor charges up to the peak value of the
second positive half-cyele at (d). In this
way, the voltage across the ecapacitor
follows the peak value of the applied rf
voltage and reproduces the af modu-
lation.

40

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

Fig. 50

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 dec 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 dynamiec characteristics of a
diode can be made more linear than
those of other detectors. The disad-~
vantages of a diode are that it does not



amplify the signal, and that it draws
current from the input circuit and there-
fore reduces the selectivity of the input
circuit. However, because the diode
method of detection produces less dis-
tortion and because it permits the use
of simple ave circuits without the neces-
sity for an additional voltage supply,
the diode method of detection is most
widely used in broadecast receivers.
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A typical diode-detector circuit using
a twin-diode triode tube is shown in Fig.
51. Both diodes are connected together.
R is the diode load resistor. A portion
of the af voltage developed across this
resistor is applied to the triode grid
through the volume control R;. In a
typical eircuit, resistor R, may be tapped
so that five-sixths of the total af voltage
across R, is applied to the volume con-
trol. This tapped connection reduces the
af voltage output of the detector circuit
slightly but it reduces audio distortion
and improves the rf filtering.

DC bias for the triode section is
provided by the cathode-bias resistor R»
and the audio bypass capacitor C;. The
function of capacitor C; is to block the
de bias of the cathode from the grid. The
function of capacitor C, is to bypass
any rf voltage on the grid to cathode. A
twin-diode pentode may also be used in
this circuit. With a pentode, the af out-
put should be resistance-coupled rather
than transformer-coupled.
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Another diode-detector circuit,
called a diode-biased circuit, is shown in
Fig. 52. In this circuit, the triode grid is
connected directly to a tap on the diode
load resistor. When an rf signal voltage
is applied to the diode, the dc voltage at
the tap supplies bias to the triode grid.
When the rf signal is modulated, the af
voltage at the tap is applied to the grid
and is amplified by the triode.

The advantage of 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
having a high percentage of modulation.

However, there are restrictions on
the use of the diode-biased circuit. Be-
cause the bias voltage on the triode de-
pends on the average amplitude of the
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
of bias on the triode grid for different
signal strengths and the triode will pro-
duce distortion. Because there is no bias
applied to the diode-biased triode when
no rf voltage is applied to the diode,
sufficient resistance should be included
in the plate circuit of the triode to limit
its zero-bias plate current to a safe value.

These restrictions mean, in practice,
that the receiver should have a separate-
channel automatic-volume-control (avce)
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 eir-
cuit should be one which operates at a
fairly large value of bias voltage. The
variations in bias voltage are then a
small percentage of the total bias and
hence produce small distortion. Tubes
taking a fairly large bias voltage are
types such as the 6BF6 or 6SR7 having
a medium-mu triode. Tube types having
a high-mu triode or a pentode should not
be used in a diode-biased circuit.

A grid-bias detector circuit is
shown in Fig. 53. In this circuit, the grid
is biased almost to cutoff, i.e., operated
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50 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-eycles of the rf signal are amplified
by the tube. The signal is, therefore, de-
tected in the plate circuit. The advan-
tages of this method of detection are
that it amplifies the signal, besides de-
tecting it, and that it does not draw
current from the input 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 dc 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.

Fig. 53
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The output voltage thus reproduces the
original af signal.
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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,

UNMODULATED RF CARRIER

FREQUENCY-MODULATED RF WAVE/
Fig. 55

the frequency of the rf wave deviates
from a mean value, at an af rate depend-
ing on the modulation, by an amount
that is determined in the transmitter
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 cireuit 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-

In this detector circuit, the use of 2 quency swings hetween B and C, and
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the voltage developed across the circuit
varies at the modulating rate. In order
that no distortion will be introduced in
this cireuit, the frequency swing must be
restricted to the portion of the slope
which is effectively straight. Since this
portion is very short, the voltage de-
veloped is low. Because of these limita-
tions, this circuit is not commonly used
hut it serves to illustrate the principle.
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-

Fig. 57
cause of the phase relationships between
the primary and each half of the second-
ary of the input transformer (each half
of the secondary is connected in series
with the primary through capacitor C.,),
the rf voltages applied to the diodes be-~
come unequal as the rf signal swings
from the resonant frequency in each
direction.

Since the swing occurs at audio
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frequencies (determined by the af modu-

{ation), the voltage developed across the
diode load resistors, R: and R, connected
In series, varies at audio frequencies.The
output voltage depends on the difference
in amplitude of the voltages developed
across R: and R.. These voltages are
equal and of opposite sign when the rf
carrier is not modulated and the output
is, therefore, zero. When modulation is
applied, the output voltage varies as
indicated in Fig. 58.

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

Another form of detector for fre-
(uency-modulated waves is 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
circuit consisting of C: and the primary
transformer T. The tuning and coupling
of the transformer is practically the
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same as in the previous ecircuit 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
rhe same rf half-cycle. The rectified cur-
tent through R, causes a negative volt-
age to appear at the plate of diode 1.
Because C; is large, this negative voltage
at the plate of diode 1 remains constant
even at the lowest audio frequencies to
be reproduced.

The rectified voltage across Cj; is
proportional to the voltage across diode
1, and the rectified voltage across Cy is
proportional to the voltage across diode
2. Since the voltages across the two
diodes differ according to the instan-
taneous frequency of the carrier, the
voltages across C; and C, differ propor-
tionately, the voltage across C; being
the larger of the two voltages at carrier
frequencies below the intermediate fre-
quency and the smaller at frequencies
above the intermediate frequency.

These voltages across C; and C, are
additive and their sum is fixed by the
constant voltage across Ces. 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.

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 andif gain
s0 that this gain is less for a strong signal
than for a weak signal. In this way,
when the signal strength at the antenna
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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.

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
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Fig. 60
Because of the flow of diode current
through R, there is a voltage drop across
R, which makes the left end of R: nega-
tive 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 decreases from a previous steady
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 R., prevents the
ave voltage from varying at audio fre-
quency. The filter is necessary because
the voltage drop across R: varies with
the modulation of the carrier being re-
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ceived. If ave voltage were taken directly
from R, without filtering, the audio
variations in avc voltage would vary the
receiver gain so as to smooth out the
modulation of the carrier. To avoid this
effect, the ave voltage is taken from the
capacitor C. Because of the resistance
R. in series with C, the eapacitor 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
cireuit from smoothing out audio modu-
lation.

It will be seen that an ave circuit
and a diode-detector circuit are much
alike. It is therefore convenient in a re-
ceiver to combine the detector and the
ave diode in a single stage. Examples of
how these functions are combined in
receivers are shown in CIRCUIT
SECTION.

In the circuit shown in Fig. 60, a
certain amount of ave negative bias is
applied to the preceding stages on a
weak signal. Since it may be desirable
to maintain the receiver rf and if gain
at the maximum possible value for a
weak signal, ave circuits are designed in
some cases to apply no ave bias until the
signal strength exceeds a certain value.
These ave circuits are known as delayed
ave or dave circuits.

A dave circuit is shown in Fig. 61.
In this circuit, the diode section D, of
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R, is the diode load resistor and R, and
C, are the ave filter. Because the cathode
of diode D, is returned through a fixed
supply of -3 volts to the cathode of D, a
de current flows through R, and R, in
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series with D,. The voltage drop caused
by this current places the ave lead at
approximately —3 volts (less the negligi-
ble drop through D;). When the average
amplitude of the rectified signal devel-
oped across R: does not exceed 8 volts,
the ave lead remains at —3 volts. Hence,
for signals not strong enough to develop
3 volts across Ry, the bias applied to the
controlled tubes stays constant at a
value giving high sensitivity.

However, when the average ampli~
tude of rectified signal voltage across Ra
exceeds 8 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 avelead is then con-
trolled by the voltage developed across
Ri. Therefore, with further increase in
signal strength, the ave circuit applies
an increasing ave 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 Ds, this portion being approxi-
mately equal to R:/(R: + R.) times -3
volts. Hence, with the circuit constants
as shown, the detector plate is made
negative with respect to its cathode by
approximately one-half volt. However,
this voltage does not interfere with de-
tection because it is not large enough to
prevent current flow in the tube.

Automatic gain control (age) com-
pensates for fluctuations in rf picture
carrier amplitude. The peak carrier level
rather than the average carrier level is
controlled by the age voltage because
the peaks of the synec 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 age circuit, such as
that shown in Fig. 62, consists of a diode
detector circuit and an RC filter. The
time constant of the detector circuit is
made large enough to prevent the pic~
ture content from influencing the mag-
nitude of the age voltage. The output
voltage (age voltage) is equal to the



peak value of the incoming signal.

The diode detector receives the in-
coming signal from the last if stage of
the television receiver through the ca-
pacitor Ci. The resistor R. provides the
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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
R.C,, however, only a small percentage
of the voltage across C. is lost during the
interval between horizontal sync pulses.
During succeeding positive cycles, 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 syne 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 sync 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 de 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 aetion than the conventional
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age circuits because the filter circuit can
employ lower capacitance and resistance
values.

In the keyed age system, the nega-
tive output of the video detector is fed
directly to the grid No.l of the first
video amplifier. The positive output of
the video amplifier is, in turn, fed di-
rectly to the grid No.1 of the keyed age
amplifier. The video stage increases the
gain of the age system and, in addition,
provides noise clipping. The plate volt-
age for the age amplifier is a positive
pulse obtained from a small winding on
the horizontal output transformer which
isin 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
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biased so that current flows only when
the grid No.1 and the plate are driven
positive simultaneously. The amount of
current flow depends on the grid-No.1
potential during the pulse. These pulses
are smoothed out in the RC network in
the plate circuit (R.C:). Because the de
voltage developed across R, is negative,
it is suitable for 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 as a de
amplifier and (2) an electron-ray indi-
cator which is located in the bulb as
shown in Fig. 64. The target is operated
at a positive voltage and, therefore, at-
tracts electrons from the cathode. When



the electrons strike the target they pro-
duce a glow on the fluorescent coating
of the target. Under these conditions,
the target appears as a ring of light.

A ray-control electrode is mounted
between the cathode and target. When
the potential of this electrode is less posi~
tive than the target, electrons flowing to
ihe target are repelled by the electro-
static field of the electrode, and do not
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2= BLATE
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Fig. 64
reach that portion of the target behind
the electrode. Because the target does
not glow where it is shielded from elec-

trons, the control electrode casts a
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
clectrode 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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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
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the 6AF6-G. This tube contains only an
indicator unit but employs two ray-con-
trol electrodes mounted on opposite sides
of the cathode and connected to indi-
vidual base pins. It employs an external
dc amplifier. (See Fig. 66.) Thus, two
symmetrically opposite shadow angles
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may be obtained by connecting the two
ray-control electrodes together; or, two
unlike patterns may be obtained by in-
dividual connection of each ray-control
electrode to its respective amplifier.

In radio receivers, ave voltage is
applied to the grid of the de¢ amplifier.
Because ave voltage is at maximum
when the set is tuned to give maximum
response to a station, the shadow angle
is at minimum when the rveceiver 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-cutofl tri-
ode which closes the shadow on a larger
value of ave voltage than the 61£5. The
6AF6-G may be used in conjunction
with de amplifier tubes having either
remote- or sharp-cutoff characteristics.

Oscillation
As an oscillator, an electron tube
can be employed to generate a continu-
ously alternating voltage. In present-
day radio broadcast receivers, this ap-
plication is limited practically to super-
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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

8~ HEATER B+
TRANSFORMER

Fig. 68
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
tube will oscillate. The action consists
of regular surges of power between the
plate and the grid circuit at a frequency
dependent on the circuit constants of
inductance and capacitance. By proper
choice of these values, the frequency
may be adjusted over a very wide range.

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

P =9

Fig. 69
alternate shifting of conduction from
one tube to the other. The cycle usually
starts with one tube, V,, at zero bias,
and the other, V,, at cutoff or beyond.
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At this point, the capacitor C; is charged
sufficiently to cut off V.. C. then begins
to discharge through the resistor Ry, 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 of
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 agiven amplitude and 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 conduection 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 cireuit 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-
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tional blocking oscillator which enables
a sawtooth voltage to be developed
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= Fig. 70
across the capacitor C.. A portion of this
sawtooth is fed back to the grid of the
control tube, V. The positive sync pulses
are also applied to the grid of V.. The
waveforms shown in Fig. 71 illustrate
the sawtooth and syne pulses (A and B)
and their proper “in-sync” combination
(C). The syne 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
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frequency of oscillations until proper
synchronization results.

The blocking oscillator can be made
more immune to changes in frequency
and noise if V; is brought out of cutofl
very sharply. This effect is obtained by
sine-wave stabilization. The tuned cir-
cuit L;~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
OUT OF CUTOFF BY
SLIGHT CIRCUIT
VARIATIONS.
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Deflection Circuits
Vertical Ouiput Circuits

A modified multivibrator in which
the vertical output tube is part of the
oscillator circuit is used in the vertical
deflection stage of many television re-
ceivers. This stage supplies the defiec-
tion energy required for vertical deflec-
tion of the picture-tube beam. A simpli-
fied combined vertical-oscillator-output
stage is shown in Fig. 78. Waveshapes at
critical points of the circuit are included
to illustrate the development of the de-
sired current through the vertical out-
put transformer and deflecting yoke.

The current waveform through the
deflecting yoke and output transformer
should be a sawtooth to provide the de-
sired deflection. The grid and plate volt-
age waveforms of the output tube could
also be sawtooth except for the effect of
the inductive components in the yoke
and transformer. The effect of these in-
ductive components must be taken in-
to 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

]
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Fig. 72
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thetube closeto 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;

a Fig. 74 b

does not discharge completely when V,
conducts. When V1 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.
T4(b). The negative-going pulse of the
grid-voltage waveshape prevents the high
plate pulse from causing excess conduc-
tion, and thereby prevents overdamping.

This vertical deflection stage uti-
lizes twin-triode tubes such as the 6DR7
and 6EMT7. The 6EMT7 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 used in 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

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 6DQ6-B, 6CD6-
GA, or 6GW6.

In this circuit, a sawtooth voltage
from the horizontal-oscillator tube is ap-
plied to the grid No.1 of the horizontal-
output tube. When this voltage rises
above the 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 Kc 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 onthe 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--. 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 tothepicture tube. A suitable
circuit using the 6BK4 for regulation of
the output of a high-voltage, high-impe-
dance supply is shown in Fig. 76. In this
circuit, the cathode is held at a fixed
positive potential with respect toground.
Because the grid potentialis kept slightly
less positive by the voltage drop across
resistor Ro, 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
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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,
Rg, which tends to counteract the origi-
nal rise of the voltage. If desired, the
grid may be connected to a variable
point on the voltage divider to allow
some adjustment of the output-voltage
level.

The circuit shown in Fig. 76 com-
pensates for both load-current and line-
voltage variations. The output of a reg-
ulated 25,000-volt supply using this
circuit does not drop more than 500
volts as the load current increases from
0 to 1 milliampere. Variations in output
voltage may be kept within =1 per cent
for input-voltage changes of =10 per
cent. If desired, the compensation for
input-voltage changes may be elimi-
nated while compensation for load-cur-
rent changes is maintained.

Frequency Conversion

Frequency conversion is used in
superheterodyne receivers to change the
frequency of the rf signal to an inter-
mediate frequency. To perform this
change in frequency, a 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
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RADIO

FREQUENCY INTERMEDIATE

FREQUENCY

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.
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-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. 8 and No.
5, which are connected together within
the tube, is to accelerate the electron
stream and to shield grid No. 4 electro-
statically from the other electrodes.

Pentagrid-converter tubes of this
design are good frequency-converting
devices at medium frequencies. How-
ever, their performance is better at the
lower frequencies because the output of
the oscillator drops off as the frequency
is raised and because certain undesirable
effects produced by interaction between
oscillator and signal sections of the tube
increase with frequency.

To minimize these effects, several
of the pentagrid-converter tubes are de-
signed so that no electrode functions
alone as the oscillator anode. In these
tubes, grid No. 1 functions as the oscil-
lator grid, and grid No. 2 is connected
within the tube to the screen grid (grid
No. 4). The combined two grids, Nos. 2
and 4, shield the signal grid (grid No. 8)
and act as the composite anode of the
oscillator triode. Grid No. 5 acts as the
suppressor grid.

Converter tubes of this type are de-
signed so that the space charge around
the cathode is unaffected by electrons
from the signal grid. Furthermore, the
electrostatic field of the signal grid also
has little effect on the space charge. The
result is that rf voltage on the signal
grid produces little effect on the cathode
current. There is, therefore, little detun-
ing of the oscillator by ave bias because
changes in ave bias produce little change
in oscillator transconductance or in the
input capacitance of grid No. 1. :

Examples of the pentagrid conver-
ters discussed in the preceding para-
graph are thesingle-ended types 1R5 and



6BE6. A schematic diagram illustrating
the use of the 6BE6 with self-excitation
is given in Fig. 78; the 6BE6 may also
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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 wnit, (2) the transferring of this
frequency to the hexode grid No. 1, and
(3) 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.

Electron Tube Applications
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The tube contains a heater-cathode,
five grids, and a plate. Grids Nos. 1 and
3 are control grids. The rf signal voltage
is applied to grid No. 1. This grid has a
remote-cutoff characteristic and is suited
for control by ave bias voltage. The
oscillator voltage is applied to grid No.
3. This grid has a sharp-cutoff character-
istic and produces a comparatively large
effect on plate current for a small amount,
of oscillator voltage. Grids Nos. 2 and 4
are connected together within the tube.
They accelerate the electron stream and
shield grid No. 8 electrostatically from
the other electrodes. Grid No. 5, con-
nected within the tube to the cathode,
functions similarly to the suppressor
grid in a pentode.

In the converter or mixer stage of a
television receiver, stable oscillator oper-
ation is most readily obtained when
separate tubes or tube sections are used
for the oscillator and mixer 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.

BF INPUT ey

osciLLator
TUBE

MIXER
= TUBE
Fig. 79
Tubes containing electrically independ-
ent oscillator and mixer units in the
same envelope, such as the 6U8-A and
6X8, are designed especially for this
application.

Avutomatic Frequency Conirol
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
tuned. 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 bhe
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).

i

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 sync-separator circuit are fed

through a single-triode phase-inverter or
phase-splitter circuit to the two diode
units of the 6AL5. Because of the action
of the phase-inverter circuit, the signals
applied to the two diode units are equal
in amplitude but 180 degrees out of
phase. A reference sawtooth voltage ob-
tained from the horizontal output cir-
cuit is also applied simultaneously to
both units. Any change in the oscillator
frequency alters the phase relationship
between the reference sawtooth and the
incoming horizontal sync pulses, causing
one diode unit of the 6AL5 to conduct
more heavily than the other, and thus
producing a correction signal. The sys-
tem remains balanced at all times, there-
fore, because momentary changes in
oscillator frequency are instantaneously
corrected by the action of the control
voltage.
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Fig. 81

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 preventsthehorizontalsyncpulses
from affecting the horlzontal-oscﬂlator
performance.
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Electron Tube Installation

The installation of electron tubes
requires careif 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 tothe filament or heater,
but most satisfactory results are obtained
from operation at the rated values. When
the voltage is low, the temperature of
the cathode is below normal, with the
result that electron emission is limited.
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 dc 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-
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
filamentsubminiaturesareoperatedfrom
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
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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 dc 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,



e RCA Receiving Tube Mannal

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

- In the case of the series arrange-
ments of filaments and/or heaters, a
voltage-dropping 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)

Thus, if a receiver using two IT'4’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)
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divided by 0.3 ampere (the sum of
4 %X 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 value is 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 caleu-
lated by the following formula, also de-
rived from Ohm’s law.

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

Thus, if a receiver having one 6BES6, one
6BAS6, one 6AT6, one 25L.6-GT, and one
25Z6-GT is to be operated from a 117-
volt power line, the series resistor is
equal to 117 volts (the supply voltage)
minus 68.9 volts (the sum of 3 X 6.3
volts + 2 X 25 volts) divided by 0.3 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 0.3 ampere,
or approximately 14.4 watts. A resistor
having a wattage rating in excess of this
value should be chosen.

‘When the series-heater connection
is used in ac/dc receivers, it is usually
advisable to arrange the heaters in the
circuit so that the tubes most sensitive
to hum disturbances are at or near the
ground potential of the circuit. This ar-
rangement reduces the amount of ac
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.
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Heater-to-Cathode Connection

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

Hum from ac-operated heater tubes
used in high-gain audio amplifiers may
frequently be reduced to a negligible
value by employing a 15- to 40-volt bias
between the heater and cathode elements
of the tubes. The bias should be con-
nected so that the tube heater is positive
with respect to its cathode. Such bias
can be obtained from the regular plate-
supply rectifier of the amplifier.

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

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
cireuit 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
de 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 de supply, the grid return
is connected to a more negatlve 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-
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tive with respect to the cathode, the re- -
quired negative grid-bias voltage can be
obtained by connecting the grid return
to the negative end of the resistance.
The value of the resistance for
cathode-biasing a single tube can be de-
termined from the following formula:

Resistance (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 3 milliamperes plate current is 9 X
1000:/3 = 3000 ohms. If the cathode cur-
rent of more than one tube passes through

QUTPUT
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Fig.
the resistor, or if the tube or tubes em-
ploy more than three electrodes, the
total current determines the size of the
resistor.

Bypassing of the cathode-bias re-
sistor depends on circuit-design require-
ments. In rf circuits the cathode resistor
usually is bypassed. In af circuits the use
of an unbypassed resistor will reduce
distortion by introducing degeneration
into the circuit. However, the use of an
unbypassed resistor decreases gain and
power sengitivity. 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 6BAS, 6CB6, and 6AC7, input
capacitance and input conductance
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change appreciably with plate current.
When such a tube having a separate-
suppressor-grid connection is used as an
rf amplifier, these changes may be mini-
mized by leaving a certain portion of the
cathode-bias resistor unbypassed. In
order to minimize feedback when this
method is used, the external grid-No.1-
to-plate (wiring) capacitances should be
kept to a minimum, the grid No.2 should
be bypassed to ac ground, and the grid-
No.3 should be connected to ac ground.

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

QUTPUT
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O
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' C=BYPASS CAPACITOR
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application of a signal. In such ampli-
fiers, a separate fixed supply is recom-
mended.

The grid-resistor biasing method
is also a self-bias method because it
utilizes the voltage drop across the grid
resistor produced by small amounts of
grid current flowing in the grid-cathode
circuit. This 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 21-1 and 21-4 in the
CIRCUIT SECTION. In both of these
circuits, the audio amplifier type 1U5 or
12AV6 has a 10-megohm resistor be-
tween the grid and the negative filament
or cathode to furnish the required bias
which is usually less than 1 volt. This
method of biasing is used principally in
the early voltage amplifier stages (usu-
ally employing high-mu triodes) of audio
amplifier circuits, where the tube dissi-
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pation will not be excessive under zero-
signal conditions.

A grid resistor is also used in many
oscillator circuits for obtaining the re-
quired bias. In these circuits, the grid
voltage is relatively constant and its
magnitude is usually in the order of 5
volts or more. Consequently, the bias
voltage is obtained only through grid
rectification. A relatively low value of
resistor, 0.1 megohm or less, is used.
Oscillator circuits employing this method
of bias are given in circuits 21-1 and
21-4 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

Fig. 84

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-
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

Fig. 85

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

Electron Tube Installation

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.

At A~ B-
Fig. 86

Be

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 positive grid current starts to flow
is generally referred to as contact po-
tential. Contact potential is caused by
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Fig. 87

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

The value of the contact-potential
voltage may be as high as 114 volts. If
the operating bias of the tube is less than
the contact potential, it is found that
two effects are present. Direct current
flows in the grid circuit, and the dy-
namic input resistance of the tube may
be relatively low. It is generally desir-
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able to supply the tube with a value of
bias sufficiently high so that the tube is
not operating within the contact-poten-
tial region. When a tube must be oper-
ated within this region, care should be
taken to avoid undesirable effects in the
grid circuit due to grid current or low
input resistance.

Screen-Grid Voltage Supply

The positive voltage for the screen
grid (grid No.2) of screen-grid tubes
may be obtained from a tap on a voltage
divider, from a potentiometer, or from
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
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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
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the cathode-biasing method, it mini-
mizes the need for circuit adjustments.
Fig. 89 shows a pentode with its screen-
grid voltage supplied through a series
resistor.

When power pentodes and beam
power tubes are operated under condi-
tions such that there is a large change
in plate and screen-grid currents with
the application of signal, the series-
resistor method of obtaining 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 increasein 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. 83.) 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 circuit of each
stage must be shielded from the input
circuit of thatstage. Each high-frequency
stage also must be shielded from the
other high-frequency stages. Unless
shielding is employed, undesired feed-
back may 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 cathode ground.

Particular care should be taken
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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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low-impedanece 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 dc voltage drop through the filter.
In circuits where the currert is small (a
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-
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quency amplified should not be more
than one-fifth of the impedance of the
filter choke or resistor at that frequency.
Better results will be obtained in special
cases if the ratio is not more than one-
tenth.

Radio-frequency circuits, particu-
larly at high frequencies, require high-
quality capacitors. Mica or ceramic ca-
pacitors are preferable. Where stage
shields are employed, filters should be
placed within the shield.

Another important application of
filters is to smooth the output of a recti-
fier tube. See Rectification. A smoothing

CHOKE-INPUT TYPE FILTER
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Fig.

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 the load 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-
taneous peak value of the ac input volt-
age. This peak value is about 1.4 times
the rms value as measured by an ac
voltmeter. Filter capacitors, therefore,
especially the input capacitor, should
have a rating high enough to withstand
the instantaneous peak value if break-
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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
50-cycle supply line, etc.). It is usually
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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
shielding between primary and second-
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ary are not likely to transmit rf disturb-
ances to the line. Often the interference
may be eliminated simply by making
the plate leads of the rectifier extremely
short. In general, the particular method
of interference elimination must beselect-
ed by experiment for each installation.

Output-Coupling Devices

An output-coupling device is used
in the plate circuit of a power ocutput
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 de plate current
component of the signal voltage but op-
poses the flow of the fluctuating compo-
nent. A bypass capacitor of 2 to 6 micro-
farads supplies a path to the speaker
winding for the signal voltage. The
choke-coil output coupling device, how-
ever, is now only of historical interest.

The transformer type is constructed
with two separate windings, a primary
and a secondary wound on an iron core.
This construction permits designing each
winding to meet the requirements of its
position in the 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.
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High-Voltage Considerations for
Television Picture Tubes

Like other high-voltage devices,
television picture tubes require that
certain precautions be observed to mini-
mize the possibility of 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-
voltage system may be subject to corona,
especially when the humidity is high,
unless suitable precautions are taken.
Corona, which is an electrical discharge
appearing on the surface of a conductor
when the voltage gradient exceeds the
breakdown value of air, causes deterio-
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ration of organic insulating materials
through formation of ozone, and induces
arc-over at points and sharp edges. Sharp
points or other irregularities on any part
of the high-voltage system may. increase
the possibility of corona and should be
avoided.

In the metal-shell picture tubes, the
metal lip at the maximum diameter has
rounded edges to prevent corona. Ade-
quate spacing between the lip and any
grounded element in the receiver, or be-
tween the small end of the metal shell
and any grounded element, should be
provided to preclude the possibility of
corona. Such spacing should not be less
than 1 inch of air. Similarly, an air space
of 1 inch, or equivalent, should be pro-
vided around the body of the metal
shell. As a further precaution to prevent
corona, the deflecting-yoke surface on
the end adjacent to the shell should pre-
sent a smooth electrical surface with
respect to the small end of the metal
shell or the ultor terminal of all-glass
tubes.
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Picture-Tube Safety Considerations

Tube Handling. Breakage of 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.



Interprétation 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 arereferred. For types
having filaments heated with ae, the
mid-point (i.e., the center tap on the fila-
ment-transformer secondary, or the mid-
point on a resistor shunting the filament)
is taken as the datum point. For types
having unipotential cathodes indirectly
heated, the cathode is taken as the
datum point.

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 are lim-
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-
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

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

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 most 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-
isties, 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

_3Eg
AR / o
HEATER
SUPPLY VOLTS -
RMS OR DC=4E ¢ £=08 £¢(E)

Eg=RATED HEATER VOLTAGE
If=RATED HEATER CURRENT

Fig. 94

resistance having a value 3 times the
nominal heater operating resistance
(R = 3 Ei/Iy), and a voltage having a
value 4 times the rated heater voltage
(V = 4 E;) is then applied. The warm-up
time is determined when E = 0.8 Er.
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.
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Grid-No.2 (Screen-grid) Input is the
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 the screen-grid voltage is sup-
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
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 permissible screen-grid (grid-No.2)
input varies with the screen-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
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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 decreased. 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
minimum value of resistor that will as-
sure tube operation within the boundary
of the curve can be determined from the
following relation:

Ee2 (Eccz———Ecz)

: >
Rg: = Po

where R, is the minimum value for the
voltage-dropping resistor in ohms, E¢, is
the selected screen-grid voltage in volts,
Eeos is the screen-grid supply voltage in
volts, and Pe. is the screen-grid input in
watts corresponding to Ecs.

THIS CURVE ALSO APPLIES TO TYPES'
IN WHICH GRIDS Ne2 & N24 ARE
CONNECTED TOGETHER WITHIN THE TUBE

20}t
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MAX. GRID-N22 INPUT RATING
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Fig. 95
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Interpretation

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 de¢ output current is the
highest average plate current which can
be handled continucusly by a rectifier
tube. I'ts value for any rectifier tube type
is based on the permissible plate dissipa-
tion of that type. Under operating con-

AVERAGE PLATE
7

of Tube Data

ditions involving a rapidly repeating
duty cycle (steady load), the average
plate current may be measured with a
dec meter.

Curves of average plate character-
istics for several half-wave vacuum
rectifiers are given in Figs. 96 and 97.
These curves are shown solid up to the
maximum average or de¢ plate-current
rating of each type. The curves in Fig.
96 are for high-voltage types having
pulsed rectifier ratings. The curves in
Fig. 97 are for damper tubes.

CHARACTERISTICS

7 7
/l , Y //
L Z vd
/ d
4 , Y /382
’ z e
/, < 1
@ 3A2 183-GT 4 Ve
« 1x2-A% 7 3A3 /
8 7l 717
3 ’ AL L7
< IX2-8
E / vl ota 4
2 / 7,77 7 —
2 )i 407 // _ Tk
y
u / /,// 7 L ] -
j 4 4’/// /’ —
a L/ v’ o +
20 A :”A ="
L [~
7 LET - L~
I * CURVE FOR 183-GT APPLIES TO THE
IX2~A WITHIN ITS MAXIMUM RATING ]
o 100 200 300 voiog 560 600
DC PLATE VOLTS 92CM-8334T3
Fig. 96
AVERAGE PLATE CHARACTERISTICS
T
£¢76.3 YOLTS
1400
1200
« //
[ 1000 Z6AU4-GTA 1
w 7 ~
o e -1 6AY3
2 L7 L.~ |e8H3
5 ] 6DE4
o 800 Py = 60M4
= -
H » P
, .
W 7z 1
k600 4.7 6Wa-GT + ~ 7 6AX4-GT
1 prd L - P
& ,;/ - P
400 s = =
|~
//"'// - - L~
_ 4
200 2% A7 _4-7
= -
%4
o ) 20 30 40 50 60 70
ATE VOLTS
PC PLATE VOLT 92¢M-8333T3
Fig. 97

6

7

REp——



=== RCA Receiving Tube Manual

Maximum peak plate current is
the highest instantaneous plate current
that a tube can safely carry recurrently
in the direction of normal current flow.
The safe value of this peak current in
hot-cathode types of rectifier tubes is a
function of the electron emission 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, measureit 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. 98, 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

Itigr. 98

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-

68

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-~
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-
tronic voltmeter is useful in determining
the actual peak inverse voltage.

In single-phase, full-wave circuits
with sine-wave input and with no ca-
pacitor across the output, the peak in-
verse voltage on a rectifier tube is ap-
proximately 1.4 times the rms value of
the plate voltage applied to the tube. In
single-phase, half-wave circuits with
sine-wave input and with capacitor in-
put to the filter, the peak inverse voltage
may be as high as 2.8 times the rms
value of the applied plate voltage. In
polyphase 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 ecapacitor-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
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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 curveat 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 conveniencein calculations. Do NOT
operate a tube outside of its maximum
ratings. :

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

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

tance.

TRUE RMS
VACUUM-TUBE
VOLTMETER

Fig. 99

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. 99. The output of the test circuit
is fed into a low-noise amplifier. The
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
to minimize 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-

RCA Receiving Tube Manunal

ereasing or decreasing the grid resistance
Rg. No circuit changes affect the com-
ponent of magnetic hum generated by
the tube.

TYPICAL TUBE-PART MATERIALS

27iF

1. ENVELOPE—Lime glass
2., SPACER—Mica sprayed with magne-
sium oxide

PLATE—Carbonized nickel or nickel--
plated steel

GRID WIRES — Manganese-nickel or
molybdenum

GRID SIDE-RODS—Chrome copper,
nickel, or nickel-plated iron
CATHODE — Nickel coated with bar-
ium-calcium-strontium carbonates
HEATER —Tungsten or tungsten-mo-
lybdenum alloy with insulating coat-
ing of alundum

3,

N
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8. CATHODE TAB—Nickel

9. MOUNT SUPPORT—Nickel or nick-
el-plated iron

10. GETTER SUPPORT AND LOOP—
Nickel or nickel-plated iron

11. GETTER—Barium-magnesium alloys

12. HEATER CONNECTOR-—Nickel or
nickel-plated iron

13. STEM LEAD-IN WIRES—Nickel,
dumet, copper '

14. PRESSED STEM—Lead glass
15. BASE—Bakelite
16. BASE PINS—Nickel-plated brass



RCA Receiving

In the accompanying chart, RCA
receiving tubes are classified in two ways,
(a) by function, and (b) by structure
(diode, triode, ete.). The functional clas-
sification covers the 18 principal types
of application. These applications are
listed below for your convenience in
using the chart.

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

Triodes are designated as low-, me-
dium-~, or high-mu on the following basis:
low-mu—mu less than 10; medium-mu
—mu 10 or more, but less than 50; high-
mu—mu 50 or more. Where applicable,
tubes are designated as sharp-, semi-
remote-, or remote-cutoff on the basis of

Tube Chart

the ratio, in per cent, of the negative
control-grid voltage to the screen-grid
voltage (or, for triodes, the plate vol-
tage) as given in the characteristics or
typical operation values. These terms
are defined as follows: sharp-cutoff—less
than 10 per cent; semiremote-cutoff —10
or more but less than 20 per cent; re-
mole-cutoff—20 per cent, or more.

For more complete data on these
types, refer to the TUBE TYPES
TECHNICALDATASECTION. When
choosing a tube type, refer to the list-
ing of Types Not Recommended for New
Equipment Design on the inside back
cover. '

For information on picture tubes,
refer to the RCA PICTURE TUBE
CHARACTERISTICS CHART.

APPLICATIONS:

1. Voltage Amplifiers 7. Mixers
2. Power Amplifiers

3. Converters

4. Mixer-Oscillators
5. UHF Oscillators

6. HF Oscillators

10. Complex-Wav

12. FM Detectors

8. Electron-Ray Tubes
9. Gated Amplifiers

11. Regulators (High-Voltage,
Low Current)

13. Relay-Controli

14. Television Deflection
15. Power-Supply Rectifiers
16. High-Voltage Rectifiers
17. Damper Tubes

18. Detector Diodes

e Generators

1. VOLTAGE AMPLIFIERS Twin Unit
Low-Mu Triodes » 4BC8 o 6C8-G * 8FQ7
- ' « 4BQ7-A « 6CGT « 9AUT
Single Unit * 4BS8 o 6F8-G o 12AH7-GT
¢ 12B4-A 27 » 4BZ7 ° 6FQ7 e 12AUT-A
» SBK7-A « 6FW8 o 12AV7
With Twin Diodes ¢ SBQ7-A ® 6J6 e 12AY7
® 5J6 ° 6J6-A e 12BH7-A
* 12FK6 » 6BC8 o 6SN7-GTB o 12SN7-GT
» 6BK7-B TAF7 o 12SN7-GTA
With Medium-Mu Triode * 6BQ7-A o 7AU7 o 1207
o 12AE7 ® 6BS8 TF8 14AF7
» 6BZ7 TNT 14K8
With Pentode ® 6BZ8 ¢ 8CG7 e 1936
o 6ADT-G 6FT With Twin Diodes
» 6BF6 o 6R7 « 12BF6
Medium-Mu Triodes » 6BJS o 6SR7 « 12FM6
Single Unit ® 6BVS o 12AEG-A o 12SR7
ingle Uni
1LE3 « 6BC4 ° 6J5 With Low-Mu Triode
« 2BN4 » 6BN4 0 6J5-GT » 12AE7
« 2BN4-A « 6BN4-A TA4 o .
+ 3BN4 0 6C5 0 12J5-GT With High-Mu Triode
« 3BN4-A ¢ 12DW7 e 7247
« Miniature o Octal > Nuvistor » Novar » Miniature o Octal > Nuvistor » Novar
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VOLTAGE AMPLIFIERS (cont’d) With Triple Diodes
Medium-Mu Triodes (cont’d) * g;: or o 6T8-A * 1978
o 6S8-
With Tetrode
* 5CL8-A « 6COS8 ¢ 12DY$ With Medium-Mu Triode
PN *9CLS *19CLS-A * 12DW7 o 7247
With Peniode With Pentode
« SATS « 6AUS « 6EHS * SCM8 * 6GNS ° 8GN8
~ 5AVS * 6AUS-A « 6EUS * SDHS * GHI8 » 10C8
« 5B8 « GAXS . oUS-A » GAWS-A e BAWS-A » 10HFS
« SBES * 6AZS o 6X8 * 6CM3 * SEBS *35DZ8
« 5BRS o 6BAS-A « 8AU8 o 6EBS
«5CG8 » GBHS « 8BAS-A . .
« 5EAS « 6BRS « SBHS Variable-Mu Triodes
« SEUS » GBRS-A « 8CX8 Twin Unit
« 5U8 ¢ 6CG8-A * 9US-A
o 5X8 * GCHS « 12CT$ * 4ES8 * 6ESS
o 6ANS « 6CUS « 12ECS
o GANS-A * 6CX8 « 19EAS Sharp-Cutoff Tetrodes
© 6ATS-A * GEAS o 7199 Single Unit
2CY5S ¢ 4CY5 * 6EVS
With Peniode and Diode : 3CYS ° 6CY5 ° SEV6
o 12FR8 o 3EAS o 6EAS 24-A
High-Mu Triodes With Triode
Single Unit o 5CL$-A  6CL8-A » 9CL3
> 2CW4 > 6DS4 o 6GKS * 5CQ8 ° 6CQ8 * 19CL8-A
« 2ERS « 6ERS > 6SF5
* 6AB4 « 6ESS © 6SF5-GT Sharp-Cutoff Pentodes
« 6AM4 o 6FS 78B4 Single Unit
. ?‘é‘:\‘; * 6FHS © 128F5 1LNS o GAKS 0 68J7-GT
>0 o IN5-GT « 6AUG 7AGT
Twin Unit . 104 e 6AUG-A TAHT
« 6AQS « 12AT7 « 12DTS : gggg’ : gggi 32:’,
« 6DTS « 12AX7 - 125C7 S 3che 6Ce v
« 6EUT « 12AX7-A 5 12SL7-GT * 3CEs " 6CB6 JASS
0 65C7 * 12427 1ag7 o 3CF6 o 6CB6-A « 12406
0 6SLT-GT « 12AZ7-A « 20EZ7
i ppeaal provs o 3DK6 o 6CES o 12AW6
3 o 4AUG « 6CF6 « 12BV7
Trivle Unit o 4BCS « 6DC6 « 12BY7-A
- } o 4CB6 o 6DE6 0 1237-GT
* 6EZ8 ¢ 6GY$ o 4DE6 « 6DK6 0 12837
With Diode ¢ 4EW6 ¢ GEW6 o 12SH7
, « SEW6 0 637 14C7
o 1H5-GT TLH4 0 6AB7 0 6J7-GT » 18GD6-A
With Twin Diodes 0 6ACT o 6SH7 * 5879
« 3AV6 0 65Q7 « 12AV6 : g’:gi ° 6547 ° 7543
 4AV6 o 65Q7-GT « 12BR7
« 6AQ6 786 « 12EL6 . .
0 6AQT-GT 7C6 © 12Q7-GT Twin Unit
o GAT6 TR 5 128Q7 « 3BUS ¢ 4GS8/4BU3 e 6HSS
* 6AV6 N  128Q7-GT ¢ 4BUS * 6BUS
o 6BNS o 8BNS 14B6 o
« 6CN7 « 8CN7 « 14GT$ With Diode
« 6EM$ * 9BR7 « 18FY6 1LDS o 5AMS * 6ASS
0 6Q7 o 12400 « 18FY6-A 0 1S5 o 5AS8  6BY8
0 6Q7-GT o 12416 75 o 1U5 o 6AMS-A

o Miniature o Octal i Nuvistor » Novar e Minijature o Octal b Nuvistor » Novar
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Wiith Twin Diodes
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With Twin Diodes

« SBT8 & 6BWS ® SET7 TE7 e 1218 14R7
« 5SBW8 7R7
With Triode With Triode
e SANS e OAUS-A ¢ 6GN§ 6F7
o 5ATS * GAWS-A o 6HF8
* 5AVS * 6AZ8 * 6US-A
e SB8 o 6BAS-A . 6X8 With Triode and Diode
« 5BES « 6BHS * 8AUS o 12FRS
* 5BRS » 6BRS o SAWS-A
e 5CG8 e 6BRS-A e 8BAS-A
* 5CMS$ ® 6CGS-A * 8BHS Pentagrid
& SDHS e GCHS e 8CX8 e 12EG6
* SEAS * 6CM8 » SEBS
s SEUS e 6CUS e 8GNS )
* 5EVS ° 6CXS © 9UB-A Beam ‘Tubes
*5U8 * GEAS . 10C8 Single Unit
* 5X8 * GEBS e 10HFS N ; .
o GANS o 6EUS . 12CTS s 3BN6 * 4BN6 ® 6BN6
* 6AN8-A e GEUS e 19EAS
* 6ATS-A ® 6FV8 ® 7199
* 6AUS . -
2. POWER AMPLIFIERS
Semiremote-Cutoff Pentodes Low-Mu Triodes
Single Unit Single Unit
« 3BZ6 s 6BZ6 THT 2A3
® 4BZ6 * 6GMo6 e 12BZ6
* SGM6 0 6567 0 12567 Medium-Mu Triodes
With Diode Single Unit
« 1DN5 ® 6C4
With Twin Diodes Twin Unit
o 688 o 12C# ® 6J6 o 6N7 o0 6N7-GT
X e 6J6-A
With Triode
® 6AXS * 2EC8 High-Mu Triodes
J Single Unit
Remote-Cutoijf Pentodes o0 6AC5-GT
Single Unit
1LG5 0 6SK7-GT « 12DZ6 Tetrodes
¢« 1T4 o 6SS7 e 12EA6 Single Unit
 3BAG TAT « 12EK6 oingle Lnv
© 6BAG 7B7 0 12K7-GT o 12K5
e 6BD6 « 12AC6 o 12SK7
e 6BJ6 ® 12AF6 o 12SK7-GT ; :
th Diod.
6D6 e 12BA6 14A7 Wits Diode
o 6K7 e 12BD6  18FW6 e 12EM6
o 6K7-GT e 12BL6 » 18FW6-A
0 657 . liC}‘jS 8 With Twin Diode
o 65K7 * 12€X6 o 12DK7 e 12DS7 « 12DV8
. e 12DL8 « 12DU7 ® 12J8
With Diode
« 6CR6 s 12CR6 o 12SKE7 . .
o 6EQ7 o 12DES * 20EQ7 With Triode
o 6SF7 e 12EQ7 o 12AL8
e Miniature o Octal > Nuvistor » Novar o Miniature o Octal > Nuvistor » Novar
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Beam Power Tubes With Triode
Single Unit  12FX8
3LF4 0 6V6-GT ®25C5
o 3Q5-GT 0 6V6-GTA  25CA5 Octode
* 5AQ5 © 6W6-GT 0 25L6 7A8
0 5V6-GT 0 6Y6-G 0 25L6-GT
* 6AQ5-A 0 6Y6-GA « 34GD5
® 6ASS 7AS * 34GD5-A
« 6BF5 7Cs 35A5 4, MIXER-OSCILLATORS
e 6BK5 o 12AB5 * 35B5 .
* 6CA5 * 12AQ5 35C5 Triode-Tetrodes
« 6CM6 * 12BK5 * 35GL6 o 5CL8-A ® 6CL8-A « 9CL8
* 6CUS « 12CAS 0 35L6-GT * 5CQ8 + 6CQ8 « 19CL8-A
* GDB5 « 12CU5/12C5 50A5
o 6DG6-GT ¢ 12DB5 * S0BS Triode-Pentodes
* 6DS5 « 12ED5 * 50C5 .
5ATS 5X8
o 6FE5 o 12L6-GT o 50FES eBs . GATSA . g’g_ A
o 6L6 5 12V6-GT 0 50L6-GT « SBES » 6BRS . X8
o 6L6-GB o 12W6-GT o 5881 + 5BRS » 6BRS-A . OUS-A
© 6L6-GC * 25BKS ° 6973 *5CG8 » 6CG8-A + 12EC8
©6ve 0 7027-A o SEA8 * 6EA8 + 19EA8
With Diode S ppaicing o 19X8
o 70L7-GT o 117N7-GT o 117P7-GT * *
o 117L7-GT/ - )
1TMT.GT Triode-Hexodes
o 6K8 o 12K8
Pentodes
Single Unit Triode-Heptodes
0 1A5-GT « GEHS « 32ET5 737
6 1C5-GT o 6F6 o 35EHS
1LB4 o 6F6-G 41
. 154 o 6F6-GT 42 5. UHF OSCILLATORS
. 3Q4 0 6G6-G 43 .
. 354 o 6K6-GT 47 Triodes
e 3V4 7B5 * SOEHS Single Unit
o 6AGT * ¥BOS * SOEKS « 2AF4-A o 3AF4-A « GAF4-A
© GARS * 12DQ7 » 60FX5 IAFAB AR s
* 6BQ5 « 12EH5 * 7189 * *
e 6CL6 « 25EH5 » 7868
Twin Unit
o 6DZT 6. HF OSCILLATORS
With Triode Triodes
° 6AD7-G ¢ 35DZ8 Single Unit
e 6C4
3. CONVERTERS Twin Unit
Pentagrid 636 « 6J6-A
Single Unit
o 1A7-GT 0 6A8-GT « 12AD6
*1L6 « 6BAT7 » 12BA7
1LAG o 6BEG « 12BE6 7. MIXERS
1LC6 o 0SAT o 12GA6 Twin Triodes
o 1R5 5 6SAT-GT o 128A7 o
« 3BE6 . 6SBT-Y 0 12SA7-GT * 195
G6A7 788 14Q7 .
o 6A8 707 o 18FX6 Pentagrid
0 6A8-G 0 12A8-GT * 18FX6-A o 6L7
e Miniature o Octal t- Nuvistor » Novar o Miniature o Octal & Nuvistor » Novar
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8. ELECTRON-RAY TUBES
Single Indicator
With Triode

6ABS/6N5
6E5

6US e EM84/65G6

Twin Indicator
o 6AF6-G

Triple Indicator
o 6AL7-GT

9. GATED AMPLIFIERS

Pentode

» 6GY6

Pentagrid

o 3BY6 ¢ 4CS6 ° 6CS6
» 3CS6 « 6BY6

10.COMPLEX-WAVE GENERATORS
Diode—Sharp-Cutoff Twin-Plate Tetrode
» 6FA7

Medium-Mu Triode—Three-Plate Tetrode
e 6FHS

High-Mu Twin Double-Plate Triode
¢ 12FQ8

11. REGULATORS
(High-Voltage, Low-Current)

Beam Triode

o 6BK4

Receiving Tube Chart

14. TELEVISION DEFLECTION
Horizontal-Deflection Oscillators
Medium-Mu Twin Triodes

¢ 6CG7 ¢ 8CG7 ® 12AU7-A

° 6FQ7 * 8FQ7 e 12BH7-A

o 6SN7-GTB e 9AU7 o 12SN7-GTA
e TAU7

Medium-Mu Triode—Sharp-Cutoff Pentode
o SGHS e 6GHS

Horizontal-Deflection Amplifiers
Beam Power Tubes (Single Unit)

o 6AUS-GT » 6GTS o 17DQ6-8

o 6AV5-GA o 6GW6 » 17GJIS

o 6BG6-G o 12AV5-GA > 17GTS

o 6BG6-GA o 12BQ6-GTB - o 17GWé6

o 6BQ6-GTB/ 12CU6 o 18AS
6CU6 o 12DQ6-A o 19BG6-GA

o 6CBS5-A o 12DQ6-B o 21EX6

0 6CD6-GA o 12GC6 o 25AV5-GA

o 6DN6 » 12GJ5 o 25BQ6-GTB/

o 6DQ5 » 12GTS5 25CU6

o 6DQ6-A o 12GW6 o 25CD6-GB

o 6DQ6-B o 17BQ6-GLB o 25DN6

o 6EX6 ©o 17DQ6-A o 25EC6

» 6GJS

Vertical-Deflection
Oscillators and Amplifiers
Medium-Mu Twin Triodes

o 6BL7-GTA e 7AU7 ¢ 12BH7-A

o 6BX7-GT ® 9AUT o 12SN7-GTA
o 6SN7-GTB e 12AU7-A

Medium-Mu Dual Triodes

® 6CM7 o 6DN7 ¢ §CM7

e 6CS7

Medium-Mu Triode—Low-Mu Triode

o 6DE7 ¢ 10DE7 10EW7T
12. FM DETECTOR 6EW7 o 10EG7 ¢ 13DE7
Pentodes
o 3DT6 o 4DT6-A « 6DT6-A High-Mu Triode—Low-Mu Triode
e 3DT6-A e 6DT6 « 6GX6 e 6CY7 o 6EM7 * 11CY7
¢ 4DT6 e 6DR7 ¢ 10DR7 e 13DR7
o 6EA7 o 10EM7 o 13EM7
. Hi-Mu Triode—Sharp-Cutoif Pentode
13. RELAY-CONTROL - locs ’
Twin Triodes
e 6EV7 Verti : 1ot
ertical-Deflection Oscillators
Tetrode (With Triode) Triode With Pentode
e 12DY8 e SFV8 e 6FV8
& Miniature o Octal B Nuvistor » Novar & Miniature o Octal > Nuvistor » Novar
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TELEVISION DEFLECTION
Vertical-Deflection Oscillators

(cont’d)
Medium-Mu Twin Triodes
¢ 6CG7 *» 8CG7 » 8¥FQ7
¢ 6FQ7

Vertical-Deflection Amplifiers
Low-Mu Triodes

o 6AH4-GT o 6CK4 + 12B4-A
Medium-Mu Triodes
e 6S4-A

Medium-Mu Triode With Twin Diodes
* 6BJ8

Beam Power Tubes

® 5CZ5 « 6DTS o 7EY6
* 6AQ5-A * 6DWS » 8EMS5
* 6BFS » 6GEMS « 12DBS
* 6CM6 o 6EY6 » 12DT5
» 6CZ5 o 6EZ5 o 12EN6
+ 6DB5S o 6V6-GTA * 12R5
Pentodes

o 6K6-GT

15. POWER-SUPPLY RECTIFIERS

Half-Wave Vacuum Types
Single Unit

RCA Receiving Tube Mannal

Voltage-Doubler Types

2575 50X6 0 50Y7-GT
0 25Z6-GT 0 50Y6-GT o 117Z6-GT
Full-Wave Gas Types
0 0z4 0 0Z4-A 0 0Z4-G

16. HIGH-VOLTAGE RECTIFIERS
Half-Wave Vacuum Types

(For low-current pulsed or rf rectifier
applications.)

o 1AX2 o 1K3 « IX2-B
0 1B3-GT o IN2-A o 3A2
0 1G3-GT/ . 1V2 o 3A3
1B3-GT o IX2A 0 3B2
0133
17. DAMPER TUBES
Half-Wave Vacuum Types
o 6AF3 « 12AF3 o 17D4
0 6AUA-GTA  012AX4-GTA o 17DE4
o 6AX4-GT 0 12AX4-GTB o 17DM4
© 6AX4-GTB > 12AY3 « 17H3
> 6AY3 ©12D4 o 19AU4
. » 6BH3 o 12DM4 o 19AU4-GTA
0 6DA4 ° 17AX4-GT » 22BH3
o 6DE4 o 1TAX4-GTA o 22DE4
o 6DM4 > 17AY3 0 25AX4-GT
° 6V3-A » 17BH3 o 25WA-GT
0 6W4-GT

Full-Wave Vacuum Type

1-v o 35Z4-GT » 36AM3-B o 6BY5-GA
° 35W4 0 35Z5-GT » 50DC4
35Y4 * 36AM3 ° 11723
3573 e 66AM3-A 18. DETECTOR DIODES
. Vacuum Types
P
With Beam Power Tube (For diode detectors with amplifier units, see
© 70L7-GT ° WIL7-GT/ = o 1TNT-GT VOLTAGE AMPLIFIERS and POWER
117M7-GT o 117P7-GT AMPLIFIERS.)
) Single Unit
Full-Wave Vacuum Types o 1A3
5 3DG4 o 5X4-G 7Y4
0 5AS4-A 0 5Y3-GT 7Z4 Twin Unit
o 5AU4 0 5Y4-GA » 12BW4 o 2ENS o 6H6 o 12ALS
° :iyf v eer . }gg o 3ALS A6 o 12H6
373 ~ 6ALS5
» 5BC3 o 574 o 25Z6-GT ¢
o 5DJ4 o 6AX5-GT 50X6 Triple Unit
o 5T4 * 6BW4 0 50Y6-GT
o 5U4-G L OBYS5-GA 0 50Y7-GT * 6BCT * 6BJ7
o 5U4-GB . 6CA4 80
0 5V3 o 6X4 84/6Z4
o 5V3-A 0 6X5-GT o 117Z6-GT
o 5V4-GA
e Miniature o Octal > Nuvistor » Novar o Miniature o Octal > Nuvistor » Novar
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RCA Tube Types—Technical Data

This section contains technical descriptions of RCA tubes used in standard
broadeast, 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
specified otherwise, 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 inside back cover for a listing of RCA Tube Types Not Rec-
ommended for New Equipment Design.

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

FULL-WAVE GAS RECTIFIER

Metal types OZ4 and OZ4-A and glass octal OZ 4
type OZ4-G are used in vibrator-type B-supply
units. Both have ionically heated cathodes, re-

quire octal sockets, and may be mounted in any OZ4- A

position. 0Z4 and OZ4-A, Outline2, OUTLINES
SECTION. OZ4-G dimensions: maximum over- OZ4 G
2 all length, 2-5/8 inches; maximum diameter, -
5:0Z4-A 1-1/16 inches; T-7 bulb; dwarf-shell octal 5-pin

NC:0z4-6 base. Base of 0Z4-G hasno pin No. 2. Shell of 0Z4
and OZ4-A and external shield of 0Z4-G should be grounded. Filters may be necessary to eliminate ob-
jectionable noise. Ratings for full-wave rectifier service: OZ4 and 0Z4-G, peak starting supply volts
(per plate), 300 min; peak inverse plate voltage (per plate), 880 max; de output ma. (per plate), 270
max; de output ma., 90 max, 30 min; de output volts, 275; tube voltage drop for plate ma.=90 (per
plate), 24 volts. For 0Z4-A, peak starting supply volts (per plate), 300 min; peak inverse plate voltage
(per plate), 880 max; peak plate ma. (per plate), 8330 max; de output ma., 110 max, 30 min; de output
volts, 310 max; tube voltage drop for plate ma.=110 (per plate), 24 volts. These types are used prin-
cipally for renewal purposes.

DIODE

NG ic Miniature type used as detector

tube in portable FM receivers and in

portable high-frequency measuring ‘
equipment. Outline 11, OUTLINES ]A3
" SECTION. Tube requires miniature

0 seven-contact socket. Heater volts
W (ac/dc) 1.4; amperes, 0.15.
Maximum Ratings: HALF-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE. « .o vvovvnennnnn, 330 mazx volts
PEAK PLATE CURRENT . .. 0ttt ttiiniineiiinennnnnanss cereeenene 5 mazx ma
DC OUTPUT CURRENT. . ..ttt ieiiieinnnerennncnns Ceeeersaneans 0.5 mai ma
PEAK HEATER-CATHODE VOLTAGE. .. .ovtvtvrinnnnnns cessiseasssenen 140 max volts
Typical Operation (With Capacitor-Input Filter):
AC Plate-Supply Voltage (rms) .. .....ivvriniiiiinnananns ceeeesen 117 volts
Filter-Input Capacitor. ...........ciiiiiiiiiiiiinnnnn. cieessannes uf
Minimum Total Effective Plate-Supply Impedance. .. ....cvcvveeeeceras 0 ohms
» l ¢z REMOTE-CUTOFF PENTODE
el e Glass type used in battery-operated re-
ceivers as rf or if amplifier. This type is similar
clectrically to type 1D5-GP. Outline 40, OUT- 1A4-P
LINES SECTION. Tube requires four-contact
socket. Filament volts (de), 2.0; amperes, 0.06.
‘ca Type 1A4-P is a DISCONTINUED type listed
Ad (34 for reference only.

7
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POWER PENTODE
G2 <

Glass octal type used in output stage of bat- e e
tery-operated receivers. Qutline 22, OUTLINES /
SECTION. This type may be supplied with pin P(3)
] AS-GT No.1 omitted. Tube requires octal socket and
may be mounted in any position. For filament
considerations, refer to type 1U4. Filament volts  F+ @) v (Dra
{de), 1.4; amperes, 0.05. Typical operation as o G2
class A1 amplifier: plate and grid-No.2 volts, 90 NS c
(110 max); grid-No.l volts, -4.5; peak af grid-
No.1 volts, 4.5; plate ma., 4.0; grid-No.2 ma., 1.1; plate resistance (approx.), 0.3 megohm; transcon-
ductance, 850 pmhos; load resistance, 25000 ohms; power output, 115 milliwatts. Type 1A5-GT is used
principally for renewal purposes.

PENTAGRID CONVERTER

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

PENTAGRID CONVERTER

Glass octal type used in superheterodyne
circuits having battery power supplies. Outline
23, OUTLINES SECTION. Tube requires octal
] A7- GT socket and may be mounted in any position.
Filament volts (de), 1.4; amperes, 0.05. Typical
operation as converter: plateand grid-No.2 volts,
90 (110 max); grids-No.3-and-No.5 supply volts,
110 mazx; 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 ma:c), conversion tr: ansconduemnoc, 250
wmbos. This type is used principally for renewal purposes.

POWER PENTODE

Subminiature type used in output stage ol

small, compact, battery-operated receivers for

the standard AM broadcast band. Outline 8,

" ACS OUTLINES SECTION. Tube requires sub-

miniature eight-contact socket. Filament volts

(de), 1.25; amperes, 0.04. Filament voltage

should never exceed 1.6 volts. Typical operation

as Class A1 amplifier: plate and grid-No.2 volts,

67.5 max; grid-No.1 volts, -4.5; peak af grid-

No.l volts, 4.5; zero-signal plate ma., 2; zero-signal grid-No.2 ma., 0.4; cathode ma., 4 max; plate

resistance, 0.15 megohm; transconductance, 750 umhos; load resistance, 25000 ohms; total harmonic

distortion, 10 per cent; maximum-signal power output, 50 milliwatts. This is a DISCONTINUED type
listed for reference only.

SHARP-CUTOFF PENTODE

Subminiature type used as rf or if amplifier
in stages not controlled by ave in small, com-
pact, battery-operated receivers for the stand-

1AD5 ard AM broadcast band. Outline 8, OUTLINES
SECTION. Tube requires subminiature eight-

contact socket. Filament volts (dc), 1.25; am-

peres, 0.04, Filament voltage should never ex-

ceed 1.6 volts. Characteristics as class Ax

amplifier: plate and grid-No.2 volts, 67.5 max;

#rid-No.1 volts, 0; plate resistance, 0.7 megohm; transconductance, 735 umhos; total cathode ma.,
4 max; plate ma., 1.85; grid-No.2 ma., 0.75. This is a DISCONTINUTED type listed for referenceonly.
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HALF-WAVE VA CUUM RECTIFIER

Miniature type used as rectifier of high-
voltage pulses produced in the scanning systers
of television receivers. Outline 17, OUTLINES
SKECTION. Tube requires miniature nine-con-
tact socket. Socket terminals 3 and 7 may be ]Ax2
connected to the filament, or used as tie points
forthefilament-droppingresistor;otherwise they
should not be used. Filament volts (ac), 1.4;
amperes, 0.65. Maximum ratings as pulsed ree-
tifier in 525-line, 30-frume system: peak inverse plate volts (absolute maxinwin), 256000 max (de 20000
max); peak plate ma., 45 maw; average plate ma., 0.5 max. For filament and high-voltage considerations,
refer to type 1B3-GT. Type 1AX2 is used principally {or renewal purposes.

Lc p _LC

HALF-WAVE VACUUM RECTIFIER

Glass octaltypeused in high-voltage,
low-current applications such as the 'l B 3 _GT

F é rectifier in a high-voltage, ri-operated
power supply or as a rectifier of high-
R Lc voltage pulses produced in television
scanning systems. For curve of average plate characteristics, see page 67.
FILAMENT VOLTAGE (AC/DC) .« v vttt ttee et ienie e i iieie e 1.25% volts
FILAMENT CURRENT . . . . o o o oitieee et iia e ie e e e 0.2 ampere
DIRECT INTERELECTRODE CAPACITANCE (Approx.):
Plate to Filament and Internal Shield. . ............... ... ... .. ... 1.3 puf

* 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, 30-frame system
Maximum Ratings, (Design-Maximum Values):

PEAK INVERSE PLATE VOLTAGE*. .. ... ittt ininneannnnn, 26000%max volts
PEAK PLATE CURRENT . . . o ittt tttteiit s te e e i eeanssnnannenens 50 max ma
AVERAGE PLATE CURRENT . . ...ttt iittieiie it iiniieiinannannenes 0.5 max ma

RADIO-FREQUENCY RECTIFIER
Maximum Ratings, (Design-Maximum Values):
PEAK INVERSE PLATE VOLTAGE .. ...t ittt ittt ittt i aiiieennnennn,
PEAK PLATE CURRENT . . . ¢ ittt itetieie i iie e iiaeienneanns ma
AVERAGE PLATE CURRENT . . ...ttt iien e, ma
FREQUENCY RANGE OF SUPPLY VOLTAGE . . . .ottt ittt inieiene . 1.5 to 100 Kc
# 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 cyecle is 10 microseconds.
* The d¢ component must not exceed 22000 volts.

volts

INSTALLATION AND APPLICATION
Type 1B3-GT requires an octal socket and may he 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 32, OUTLINES SECTION.

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

in battery-operated receivers. Outline 40, OUT-
LINES SECTION. Tube requires four-contact

]B4-P socket. For typical operating conditions and
maximum ratings as a class A; amplifier, refer
to type 1E5-GP. Filament volts (dc), 2.0; am- o‘o
peres, 0.06. Type 1B4-P is a DISCONTINUED o A
type listed for reference only.

TWIN DIODE —MEDIUM-MU TRIODE

Glass type used as combined detector, am-
plifier, and avc tube in battery-operated re-
ceivers. Outline 34 or 385, OUTLINES SEC-

]B 5 / 2 ss TION. Tube requires six-contact socket. Fila-
ment 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 resist-
ance, 35000 ohms; amplification factor, 20;
transconductance, 575 umhos. This is a DIS-
CONTINUED type listed for reference only.

PENTAGRID CONVERTER

Glass octal type used in superheterodyne
circuits having battery power supply. Outline
-IB7 GT 23, 0UTLINES 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

G2
Glass octal type used in output stage of °
battery-operated receivers. Outline 22, OUT- P /»
LINES SECTION. This type may be supplied 9
]C S-GT with pin No.1 omitted. Tube requires octal
socket. Filament volts (de), 1.4; amperes, 0.1. De_
Typical operation as class A1 amplifier: plate F* (F;a
and grid-No.2 volts, 90 (110 max); grid-No.1
volts, =7.5; peak af grid-No.1 volts, 7.5; plate NC NC
ma., 7.8; grid-No.2 ma., 3.5; plate resistance
(approx.), 115000 ohms; transconductance, 1550 umhos; load resistance, 8000 ohms; power output,
240 milliwatts. Type 1C5-GT is used principally for renewal purposes.

PENTAGRID CONVERTER

Glass type used in battery-operated re-
ceivers. Similar electrically to type 1C7-G ex-
" c 6 cept for interelectrode capacitances. Outline 40,
OUTLINES SECTION. Tube requires six-con-
tact socket. Filament volts (de), 2.0; amperes,
0.12. Type 1C6 is a DISCONTINUED type
listed for reference only.

PENTAGRID CONVERTER

Glass octal type used in battery-operated

receivers. Outline 89, OUTLINES SECTION.

Tube requires octal socket. Filament volts (dc),

] c7-G 2.0; amperes, 0.12. Typical operation as conver-

ter: plate volts, 180 max; grids-No.3-and-No.5

(sereen-grid) volts, 67.5 max; grid-No.2 (anode-

grid) supply volts, 180 (applied through 20000-

ohm dropping resistor bypassed by 0.01-uf

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

grid-No.1 (oscillator-grid) resistor, 50000 ohms; plate ma., 1.5; grids-No.3-and-No.5 ma., 2; grid-No.2
ma., 4; grid-No.1 ma., 0.2. This is a DISCONTINUED type listed for reference only.
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REMOTE-CUTOFF PENTODE

Glass octal type used in battery-operated
receivers as rf or if amplifier. Outline 39, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (de¢), 2.0; amperes, 0.06. Typical
operation as class A; amplifier: plate volts, 180
max; grid-No.2 (screen-grid) volts, 67.5 max;
grid-No.1 volts, -8 min; plate ma., 2.3; grid-No.2
ma., 0.8; plate resistance (approx.), 1.0 megohm;
transconductance, 750 umhos; transconductance
at bias of —15 volts, 15 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. Qutline 39, OUT-
LINES SECTION. Filament volts (dc), 2.0;
amperes, 0.06. This isa DISCONTINUED type
listed for reference only. It is similar electrically
to type 1D5-GP.

PENTAGRID CONVERTER

Glass octal type used in battery-operated
receivers. Outline 39, OUTLINES SECTION.
Tube requires octal socket. Filament volts (de),
2.0; amperes, 0.06. Typical operation as conver-
ter: plate volts, grids-No.3-and-No.5 volts, grid-
No.2 supply volts, grid-No.4 volts, and grid-No.1
resistor are same as for type 1C7-G; plate ma.,
1.3; grids-No.3-and-No.5 ma., 2.4; grid-No.2
ma., 2.3; grid-No.1 ma., 0.2. This is a 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
pentode as power output tube. Outline 21, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (de), 1.4; amperes, 0.1. Typical
operation of pentode unit as class A1 amplifier:
plate and grid-No.2 volts, 90 (110 maz); grid-
No.1 volts, -9; plate ma., 5; grid-No.2 ma., 1;

1D5-GP

1D5-GT

1D7-G

1D8-GT

cransconductance, 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
max); grid volts, 0; amplification factor, 25; plate resistance (approx.), 43500 ohms; transconductance,
575 umhos; plate ma., 1.1. This is a DISCONTINUED type listed for reference only.

DIODE—
SEMIREMOTE-CUTOFF PENTODE

Miniature type used in battery-operated
portable radio receivers as combined AM de-
tector and af voltage amplifier. Outline 11,
OUTLINES SECTION. Tube requires minia-
ture seven-contact socket and may be mounted
in any position. Filament volts (de), 1.4; am-
peres, 0.05. This type is used principally for re~
newal purposes.

PENTODE UNIT AS CLASS A; AMPLIFIER

Maximum Ratings:

PLATE VOLTAGE . . .t it ittt iiiineneennnsns ceveas
GRID-N0.2 (SCREEN-GRID) VOLTAGE. ... ..ovvivvnnnnens ereeaaese e
GRID-NO.1 (CONTROL-GRID) VOLTAGE:
Negative biasvalue. ... .ooiiiiiiiiiiiiiien s Ciseresaretsenansen
Positive blas value..........oooii i, teesissrancssanssnse
CATHODE CURRENT. 4 4o vt v vvnvinnnnrneans e [ PN

IDN5

90 max
90 max

-50 max
0 max
3 max

volts
volts

volts
volts
ma



Characteristics:

Plate Voltage. ...,
Grid-No.2 Voltage. .. ......... e
Grid-No.1 Voltage. . ... .. ittt ittt irneeaencscreccaneenoncnenens ..
Plate Resistance (Approx.).........
TransconduCtance. .. .......uuutterrnntrenreninnrneeonnns e e
Grid-No.1 Voltage (Approx.) for transconductance of 10 umhos. ............ =11.
Plate Current

T -
6

7
7
R R R R R R R R, [ 0.
6
1
2

Maximum Circuit Valuve:
Grid-No.1-Circuit Resistance. . . ... .. . ... . i iiiiiiinen e 3.3

Maximum Rating: DIODE UNIT
PLATE CURRENT

SHARP-CUTOFF PENTODE

Glass octal type used as rf amplifier or de-
tector in battery-operated receivers. Outline 39,
OUTLINES SECTION. Tube requires octal
] E5 GP socket. Filament volts (de), 2.0; amperes, 0.06.
- Characteristics as class A; amplifier: plate volts,
180 maz; grid-No.2 voits, 67.5 mazx; grid-No.l1
volts, -3; plate ma., 1.7; grid-No.2 ma., 0.6;
plateresistance, 1.5 megohms; transconductance,
650 ymhos. 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 22,
-lE7 GT 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 maz; grid-
No.1 volts, —7.5; plate ma., 10.5; grid-No.2 ma.,
3.5; output watts, 0.575. This is a DISCON-
TINUED type listed for reference only.

PENTAGRID CONVERTER

Subminiature type used in small, compact,
battery-operated receivers for the standard AM
broadcast band. Outline 8, OUTLINES SEC-

l‘EB TION. Tube requires subminiature eight-con~
tact socket. Filament volts (dc), 1.25; amperes,
0.04. Typical operation as converter: plate volts
and grids-No.2-and-No.4 supply volts, 67.5 max;
grids-No.2-and-No.4 resistor, 20000 ohms; grid-
No.3 volts, 0; grid-No.1 resistor, 0.1 megohm;

volts
volts
volts
megohm
umhos
volts

ma

ma

megohms

ma

plate resistance (approx.), 0.4 megohm; conversion transconductance, 150 pmhos; total cathode ma., 2.5
(4 max); plate ma., 1; grids-No.2-and-No.4 ma.; 1.5; grid-No.l ua., 70, This is a DISCONTINUED

type listed for reference only.
POWER PENTODE

Glass type used in output stage of battery-
operated receivers. Outline 48, OUTLINES
-l F 4 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 42, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (de), 2.0; amperes, 0.12. Typi-
]FS-G cal operation as class A; amplifier: plate and
grid-No.2 (sereen-grid) volts, 185 (180 max) ; 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.
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TWIN DIODE—
SHARP-CUTOFF PENTODE

Glass type used as combined detector, am-
plifier, and ave tube in battery-operated re-
ceivers. Outline 39, OUTLINES SECTION. 1F6
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 mazx;
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 ave tube in battery-operated re-
ceivers. Outline 39, OUTLINES SECTION. ‘l F7-G
Tube requires octal socket. Filament volts (de¢),
2.0; amperes, 0.06. Similar electrically to type
1F6 except for interelectrode capacitances. Type
1F7-G is a DISCONTINUED type listed for
reference only.

HALF-WAVE VACUUM RECTIFIER

Glass octal type used in high- 'IG3_GT /

voltage, low-current applications such

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

ORIO) erated power supply or as a rectifier of ]B3 GT
R Tc high-voltage pulses produced in tele-

vision scanning systems. Outline 28, 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.

MEDIUM-MU TRIODE

G Glass octal type used in battery-operated
= _ & receivers as detector or voltage amplifier. Out-
e line 22, OUTLINES SECTION. Tube requires
e octal socket. Filament volts (de), 1.4; amperes,
0.05. Typical operation and characteristics as

O, (7) class A; amplifier: plate volts, 90 (100 max); ]G4'GT
F grid volts, ~6; plate ma., 2.3; plate resistance,
10700 ohms; amplification factor, 8.8; trans-
NE Ne conductance, 825 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 42, OUT-
LINES SECTION. Tube requires octal socket. "G 5 G
Filament volts (dc), 2.0; amperes, 0.12. Typical =
operation as class A; amplifier: plate and grid-
No.2 (screen-grid) volts, 135 max; grid-No.1
volts, —13.5; plate ma., 9.7; output watts, 0.55.
This is a DISCONTINUED type listed for
reference onl»
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HiGH-MU TWIN POWER TRIODE

Glass octal type used in output stage of
battery-operated receivers. Outline 22, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (de), 1.4; amperes, 0.1. Typical
operation as class B amplifier: plate volts, 90
(110 max); de grid volts, 0; peak af grid-to-grid
volts, 48; effective grid-circuit impedance per
unit, 256380 ohms; plate ma. (zero signal), 2,
(maximum signal), 11; peak grid ma. per unit, 6;
output watts (approx.), 0.85. Thisisa DISCON-
TINUED type listed for reference only.

MEDIUM-MU TRIODE

Glass octal type used as detector or voltage
amplifier in battery-operated receivers. Outline
386, OUTLINES SECTION. Tube requires octal
socket. Filament volts (de), 2.0; amperes, 0.06.
Typical operation as class A1 amplifier: plate
volts, 180 max; grid volts, —18.5; amplification
factor, 9.3; plate resistance, 10300 ohms; trans-
conductance, 900 umhos; plate ma., 3.1. Thisisa
DISCONTINUED typelisted forreference only.

DIODE—HIGH-MU TRIODE

Glass octal type used as combined detector
and amplifier in battery-operated receivers. Out-
line 23, OUTLINES SECTION. Tube requires
octal socket. Filament volts (de¢), 1.4; amperes,
0.05. Characteristics of triode unit as class At
amplifier: plate volts, 90 (110 max); grid volts,
0; plate ma., 0.15; plate resistance (approx.),
240000 ohms; amplification factor, 65; trans-
conductance, 275 umhos. 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 36, 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 1H6-G 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 32,
OUTLINES SECTION. Except for

NC NC
NC G
OO
P
G)
RO N2 OF
NC NC

NC Po

physical dimensions, this type is identical with glass octal type 1KS3.

1J5-G

POWER PENTODE

Glass octal type used in output stage of
battery-operated receivers. Outline 42, OQUT-
LINES SECTION. Tube requires octal socket.
IFilament volts (de), 2.0; amperes, 0.12. Typical
operation as class A amplifier: plate and grid-
No.2(screen-grid) volts, 185 max; grid-No.1 volts,
-16.5; plate ma., 7.0; grid-No.2 ma., 2.0; plate
resistance, 105000 ohms; load resistance, 13500
ohms; output watts, 0.45. This is a DISCON-
TINUID type listed for reference only.
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GT2 (,gn HIGH-MU TWIN POWER TRIODE
)

Glass octal types used in output stage of
battery-operated receivers. Type 1J6-G, Out-
line 36; type 1J6-GT, Outline 26, OUTLINES 1J6-G
SECTION. Tubes require octal socket. Fila-
F@ F ment volts (de), 2.0; amperes, 0.24. Typical ]J6_GT
< operation as class B power amplifier: plate volts,
8
&

135 snax; peak plate ma. per plate, 50 max;

grid volts, 0; zero-signal plate ma. per plate,

5; effective plate-to-plate load resistance, 10000

ohms; average inpul watls, 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-
fier of high-voltage pulses produced in
the scanning systems of black-and- ]K3
white television receivers. For curve
of average plate characteristics, see

page 67.
FILAMENT VOLTAGE (AC/DC) . ot iv vt iiiiinnnennnns N 1,25% volts
FILAMENT CURRENT L ...ttt taoantoaronnanneeeen 0.2 ampere
DiIRECT INTERELECTRODE CAPACITANCE (Approx.):
Plate to Filament and Internal Shield ..............c. ... oun. 1.6 ppl

* 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, 30-frame sysiem
Maximum Ratings, (Design-Maximum Values):

PEAK INVERSE PLATE VOLTAGE® 26000 ®pax volts
PEAK PLATE CURRENT. . ....... . .. 50 max ma
AVERAGE PLATE CURRENT .......000e . . 0.5 max ma

*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 22000 volts.

INSTALLATION AND APPLICATION

Type 1K38 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 con-
nected to socket terminal 7 or to a corona shield which is connected to socket ter-
minal 7. Socket terminals 4 and 6 may be used as tie points for components at or
near filament potential. Outline 28, OUTLINES SECTION. For high-voltage
considerations, see type 1B3-GT.

PENTAGRID CONVERTER

Miniature type used in low-drain battery-
operated receivers. Outline 11, OUTLINES
SECTION. Tube requires miniature seven-con-
tact socket and may be mounted in any posi- 1L6
tion. Filament volts (de), 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 mazx; grids-No.3-and-No.5
volts, 45 (65 max); 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.1 ma., 0.035; total cathode ma., 2.35 (4 max); conversion transcon-
ductance, 300 umhos. This type is used principally for renewal purposes.

POWER PENTODE

Glass lock-in type used in output stage of
battery-operated reccivers. Outline 15, OUT-
LINESSECTION. Tuberequires lock-in socket. 1 L A4
Filament volts (dc), 1.4; amperes, 0.05. For
electrical characteristics and typical operation,
refer to glass-octal type 1A5-GT. Type 1L A4 isa
DISCONTINUED typelisted for reference only.
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PENTAGRID CONVERTER

Glass lock-in type used in battery-operated
receivers. Outline 15, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts
(de), 1.4; amperes, 0.05. Typical operation as
converter is the same as for type 1A7-GT ex-
cept that grid-No.2 voltsis 65 maz, total cathode
ma. is 4.0 maz, plate resistance is 0.75 megohm,

and conversion transconductance for a grid-No.4 -

bias of -3 volts is 10 pmhos. This type is used
principally for renewal purposes.

POWER PENTODE

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

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in battery-operated receivers. Outline 15, OUT-
LINESSECTION. Tuberequireslock-in socket.
Filament volts (dc), 1.4; amperes, 0.05. T'ypical
operation as class A; amplifier: plate volts, 90
(110 max) ; grid-No.2 (screen-grid) volts, 45 mazx;
grid-No.1 volts, 0; plate resistance (approx.),
greater than 1 megohm; transconductance, 775
wmhos; plate ma., 1.15; grid-No.2 ma., 0.8. This
is a DISCONTINUED typelisted for reference
only.

PENTAGRID CONVERTER

Glass lock-in type used in battery-operated
receivers. Outline 15, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts
(de), 1.4; amperes, 0.05. Typical operation as
converter: plate volts, 90 (110 max); grids-No.3-
and-No.5 volts, 85 (45 max) ; grid-No.2 volts, 45;
grid-No.1 volts, 0; plate resistance, 0.65 meg-
ohm; plate ma., 0.75; grids-No.8-and-No.5 ma.,
0.70; grid-No.2 ma., 1.4; total cathode ma.,
2.9; conversion transconductance (zero bias),
275 wmhos. This type is used principally for
renewal purposes.

DIODE—SHARP-CUTOFF
PENTODE

Glass lock-in type used as combined detec-
tor and af voltage amplifier in battery-operated
receivers. Outline 15, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts
(de), 1.4; amperes, 0.05. Characteristics of pen-
tode unit: plate volts, 90 (110 max); grid-No.2
volts, 45; grid-No.1 volts, 0; plate ma., 0.6;
grid-No.2 ma., 0.1; plate resistance, 0.75 meg-
ohm; transconductance, 575 umhos. This type
is used principally for renewal purposes.

MEDIUM-MU TRIODE

Glass lock-in type used as detector or volt-
age amplifier in battery-operated receivers: Out-
line 15, OUTLINES SECTION. Tube requires
lock-in socket. Filament volts (dc), 1.4; amperes,
0.05. Typical operation as class A1 amplifier:
plate volts, 90 (110 mazx); grid volts, —3; plate
ma., 1.4; plate resistance, 19000 ohms; trans-
conductance, 760 pmhos; 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 il amplifier in
battery-operated receivers. QOutline 15, OUT-
LINES SECTION. Tuberequireslock-in socket.

operation as class Ai amplifier: plate volts, 90
(110 max); grid-No.2 volts, 45 (110 max); grid-
No.1 volts, 0; plate resistance (approx.), greater
than 1 megohm; transconductance, 800 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.

quires lock-in socket. Filament volts (dc), 1.4;
amperes, 0.05. For electrical characteristics, re-

used principally for renewal purposes.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in battery-operated receivers. Outline 15, OUT-

Filament volts (de), 1.4; amperes, 0.05. Typical
operation as class A: amplifier: plate and grid-
No.2(scereen-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 pmhos. This type is used
principally for renewal purposes.

HALF-WAVE VACUUM RECTIFIER
Glass octal type used as high-

Maximum over-alllength,3-9/16 inches;
maximum seated length, 3 inches; max-
imum diameter, 1-9/16 inches. Tube

fer to glass-octal type 1H5-GT. Type 11.H4 is \ H —

Filament volts (dc), 1.4; amperes, 0.05. Typical 'l LGS

Outiine 15, OUTLINES SECTION. Tube re- ]LH4 o

LINESSECTION. Tuberequireslock-insocket. -l L N 5

voltage rectifier in television receivers. ] N 2- A

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

application considerations, refer to type 1B3-GT.

FILAMENT VOLTAGE (AC). ... . P 1.256%
FILAMENT CURRENT. . .........ovu... 0.2
DIRECT INTERELECTRODE CAPACITANCE:

Plate to Filament and Internal Shield. ................ ... ... ... e 1.4

PULSED RECTIFIER
For operation in o 525-line, 30-frame system

Maximum Ratings, (Design-Mazimum Values):
PEAK INVERSE PLATE VOLTAGE®® 28000 max

PEAK PLATE CURRENT. ........ 50 max

AVERAGE PLATE CURRENT 0.5 max
Characteristics:
Plate Current for plate volts= 100........... e e iad

volts
amperc

ppf

* Under no circumstances should the filament vbltage 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, 80-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.
® The de component must not exceed 24000 volts.
® Instantaneous test value,
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G2
SHARP-CUTOFF PENTODE ‘° 29}

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

DIODE—POWER PENTODE

Glass octal type used as combined detec-
tor and power output tube in battery-operated

receivers. Maximum over-all length, 4 inches; e“
]Né-G maximum diameter, 1-3/16 inches. Filament
volts (dc), 1.4; amperes, 0.05. Typical operation
of pentode unit as class A; amplifier: plate and

grid-No.2 (screen-grid) volts, 90 (110 max); Gsp
c

grid-No.1 volts, —4.5; plate ma., 3.1; grid-No.2

ma. (zero-signal), 0.6; plate resistance (approx.),
0.8 megohm; transconductance, 800 pmhos; load resistance, 25000 ohms; output wat‘cs, 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 23, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (dc), 1.4; amperes, 0.05. Typical
IP 5 GT operation as class A1 amplifier: plate volts, 90
(110 max); grid-No.2 (screen-grid) volts, 90 (110
max); grid-No.l wvolts, 0; plate resistance
(approx.), 0.8 megohm; transconductance, 750
umhos; plate ma., 2.3; grid-No.2 ma., 0.7. This
is a DISCONTINUED type listed for reference

only.
BEAM POWER TUBE

Glass octal type used in the output stage
, of battery-operated receivers. Outline 22, OUT-
1Q5-GT LINES SECTION. Tube requires octal socket.
Pilament volts (de), 1.4; amperes, 0.1. For elec-
trical characteristics and ratings, refer to type
3Q5-GT with parallel filament arrangement.
Type 1Q5-GT is a DISCONTINUED type for

reference only.

PENTAGRID CONVERTER
Miniature type used in light-
]RS weight, portable, compact, battery-
operated receivers. Qutline 11, OUT-
LINES SECTION. Tube requires
miniature seven-contact socket and
may be mounted in any position. For general discussion of pentagrid types, see
Frequency Conversion in ELECTRON TUBE APPLICATIONS SECTION.

FILAMENT VOLTAGIZ (DO) . . .. v cvecaeanne sestesessaseesnanaeretaaans 1.4 volts
FIAMENT CURRENT . .. ... enns [P N 0.05 ampere
Without With
External Ezternal
IJIRECT INTERELECTRODI CAPACITANCES: Shield Shield®
Grid No.3 to All Other Eleetrodes (RF Inputy. . ...... .. 7 7 put
Plate to All Other Electrodes (Mixer Output)........... 7.5 12 ok
Grid No.1 to All Other Eleetrodes (Oseillator Input)..... 3.8 3.8 puf
Grid No.3toPlate. . ..., .. 0.4 max 0.3 max uuf
Grid No.3to Grid No.l...........oouhe .. 0.2 maz 0.2 mox upf
Grid NoltoPlate. .. ... ... i, 0.1 max 0.1 mox ppf

- kxternal shield connected to pin 1.
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Maximum Ratings: CONVERTER

PLATE VOLTAGE. . .ttt tte ittt ie s
GRIDS-N0.2-AND-N 0.4 (SCREEN-GRID) VOLTAGE
GRIDS-N 0.2-AND-N 0.4 §UPPLY VOLTA(:]'

Plate Voltage. . ............. .. 45 67.5
Grids-No.2 and No.4 Voltage. . ... 45 67.5
Grid No.3 Voltage......... 0 0
RMS Grid-No.1 (Oscillator- 15 25
Grid-No.1 Resistor. . . .......... .. ... ... ... ... ... 0.1 0.1
Plate Resistance (Approx.) .. ... ... 0.5 0.4
Conversion Transconductanece. .. .................. 210 280
Grid-No.3 Voltage (Approx.) for conversion

transconductance of:

10 umhos. . oo v e -7 -13

100 umhos. ... oo 2.2 —4.9
Plate Current. . .. ..ot 0.7 1.4
Grids-No.2 and No.4 Current...................... 2.1 3.5
Grid-No.1 Current. . . .....ooviiit i 150 250
Total Cathode Current.................... .. ... 3 5.2

Oscillator Characteristics (Not Oscillating):®
Plate and Grids-No.2 and No.4 Voltage
Grid-No.3 Voltage
Grid-No.1 Voltage. .. . ..o i i
Amplification FactorS. .. ...t e
Osecillator Transconductance§. .. ... ... .. . i,
Grid-No.1 Voltage (Approx.) for plate current of 10ua
Cathode Current. .......... ...,

90 max volts
67.5 max volts
90 max volts
0 max volts
5.5 max ma
90 volts
67.5 volts
0 volts
25 volts
0.1 megohm
0.4 megohm
280 pmhos
-13 volts
-5 volts
1.5 ma
3.5 ma
250 pa
5.8 ma
7.5 volts
0 volts
0 volts
6.5
1400 umhos
-17 volts
9 ma

* The characteristics shown with separate excitation concspond very closely with those obtained in a

self-excited oscillator circuit operating with zero bias.
® With grids No.2 and No.4 connected to plate.
§ Between grid No.l and grids No.2 and No.4 connected to plate.

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 11,
OUTLINES SECTION. Type 184 requires
miniature seven-contact socket and may be
mounted in any position. For ratings and typi-
cal operation, refer to type 334 with parallel
filament arrangement. Filament volts (dc¢), 1.4:
amperes, 0.1. This type is used principally for
renewal purposes.

DIODE—
SHARP-CUTOFF PENTODE
Miniature type used in light-

weight, compact, portable, battery-op-
erated receivers as combined detector
and af voltage amplifier. Outline 11,

154

1S5

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

trical characteristics and application, refer to type 1US.

REMOTE-CUTOFF PENTODE

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

1T4

but socket shielding is essential if minimum grid-No.1-to-plate capacitance is to be
obtained. Outline 11, OUTLINES SECTION. Tube requires miniature seven-con-

tact socket and may be mounted in any position.
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FILAMENT VOLTAGE (DC) . o oottt ittt 1.4
FILAMENT CURRENT. . .. 0ottt it ee ettt e ee et ee e 0.05
DIRECT INTERELECTRODE CAPACITANCES 3
Grid No.1 to Plate. ..ottt 0.01 max
Grid No.1 to Filament, Grid No.2, Grid No.3, and Internal Shield 3.6
Plate to Filament, Grid No. 2, Grid No. 3, and Internal Shield. . ....... 7.5
* With or without external shield connected to negative filament terminal.
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. . ... ittt et e e 90 maw
GRID-NO0.2 (SCREEN-GRID) VOLTAGE. . .. .. ... ooooo 90 max
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value. ............... 0 max
TOTAL CATHODE CURRENT . . . « ¢ v vv oo saessnsoeoeee 00 5.5 max
Characteristics:
Plate Voltage..... 45 67.5 90 90
Grid-No.2 Voltage. . 45 67.5 45 67.5
Grid-No.1 Voltage 0 0 0 0
Plate Resistance (Approx.)......... 0.35 0.25 0.8 0.5
Transconductance.............. ... 700 875 750 900
Grid-No.1 Voltage for transconduct-
ance of 10 gumhos. ........, . .. -10 -16 -10 —-16
Plate Current. ................... 1.7 3.4 1.8 3.5
Grid-No.2 Current. ............... 0.7 1.5 0.65 1.4

BEAM POWER TUBE

Glass octal type used in output stage of

battery-operated receivers. Outline 22, OUT-

LINES SECTION. Tube requires octal socket.

] TS_GT Filament volts (de), 1.4; amperes, 0.05. Typical
operation as class A; amplifier: plate and grid-

No.2 volts, 90 (110 max); 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

volts
ampere

pid
wnd
pul

volts
volts
volts

ma

volts
volts
volts
megohm
pmbhos

volts
ma
ma

megohm; transconductance, 1150 pmhos; load resistance, 14000 ohms; total harmonic distortion, 7.5

per cent; output watts, 0.17. This is a DISCONTINUED type listed for reference only.

DIODE—SHARP-CUTOFF PENTODE

Subminiature type used as combined de-
tector and audio amplifier in small, compact,
hattery-operated receivers for the standard AM

'l"l'6 broadeast band. Outline 8, OUTLINES SEC-
TION. Tube requires subminiature eight-con-
tact socket. Filament volts (de), 1.25; amperes,
0.04. Filament voltage should never exceed 1.6
volts. Typical operation of pentode unit as class
Aiamplifier: plateand grid-No.2 volts, 67.5 max;

grid-No.1 volts, ¢; plate resistance (approx.), 0.4 megohm; transconductance, 600 umhos; 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 DISCON-

TINUED type listed for reference only.

SHARP-CUTOFF PENTODE

Miniature type used as rf or if

]U4 amplifier in stages not controlled by
ave in lightweight, compact, portable,
battery-operated equipment. Outline

11, OUTLINES SECTION. Tube re-

quires miniature seven-contact socket and may be mounted in any position. Becapse
the grid No.2 can be operated at the same voltage as the plate, a voltage-dropping
resistor is not needed. For typical operation as a resistance-coupled amplifier, refer

to Chart 2, RESISTANCE-COUPLED AMPLIFIER SECTION.

FILAMENT VOLTAGE (DC) . 1.4
FILAMENT CURRENT. . ... ......0ouvnnn. P | N 1):1
DIRECT INTERELECTRODI CAPACITANCES
Grid No.1 to Plate. .. .o .. it iiineeetirnenonnosionneennes veee 0,01 max
Grid No.1 to Filament, "Grid No. 2, Grid No.3 and Tnternal Shield. ... ..., 3.6
Plate to Filament, Grid No.2 (Jﬂd No.3, and Internal Shield. ........ e 7.5

* With or without external ﬁln’vld connected to negative filament terminal.

90

volts
ampere

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

PLATE VOLTAGE. .. ..ouuuvvvvnnnnnns e ves 120 max volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE....... I 120 maz volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE Posmve bias value........ocvvveennns 0 max volts
ToTAL CATHODE CURRENT. ...... e, 6.6 max
Characteristics:
Plate Voltage. . . .....oii it e i e Civrenseasas 90 volts
Grid-No.2 Voltage. . ......ooiiviine e ieneas PN 90 volts
Grid-No.1 Voltage.........covvveiiiainnncnnann 0 volts
Plate Resistance (ApPpProx.). ..........o..ouueiu.. 1.0 megohm
Pran8conduUCtANCe. . o vttt it e e 900 umhos
Grid-No.1 Voltage for plate current of 10 ga ~4 wvolts
PlateCurrent. ............coiviviiinne.. 1.6 ma
Grd-NO.2 CUrrent. .. . ..ottt it i et e 0.5 ma

DIODE—SHARP-CUTOFF

PENTODE
Miniature type used in light- -I U5
weight, compact, portable, battery-op-

erated receivers as combined detector

and af voltage amplifier. The 1U5 is

similar to the 1S5 but utilizes an im-

proved structure which greatly reduces any tendency toward microphonic effects.
In addition, the diode unit is effectively shielded from the pentode unit to prevent
“play-through.” Outline 11, OUTLINES SECTION. Tube requires miniature
seven-contact socket and may be mounted in any position. For typical operation
as a resistance-coupled amplifier, refer to Chart 1, RESISTANCE-COUPLED
AMPLIFIER SECTION.

FILAMENT VOLTAGE (DC) . v v v tttetessennassesaanaunanoenaesns 1.4 volts
FILAMENT CURRENT. 4ottt trtvttenensnnnaaeasonnnnneranannns 0.05 ampere

PENTODE UNIT AS CLASS A, AMPLIFIER
Maximum Ratings, (Design-Maximum Values):

PLATE VOLTAGE. ..ttt it sttt eneesaneanasenueesaranensennns 100 max volts
GRID-NO0.2 (SCREEN-GRID) VOLTAGE. . . . vt vveetnnrnererrnnnannnns 100 maz volts
GRID-N 0.1 (CONTROL-GRID) VOLTAGE, Positive bias value........... 0 max volt
TOTAL CATHODE CURRENT. . oot vuentitaeaenaneoeensannneassnans 3.3 max ma
Characteristics:
Plate Voltage. .... ettt i aie e i eveieea 67.5 volts
Grid-No.2 Voltage. . .......... ... it innnn. [P 67.5 volts
Grid-No.l Voltage . ...... ... .o it iineiiieenns 0 volts
Plate Resistance. ... .....c.ouiunitiii e icnenianenecnnones 9.6 megohm
Transconductance., . ..........oiiiiiiiiniiiiineinanniiinaannen 625 pmhos
. -5 volts
1.6 ma
0.4 ma
Maximum Rating: DIODE UNIT
PLATE CURRENT. . o0 v tnteieiitnntiainiaannn et 0.28 maw ma

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

HALF-WAVE VACUUM RECTIFIER

P K Glass type used in ac/dc or automobile
2 (3) receivers. Outline 34 or 85, OUTLINES SEC-
TION. Tube requires four-contact socket.
Heater volts (ac/dc), 6.3; amperes, 0.8. Maxi- 'l
mum ratings as half-wave rectifier: peak inverse -v
* plate volts, 1000; peak plate ma., 270; peak
- ° o heater-cathode volts, 500; de output ma., 45.
H H This type is used principally for renewal pur-
poses.
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HALF-WAVE VACUUM RECTIFIER

Miniature type used in high-volt-

.Iv2 . 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. For curve of average plate characteristics, see page 67.

FILAMENT VOLTAGE (AC) . 4 s oo veunnnnnunonnensssanesnssrareasnessaneanns 0.625% volt
FILAMENT CURRENT . « 4 4 s v enanastensenneonseanesinesnnsanesonneensensss 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCE:

Plate to Filament (APDProX.) . .o er ittt inneineensnensteernnernnsennnnns 0.8 upf

A 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 525-line, 30-frame system
Maximum Ratings, (Design-Maximum Values):

PEAK INVERSE PLATE VOLTAGE® ... . ittt iiniinerrnnnsrnnn 8250 ®man volts
PEAK PLATE CURRENT, . o ttietntinenereonnsnnennornnsnnay eeeaneraeans 11 max ma
AVERAGE PLATE CURRENT. . ..\ttt tteetietiinantonnnneennonasoansssannn 0.6 max ma

# 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 7000 volts.

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-contact sockets designed with a cylindrical centershield, itisnecessary
to remove the center shield. In addition, socket terminals 2, 8, 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 14, 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-

]x2— A age, low-current applications such as
the rectifier in a high-voltage, rf-op-

]x2 B erated powersupply, orastherectifier of

high-voltage pulses produced in tele-
vision scanning systems. Outlines 16 and 17, respectively, OUTLINES SECTION
Tubes require miniature nine-contact socket and may be mounted in any position.
Socket terminals 8 and 7 may be used as tie points for components at or near fila-
ment potential. For high-voltage considerations, refer to type 1B3-GT. For curve
of average plate characteristics, see page 67. Type 1X2-A is used principally for
renewal purposes. 92
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FILAMENT VOLTAGE (AC). .ttt tiiiitinnienuesiinnnreassssnsossnonsssannes 1.25* volts
FILAMENT CURRENT. .. ¢t tvvininnnnnnnnas 0.2 ampere
DIRECT INTERELECTRODE CAPACITANCE:

Plate to Filamentand Internal Shield (APProX.) . ...ceveeereerseeeneenes 1.0 uul

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

PULSED RECTIFIER

For operation in @ 525-line, 80-frame system

1X2-A 1X2-B
. . Design-Center Design-Maximuan
Maximum Ratings: Valuesd Values
PEAK INVERSE PLATE VOLTAGE® . 20000t max 22000 maxz  volts
PEAK PLATE CURRENT. ..... .. 45 max 45 max ma

AVERAGE PLATE CURRENT. . ..ttt virnnesnennsnennncnnenns 0.5 max 0.5 mox ma

1 Absolute Maximum. Under no circumstances should this absolute valuebe exceeded.
# Exceptasnoted.
= The de component must not exceed 16000 volts for 1X2-A, 18000 volts for 1X2-B.

POWER TRIODE

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

nation.

FILAMENT VOLTAGE (AC/DC) . . vvrernnrnnnnnn. ieeaaa RPN 2.5 volts
TILAMENT CURRENT. . . ... ittintinnnasrnnnnerenas vesereaceses 2.5 amperes
DIRECT INTERELECTRODE CAPACITANCES (Appro‘()

Grid to Plate 16.5 upf

Grid to Filament 7.6 puf

Plate to Filament 5.6 uut
Maximum Ratings: CLASS A; AMPLIFIER
PLATEVOLTAGE. .. .....oovinnns.ns Cereeaeeiee i, crerereraens 300 max volts
PLATE DISSIPATION. .......... e veeeeetaenanans 15 max watts
Typical Operation:
Plate Voltage. . ........ it iiiiiiinninnnnia, sesaassaeaess 250 volts
Grid Voltage*f...... e e seseecnsesseanss reacesens -45 volts
Plate Current. .......... [ Geseeseescennns 60 ma
Amplification Factor........coviittiiiiinninnenenannanss 4.2
Plate Resistance.......... . 3800 ohms
TFransconductance. ce 52560 umhos
Load Resistance............. . 2500 ohms
Second Harmonic Distortion....... e i Cereserennees 5 per cent
Power Output............. e et e e 3.5 watts

Maximum Rotings:
PLATE VOLTAGE. .. ... cutitiiiinneeinnennns .. 300 max volts

PLATE DISSIPATION. .. 15 max watts
Typical Operation (Values Are For Two Tubes): Fized Bias Cathode Bias

Plate Supply Voltage ........... e Ceeeaeeaaeaas heeieeaee 300 300 volts
Grid Voltage . .................uun P Cerrieeaeiaa . —62% - volts
Cathode-Bias Resistor. . ............. e Ceeeeeeiaireeaaae - 780 ohms
Peak AF Grid-to-Grid Voltage e tseateee ettt 124 156 volts
Zero-Signal Plate Current. . . ........ . iiiiiiiniiiinanananens e 80 80 ma
Maximum-Signal Plate Current. ... .......covvevinnann. Ceieeeees 100 ma
Effective Load Resistance (Plate—to—plate) 5000 ohms
Total Harmonic Distortion. . . . 5.0 per cent
Power Qutput....... e . . ] 10 watts

Maximum Circuit Values:

Grid-Circuit Resistance:
For fixed-bias operation, . ...
For cathode-bias operation. ..

*Grid voltage referred to mid-point of ﬁlament transformer.
# When a single 2A8 is operated cathode-biased, the cathode-biasing resistor value should be 750 ohms.
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INSTALLATION AND APPLICATION

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

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

When 2A3’s are operated in push-pull, it is desirable to provide means for
adjusting the bias on each tube independently. This requirement is a result of the
very high transconductance of these tubes (5250 micromhos). This very high value
makes the 2A3 somewhat critical as to grid-bias voltage, since a very small bias-
voltage change produces a very large change in plate current. It is obvious, there-
fore, that the difference in plate current between two tubes may be sufficient to
unbalance the system seriously. To avoid this possibility, simple methods of inde-
pendent cathode-bias adjustment may be used, such as (1) input transformer with
two independent secondary windings, or (2) filament transformer with two inde-
pendent filament windings. With either of these methods, each tube can be biased
separately so as to obtain circuit balance.

AVERAGE PLATE CHARACTERISTICS
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PLATE VOLTS 92CM 523374
POWER PENTODE c2 Si
Glass type used in output stage of ac-oper- e o
ated receivers. Outline 43, OUTLINES SEC-
TION. Tube requires six-contact socket. Except
2A5 for its heater rating (2.5 volts ac/de; 1.75 P(2) cK;

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
ave tube. Outline 40, OUTLINES SECTION.

2A6 Tube requires six-contact socket. Except for its
heater rating (2.5 volts ac/dc; 0.8 ampere),
and within its 250-volt maximum plate rating,
the 2A6 has electrical characteristics identical
with type 6SQ7. Type 2A6 is a DISCONTIN-
UKD type listed for reference only.
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PENTAGRID CONVERTER

Glass type used in ac-operated receivers.
Outline 40, OUTLINES SECTION. Tube re-
quires small seven-contact (0.75-inch, pin-circle
diameter) socket. Except for its heater rating 2 A7
{2.5 volts ac/de; 0.8 ampere) and its interelec-
trode capacitances, the 2A T 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

Miniature types used as local os- 2 AF4_ A

cillator in uhf television receivers em-
ployingseries-connected heater strings. -
Outline 9, OUTLINES SECTION. 2AF4 B
Heater volts (ac/de), 2.35; amperes,

0.6; warm-up time (average), 11 seconds. Type 2AF4-B only, maximum rating
(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 Mec:
plate ma., 17.5; grid ma. (approx.), 700. Except for heater ratings noted, these
types are identical with miniature type 6AF4-A.

TWIN DIODE—
REMOTE-CUTOFF PENTODE

Glass type used as combined detector, ave
tube, and amplifier. Outline 40, OUTLINES
SECTION. Tube requires smail seven-contact
(0.75-inch, pin-circle diameter) socket. Except 2B7
for its heater rating (2.5 volts ac/dc; 0.8 ampere)
and its interelectrode capacitances, the 2B7
has electrical characteristics identical with type
6B8-G. Type 2B7 is a DISCONTINUED type
listed for reference only.

MEDIUM-MU TRIODE

Miniature types used as rf amplifier in vhi
television tuners employing series-connected
heater strings. Outline 11, OUTLINES SEC- 2BN4
TION. Heater volts (ac/dc),2BN 4:2.3,2BN j-A:
2.35; amperes, 0.6; warm-up time (average), 11 2BN4 A
seconds. Except for heater rating, these types -
are identical with miniature types 6BN4 and

§BN4-A, respectively. Types 2BN4 and 2BN4-A
are used principally for renewal purposes.

HIGH-MU TRIODE

Nuvistor type used as a grounded-
cathode, neutralized rf amplifier in vhf 2CW4
tuners of television and FM receivers
employing series-connected heater

ERINATOH®  strings. Outline 53, OUTLINES SEC-
TION. Heater volts (ac/dc), 2.1; amperes, 0.45; warm-up time (average), 11
seconds. Except for heater rating, this type is identical with nuvistor type 6CW4.
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SHARP-CUTOFF TETRODE

Miniature type used as rf amplifier

2CY 5 in vhf tuners of television receivers

employing series-connected heater

strings. Outline 11, OUTLINES SEC-

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

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

ELECTRON-RAY 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-

2 E5 rateradio receiver tuning. Outline 34 or 35, OUT-
LINES SECTION. Tube requires six-contact
socket. Except for its heater rating (2.5 volts
ac/de; 0.8 ampere), the 2E5 has electrical char-
acteristics identical with type 6E5.Type 2E5isa
DISCONTINUED typelisted for reference only.

TWIN DIODE " K

Miniature type used as a horizontal phase
detector in television receivers. Outline 11, H G) ‘5
OUTLINES SECTION. Tube requires minia-

2 E N 5 ture seven-contact socket and may be mounted ‘

in any position. Heater volts (ac/dc), 2.1; am-~
peres, 0.45; warm-up time (average), 11 seconds.
Maximum ratings (design maximum) as half- o
wave rectifier: de output ma. per plate, 5 max; NC
peak heater-cathode volts, 200 max. When the
heater is positive with respect to cathode, the de component of the heater-cathode voltage must not
exceed 100 volts. Type 2END is used principally for renewal purposes.

SHARP-CUTOFF TRIODE

Miniature type used in vhf tuners
2ER 5 of television receivers. Outline 11,
OUTLINES SECTION. Heater volts
(ac/dc), 2.3; amperes, 0.6. Except for
heater rating, this type is identical
with miniature type 6ERS.

SHARP-CUTOFF TRIODE

Miniaturetype used as an rf ampli-

2FH 5 fier in vhf tuners of television receivers

employing series-connected heater

strings. Qutline 11, OUTLINES SEC-

TION. Heater volts (ac/dc),2.35; am-

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

Miniature type used as rectifier of high-
voltage pulses produced in scanning systems ol
color-televisionreceivers.Outline16, OUTLINES
SECTION. Tube requires miniature 9-contact 3A2
socket and may he 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 525-
line, 30-frame system: peak inverse plate volts,
18000 mazx; peak plate ma., 80 max; average plate ma., 1.5 max. For curve of average plate character-
istics, see page 67. For high-voltage considerations, see type 1B3-GT. Type 3A2 is used principally for
renewal purposes.

HALF-WAVE VACUUM RECTIFIER

Glass octal type used as rectifier
of high-voltage pulses produced in the 3 A3
scanning systems of color television
O) receivers. Outline 32, OUTLINES
e e SECTION. Tube requires octal socket
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 curve of average plate character-
istics, see page 67. For high-voltage considerations, see type 1B3-GT.

HEATER VOLTAGE (AC) . . ..ottt ittt et 3.15% volts
HEATER CURRENT . & .ottt t ettt et eeae et ee e aan e 0.22 ampere
DIRECT INTERELECTRODE CAPACITANCE (Approx.):

Plate to Heater, Cathode, and Internal Shield............. ... .. 1.5 pul

* Under no circumstances should the heater voltage be less than 2.65 volts or greater than 3.65 volts.
PULSED RECTIFIER
For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Maximum Values):

PEAK INVERSE PLATE VOLTAGE™. . ... .. .. ... i iiiinnennnns 30000 mazx volts
PEAK PLATE CURRENT. . .ot ttttttttttittitiiiananeeeenannanennnnns . 88 max ma
AVERAGE PLATE CURRENT. . ...t ttttttittitianatan e eennnnnnnnns 1.7 max ma

® The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cyele, In a
525-line, 80-frame system, 15 per cent of one horizontal secanning 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, 8-7/16
inches; maximum diameter, 1-5/16 inches. Fila- 3 AB_GT
ment volts, 1.4 (parallel), 2.8 (series); amperes,
0.1 (parallel), 0.05 (series). Typical operation as
class Ajamplifier:triode unit—plate volts,90 (110
max); grid volts, 0; amplification factor, 65;
plate resistance, 0.2 megohm; transconductance,
325 pmbos; plate ma., 0.2; pentode unit—plate and grid-No.2 volts, 90 (110 max); grid-No.1 volts, 0;
plate resistance, 0.8 megohm; transconductance, 750 umhos; plate ma., 1.5; grid-No.2 ma., 0.5. This is a
DISCONTINUED type listed for reference only.

H LY
P . MEDIUM-MU TRIODE
(= 5 Miniature ty d as local
\ pe used as local os-
X —u cillator in uhf television receivers cov- 3 AF4_ A
2 A Up  ering the frequency range of 470 to 890

N megacycles per second and employing

® series-connected heater strings. Out-
line 9, OUTLINES SECTION. Heater volts (ac/dc), 3.15; amperes, 0.45; warm-up
time (average), 11 seconds. Except for heater rating, 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 AL 5 receivers employing series-connected
heater strings. Outline 9, OUTLINES 0
SECTION. Heater volts (ac/de), 3.15; Koy
amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating, this
type is identical with miniature type 6AL5.

H
SHARP-CUTOFF PENTODE .
Miniature type used as rf ampli- Q‘ O
3 AU 6 fier in television receivers employing ‘
series-connected heater strings. Out- c3 K
line 11, OUTLINES SECTION. " (3
Heater volts (ac/de), 3.15; amperes, Gi
0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts, 200 max. When
the heater is positive with respect to the 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 6AUS.

TWIN DIODE—HIGH-MU TRIODE

Miniature type used as combined
3AV6 detector, amplifier, and ave tube in

television receivers employing series-

connected heater strings. Outline 11,

: OUTLINES SECTION. Heater volts
(ac/dc), 8.15; 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 6AV6.

HALF-WAVE VACUUM RECTIFIER
e p LC

Glass octal type used as rectifier of high- & n 6
voltage pulses produced in the scanning systems Le e
of television receivers. Outline 47, OUTLINES () (6)
3 Bz SECTION. Tube requires octal socket and may

be mounted in any position. Low-potential cir-

cuits should not be connected to any of thesocket H w H.K

terminals. Any or all of the following socket- O e 1S

terminal connections are permissible and may Le Lc

aid in corona reduction: socket terminals 1, 8,
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/de), 8.15; amperes, 0.22. Maximum ratings as pulsed rec-
tifier in 525-line, 30-frame system: peak inverse plate volts (absolute maximum), 35000 mazx (de 25000
mazx) ; peak plate ma., 80 ma; average plate ma., 1.1 max. For curve of average plate charagteristics,
see page 67. For high-voltage considerations, see type 1B3-GT. Type 3B2 is used prineipaily for re-
newal purposes.

REMOTE-CUTOFF PENTODE

H P
OO
Miniature type used as rf ampli- 9‘ OM
3BA6 fier in standard broadcast and FM re- ‘
ceivers, as well as in wide-band, high- 03 Jo
1S ”

frequency applications;forusein equip-

ment employing series-connected o
heater strings. Outline 11, 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 6BAS6.

98



e e Technical Data S

SHARP-CUTOFF PENTODE

Miniature type used as rf or if am-
plifier in television receivers employing 3 BC 5
series-connected heater strings. Out-

line 11, OUTLINES SECTION.

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

erage), 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.

PENTAGRID CONVERTER

Miniature type used as converter
in superheterodyne circuits in both the 3 B E6
standard broadcast and FM bands in

equipment employing series-connected

heater strings. Outline 11, QOUTLINES

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 6BI6.

MEDIUM-MU TRIODE

Miniature types used as rf ampli- 3BN4
fier in grid-drive circuits of vhf tele-
vision tuners. The double base-pin 3BN4- A
connections for both cathode and grid
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. Outline 11, OUTLINES SECTION.
Heater volts (ac/de), 8; amperes, 0.45; warm-up time (average), 11 seconds. Ex-
cept for heater ratings, the 3BN4 and 3BN4-A are identical with miniature types
6BN4 and 6BN4-A, respectively.

BEAM TUBE

Miniature type used as combined
limiter, diseriminator, and af voltage 3BN6
amplifier in intercarrier television and
FM receivers employing series-con-
nected heater strings. Outline 13,
OUTLINES SECTION. Heater volts (ac/dc), 8.15; amperes, 0.6; warm-up time
(average), 11 seconds. Tixcept for heater rating, this type is identical with min-
jature type 6BNG6.

SHARP-CUTOFF TWIN PENTODE

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

wo strings. Outline 14, OUTLINES SEC-
TION. Heater volts (ac/dc), 8.15; amperes, 0.6; warm-up time (average), 11 sec-
onds. Except for heater rating, this type is identical with miniature type 6BUS.
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PENTAGRID AMPLIFIER

Miniature type used as gated am-

3 BY 6 plifier in television receivers employing

series-connected heater strings. Out-

line 11, OUTLINES SECTION.

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

0.6; warm-up time (average), 11 seconds. Except for heater rating, this type is
identical with miniature type 6BY86.

SEMIREMOTE-CUTOFF PENTODE

Miniature type used in gain-con-

3826 trolled video if stages of television re-

ceivers employing series-connected

heater strings. Outline 11, 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 dec component must not

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

SHARP-CUTOFF PENTODE

Miniature typeused as rf or if am-

3 CB6 plifier in television receivers employing

series-connected heater strings. Out-

{ine 11, OUTLINES 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, 800 max; heater positive with respect to cathode, 200 max

(the de component must not exceed 100 volts). Except for heater and heater-
cathode ratings, this type is identical with miniature type 6CB6.

SHARP-CUTOFF PENTODE

Miniature type used as rf and if

3 C E 5 amplifier in vhf television receivers em-

- ployingseries-connected heater strings.

Outline 11, OUTLINES SECTION.

Heater volts, 8.15; amperes, 0.6; heater

warm-up time (average), 11 seconds. Except for heater rating, this type is iden-
tical with miniature type 6CE5.

H p
SHARP-CUTOFF PENTODE OO
3 CF 6 Miniature type used as rf or if am- HG) O]

plifier in television receivers employing \ ‘
series-connected heater strings. Out- K (EAN 53
line 11, OUTLINES SECTION. 0) 15
Heater volts (ac/de), 3.15; amperes, Gi

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 de component must not exceed 100 volts). Except for heater and heater-
cathode ratings, this tvpe is identical with miniature type 6CF6.
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PENTAGRID AMPLIFIER

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

line 11, OUTLINES SECTION.

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

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

SHARP-CUTOFF TETRODE

Miniature type used as rf ampli-
fier in vhf tuners of television receiv- 3CY5

ers employing series-connected heater

strings. Outline 11, OUTLINES SEC-

TION. Heater volts (ac/de), 2.9; am-

peres, 0.45; warm-up time (average), 11 seconds. Except for heater rating, this
type is identical with miniature type 6CY5.

PDZ

6 FULL-WAVE VACUUM RECTIFIER
G Glass octal type used as power 3D G 4

supply in television receivers and other
& (7)o equipment having high dec require-
0 ments. Outline 44, OUTLINES SEC-
F TION. 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. For discussion of Rating
Chart, refer to INTERPRETATION OF TUBE DATA.

FILAMENT VOLTAGE (AC/DC) .t v o v et ittt e it e it ie e aeeeeeaeieaanenen 3.3 volts
FILAMENT CURRENT . . .ottt t ettt ettt ittie et anacaannns 3.8 amperes
FULL-WAVE RECTIFIER

Maximum Ratings, (Design-Maximum Values):

PEAK INVERSE PLATE VOLTAGE. . ... ittt ittt it iein i nennnns 1050 max volls
PEAK PLATE CURRENT (Per Plate) . .. ... ...t iiiiiniinnnann 1.2 maxr amperes
HoT-SWITCHING TRANSIENT PLATE CURRENT (Per Plate) . . .. ............. 6.5 maxr amperes
AC PLATE SUPPLY VOLTAGE (Per Plate,rms)............ . ..covvunen... See Rating Chart
DC OutpuT CURRENT (Per Plate) . . . ..................... e See Rating Chart
BuLs TEMPERATURE (at hottest point on bulb surface)................... 200 mazx °C

RATING CHART

T T
w TYPE_3DG4 I ‘ l l l I
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Typical Operation with Capacitor Input to Filter:

AC Plate-to-Plate Supply Voltage (rms) . ............. seeasas e 550 volts
Filter-Input Capacitor®. . ... ................. 40 uf
Effective Plate-Supply Impedance per Plate. . .. 32 ohms
DC Output Voltage at Input to Filter (Approx.)

At full-load current of 350 ma.. . ... ... ... it 300 volts

Characteristics:
Tube Voltage Drop for plate ma. =350 perplate........................ 25 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.

SHARP-CUTOFF PENTODE

Miniature types used as interme-

3DK6 diate-frequency amplifier in television

receivers. Outline 11, OUTLINES

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 maax; 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 6 DK6.

SHARP-CUTOFF PENTODE

3DT6 Miniature types used as FM de-

tector in television receivers employing

3DT6_ A series-connected heater strings. Out-

line11l,OUTLINES SECTION.Heater

volts (ac/de), 3.15; amperes, 0.6;

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

SHARP-CUTOFF PENTODE

Miniature type used as rf ampli-
3 E As fier in vhf tuners of television receivers

having series-connected heater strings.

Outline 11, OUTLINES SECTION.

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

BEAM POWER TUBE

Glass lock-in type used in output stage of

ac/de/battery portable receivers. Outline 15,

¢ ) f 3LF4 OUTLINES SECTION. Tube requires lock-in
t st

[ & socket. Filament volts (de), 1.4 (parallel), 2.8
(series); amperes, 0.1 (parallel), 0.05 (series;.

r o . - For electrical characteristics, refer to glass-octal

~ vtm,‘. =§ “l .2 '\) type 3Q5-GT. Type 3LF4 is used principally

for renewal purposes.

POWER PENTODE

Miniature type used in output stage of
lightweight, compact, portable battery-operated
3 Q 4 cquipment. Outline 11, OUTLINES SECTION.
Iixeept for terminal connections, types 3Q4 and
3V4 are identical. Refer to type 3V4 for ratings
and typical operation. Type 3Q4 is used prin-
cipally for renewal purposes.
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BEAM POWER TUBE

Glass octal type used in output stage of
ac/de battery portable receivers. Outline 22,
OUTLINES SECTION. This type may be sup-
plied with pin 1 omitted. Filament volts (dc), 3Q5..GT
2.8 in series filament arrangement and 1.4 in
parallel arrangement; amperes, 0.05 (scries),
0.1 (parallel). Typical operation as Class A,
amplifier: plate and grid-No.2 volts, 110 max;
grid-No.1 volts, -6.6; peak af grid-No.1 volts,
5.1 (series), 5.4 (parallel); plate ma., 8.5 (series), 10 (parallel); grid-No.2 ma., 1.1 (series), 1.4 (paralicl);
total cathode ma., 6 mux 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 harmonic distortion, 8.5 per cent (series), 6 per cent (parallel); max.-signal
power output, 330 mw (series), 400 mw (parallel). This type is used principally tor renewal purposes.

POWER PENTODE

Miniature type used in output
stageof lightweight, compact, portable, 3 S4
battery-operated equipment. Outline
11, OUTLINES SECTION. Tube re-
quires miniature seven-contact socket
and may be mounted in any position. Types 384 and 184 are identical except for
filament arrangement. Type 384 features a filament mid-tap so that tube may be
used either with a 1.4-volt battery supply or in series with other miniature tubes
having 0.050-ampere filaments.

FILAMENT ARRANGEMENT: Series Parallel
FILAMENT VOLTAGE (DC) ... .vvvvvninnnevnnnnnn. 2.8 L4 volts
FILAMENT CURRENT. .00 vt einnnerieiineenanns 0.05 N1 ampere
. 5 CLASS A, AMPLIFIER
Maximum Ratings: Series Puralici
PLATEBVOLTAGE . .ottt i it iiiiiian e 90 mesr 90 1nax volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE . . . .......... 67.5 max 67,5 max volis
TOTAL CATHODE CURRENT. ............. [P 6*Fmaic 12 mazx ma
* For each 1.4-volt filament section.
Typical Operation: Series Parallel
Plate Voltage......covviiiiiineiiiiniinnes 7.5 90 87.5 90 volts
Grid-No. 2 Voltage ................ [N 67.5 67.5 87.5 67,5 volts
Grid-No. 1 (Control-Grid) Voltage. ... e =T -7 -7 -7 volts
Peak AF Grid-No.1 Voltage. ................... 7 7 7 7 volts
Zero-Signal Plate Current. ................... ... 6.0 6.1 7.2 7.4 ma
Zero-Signal Grid-No. 2 Current.................. 1.2 1.1 1.5 1.4 ma
Plate Resistance. . .....cooiiiiiinineninnnans 0.1 0.1 0.1 0.1 meygohm
Transconductance............ oo, 1400 1425 1550 1575 umhos
Load Resistance. . .......... ..., 5000 8000 5000 8000 ohms
Total Harmonie Distortion. .......... ... ... .... 12 13 10 12 per cent
Maximum-Signal Power Output................ .. 160 235 180 270 mw
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
Tor fixed-bias operation. . ...... ... 2.2 max megohms
TFor cathode-bias operation. .. ...... ... il 2.2 anax megohrs

POWER PENTODE

Miniature type used in output
stageof lightweight, compact, portable, 3 v 4
battery-operated equipment. QOutline
11, OUTLINES SECTION. Tube re-
quires miniature seven-contact socket
and may be mounted in any position. Except for terminal connections, types 3V4
and 3Q4 are identical. Both feature filament mid-tap so that tubes may be used
either with a 1.4-volt battery supply or in series with other miniature tubes having
0.05-ampere filaments. For series filament arrangement, filament voltage is applied
between pins 1 and 7 and grid-No.1 voltage is referred to F-. For parallel filament
arrangement, filament voltage is applied between pin 5 and pins 1 and 7 connected
together and grid-No.1 voltage is referred to Fu, the filiment mid-tap.

103




RCA Receiving Tube Manual

FILAMENT ARRANGEMENT: Series Parallel
FILAMENT VOLTAGE (DC) .t evvevenensassnessonnsssnssnnnas . 1.4 volts
FILAMENT CURRENT. . o\t 0vvitetteneeneneennnnnnuonnanas 0.05 0.1 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Grid No.1toPlate......c.oecueuineneennanan 0.2 upl

Grid No.1 to Filament, Grid No.2, and Grid No. 5.5 puf

Plate to Filament, Grid No.2, and Grid No.3. .. 3.8 ppl

CLASS - A; AMPLIFIER
Maximum Ratings, (Design-Mazimum Values): Series Parallel
PLATE VOLTAGE. ... 0ttt ittt einnnnsessoanannssensnns 100 max 100 maz volts
GRID-NO. 2 (SCREEN-GRID) VOLTAGE. + v evvenrrnnes vo. 100 max 100 max volts
TOTAL CATHODE CURRENT . . ....00uas Cereseaeasseraeens 6# mazx 12 max ma
# For each 1.4-volt filament section.
Typical Operation: Series Parallel
Plate Voltage.......... eees 90 85 90 volte
Grid-No. 2 Voltage.......... 90 85 90 volts
Grid-No. 1 (Control-Grid) Voltage. . . -4.5 -b -4.5 volts
Peak AF Grid-No. 1 Voltage. .....cocvovreenen 4.5 5 4.5 volts
Zero-Signal Plate Current. .......ccovvvevneanraens e 1.7 6.9 9.5 - ma
Zero-Signal Grid-No. 2 Current. ... .covvveeenacens .o LT 1.5 2.1 ma
Plate Resistance (Approx.). ......c.ceveeeeeonenns ... 0,12 0.12 0.1 megohm
Transconductance. ..........ccvveveennennns . 2000 1975 2150 umhos
Load Resistance. . ........ .10000 10000 10000 ohms
Total Harmonic Distortion. . 7 1 7 per cent
Maximum-Signal Power Outp 240 250 270 mw
Maximum Circvit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. . . ..oovieitirieneieitreiniiiaie 2.2 mox megohms
For cathode-bias operation. . ....o.eiveieeiiieieiennnn i iiiiiannnann, 2.2 mazx megohms
H 3
OO
SHARP-CUTOFF PENTODE u 2
4 AU 6 Miniature type used as rf ampli- 9‘ G
fier in television receivers employing ‘ ; @
series-connected heater strings.Qutline ca J ®

11, OUTLINES SECTION. Heater * (0

volts (ac/de), 4.2; amperes, 0.45; Gi
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-cath-
ode ratings, this type is identical with miniature type 6AUS6.

TWIN DIODE—HIGH-MU TRIODE

Miniature type used as combined

4AV6 detector, amplifier, and ave tube in
automobile and ac-operated radio re-

ceivers employing series-connected

heater strings. Outline 11, OUTLINES

SECTION. Heater volts (ac/dc), 4.2; amperes, 0.45; warm-up time (average), 11
seconds. Except for heater rating, this type is identical with miniature type 6AV6.

SHARP-CUTOFF PENTODE

Miniature type used in compact

4BC 5 radio equipment as an rf or if amplifier

at frequencies up to 400 megacycles

per second. Outline 11, OUTLINES

SECTION. Heater 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 mazx; heater positive with respect to

cathode, 200 max (the de¢ component must not-exceed 100 volts). Except for heater
and heater-cathode rating, this type is identical with miniature type 6BC35.
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MEDIUM-MU TWIN TRIODE

Miniature type used in direct-
coupled cathode-drive rf amplifier cir- 4BC8
cuits of vhf television tuners employ-

ing series-connected heater strings.

- Outline 12, OUTLINES SECTION.

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

BEAM TUBE

Miniature type used as combined
limiter, discriminator, and audio-volt- 4BN6
age amplifier in intercarrier television
and FM receivers employing series-
1) connected heater strings. Outline 13,
OUTLINES SECTION. Heater volts (ac/de), 4.2; amperes, 0.45; warm-up time
(average), 11 seconds. Peak heater-cathode volts, 200 mazx. When the heater is
positive with respect to the cathode, the dc component of the heater-cathode voltage
must not exceed 100 volts. Except for heater and heater-cathode ratings, this type
is identical with miniature type 6BNG6.

MEDIUM-MU TWIN TRIODE

Miniature type used in direct-
coupled cathode-drive rf amplifier cir-
cuits of vhf television tuners employ- 4BQ7-A
ing series-connected heater strings.
Outline 12, OUTLINES SECTION.
Heater volts (ac/de), 4.2; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BQ7-A.

MEDIUM-MU TWIN TRIODE

£ Miniature type used in direct-
2 coupled cathode-drive rf amplifier eir- 4858
(®),. cuits of vhf television tuners employ-
! ing series-connected heater strings.
Pr3 1s Outline 12, OUTLINES SECTION.
Heater volts (ac/dc), 4.5; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BSS.

SHARP-CUTOFF TWIN PENTODE

Miniature type used as combined
syne separator, syne clipper, and age 4BU8
amplifier tube in television receivers
employing series-connected heater
strings. Outline 14, OUTLINES SEC-
TION. Heater volts (ac/dc), 4.2; amperes, 0.45; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BUS.
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SEMIREMOTE-CUTOFF PENTODE

Miniature type used in gain-con-

4BZ6 trolled video if stages of television re-

: ‘ ceivers employing series-connected

heater strings. Outline 11, OUTLINES

SECTION. Heater volts (ac/dc), 4.2;

amperes, 0.45; warm-up time (average), 11 seconds. Except for heater rating, this
type is identical with miniature type 6BZ6.

MEDIUM-MU TWIN TRIODE

4BZ7 Miniature type used in direct- "2

: coupled cathode-drive rf amplifier cir-

cuits of vhf television tuners employ-

ing series-connected heater strings.

Outline 12, OUTLINES SECTION.

Heater volts (ac/dc), 4.2; amperes, 0.6; warm-up time {(average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BZ7.

SHARP-CUTOFF PENTODE

Miniatute type used as if and as
4CB6 rf amplifier in television receivers em-
ploying series-connected heater strings.
Qutline 11, OUTLINES SECTION.

- Heater volts (ac/de), 4.2; amperes, oy
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 mazx ( the de component must
not exceed 100 volts). Except for heater and heater-cathode ratings, this type is

identical with miniature type 6CB6-A.

PENTAGRID AMPLIFIER

Miniature type used as a gated

4C56 amplifier in television receivers. In

such service, it may be used as a com-

bined sync separator and sync clipper.

Outline 11, OUTLINES SECTION.

Heater volts (ac/de), 4.2; amperes, 0.45; warm-up time (average), 11 seconds. Tix-
cept for heater rating, this type is identical with miniature type 6CS6.

SHARP-CUTOFF TRIODE
4 CY 5 Miniature type used as rf ampli-

fier in vhf tuners of television receivers
employing series-connected heater
strings. Outline 11, OUTLINES SEC-
TION. Heater volts (ac/dc), 4.5 am- o
peres, 0.3; warm-up time (average), 11 seconds. Except for heater rating, this type
is identical with miniature type 6CY5.
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H d

OO, SHARP-CUTOFF PENTODE
HG) O Miniature type used in the gain-

\‘ ‘ controlled pictureif stages of television 4D E6
FONUA Ga receivers utilizing an intermediate fre-
0 15 quency in the order of 40 megacycles
o per second. Also used as an rf amplifier
in vhf television tuners. Outline 11, OUTLINES SECTION. Heater volts (ac/dc),
4.2; amperes, 0.45; warm-up time (average), 11 seconds. Except for heater rating,
this tube is identical with miniature type 6DE6.

SHARP-CUTOFF PENTODE

Miniature types used as FM de- 4DT6
tectorin television receivers employing

series-connected heater strings. Outline -
11, OUTLINES SECTION. Heater 4DT6 A
volts (ac/de), 4.2; amperes, 0.45;

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

VARIABLE-MU TWIN TRIODE

Miniature type used in direct-
coupled cathode-drive rf amplifier cir- 4E58
cuits of television receivers employing

series-connected heater strings. Out-

line 12, OUTLINES SECTION.

Heater volts (ac/ de), 4; amperes, 0.6; warm-up time (average), 11 seconds. Except
for heater rating, this type is 1dent1cal with miniature type 6ESS8.

H p
‘ OO, SHARP-CUTOFF PENTODE
H(3) (6)c2 Miniature type used in the gain-
‘A ‘ controlled picture-if stages of vhf tele- 4EW6
K D0, G vision receivers operating at an inter-
0 2 mediate frequency in the order of 40

megacycles per second. Outline 11,
OUTLINES SECTION. Heater volts (ac/de), 4.2; amperes, 0.6; warm-up time
(average), 11 seconds. Except for heater rating, thls type is identical with minia-
ture type 6EW6,
H

SHARP-CUTOFF TWIN PENTODE

Miniature type used as combined 4658
sync separator, sync clipper, and age
amplifier tube in television receivers / 4BU8
© employing series-connected heater
KIS G3p, strings. Outline 14, OUTLINES SEC-
TION. Tube requires miniature nine-contact socket and may be mounted in any
position.

HEATER VOLTAGE (AC/DC) .\t viivvtstonaniniseeseeeeronensisneessaoanns 4.2 volts
HEATER CURRENT. . .....oivvinnnnn 0.45 ampere
HeATER WARM-UP TIME (Average)..... 11 seconds
DIRECT INTERELECTRODE CAPACITANCES
Grid No.8to Plate (Each Unit). ........viiiiiiiiiniannriinnrase 2 upf
Grid No.1 to All Other Electrodes. ................. 6 upuf
Grid No.8 to All Other Electrodes (Each Unit). 3.8 upf
Plate to All Other Electrodes (Each Unit)........... 3.2 uuf
Grid No.3 of Unit No.1 to Grid No.3 of Unit No.2. .. 0.015 mox nuf
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‘CLASS ‘A; AMPLIFIER
Maximum Ratings, (Design-Maximum Values):

PLATE VOLTAGE (Each Unit) . ... ..o v, [
GRID-N 0.8 (SUPPRESSOR-GRID) VOLTAGE (Each Unit):
Peak positive value. ... ..ot i e i e
DC negative value. . . ..ottt it et e i e
DC positive value. . ... i
GRID-N 0.2 (SCREEN-GRID) VOLTAGE
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Negative bias value................
CATHODE CURRENT. . .1ttt vttt ettt ettt
GRID-N0.2 INPUT
Prate DisstearioN (BEach Unit)....... .. i i i
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............................
Heater positive with respect to cathode............... ... .........

Characteristics: With Both Units Operating

Plate Voltage (Each Unit)........ ... ... 100
Grid-No.3 Voltage (Bach Unit). .. .......... ... ... ...... -10
Grid-No.2 Voltage. .. ... ..o 67.5
Grid-No.1 Voltage. .. . ..ottt e =
Plate Current (BEach Unit)............ . ... ... ... ... -
Grid-No.2 Current. . . ..oovvinin i 6
Cathode Current. ....ovvvui i 6.1

Plate Voltage. ..........coviiiiiiennn. e 100
Grid-No.3 Voltage 0
Grid-No.2 Voltage. . 67.
Grid-No.1 Voltage
Grid-No.3 Transconductance -
Grid-No.1 Transconductance 1200
Plate Current. .. .....c.oovuu it iiniinniiaeaai. -
Grid-No.3 Voltage (Approx.) for plate current of 100 ua. -
Grid-No.1 Voltage (Approx.) for plate current of 100 ua -
Maximum Circuit Values:
Grid-No.8-Circuit Resistance (Each Unit) .. ...... ... . ...
Grid-No.1-Circuit Resistance. . . ... ... ... i i
° 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.
DIODE—SHARP-CUTOFF
PENTODE
5 A M 8 Miniature type used in diversified
applications in television receivers em-

ploying series-connected heaterstrings.
The pentode unit is used as an ampli-
fier and the high-perveance diode as a

300 max wvolts
50 max wolts
-50 max volts
3 max volts
150 max volts
~50 max volts
12 max ma
0.75 max watt
1.1 max watts
200 max volts
200°max volts
100 volts
0 volts
67.5 volts
= volts

2 ma
3.6 ma
7.7 ma
100 volts
0 volts
67.5 volts
e volts
270 umhos
- umhos

2 ma
-3.7 volts
~2 volts

0.5 max megohm
0.5 max megohm

detector or de restorer. Outline 12, OUTLINES SECTION. Heater volts (ac/dc),
4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating,

this type is identical with miniature type 6AMS8-A.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE
Miniature type used in a wide
5AN 8 variety of applications in television re-
ceivers employing series-connected

heater strings. The pentode unitisused
as an amplifier and the triode unit is

used in oscillator or sync circuits. Outline 12, OUTLINES SECTION. Heater volts
(ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Exeept for heater

rating, this type is identical with miniature type 6ANS.
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BEAM POWER TUBE

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

Foz  nc FULL-WAVE VACUUM RECTIFIER

Glass octal types used in power
supply of television receivers having SAS4
high de requirements. Outlines 48 and
38, respectively, OUTLINES SEC- 5AS4'A
TION. Type 5AS84-A may be supplied
NE with pins 3, 5, and 7 omitted. Tubes
require octal socket. Vertical mounting is preferrcd 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; amperes, 3.0. For maximum ratings, typical operation, and curves, refer to type
5U4-GB. Type 5AS4 is a DISCONTINUED type listed for reference only.

DIODE—SHARP-CUTOFF
. PENTODE
3p P . . .
s Miniature type used in diversified
applications in television receivers em- 5 Ass

kp ploying series-connected heaterstrings.
The pentode unit is used as an ampli-
G2p Pp fier and the high-perveance diode as a
detector or de restorer. Outline 12, OUTLINES SECTION. Heater volts (ac/de),
4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating,
this type is identical with miniature type 6ASS.

5 e MEDIUM-MU TRIODE—
O, SHARP-CUTOFF PENTODE

Miniature type used as combined
oscillator and mixer tube in television 5AT8
(®cap receivers employing series-connected

heater strings. Outline12, OUTLINES

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

amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating, this
type is identical with miniature type 6AT8-A.

(23 Gip

Pop NC

@O FULL-WAVE VACUUM RECTIFIER

NC POy
© (& Glass octal type used as power

supply in television receiversand other 5 AU 4

9‘ Ne  equipment having high de require-
ORIO, ments. Maximum dimensions: over-all
NG F length, 4-3/4 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/dc), 5; amperes, 3.75.
For discussion of Rating Chart, refer to INTERPRETATION OF TUBE DATA.
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FULL-WAVE RECTIFIER
Maximum Ratings:
PEAK INVERSE PLATE VOLTAGE. . ...\ vviteeetennennnnnnns ereaaeraesns
PEAK PLATE CURRENT (Per Plate)
HoT-SWITCHING TRANSIENT PLATE CURRENT
(Per Plate), maximum duration 0.2 second...... PN
AC PLATE SUPPLY VOLTAGE (Per Plate, Tms) . ............. [N
DC OuTtPUT CURRENT (Per Plate). .. ....vviiiniriiineeernnneeeennnn

Typical Operation:

Filter Input Capacitor
AC Plate-to-Plate Supply Voltage (rms). . ...........cc.... 600 800
Filter-Input Capacitor. .. .........oiiriiirerinennrnnenns 40 40
Effective Plate Supply Impedance per Plate. . .............. 30 50
Filter-Input Choke. . ........ ... it iiiiiniieenaeens - -
DCOutput Current. . ...... ... it 350 325
DC Output Voltage at Input to Filter (Approx.)............ 275 395
Characteristics:

Tube Voltage Drop for plate ma=350 (Per Plate).................... N

RATING CHART

T T

w TYPE 5AU4 I
5 E¢=5 VOLTS AC
] MAXIMUM. OPERATING VALUES WITH:
a —CHOKE—INPUT FILTER
« rCAPACITOR—INPUT FILTER
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w 2001 S a— —~
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MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a wide

5AV8

ceivers employing series-connected

heater strings. Outline 12, OUTLINES ¢.',

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

HEATER VOLTAGE (AC/DC) .. \ititiiininn e ineennaes

HEATER CURRENT

HEATER WARM-UP TIME (Average) ...... ..ot iiinernennecnnnes cens

DIRECT INTERELECTRODE CAPACITANCES:

Triode Unit:
Grid to Plate
Grid to Cathode and Heater. .. ... vieniiiiiiinnnee N A
Plate to Cathode and Heater

Pentode Unit:

Grid No.ltoPlate . ... .. i i i i i i
Grid No.1to Cathode, Heater, Grid No.2, Grid No.3,and Internal Shield. .
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. .

Triode Grid to Pentode Plate. .. ..o it it

Pentode Grid No.1 to Triode Plate....... e e

Pentode Plate to Triode Plate

500
AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOSUT LOAD)

variety of applications in television re- ey 91

1400 max
1075 max

volts
ma

5.25 max amperes
See Rating Chart
See Rating Chart

Choke
1000 volts
- uf
- ohms
10 henries
325 ma
395 volts
50 volts

2]

Pp
4.7 volts
0.6 ampere
11 seconds
1.5 yy,f
2.0 nuuf
0.34 uut
0.04 mazx upf
7 uuf
3.0 puf
0.005 nuf
0.006 puf
0.045 uuf
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CLASS A, AMPLIFIER

Maximum Ratings: Triode Unit  Pentode Unit
PLATE VOLTAGE . ...t itiiittneteetinenneieinnnnnnnns 300 max 300 max volts
GRID N0.2 SUPPLY VOLTAGE .. - 300 max volts
GRID -NO. 2 (SCREEN-GRID) VOLTAGE .. - See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value . ... 0 max 0 max volts
PLATE DISSIPATION . ... \tuuttieennviruneeenonnnnaeennn.. 2.5 max 2 max watts
GRID-No0.2 INPUT:

For grid-No.2 voltages up to 150 volts ................ - 0.5 max waltt

TIPor grid-No.2 voltages between 150 and 300 volts ...... - See curve page 66
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 200 max 200 max volts

Heater positive with respect to cathode 200°max 200%maoa volts
Characteristics:
Plate Supply Voltage .......... ... .. ... ... ... v, 200 200 volts
Grid-No.2 Supply Voltage .. - 150 volts
Grid-No.1 Voltage ........ -6 - volts
Cathode-Bias Resistor ....... .. .. - 180 ohms
Amplification Factor ......... .. 19 - ohms
Plate Resistance (Approx.) 5750 300000 ohms
Transconductance. ... ...ttt e 3300 6200 pmhos
Grid-No.1 Voltage (Approx.) for plate current of 10 ua . .. -19 -8 volts
Plate Current .......... ..o .. 13 9.5 ma
Grid-No.2 Current ....... : - 2.8 ma
Grid-No.1-Circuit Resistance:

For fixed-bias operation. ... ............ ..., 0.5 0.25 inax megohm

For cathode-bias operation .......................... 1.0 max 1.0 max megohm

° The dec component must not exceed 100 volts.
# If either unit is operating at maximum rated conditions, grid-No.l-¢ircuit resistance [or both units
should not exceed the stated values.

PD2
O FULL-WAVE VACUUM RECTIFIER
(& Glassoctal t i
ype usedin power sup-
plies of radio and television receivers 5 AW4
26, having high de requirements. Maxi-
OLIO mumdimensions:over-alllength,5-3/16
NG F inches; seated length, 4-5/8 inches;

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-W AVE RECTIFIER
Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE. . ... ... ... i 1550 max volts
Peaxk PLATE CURRENT (Per Plate). .. ... ... .. o i 750 max ma
Hor-SwITCHING TRANSIENT PLATE CURRENT

(Per Plate) maximum duration 0.2 second............ ... .. ........ 4 max  amperes
AC PLATE SUPPLY VOLTAGE (Per Plate, rms).. .. ............ See Rating Chart

DC OUTPUT CURRENT. . ¢ oot ittt ittt et e e Sce Rating Chart

Typical Operation:

Filter Input Capacitor Cholze

AC Plate-to-Plate Supply Voltage (xms). .. ................ 900 1100 volts
Filter-Input Capacitor. ........................ 10 - ul
Effective Plate Supply Impedance per Plate 153 - ohms
Filter-Input Choke. ........ .. . i - 10 henries
DO Output Current. . .. ...vvviiveiie it 250 250 ma
DC Putput Voltage at Input to Filter (Approx.)............ 422 440 volts
Characteristics:

Tube Voltage Drop for plate ma = 250 (Per Plate). .. .....oooviiviioa., 50 volts
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FULL-WAVE VACUUM RECTIFIER

Lock-in type used in power supply of radio
equipment having moderate de requirements.
Outline 20, 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 max;
peak plate ma. (per plate), 375 maz; dec output
ma., 125 mazx. This type is used principally for
renewal purposes.

SAZ4

Typical Operation:

Filter Input Capacitor

AC Plate-to-Plate Supply Voltage (rms) ......... et 700
Filter-Input Capacitor..............ovivuvenns Ceeene 4
Total Effective Plate-Supply Impedance Per Platef . e 50
Filter-Input Choke. . .. e —
DC Output Current . ............couiuuenninnaenas PP 125
DC Output Voltage at Input to Filter (Approx.):

At hali-load current (62.5ma.) ............... e 392.5

At full-load current (125 ma.) .......cvvivivennneens 340
Voltage Regulation (Approx.):

Half-load to full-load current ........... ... ... ....... 52.5

RCA Receiving Tube Mannal ==

Choke
1000 volts
- uf
- ohms
5 henries
125 msa
405 volts
382 volts
23 volts

{ When 2 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.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

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

5B8

HEATER VOLTAGE (AC/DC) . .ttt it it is it etenaonesonnsnonnansnennes
HEATER CURRENT. . . ...........
HEATER WARM-UP TIME (AVErAZE) . ..\ et eeennroneaneannaennennnnnnn.
Triode

Maximum Ratings: Unit
PLATE VOLTAGE . . ... o ittt ittt iiieinaenenaaes 300 max
GRID-N0.2 (SCREEN-GRID) SUPPLY VOLTAGE. . . e -
GRID-NO.2 VOLTAGE . . ... .ottt . -
GRrip-NoO.1 (CONTROL-GRID) VOLTAGE, Positive bias value. .. .. 0 max
PLATE DISSIPATION. . ..ottt it ittt iaean e 2.5 max
Gnrip No.2 INpUT:

Iror grid-No.2 voltages up to 150 volts. .. ................ -

For grid-No.2 voltages between 150 and 300 volts. . ... ... -
Prax 1IEATER-CATHODE VOLTAGE:

Heater negative with respect to eathode. . ................ 200 max

Heater positive with respeet to cathode., .. ........ .. ..., 200" max

4.7 volts
0.6 ampere
11 seconds
Pentode
Unit
300 max volts
300 max volts
See curve page 66
0 max volts
2 max watts
0.5 max watt
See curve page 66
200 max volts
200%max volts
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CLASS A, AMPLIFIER

- Triode Pentode

Characteristics: Unit Unil
Plate Supply Voltage. .. ..ot i iiiieiiiiaiennns .. 200 200 volts
Grid-No.2 Supply Voltage. - 150 volts
Grid Voltage.. ... ... -6 - volts
Cathode-Biag Resistor .. 180 ohms
Amplification Factor. . .............ccivuunnnnn . 14 -
Plate Resistance (APproX.). . ....uueeeiieeeiiiieiinnnnnnnnn 5750 300000 ohms
Transconductance. ... ... .. ...ttt 3300 6200 pmhos
Plate Current . 13 9.5 ma
Grid-No.2 Current - 2.8 ma
Grid-No.1 Voltage (Approx.) for plate current of 10 ua -19 -8 volts
Maximum Circuit Values:
Grid-No.1-Circuit Resistanee*:

For fixed-bias operation. . ... ... . ... ... it 0.5 max 0.25 maxr megohi

For cathode-bias operation. ...............c.cciiivennnnn. 1.0 mazx 1.0 ma»  megohm

®The dc 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
of radio equipment and television re- SBC3
ceivers having high de requirements.

Outline 54, 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 VOLTAGE(AC) et e en vt it ee v ttaen et atanaenanseanenncnannn 5 volts
FILAMENT CURRENT o o0ttt it aitaineetin e auneenons Ceerieianes 3 amperes

FULL-WAVE RECTIFIER

Maximum Ratings, (Design-Mazvimum Values):

PEAK INVERSE PLATE VOLTAGE. . .......
PeAK PLATE CURRENT (Per Plate)
HOT-SWITCHING TRANSIENT PLATE CURRENT (Per Plate)® 5 max amperes
AC PLATE-SUPPLY VOLTAGE (Per Plate, rms) . .. See Rating Chart
DC OuTtpuT CURRENT (Per Plate). .. ..oooviiininiinniineannn P See Rating Chart

1700 max volts
1 maxr  ampere

Typical Operation with Capacitor Input to Filter:

AC Plate-to-Plate Supply Voltage (rms)............. 600 900 1100 volts
Filter-Input Capacitor®™. ... ... ............... . 40 40 40 uf
Total Effective Plate-Supply Impedance per Plate. 21 67 97 ohms
DC Output Voltage at Input to Filter (Approx )z
At load current of: 300 ma. 290 - - volts
275 ma. - 460 - volts
162 ma - - 630 volts
150 ma 335 - - volts
187.5 ma - 520 - volts
81 ma - - 680 volts
Typical Operation with Choke Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)..... e hiaeaee R 900 1100 . volts
Filter-Input Choke. . ........oo v, . 10 10 henries
DC Output Voltage at Input to Fllter (Approx.
At load current of: 348 m. 340 - volts
- 440 volts
355 — volts
- 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,.a 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.
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TYPE 5BC3
Ef=5 VOLTS AC
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MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

SBES8

. . G3p,IS
Miniature type used as a combined vhi P13 (3)
oscillator and mixer tube in television receivers

employing a series-connected heater string. Out~
line 12, OUTLINES SECTION. Heater volts
(ac/dc),4.7; amperes, 0.6; warm-up time (aver-
age), 11 seconds. Tube requires miniature nine-
contact socket and may be operated in any position. This type is used principally for renewal purposes.

CLASS A; AMPLIFIER
Maximum Ratings:

PLATE VOLTAGE . ...ttt ittt i e aainneintennnnnonananss
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE .. .
GRID-NO.2 VOLTAGE. . ..ottt ittiitiiiasen e ieiennnnnns
GRID-N0.1 (CONTROL-GRID) VOLTAGE, Positive bias value . ...
PLATE DISSIPATION
GRID-No0.2 INPUT:
For grid-No.2 voltages up to 150 volts. ............. e
For grid-No.2 voltages between 150 and 300 volts.......
PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode
Heater positive with respect to cathode................

B I TIPS

Characteristics:

Plate Supply Voltage. . ..covvrerciernennrnneninannns PN
Grid-No.2 Supply Voltage........ P
Cathode-Bias Resistor. . ... Ceeeaeeees e e
Amplification FACtor . ... ..viuiiriin it .
Plate Resistance (APDroX.) covvvvvnin i reneennnnenns
Transconductance. ... ...t e,
Grid-No.1 Voltage (Approx.) for plate current of 10 pa
Plate Current

Maximum Circuit Values:

Grid-No.1-Circuit Resistance:
For fixed-bias operation. ......... ... ... o ool
For cathode-bias operation. . ............ ... .iiivann.
® The de component must not exceed 100 volts.

MEDIUM-MU TWIN

S5BK7-A

TRIODE

Miniature type used in direct-
coupled cathode-drive rf amplifier cir-
cuits of vhf television tuners utilizing
series-connected heater strings. Out-
line 12, OUTLINES SECTION.

Triode
Unit
300 max

0 max
2.5 mox

200 max
200™ max

150

56

40
0.005
8500
-12
18

0.5 maz
1 max

Gt Gip

Pentode
Unit

300 max volts
300 max volts
See curve page 66
0 max volts
2.8 max watts
0.5 max watt
See curve page 66
200 max volts
200® max volts
250 volts
110 volts
68 ohms
0.4 megohm
5200 pmhos
-10 volts
10 ma
3.5 ma
0.25 max megohm
1 maz wmegohm

Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except
for heater rating, this type is identical with miniature type 6BK7-B.
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MEDIUM-MU TWIN TRIODE

Miniature type used in direct-
coupled cathode drive rf amplifier cir-
cuits of vhf television tuners employ- 5 B Q7 "A
ing series-connected heater strings.
Outline 12, OUTLINES SECTION.

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

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a wide
variety of applications in color and SBR8
black-and-white television receivers

employing series-connected heater

strings. Outline 12, OUTLINES SEC-

TION. Heater volts (ac/de), 4.7; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BR8-A.

TWIN DIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a variety of appli~
cations in television receivers employing series-
connected heater strings. The pentode unit is SBT8
used as an if amplifier, video amplifier, age am-
plifier, or reactance tube. The diode unit is
used in automatic-frequency-control and detee-
tor circuits. Outline 12, OUTLINES SECTION.
Heater volts (ac/de), 4.7; amperes, 0.6; warm-
up time (average), 11 seconds. Tube requires
miniature nine-contact socket and may be operated in any position. This type is used principally for
renewal purposes.

Maximum Ratings: PENTODE UNIT AS CLASS A; AMPLIFIER
PLATE VOLTAGE . . .. ottt et iiaa e anan i enaans 300 max volts
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE. . 300 max volts
GRID-NO.2 VOLTAGE See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value 0 max volts
Grip-No.2 INPUT:
For grid-No.2 voltages up to 150 volts. ... ... . ... oiiiiiininan. 0.5 max walt
For grid-No.2 voltages between 150 and 300 volts. ... .. See curve page 66
PLATE DISSIPATION . . . . . . ittt 2 max watts
PBAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ... .......... e e A 200 max volts
Heater positive with respeet to cathode. ......... ... .. ... o ou... 200%nax volts

Characteristics:
Plate Supply Voltage. .............. P 200 volts

Grid-No.2 Supply Voltage. 150 volts
Cathode-Bias Resistor. . ... 180 ohms
Plate Resistance (Approx.) . 0.3 megohm
Transconductance. .. .... 6200 pmhos
Plate Current. ......... e 9.5 ma
Grid-No.2 Current. . ... .. ... .. .., 2.8 ma
Grid-No.1 Voltage (Approx.) for plate current of 10 ua . -8 volts

Maximum Circuit Values:

Grid-No.1-Circuit Resistance:
For fixed-bias operation.................... .. . P 0.25 moxr wmegohm
For cathode-bias operation 1.0 max megohm

Maximum Ratings:

Prate CURRENT (Fach Unit). .. 1 max ma
PrAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.......... Ceeraaeseee careanas 200 max volts
Heater positive with respeet to cathode. ............ e eens Ceaes 200®max volts

® The de component must not exceed 100 volts.
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TWIN DIODE— . A
SHARP-CUTOFF PENTODE

SBW 8 Miniature type used in televisior(; .
receivers employing series-connecte
heater strings. The pentode unit is ﬁg‘z / ‘329
used as a sound if amplifier, sound o
limiter, and age keyer. The diodes are 02 Pp
used as horizontal phase detectors. Outline 12, OUTLINES SECTION. Heater
volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for
heater rating, this type is identical with miniature type 6BW8

MEDIUM-MU TRIODE— 0
SHARP-CUTOFF PENTODE

C G 8 Miniature type used as combined
5 oscillator and mixer tube in television (@)

receivers employing series-connected
heater strings. Outline 12, OUTLINES GF
. SECTION. Heater volts (ac/de), 4.7;
amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating, this
type is identical with miniature type 6CG8-A.

MEDIUM-MU TRIODE— H
5CL8 SHARP-CUTOFF TETRODE "

Minijature types used as combined ¥1(3)
5 CI_8_ A vhf oscillator and mixer in television

(o]

Gip

receivers employing series-connected e1GAZ ® :‘STR
heater strings. Outline 12, OUTLINES ©)
SECTION. Heater volts (ac/dec), 4.7; e GiR

amperes, 0.6; warm-up time (average), 11 seconds. Except for heater ratings, types
5CL8 and 5CL8-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 ke

5 C M 8 Miniature type used in television $2 &)

receivers employing series-connected

heater strings. The pentode unitis used

asanintermediate-frequency amplifier,

avideo amplifier, an age amplifier, or as

a reactance tube. The triode unit is used in sweep-oscillator, sync-separator, sync-

clipper, and phase-splitter circuits. Outline 12, OUTLINES SECTION. Heater

volts (ac/de), 4.7; amperes, 0.6. Except for heater rating, this type is identical
with miniature type 6CMS.

MEDIUM-MU TRIODE—
SHARP-CUTOFF TETRODE

5C Q 8 Miniature type used in a wide

variety of applications in color and

black-and-white television receivers

employing series-connected heater

strings. The tetrode unit is used as a

mixer or amplifier and the triode unit is used in oscillator and rf amplifier circuits.

Outline 12, OUTLINES SECTION. Heater volts (ac/dc), 4.7; amperes, 0.6; warm-

up time (average), 11 seconds. Except for heater rating, this type is identical with
miniature type 6CQ8.
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BEAM POWER TUBE

Miniature type used as vertical
deflection amplifier and as audio out- SCZS
put tube in television and radio receiv-
ers employing series-connected heater
strings. Outline 18, OUTLINES SEC-
TION. Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6CZ5.

i HIGH-MU TRIODE—
SHARP-CUTOFF PENTODE
®r
GapS 2P Miniature type used in television 5D H 8
receivers having series-connected
(N0, 57 ®ke  peater strings. Pentode used as video

or audio if amplifier; triode used as

sync amplifier, sync clipper, sync sep-

arator, or vertical oscillator. Qutline 12, OUTLINES SECTION. Tube requires
miniature nine-contact socket and may be operated in any position. Heater volts
(ac/dec), 5.2; amperes, 0.6; heater warm-up time (average), 11 seconds.

CLASS A AMPLIFIER

Gt Gip

Maximum Ratings, (Design-Muazimum Values): Triode Unit Pentode Unit
PLATE VOLTAGE. . ... ... ittt iiiiann e 300 max 300 max volts
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE. . . . - 300 max volts
GRID-NO.2 VOLTAGE. .. ... .. ... iiiiiiiniiinenannns . - See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE

Positive-bias value. ... ....... ... ... ... o i i, 0 max 0 mazx volts
PLATE DISSIPATION. . .. ..ot ianas . 2.0 max 2.2 max watts
GRID-NO.2 INPUT:

For grid-No.2 voltages up to 150 volts. .. .............. - 0.55 max watt

For grid-No.2 voltages between 150 and 300 volts. ...... - See curve page 66
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 Voltage. .. ... ittt 250 125 volts
Grid-No.2 Voltage......... 125 volts
Grid-No.1 Voltage......... — -
Cathode-Bias Resistor. .. .. 390 56 ohms
Amplification Factor....... 53 —
Plate Resistance (Approx.). 0.012 0.15 megohm
Transconductance. ......... 4400 8600 pmhos
Grid-No.1 Voltage (Approx.)

Forplatepa = 10. ... ... . it -10 - volts

Forplatewa = 20. ... .. .. .. i i i i i i - -6 volts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:

For fixed-bias operation........... .. 0.5 mar 0.25 maxr megohm

For cathode-bias operation 1.0 mee 1.0 mux megohm

VERTICAL DEFLECTION OSCILLATOR
For operation in a 525-line, 30-frame system

Maximum Ratings, (Design-Maximum System): Triode Unit
DC PLATE VOLTAGE . . ... ottt iie et anaasaaaasasanes 300 max voits
PrAK NEGATIVE-PULSE GRID VOLTAGE. .. .. . 400 max volts
PrAK CATHODE CURRENT. . ... .ovvtiunnn . 35 max ma
AVERAGE CATHODE CURRENT. . s Veaans 12 max ma
PLATE DISSIPATION. . ... ..ottt iiiine e raannraas ervesaeaessn 1 max watt
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode......... vasesssrasasans 200 max volts

Heater positive with respect to cathode. ... ... vessossssvesnssiosns 200°max volts

Maximum Circuit Values:

Grid Circuit Resistance:
For fixed-bias, cathode-bias, or
grid-resistor-bias operation. . . ... et e e a s e s Gab B o3 aee Sub snb Aud Ams 2.2 max megohms

° The de component must not exceed 100 volts.
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FULL-WAVE VACUUM RECTIFIER

Glass octal type used in power sup-
ply of radio and television receivers
having high de requirements. Outline
44, OUTLINES SECTION. Tube re-
quires octal socket; operation in ver-

tical position is preferred, but horizontal operation is permissible 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 VOLTAGE (AG/DC) ., ..o .vcvivvnn..

FILAMENT CURRENT

FULL-WAVE RECTIFIER

Maximum Ratings, (Design-Mazimum Values):
PEAK INVERSE PLATE VOLTAGE. . . o0ttt vttt i

PEAK PLATE CURRENT (Per Plate)............

Ho1-SWITCHING TRANSIENT PLATE CURRENT (Per Plate). .. ... ...........
AC PLATE-SUPPLY VOLTAGE (Per Plate, rms, without load), .. ............

DC Ourput CURRENT (Per Plate). . ...........

Typical Operation:

Filter Input Capacitor
AC Plate-to-Plate Supply Voltage (rms, without Joad). ... ... 600 900
Filter-Input Capacitor® 40 40
Filter-Input Choke.......... - —
Effective Plate-Supply Impedance per Pla 21 67
DC Output Voltage at Input to Filter (Apprn 1290 460
DCOutput Current. .. ...ttt 300 275

volts
amperes

Wt

1700 max volts
1 max ampere
5 max amperes

See Rating Chart

See Rating Chart

Chaoke
1100 volts
— “I
10 henries
- ohms
420 volts
275 ma

° When capacitor values greater than 40 uf are used, the effective plate-supply impedance should he
increased so that the maximum rating for peak plaie current is not exceeded.

5EAS8

megacycles. Outline 1

RATING CHART
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MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used as combined ©2°
oscillator and mixer in television re-
ceivers employing series-connected
heater strings and operating at inter-

mediate frequencies in the order of 40

Gip

Py Gy

2, OUTLINES SECTION. Heater volts (ac/dc), 4.7; am-

peres, 0.6; warm-up 1,1mv (average), 11 seconds. Except for heater rating, this
type is identical with miniature type 6EAS.
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H MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used as combined
oscillator and mixer in television re- 5EU8
Kp,GapdS ceivers  employing series-connected
o heater strings. Outline 12, OUTLINES

4 G2p 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 ymhos when the tube is operated
from a cold start with dc plate volts=100, grid volts=0, and heater amperes=0.560),
35 seconds. Except for heater rating and cathode warm-up characteristie, this type
is identical with miniature type 6 EUS.

H P
OO, SHARP-CUTOFF PENTODE
H(GE) (&e2

Miniature type used in the gain-

\‘ ‘ controlled picture-if stages of vhi tele- 5 EW6

K 1 c3 vision receivers operating at an inter-
[0 'S mediate frequency in the order of 40
Gr megacycles per second. Outline 11,
OUTLINES SECTION. Heater volts (ac/dc), 5.6; amperes, 0.45; warm-up time
(average), 11 seconds. Except for heater rating, this type is identical with minia-
ture type 6EW6.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used as combined
vertical deflection oscillator and gen- 5FV8
eral-purpose or if amplifier in television
receivers employing series-connected
heater strings. Outline 12, OUTLINES
SECTION. Heater volts (ac/de), 4.7; amperes, 0.6; warm-up time (average), 11
seconds. Except for heater rating, this type is identical with miniature type 6FVS8.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

G2p, Kp,Gap Miniature type used in multivi-
9/ (2 brator-type horizontal-deflection cir- SGHS
cuits in television receivers employing
aseries heater-string arrangement. Also

Pr G used for agc-amplifier or sync-separa-
tor applications in such receivers. Outline 12, OUTLINES SECTION. Heater
volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for
heater rating, this type is identical with miniature type 6GHS.

SEMIREMOTE-CUTOFF PENTODE

Miniature type used in gain-con-
trolled picture-if stages of television SGM6
receivers employing series-connected
heater strings and operating at inter-
mediate frequencies in the order of 40
megacycles. Outline 11, OUTLINES SECTION. Heater volts (ac/dc), 5.6; am-
peres, 0.45; warm-up time (average), 11 seconds. Except for heater rating, this
type is identical with miniature type 6GMS6.
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MEDIUM-MU TWIN TRIODE

Minijature type used as combined

5J 6 rf power amplifier and oscillatorin tele-

vision receivers employing series-con-

nected heaterstrings. Outline 11, OUT-

LINES SECTION. Heater volts

(ac/de), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater
rating, this type is identical with miniature type 6J6.

FULL-WAVE VACUUM RECTIFIER

P
Metal type used in power supply of radio o2
equipment having large de requirements. Out- o fo
line 7, OUTLINES SECTION. Tube requires 2 '
octal socket. Vertical tube mounting is pre-
5 T4 ferred but horizontal mounting is permissible if
pins 2 and 4 are in vertical plane. Filament
volts (ac), 5.0; amperes, 2.0. Maximum ratings e‘
as full-wave rectifier: peak inverse plate volts. ORIO)
1550 max; peak plate ma. (per plate), 675 max; s F

dc output ma., 225 mazx. This type is used prin-
cipally for renewal purposes.

Typical Operation:

Filter Input Capacitor Choke

AC Plate-to-Plate Supply Voltage (rms) .. ... uveivnan .. 900 1100 volts
Filter-Input Capacitor. .. ... .ottt iiiininnnnnnnnan 4 - uf
Total Effective Plate-Supply Impedance Per Platet ............ 150 - ohmsz
Filter-Input Choke. ..............oonviuee et PR - 10 henries
DCOutput Current. . ....vvtnie ittt iiieiernrnnnennns ..o 225 225 ma
DC Output Voltage at Input to Filter (Approx.):

At half-load current (112.5 ma.)....... 539 465 volts

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

Half-load to full-load current. . ......... ... .. ooiiiiiaat 59 15 volts

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

TRIPLE DIODE—-HIGH-MU TRIODE

Miniature type used as combined

5"'8 AM detector, FM detector, and af

voltage amplifier in radio and tele-

vision receivers employing series-con-

nected heater strings. Outline 12, ‘ ;

OUTLINES SECTION. Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time

(average), 11 seconds. Peak heater-cathode volts, 200 max. When the heater is

positive with respect to the cathode, the 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 6T8-A.

FULL-WAVE VACUUM RECTIFIER

5U4'G Glass octal types used in power
supplies of radio and television receiv-
5 U 4_G B ershavinghigh derequirements. 5U4-G
‘ Outline 50, 5U4-GB Outline 44, OUT- ORL

LINES SECTION. Tubes require NC ¥
octal socket. Either type may be supplied with pins 8, 5, and 7 omitted. Vertical
mounting is preferred but horizontal mounting is permissible if pins 1 and 4 are in
vertical plane. The coated filament is designed to operate from the ac line through
a step-down transformer. The voltage at the filament terminals should be 5.0 volts
at an average line voltage of 117 volts. It is especially important that these tubes,
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Technical Data

like other power-handling tubes, be adequately ventilated. For discussion of Rat-
ing 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 max; peak plate amperes per plate, 0.8 max (transient, 4.0 mazx). Type
5U4-G is used principally for renewal purposes.

FILAMENT VOLTAGE (AC)........
FILAMENT CURRENT. .. .o..0vnn...

Maxi

PEAK INVERSE PLATE VoLTAGE
PEAK PLATE CURRENT (Per Plate)
HOT-SWITCHING TRANSIENT PrATE CURRENT (Per Plate) .
AC PLATE SUPPLY VOLTAGE (Per Plate, rms)
DC Ourrur CURRENT (Per Plate)

mum Ratings:

RATING CHART

200 300

T T
TYPE 5U4 —GB
w E¢=5 VOLTS AC
S
@ MAXIMUM OPERATING VALUES WITH:
« CHOKE -INPUT FILTER
< 500 [ cAPACITOR ~INPUT FILTER.
w
g |ea '
w 17511\\\ 'B':\
A BT AT P Mg ! S A
23 | N
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z P e e e e e e e e e = = ND
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© 50 1 t
g 1 ]
° 1 '
48 1450 G}550
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400

500 600

00
AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD}

OPERATION CHARACTERISTICS

2CS~8450T1

OPERATION CHARACTERISTICS

FULL-WAVE CIRCUIT, CAPACITOR INPUT TO FILTER
T T T T T T T T
TYPE. 5U4-GB

£= OLTS AC
|- SUPPLY FREQUENCY = 60 CPS
CAPACITCR (C) INPUT TO FILTER: 40 LLE
TOTAL EFFECTIVE PLATE-SUPPLY IMPEDANCE
o PER .PLATE: E
CURVE|I 2 3 4 5 6 7 8
OHMS [11 11 20 36 52 67 82 97
CURRENT-AND -VOLTAGE BOUNDARY LINE ‘DEA’= |
SEE RATING CHART

FULL-WAVE CIRCUIT, CHOKE INPUT TO FILTER
T

T T T T T T T
TYPE 5U4-GB

E£=50VOLTS AC  SUPPLY FREQUENCY=80CPS

[ SOLID-LINE CURVES=CHOKES OF INFINITE T

INDUCTANCE
LONG-DASH LINES=BOUNDARY LINES FOR
CHOKE SIZES AS SHOWN <
SHORT'DASH CURVES= REGULATION CURVES
R RFPRESENTATIVE

SI1Z]
| CURRENT-AND- VOL'I’AGE BOUNDARY LINE ‘cBA’
IS THE SAME AS SHOWN ON RATING CHART

.. 5.0 volts
3.0 amperes
5U4-G1

1550 max volts
1. i) max ampere

#
See Rating Chart
See Rating €

hart
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Typical Operation of 5U4-GB with Capacitor Input to Filter:

AC Plate-to-Plate Supply Voltage (rms)............ 600 900 1100 volts
Filter-Input Capacitor®. .. ................. 0o, 40 40 40 uf
Total Effective Plate-Supply Impedance per Plate. 21 67 97 ohms
DC Output Voltage at Input to Filter (Approx.):
150ma.............. 335 - - volts
At half-load current of 137.5ma.............. - 520 - volts
8lma.............. - - 680 volts
300ma.............. 290 - - volts
At full-load current of 275 ma.............. - 460 - volts
162ma.........c.0nn - - 630 volts
Voltage Regulation (Approx.):
Half-load to full-load current........... e 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. ... .ottt 10 10 henries
DC Output Voltage at Input t(i rﬁllter (Approx.): 3 |
....................... 355 - volts
At balt-load current of { 1gh’s toa T o 455 volts
B48ma. . ... .ooiiiii 34 - volts
At full-load current of { H7E A - 1440 volts
Voltage Regulation (Approx.):
Half-load to full-load current. ........... ..., 15 15 volts

#1f 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 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.

MEDIUM-MU TRIODE— "
SHARP-CUTOFF PENTODE

.. . S2p,
5 U 8 . Miniature type used as combined
oscillator and mixer tube in AM,FM G ¢
receivers and television receivers em- G#®
ploying series-connected heater strings.
Outline 12, OUTLINES SECTION.
Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except
for heater rating, this type is identical with miniature type 6US8-A.

PT

Poa NC

FULL-WAVE VACUUM RECTIFIER OO,

NC P,
5V3 - Glass octal types used as power G} o
supply in color television receivers and

5V3_ A other equipment having high dc re~ 9‘ QN

quirements. Outline 44, OUTLINES ORIO
SECTION. Tubes require octal socket. NG 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.

5V3 5V3-4
FILAMENT VOLTAGE (AC/DC) « o o vt eeiie e eie e eiinee s 5.0 5.0 volts
FILAMENT CURRENT . « . oot ottt ittt et e e et ieennn 3.8 3 amperes

FULL-WAVE RECTIFIER
5V3 5V3-A
. . . Design- Design-

Maximum Ratings: Center Values Mazimum Values
PEAK INVERSE PLATE VOLTAGE. . ..... e e 1400 max 1550 max volts
PEAK PLATE CURRENT (Per Plate) 1.2 max 1.4 max amperes
HOT-SWITCHING TRANSIENT PLATE CURR 5.5 max 6.6 mar amperes

AC PLATE-SUPPLY VoLTAGE (Per Plate, rms, without load) . See Rating 550 max volts
DC OurpuT CURRENT (Per Plate). . ....................... Chart 415°max ma

° With capacitor-input filter for ac plate-supply volts (rms, per plate, without load) = 470.
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Typical Operation:
Filter Input

AC Plate-to-Plate Supply Voltage (rms)
Filter-Input Capacitor®
Effective Plate-Supply Impedance per Plate
Minimum Filter-Input Choke....................

DC Output Current.

DC Output at Input to Filter (Approx.

Characteristics:

Technical Data

5V3 5V3-A
Capacitor Choke  Capacitor Choke
................... 850 1000 850 1000 volts
........................ 40 - 40 - uf
56 - 50 - ohms
e (U - 10 henries
................ . 350 350 350 350 ma
. 430 385 440 390 volts
5V3 5V3-A

Tube Voltage Drop, for plate ma =350 (per plate).......... 47 42 volts

® 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.

O
ORION
NC

H

RATING CHART

T T T T
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92C5-1023172

FULL-WAVE VACUUM RECTIFIER

Glass octal types used in full-wave
power supplies having high de require-
ments. Outlines 42 and 31, respec-
tively, OUTLINES SECTION. Tubes
require octal socket and may be

5V4-G
5V4-GA

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

tilated.

HEATER VOLTAGE (AC/DC)

HEATER CURRENT. . ..

Maximum Ratings:
PEAK INVERSE PLATE

VOLTAGE

AC PLATE-SUPPLY VOLTAGE (Per Plate, rms):

‘With capacitor-inpu
With choke-input fil

PeAK PLATE CURRENT (Per Plate)
DC OUTPUT CURRENT. . c..0vvvnnnennnn

Typical Operation:

thilter. . ... e e e
ter. ... ...l

Filter Input Capacitor
AC Plate-to-Plate Supply Voltage(rms).................... 750
Filter-Input Capacitor*. . .. ... .. ... ... ... ittt 10
Total Effective Plate-Supply Impedance per Plate .. ......... 100
Filter-Input Choke. .. .. ... . i -

DC Output Voltage at Input to Filter (Approx.) for de output

currentof 176ma. . ... .. . il 410

5.0 volts
2.0 ampere
1400 max volts
375 max volts
500 max volts
525 max ma
175 max ma
Choke
1000 volts
- uf
- ohms
4 henries
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.
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5V6-GT

RCA Receiving Tube Manual

OPERATION CHARACTERISTICS
FULL-WAVE RECTIFIER CIRCUIT

TYPE 5V4-GA
E£=50 VOLTS
_SUPPLY FREQUENCY= 60 CPS
== CHOKE(L)INPUT TO FILTER? -
L =4 HENRIES (MIN.)
— CAPACITOR (C) INPUT TO FILTER: |
TOT.EFFECT.PLATE-SUPPLY '}
© | IMREDANCE PER PLATE=
o S| 100 OHMS ]
a 25
Z 500 rl’g 7
° s s P,
I O e ot By el PLA’IE
= 3 = 8
- 5400 R0 = c'"‘
% 400 _\ “ur
= 1
< 300] el
0 300 | - 4
5 =E=
o
> 200
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o
5
3 100
Q
)
©
) 50 100 150 200

DC LOAD MILLIAMPERES
92CM-6090T2

BEAM POWER TUBE

Glass octal type used as output
amplifier in television receivers em-
ploying series-connected heater strings.
Outline 22, OUTLINES SECTION.
This type may be supplied with pin

G3

No.1 omitted. Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up tlme (average), 11
seconds. Except for heater rating, this type is identical w1th glassoctal type 6V6-GT.

5W4
5W4-GT

5X4-G

5X8

FULL-WAVE VACUUM RECTIFIER

Metal type 5W4 and glass-octal type 5W4-
GT are used in power supply of radio equipment
having low de requirements. Outlines 6 and 25,
respectively, OUTLINES SECTION. Both
types require octal socket. Filament volts (ac),
5.0; amperes, 1.5. Maximum ratings: peak in-
verse plate volts, 1400 max; peak plate ma., 300
max; de output ma., 100 max. These are DIS-
CONTINUED types listed for reference only.

FULL-WAVE VACUUM RECTIFIER

Glass octal type used in power supply of
radio equipment having large dc requirements.
Outline 50, OUTLINES SECTION. Filament
volts, 5.0; amperes, 3.0. Tube requires octal
socket. Maximum ratings as full-wave rectifier:
peak inverse plate volts, 1550 max; peak plate
amperes per plate, 675 max. Type 5X4-G is used
principally for renewal purposes.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used as combined
oscillator and mixer in AM/FM re-
ceivers and television receivers em-
ploying series-connected heater strings.
Outline 12, OUTLINES SECTION.

Ppy
O oo,
(®
i
NOMIO,
$:5 F
NC: 5W4 GT
NC Po,
&) (s
PD2(3 NCi

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.
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Technical Data

PD2

O FULL-WAVE VACUUM RECTIFIER

O Glass octal types used in power 5Y3-G
& supply of radio equipment having mod-
F erate dc requirements. Type 5Y3-G, -

o‘@ Outline 42; type 5Y3-GT, Outline 25, 5Y3 GT

NC OUTLINES SECTION. Tube% require
octal socket. Vertlcal 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 VOLTAGE (AC) . ottt it teiieeentnnasneseneeenonnnnansensnnns 5.0 volts
FILAMENT CURRENT . . o oo\t ietteeineneeanssnsnens soanersonnnaeneenns 2.0 amperes
FULL-W AVE-RECTIFIER

Maximum Ratings: . 5Y3-GT
PEAK INVERSE PLATE VOLTAGE. . . .\ttt ttiiitriiie e enrnannenns 1400 e volts
PEAK PLATE CURRENT (Per Plate) . ... ..ot 440 max ma
HoT-SWITCHING TRANSIENT PLATE CURRENT (Per Plate) ................. 2.5 mazx amperes
AC PLATE SuppPLY VOLTAGE (Per Plate, rms) ..........oiviiiiiienn.. See Rating Chart
DC OuTPUT CURRENT (Per Plate) ..ot iiiiiieenns See Rating Chart
Typical Operation of 5Y3-GT with Capacitor Input to Filter:
AC Plate-to-Plate Supply Voltage (rms) ......... . 700 1000 volts
Filter Input Capacitor*. . co.vvevre s 20 10 M
Effective Plate-Supply Impodance per Plate..... . 50 140 ohms
DC Output Voltage at Inputhé) gllf@r (Approx.): 390 . "
LOIMAB L i it Ceasas - volts
At half-load current of | 62,018 - AR ORI e 610 volts
11-) 125 MA tiivnvrnnrennnnanannnenns 360 - volts
At full-load current of } BAma oneneinneen - 560 volts

Voltage Regulation (Approx.):
Half-load to full-load current............... 40 50 volts

RATING CHART

TYPE BYB —éT
E¢=5 VOLTS AC

MAXIMUM OPERATING VALUES WITH:
CHOKE —INPUT FILTER
[ i—CAPACITOR-iNPUT FILTER

\i\ si\
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AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD)
92€5-7396T2

Typical Operation of 5Y3-GT with Choke Input to Filter:

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

Filter Input Choke# ... ..... ... i, 10 10 henries
DC Output Voltage at Input to Filter (Approx.): 270 .

MA ... ..ttt sassnnanans . - volts

At half-load current of } 62.5ma ... i . - 406 volts

t full- 150 ma Chreerreerereetanosanans . 245 - volts

At full-load current of "¢y 5 TR - 380 volts

Voltage Regulation (Approx.): Half- load to full-load current...... 25 15 volts

* Higher values of capacitance than indicated may be used but the effective plate supply impedance
may have to be mereaﬁed 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 Kilter, 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). :
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OPERATION CHARACTERISTICS
FULL -WAVE CIRCUIT, CAPACITOR INPUT TO FILTER

OPERATION CHARACTERISTICS
FULL-WAVE CIRCUIT, CHOKE INPUT TO FILTER

TYPE 5Y3-GT _E£=50 VOLTS AC TYPE 5Y3-GT _ E£,=50 VOLIS AC "
FILTER-INPUT CAPACITOR ~—— CHOKES OF INFINITE
200 =10uF 200 INDUCTANCE
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FULL-WAVE VACUUM RECTIFIER

Glass octal types used in power
5Y4_G A supplies of radio equipment having
moderate DC requirements. Outlires
5Y4_GT 42,25and 44, respectively, OUTLINES
SECTION. Tubesrequire octal socket. O,
Type 5Y4-GT is supplied with pins 4 F
and 6 missing. Vertical tube mounting is preferred, but horizontal mounting 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 especi-
ally 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 max; peak plate ma. per plate, 375 mazx (transient amperes,
2.2 maw). Type 5Y4-G is a DISCONTINUED type listed for reference only.

5Y4-G

IILAMENT VOLTAGE (AC/DC) . Lot i e e e e e e, 5.0 volts

FILAMENT CURRENT .ttt et e e e 2.0 amperes
) . FULL-W AVE RECTIFIER 5Y4-GA

Maximum Ratings: 5V 4-GT

PEAR INVERSE PLATIE VOULTNGIE oo 1400 mow volts

I’BAK PLATE CURRENT (Per Plate) ... o e, 400 max ma

HOT-SWITCHING TRANSUENT PLATE CURRENT 2.2 max amperes

AC PLATE SUPPLY VOLTAGE (Per Plate, rms)

DC OurpuT CURRENT

(Per Plate)

See Rating Chart
Sce Rating Chart



— Technical Data

Typical Operation of 5Y4-GA & 5Y4-GT:

Filter Input Cupucitor Choke

AC Plate-to-Plate Supply Voltage (rms) 700 1000 volts
Filter-Input Capacitor®. ... ... ... ... .. 10 - uf
Total Effective Plate-Supply Impedance per Plate . ......... 50 - ohms
Filter-Input Choke. ........oovviiiiiiiniiiiiiinn e, - 10 heuries
DCOutput Current ........vviiiiiiiieeeininnannn.. 125 125 ma
DC Output Voltage at Input to Filter (Approx.):

At full-load current (125 ma.) ....ovevuunenninennen.nn 350 390 volts

Characteristics, Instantaneous Test Condition:
Tube Voltage Drop for plate ma =125 (perplate) ... .................... 60 volts

° Values of eapacitance greater than 20 uf may be used, provided the plate-supply impedance is in-
creased Lo prevent exceeding the maximum peak-plate-current rating.

TYPE 5Y4-GT

o 5Y4-GA
a4 |Ef=5 VOLTS AC
a MAXIMUM OPERATING VALUES WITH: ——
- CHOKE—INPUT FILTER
w rCAPACITOR—INPUT FILTER
o
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FULL-WAVE VACUUM RECTIFIER

Glass type used in power supply of radio

P P
D ' equipment having large dc¢ requirements. Out-
line 51, OUTLINES SECTION. Tube requires
four-contact socket. Vertical mounting is pre-

ferred but horizontal mounting is permissible if 523

pinsland4areinhorizontal plane. Filament volts
0‘0 ‘ac), 5.0; amperes, 8.0. Maximum ratings as full-
¥ wave rectifier: peak inverse plate volts, 1550
mazx; peak plate ma. per plate, 675 max. Type
573 is used principally for renewal purposes.

©) oo FULL-WAVE VACUUM RECTIFIER
(& Metal type used in power supply
of radio equipment having moderate SZ 4
9‘ de requirements. Outline 6, OUT-
0, " LINES SECTION. Tube requires
s " octal socket and may be mounted in

any position. Heater volts (ac), 5.0; amperes, 2.0. Maximum ratings: peak inverse
plate volts, 1400 max; peak plate ma. per plate, 375 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; dec 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.

POWER TRIODE

© Glass type used in output stage of radio re-
ceivers. Outline 51, OUTLINES SECTION. 6A3
Tube requires four-contact socket. Filament
volts (ac/de), 6.3; amperes, 1.0. This type is
identical electrically with type 6B4-G. Type 6A3
is a DISCONTINUED type listed for reference
only.
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- HIGH-MU TWIN POWER TRIODE

Glass type used in output stage of ac-oper-
ated receivers as a class B power amplifier or
with units in parallel as a class A; amplifier to
drive 2 6A6 as class B amplifier. Outline 43,

6A6 OUTLINES SECTION. Tube requires medium
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-

6A7 cuits. Outline 40, OUTLINES SECTION.

These types require the small seven-contact

(0.75-inch, pin-circle diameter) socket. Except

6A7S for interelectrode capacitances, the 6A7 is iden-

tical electrically with type 6A8. Type 6A7S, now

DISCONTINUED, has the external shield con-

nected to cathode. In general, its electrical char-

acteristics are similar to those of the 6A7, but

the two types are usually not directly interchangeable. Type 6A7 is used principally for renewal purposecs.

PENTAGRID CONVERTER

’ 6 A 8 Metal type 6A8 and glass octal types 6A8-G
and 6A8-GT used in superheterodyne circuits. [ Gz

6A8 Outline 4, 6A8-G Outline 39, 6A8-GT

6 A8_G Outline 23, OUTLINES SECTION. Tubes re-

quire octal socket. Heater volts (ac/dc), 6.3;
amperes, 0.3. Maximum ratings: plate, grids- e' H
6A8-GT No.3-and-No.5-supply, and grid-No.2-supply $:6A8
volts, 300 max; grids-No.3-and-No.5 (screen- gg g:g:g.r
grid) volts, 100 maz; grid-No.2 (anode-grid)
volts, 200 maz; grid-No.4 (control-grid) volts, 0 max; plate dissipation, 1 max watt; grids-No.3-and-
No.5 input, 0.3 max watt; grid-No.2 input, 0.75 max watt; total cathode ma., 14 moz;: peak heater-
cathode volts, 90 max. These types are used principally for renewal purposes.

Characteristics: CONVERTER

Plate Voltage. .. ............ .. . .. 100 250 volts
Grids-No. 3-and-No. 5 Voltage . . 50 100 volts
Grid-No. 2 Voltage. . ......... . . . 100 - volts
Grid-No. 2 Supply Voltage... . ...........ovuns e . - 250% volts
Grid-No.4 Voltage. . . ... iiiiiiiiiiiinniinnenennns ~1.6 -8 volts
Grid-No. 1 (Oscillator-Grid) Resistor 50000 50000 ohms
Plate Resistance (Approx.).........oceevvunnns e 0.6 0.36 megohm
Conversion Transconductance. . . ......cocevvereeenenneennn - 360 550 umhos
PlateCurrent. .. ... ...ttt ittt 1.1 3.5 ma
Grids-No. 3-and-No. 5Current . . .....covviveiniiennniena 1.8 2.7 ma
Grid-No. 2 Current. ... vovvuiireirinnreieannoneeeeennnnns 2 4 ma
Grid-No. 1 Current. .. oovveveiiienneriniineenerennneeens 0.25 0.4 ma
Total Cathode Current. . .....ovvviiriineerennirnenanennn 4.6 10.6 ma

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

HIGH-MU TRIODE tolon

Miniature type used as cathode-
6 AB 4 drive amplifier, frequency converter, ‘

or oscillator at frequencies up to about G) )

300 megacycles per second particularly s J "

in television and FM receivers. Outline P
11, OUTLINES 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.
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ELECTRON-RAY TUBE

Gt TA Glass type with triode unit used to indicate
9 0 visually by means of a fluorescent target the
/‘ cffects of a change in a controlling voltage. It is 6AB5
o used as a convenient means of indicating accu-
RE OU rate radio-receiver tuning. Outline 34, OUT-
LINES SECTION. Tube requires six-contact 6N 5
‘ socket. Heater volts (ac/de), 6.3; amperes, 0.15.
Maximum ratings in indicator service: triode-

plate supply volts, 180 max; fluorescent-target
volts, 180 inax, 125 min. This type is used
principally for renewal purposes.

SHARP-CUTOFF PENTODE

Metal type used in rf and if stages of pie-
ture amplifier of television receivers particularly
those employing automatic-gain control. Qut- 6 AB7
line 3, OUTLINES SECTION. Tube requires
octal socket. Heater volts (ac/de), 6.3; amperes,
0.45. Maximum ratings as class Ai amplifier:
plate and grid-No.2 supply volts, 300 max;
grid No.3, connect to cathode at socket; grid-
No0.2 volts, 200 mux; 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.

(]
(5) HIGH-MU POWER TRIODE
P . .
Glass octal type used in single-ended or
e push-pull audio-frequency power amplifiers of 6 AC 5—GT

the direct-coupled type in which a driver tube

9"0 develops positive grid bias for the 6AC5-GT
ool

T

output stage. Outline 22, OUTLINES SEC-

TION. This type may be supplied with pin No.

1 omitted. Tube requires octal socket. Heater

volts (ae/de), 6.8; 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.

NC K

] K

SHARP-CUTOFF PENTODE

Metal type used in rf and if stages
of picture amplifier and the first stages 6 AC7
of the video amplifier of television re-
ceivers. It is also used as a mixer or
oscillator tube in low-frequency appli-
cations. Outline 3, OUTLINES SECTION. Tube requires octal socket. When tube
is used as a high-gain audio amplifier, heater should be operated from a battery
source.

HEATER VOLTAGE (AC/DC) 4ttt ttteneesonnsnonuerseeneneerenearoaneuns 6.3 volts
HEATER CURRENT . & ottt tetnvseransnsrancsssnneenusnsassoaronesesnss 0.45 ampere

Maximum Ratings:
PLATE VOLTAGE. ......... Ceseiaaeaiierareierenaas 300 max volts
GRID NO.3 (SUPPRESSOR GRID)..... . .. Connect to cathode at socket
GRID-NO.2 (SCREEN-GRID) VOLTAGE. . See curve page 66

GRID-NO.2 SUPPLY VOLTAGE. ...... . . 300 maz volts
PLATE DISSIPATION. .\ttt ve otieeananieeennnnassnnans 3 max watts
GRID-NO0.2 INPUT: .
For grid-No.2 voltages up to 150 volts............... ieeaes 0.4 max watt
For grid-No.2 voltages between 150 and 300 volts..,....ovuvunn See curve page 66
PeaK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode ............ eeereacrae e 90 max volts
Heater positive with respect to cathode .......... o re e v. 90 max volts
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Characteristics:

Plate Supply Voltage ........ P 300 300 volts
GridNo.3. ................ PPN Connectedtocathodeatsocket
Grid-No. 2 Supply Voltage.......... PP 150 300 volts
Grid-No. 2 Series Resistor. . .......... it eeei e 60000 ohms
Min. Cathode-Bias ResiStor. . . ...+ ovvwnos. et 160 160 ohms
Plate Resistance (Approx.).......... e e 1 1 megohm
Transconductance. . ......c.ooevvvvuoerennnss e e 9000 9000 - pmhos
Plate Current. .....oovivetiinneernnieennnenns e 10 10 ma
Grid-No.2 Current. .......cooiiiiiiiinnnnnns PPN P 2.6 2.5 ma

Maximum Circuit Values:

Grid-No.1-Circuit Resistance:
For cathode-bias operation with fixed grid-No.2 voltage ............. . 0.2
For cathode-bias operation with series grid-No.2 resistor ............. 0.5

ar megohm

5 mi
.50 max megohm

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

6 AD 6 G 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.

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 42,

6AD7-G OUTLINES SECTION. Tube requires octal
socket. Heater volts (ac/dc), 6.3; amperes, 0.85.

For typical operation of pentode unit, refer to

type 6F6-G. Maximum ratings of pentode unit

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

volts, 875 max; grid-No. 2 volts, 285 max; plate

dissipation, 8.6 max watts; grid-No.2 input, 2.7 max watts. Maximum ratings of triode unit as classAs
amplifier: plate volts, 285 max; plate dissipation, 1.0 max watt.This type is used principally for renewal
purposes.

LOW-MU TRIODE

Glass octal type used as class A; amplifier
6AE5 GT in ac/de radio receivers. Outline 22, OUT-
- LINES SECTION. Heater volts (ac/dc), 6.3;
amperes, 0.3. Maximum ratings as class A1 am-
plifier: plate volts, 800 mazx; plate dissipation,
2.5 max watts. This is a DISCONTINUED

type listed for reference only.

TWIN-PLATE CONTROL TUBE

Glass octal type used as a control tube for
twin-indicator type electron-ray tubes. Outline
86, OUTLINES SECTION. Contains two tri-
6 AE6_G odes with different cutoff characteristics. If ave
voltage is applied to the common control grid in
suitable circuit, one triode section operates on
weak signals while the other operates on strong
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
6AE7_GT latter service, type 6AE7-GT replaces two tubes
ordinarily required as drivers. Outline 22, OUT-
LINES SECTION. Heater volts (ac/de), 6.3;
amperes, 0.5. This is a DISCONTINUED type
listed for reference only.
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HALF-WAVE VACUUM RECTIFIER

Miniature type used as a damper
tube in horizontal deflection circuits 6AF3
of televisionreceivers. Outlinel7,0UT-
LINES SECTION, except all vertical
dimensions of this type are }§ inch
greater. Tube requires miniature nine-contact socket and may he 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 VOLTAGE (AC/DC) oottt i iie it et e e e i e 6.8 volts
HEATER CURRENT. . oL oottt it et e e e et et 1.2 amperes

DAMPER SERVICE
For operation in a 525-line, 30-frainc system
Maximum Ratings, (Design-Mazimum Values):

PEAK INVERSE PLATE VOLTAGEf 4500 mazx volts
PEAK PLATE CURRENT. ......... 750 max ma
AVERAGE PLATE CURRENT L ...ttt et inteneeeinnennnnennnns 185 max ma
Prak HieaTer CATHODE VOLTAGE:
Heater negative with respect to cathode 4500% maa volts
Heater positive with respect to cathode 300%™ maw volts

BULB TEMPERATURE (At hottest point) .................. A 210 max °C

# The duration of the voltage pulse must not exceed 15 per cent of one honzomal scanning cyele. In a
o"5-lmo 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.
#* The de component must not exceed 1000 volts.
¥ The de component must not exceed 100 volts.

LOIRO) MEDIUM-MU TRIODE

G Miniature types used as local 6AF4
‘ oscillators in uhf television receivers
& . covering the frequency range of 470 to 6 AF 4 A

890 megacycles per second. 6AF4 Out-

line 11, 6AF4-A Outline 9, OUTLINES

bFCTION Tubes require miniature seven-contact socket and may be mounted in
any position.

HEATER VOLTAGE (AC/DC) 6.3 volts
CHEATER CURRENT . & ottt it ittt e it ettt ettt 0.225 ampere
DIRECT INTERELECTRODE CAPACITANCE!
GridtoPlate. . ................ 1.9 wpd
3rid to Cathode and Heater. .. .. 2.2 upf
Plate to Cathode and Heater. ............ . .. 1.4 apuf
Heater to Cathode™ .. . ... .. . .. . . . i iiieiiinne i 2.2 npt
# With external shield connected to cathode, except as noted.
# With external shicld connected to plate.
Characteristics: CLASS A; AMPLIFIER
Plate Supply Voltage ... ... .. i 80 volts
Cathode-Bias Resistor. . . 150 ohms
Amplification Factor. .. 13.5
Plate Resistance (Approx.) . . . e . 2100 ohms
Transconduectance. . .........oooovi. e . 6500 umhos
Plate Current. ... e et 17.5 ma

UHF OSCILLATOR

Maximum Ratings, (Design-Maximum Values):
PLATE VOLTAGE. . .. ovvrvntrnnnereennnns 150 maz volts

GRID VOLTAGE, Negative-bias value —50 mazx volts
GRID CURRENT 2 mox ma
PLATE DISSIPATION ) 2.5 max watts
DC CATHODE CURRENT 24 mazx ma
PraAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ... 50 mazx volts
Heater positive with respect to cathode....... 50%nax volts
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Typical Operation as Oscillator at 1000 Mc:

Plate Supply Voltage. . ... ...ttt i ittt 100 volts
Plate Resistor. . 220 ohms
Grid Resistor. . . 10000 ohms
Plate Current. . e 17 ma
Grid Current (ADDPTOX.) . . .\t ittt e et 750 ua

Maximum Circuit Values:

Grid-Cireuit Resistance:
For fixed-bias operation. .. ..... ...ttt iiiieinraranenenenns Not recommended
For cathode-bias operation 0.5 mex megohm

°The de component must not exceed 25 volts.

AVERAGE PLATE CHARACTERISTICS

TYPE 6AF4-A
Ef=86.3 VOLTS
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ELECTRON-RAY TUBE

Glass octal type used to indicate

6AF6—G visually, by means of two shadows on

. the fluorescent target, the effects of

changes in the controlling voltages. It

is a twin-indicator type and is used as

a convenient means of indicating accurate radio-receiver tuning. Maximum over-

all length, 2-5/16 inches; maximum diameter, 1-5/16 inches. This type may be

supplied with pin No.1 omitted. Tube requires octal socket. Heater volts (ac/dc),

6.3; amperes, 0.15. Maximum ratings in indicator service; fluorescent-target volts,

250 mazx, 125 min; ray-control-electrode supply volts, 250 max; peak heater-cath-

ode volts, 90 max. Typical operation: fluorescent-target volts, 250; fluorescent-

target ma., 3.75; ray-control-electrode volts (approx. for 0° shadow angle), 155;
ray-control-electrode volts (approx. for 100° shadow angle), 0.

SHARP-CUTOFF PENTODE LORROH
Miniature type used in compact  «(@Gy (5)c2
6 AGS radio equipment as an rf or if amplifier
up to 400 megacycles per second. ga 23
QOutline 11, OUTLINES SECTION. s 1S
Tube requires miniature seven-con- c

N
tact socket and may be mounted in any position. Except for slightly different
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,
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CLASS A, AMPLIFIER

e Triode* Pentode

Characteristics: Connection Connection

Plate Supply Voltage. . .. .. it iieiiiinenenennnan. 180 250 100 125 250 volts
Grid-No.2 Supply Voeltage. ... oot iiiinininen s — - 100 125 150 volis
Cathode-Bias Resistor. .. ... ..o iiiiiiiiiiionn, 33 820 180 100 180 ohms
Amplification Factor .. ... .. . it 42 - - -

Plate Resistance (Approx.)...... 0.0 0.6 0.5 0.8 megohm
Transconductance. .. ... ...ovtinieenenennnvnnnennnnn 3300 4500 5100 5000 umhos
Grid-No.1 Voltage (Approx.) [or plate current of 10 pa . - - -5 -6 -8 volts
Plate Current 7T 556 4.5 7.2 6.5 ma

Grid-No.2 Current............... - - 1.4 2.1 2 ma
* Grid No.2 connected to plate.

POWER PENTODE

Metal type used in output stage
of video amplifier of television receiv- 6 AG7
ers. Outline 6, OUTLINESSECTION.
Tube requires octal socket. Heater
volts (ac/dc), 6.3; amperes, 0.65. Max-
imum ratings as class A, amplifier: plate volts, 300 max; grid No.3 and shell, con-
nect to cathode at socket; grid-No.2 volts, 800 max; grid-No.1 volts, positive-bias
value, 0 max; plate dissipation, 9.0 max watts; grid-No.2 input, 1.5 max watts.
Typical operation as a class A, amplifier: plate volts, 300; grid-No.2 volts, 150;
grid-No.1 volts, -3; peak af grid-No.1 volts, 3; zero-signal plate ma., 30; maximum-
signal plate ma., 30.5; zero-signal grid-No.2 ma., 7; maximum-signal grid-No.2
ma., 9; plate remstance (approx.), 0.13 megohm; transconductance, 11000 umhos;
load resistance, 10000 ohms; total harmonic distortion, 7 per cent; maximum-signal
power output watts, 3.

LOW-MU TRIODE

Glass octal type having high perveance
used as vertical deflection amplifier in television
receivers. Outiine 22, OUTLINES SECTION.
Tube requires octal socket and may be mounted 6 A H 4_GT
in any position. Heater volts (ac/dc), 6.3; am-
peres, 0.75. Characteristics as class A amplifier:
plate volts, 250; grid volts, -23; amplification
factor, 8; plate resistance (approx.), 1780 ohms;
transconductance,4500 umhos; plate ma.,30.This
type is used principally for renewal purposes.

VERTICAL DEFLECTION AMPLIFIER

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

DC PLATE VOLTAGE. « .« ottt tettairnneennesnansanneiis e 500 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGE# (Absolute maximum). ............ 2000°mazx volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. . ... viviitiiinir i rneneennnens —200 max volts
PEAK CATHODE CURRENT. . ..\ttt ttiiiieeiiiiin et iiiineinnaeenneens 180 maa ma
AVERAGE CATHODE CURRENT e . 60 max ma
PLATE DISSIPATION. ... vtitienienennennranss ceess 7.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ............c0viivenennnnnn. 200 max volts

Heater positive with respect to cathode........... Ceeeerieraere e 200m max volts

Maximum Circuit Value:
Grid-Circuit Resistance............... senvesorsenvan [T 2.2 max megohms

#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.

° Under no circumstances should this absolute value be exceeded.
& The dc component must not exceed 100 volts.
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SHARP-CUTOFF PENTODE

Miniature type used as if amplifier
6AH6 in video stages of television receivers.

Outline 11, OUTLINES SECTION.

Tube requires miniature seven~contact

socket and may be mounted in any po-
sition. Heater volts (ac/dc), 6.3; amperes, 0.45. Maximum ratings as class A, am-
plifier: plate and grid-No.2 (screen-grid) supply volts, 300 maz; grid-No.2 volts,
see curve page 66; plate dissipation, 3.2 max watts; grid-No.2 input, 0.4 max watt
for grid-No.2 voltages up to 150 volts, see curve page 66 for grid-No.2 voltages
between 150 and 300 volts; total cathode current, 13 maxz ma; peak heater-cathode
volts, 90 max.

CLASS A; AMPLIFIER

. Triode* Pentode

Characteristics: Connection Connection

Plate Supply Voltage. .. .. oviviriiiiieiiinnennnennnn. 150 300 volts
Grid No.3 (Suppressor Grid). . . - Connected to cathode at socket
Grid-No.2 Supply Vo!tage - 150 volts
Cathode-Bias Resistor. . 160 160 ohms
Amplification Factor...........coiiiiiiiiinnineann, 40 =

Plate Resistance (ApPProX.).....eeeeriereernennennanns 3600 500000 ohms
Transconduetance. . . ...u..ue ettt ereannneeeeannnns 11000 9000 nmhos
Grid-No.1 Voltage (Approx.) for plate current of 10 ua. .. -7 =7 volts
Plate Current. ... ..o iiiiiiiiiii i 12.5 10 ma
Grid-No.2 Current...... e - 2.5 ma

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

SHARP-CUTOFF PENTODE

Miniature type used as an rf or if

6AK5 amplifier especially in high-frequency

wide-band applications. It is useful as

an amplifier at frequencies up to 400

megacycles per second. Outline 9,

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

HEATER VOLTAGE (AC/DC)...... e . volts
HEATER CURRENT. . o\ttt ittt ittt eiitiaesinianeannn s . ampere
DIRECT INTERELECTRODE CAPACITA s (Ap SH
Grid No.1 to Plate. . o v ittt it eiiie it 0.02 max apf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. . 4.0 aul
Plate to Cathode, Heater, Grid No.2, G!‘ld No.3, and Internal Shield....... 2.8 apf
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. ... ..vvviiiiiiiinnnnnnn. e O 180 max volts

GRID-N0.2 (SCREEN-GRID) VOLTAG
GRID-NO.2 SUPPLY VOLTAGE.

See curve page 66
180 max volts

(GRID-NO.1 VOLTAGE, Posxtxve-blas value . 0 max volts
PLATE DISSIPATION. . ... e et 1.7 maz watts
GRriD-No0.2 INPUT:

For grid-No.2 voltages up to 90 volts. .. ... ... i iiiiinennn.s 0.5 max watt

For grid-No.2 voltages between 90 and 180 volts. . .............ovvnns See curve page 66
CATHODE CURRENT. . . co0 et ttttetnreenteesseeeeeeeansnnenssanssnsnesns 18 max ma
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode......... ... oo i, 90 mazx volts

Heater positive with respect to cathode ..... ... ... oo i it 90 max volts
Characteristics:
Plate Supply Voltage. .o oovviv e iiinn e iiiiiinennnn. ! 180 volts
Grid-No.2 Supply Voltage. ccoovvvviiii i 120 volts
Cathode-Bias Resistor....coveviieiiii i 180 ohms
Plate Resistance (APProX.)..ee e eeeeeneanennnnin . 0.5 megohm
Transeonductance. . ... .vvveuntiiieniineenennn i 5100 nmhos
Grid-No.1 Voltage for plate current of 10 pa . -8.5 volts
Plate Current. ... .vvveerenn et reennnrerneerrinesnannns . 7.7 ma
Grid-No.2 Current. 2.4 ma

® With external shield connected to pins 2 or 7.
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TWIN DIODE

Miniature, high-perveance type
used as detector in M and television 6 Al_s
circuits. It is especially useful as a
ratio detector in ac-operated FM re-
Ky ceivers. Each diode section can be used
independently of the other, or the two sections can be combined in parallel or full-
wave arrangement. Resonant frequency of each unit is approximately 700 mega-
cycles per second. Outiine 9, OUTLINES SECTION. Tube requires miniature
seven-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . ¢ vttt iineiiaaneneaeearnsnieannens 6.3 volts
HEATER CURRENT. « « 0\ttt tie ettt it iae et e nneenneeas 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES: .
Plate No.1 to Cathode No.l, Heater, and Internal Shl.eld. 2.5 ppf
Plate No.2 to Cathode No.2, Heater, and Internal Shield. 2.5 upt
Cathode No.1 to Plate No.1, Heater, and Internal Shield. 3.4 puf
Cathode No.2 to Plate No.2, Heater, and Internal Shield. 3.4 uuf
Plate No.L1 to Plate NO. 2. .. ..ottt e e i e 0.068 max uud
Maximum Ratings: HALF-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE. . . ... ittt iiiiieeteiiiieennnnaeannns 330 max volts
PEAK PLATE CURRENT (Per Plate). . .. 54 max ma
DC OutpuT CURRENT (Per Plate) .. ...t 9 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode..................... PN 330 max volts
Heater positive with respect to cathode.............. ... ... ... . 330 max volts
Typical Operation:
AC Plate Voltage per Plate (rms) .. ............ e e 117 volts
Min. Total Effective Plate-Supply Impedance per Plate .. P 300 ohms
DC Output Currentper Plate. ......... ... .. ittt iiiiiiaans e 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
and three deflecting electrodes. It is especially 6 AI-7 GT
useful in meeting the requirements for accurate -
tuning in FM receivers. Outline 22, OUTLINES
SECTION, except over-all length is 3-1/16
max inches and seated height is 2-1/2 max
inches. Tube requires octal socket and may be
mounted in any position. Heater volts (ac/dc), 6.3; amperes, 0.15. Maximum ratings in indicator serv-
ice: 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
vesistor (approx.), 3300 ohms; deflection sensitivity (approx.), 1 mm/volt; grid volts for fluorescence
cutoff, -7. This type is used principally for renewal purposes.
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HIGH-MU TRIODE

Miniature type used as mixer and rf am-

6 A M 4 plifier in cathode-drive circuits of uhf television
receivers. Outline 10, OUTLINES SECTION.

Tube requires miniature nine-contact socket

and may be mounted in any position. Heater

volts (ac/dc), 6.3; amperes, 0.225. This type is
used principally for renewal purposes.

Maximum Ratings: CLASS Aj AMPLIFIER

T R T R Y SN 200 max volts

.................... 0 max volts
PLATE DISSIPATION . . .o\ ittt ittt ettt ienteenaeananas fesnee 2 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ............ovvviiiiian. e 80*max volts
Heater positive with respect to cathode............ e e 80 max volts
Characteristics:
Plate-Supply Voltage. ... ... ... ..ottt [ 200 volts
Cathode-Bias Resistor®. . ...........oovevvnnn. Ceeeas RN Cereaeane 100 ohms
Amplification Factor. ... ......ciiiiiiiiiiniinnnenns PN P 85
Plate Resistance (Approx.)............... e i e 8700 ohms
Transconductance. .......ovvviivvnnn et i chees 9800 wumhos
Plate CUITent, . . ...ttt ittt iiiissteenanaeeannsens e 10 ma
Grid Voltage (Approx.) for platecurrentof 10 pa. ... .oovvvvii e -6.5 volts

* Under cutoff conditions in direct-coupled cathode-drive circuits, it is permissible for this voltage to
be as high as 250 volts.

* Fixed-bias operation is not recommended.

DIODE—SHARP-CUTOFF
PENTODE

6AMS Miniature types used in diversified

: applications in television receivers.

6 A M8_ A Type 6AMS8-A has a controlled heater

warm-up time for use in receivers em-

ployingseries-connected heaterstrings.

The pentode unit is used as an if amplifier, video amplifier, or age amplifier. The

high-perveance diode is used as an audio detector, video detector, or dc restorer.

Outline 12, OUTLINES SECTION. Tubes require miniature nine-contact socket

and may be mounted in any position. Type 6AMS8 is a DISCONTINUED type
listed for reference only.

HEATER VOLTAGE (AC/DC) . .iivviiiitivineneeinenseenns N e 6.3 . volts
HEATER CURRENT . « ¢ttt eteetieeseneasesnenaesoeasassonsanas P 0.45 ampere
HEATER WARM-UP TIME (Average) for 6AMS-A......ccivvevnnnnnnn e 11 seconds

DIRECT INTERELECTRODE CAPACITANCES:
Diode Unit:
Plate to Cathode and Heater .............iiiiiiiiineinneinnnn. 1.8 apf

Cathode to Plate and Heater ...........iiiniiiiiiiiinniiniinsann 3 upl
Pentode Unit: -
Grid NOo.L to Plate . vu.vunt it ttenne ettt auerenns 0.015 max puf
Grid No.1 to Cathode, Heater, Grid No.2, No.3 and Internal Shield. .. 6.5 uuf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield . 2.6 nuuf
Pentode Grid No.1 to Diode Plate PN 0.006 maox uuf
Pentode Plate to Diode Cathode .......covvniiiiiiiiiiieiiiennann 0.15 max apf
Pentode Plate to Diode Plate. .. .. .ot 0.1 max wuuf
PENTODE UNIT AS CLASS A; AMPLIFIER
Maximum Ratings, (Design-Mazimum Values):
PLATE VOLTAGE. s vt vv ettt e annnaneasisnnes . 330 maa volts
GRID N0.3 (SUPPRESSOR GRID) AND INTERNAL SHIELD "Connect to cathode at socket
GRID-NO0.2 (SCREEN-GRID) SUPPLY VOLTAGE. ......... e 330 max volts
GRID-NO.2 VOLTAGE. . ¢ ettt vt enanterasnnsersinneionnsosannesnn RN See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value. .. o..0 00000 0 max volts
PLATE DISSIPATION .0veinenvnnns el Cereabreeriesdaneraeaaan ceenn 3.2 max watts
GRID-No0.2 INPUT: .
For grid-No.2 voltages up to 165 volts. . ........... Ceeeerae e 0.55 max watt
For grid-No.2 voltages between 165 and 330 Volts. . Ceeeeeaaas sesaves See curve page 66
PeAX HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode...........ovvvviviinen PN 200 max volts
Heater positive with respect to cathode.............. e 200° max volts
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Characteristics:

Plate Supply Voltage. ....................... e [ 125 volts
Grid No.3. and Internal Shield......... onnected to cathode at socket
Grid-No.2 Supply Voltage. .. P e 125 volts
Cathode-Bias ResiStor. .. ...t i ii i 56 ohms
Plate Resistance (Approx.)................ PR 0.3 megohm
Transconductance. . ..........ouieeeuunnenn..inn. e 7800 umhos
Grid-No.1 Voltage (Approx.) for plate current of 20 pa. . ......oveenn... -6 volts

Grid-No.1 Voltage (Approx.) for plate current of 2 ma. and cathode
resistor of 0 ohms -3 volts
Plate Current. ................ 12.5 ma

Grid-No.2 Current. .. .. 3.2 ma
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. . .......... ... ... .. iiiuiiunan. e 0.25 max megohm
For cathode-bias operation. . ...............oivvuvnnnn. eieeeeeen 1.0 max megohm
DIODE UNIT
Maximum Ratings, (Design-Maximmum Values):
DC PLATE CURRENT . . .\ ot ttttttteteetneeneneeanennitiaineeaarserenens 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

°The dc component must not exceed 100 volts.

AVERAGE CHARACTERISTICS
PENTODE UNIT

28
TYPE 6AMB~A
Ep = 6.3 VOLTS
w [ GRID N=3 AND INTERNAL SHIELD
Wl CONI TED TO CATHODE AT SOCKET,
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2.20 Ec=0
=
3 i\
-
3 \
Qs \ .
W N / y
I: \
Ll \ \
I\ f
4 \ j
: \/ \ GRID-N21 VOLTS £¢;=-2
o 3 = i i
g.‘ AN lC_z_______ £ eq
N
W ~. =3
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i’ e e, AU Sy N E S - -4
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92CM-8305T2
Heg K
HIGH-MU TRIODE
HG = 6)C Miniature type used as mixer or
iy rf amplifier in cathode-drive circuits 6AN4
L \ De of uhf television tuners covering the
' frequency range of 470 to 890 mega-
P cycles per second. Outline 9, OUT-

LINES SECTION. Tube requires miniature seven-contact socket and may be
mounted in any position.

HEATER VOLTAGE (AC/DC). . ... 6.3 volts
HEATER CURRENT .« vvvvevnrrennennnnennnnns Cebirtiiiiieseneesaeaaas  0.225 ampere
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE . ..ttt itienneaiennreennnennnrennnnns 300 max volts
PLATE DISSIPATION . e 4 max  watts
CATHODE CURRENT 30 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode........... cetessecsecsosnans 200 max volts
Heater positive with respect to cathode. ........... teeeesssearracanes 200®"max volts
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Characteristics:

Plate-Supply Voltage. .. ... .ot 200 volts
Cathode-Bias Resistor. . ......ooviiiiniiiinnnn.. e 100 ohms
Amplification Factor 70
Transconductance........ . 10000 umbhos
Plate Current, . ... .. it iiiii i 13 ma
Grid Voltage (Approx.) for plate current of 20 ua -7 volts
Maximum Circuit Values:
Grid-Cireuit Resistance:
For fixed-bias operation. .........iviveuniiii i s 0.1 maxr megohm
For cathode-bias operation. . ........ ... . ... o i i 0.5 maxz megohm

® The de component must not exceed 100 volts.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

6AN8 Miniature types used in a wide

6 AN 8 A variety of applications in color televi-

- sion receivers. The 6ANS8-A has a con-

trolled heater warm-up time for use in

receivers -employing series-connected

heater strings. The pentode unit is used as an intermediate-frequency amplifier, a

video amplifier, an age amplifier, or as a reactance tube. The triode unit is used in

low-frequency oscillator, sync-separator, sync-clipper, and phase-splitter circuits.

Outline 12, OUTLINES SECTION. Tubes require miniature nine-contact socket
and may be mounted in any position.

HEATER VOLTAGE (AC/DC)..vvevnnnnnnn [P N 6.3 volts
HEATER CURRENT - o0ttt et aeittesteteanenaneaennetete e eeenaanns 0.45 ampere
HEATER WARM-UP TIME (Average) 6ANS-A..........cccveninneeni, 11 seconds
DIRECT INTERELECTRODE CAPACITANCES: E
Triode Unit:
Gridto Plate. . ..ot ittt 1.5 wpf
Grid to Cathode and Heater. . ..o vvren oo 2.0 upf
Plate to Cathode and Heater. .........ccvvvvvn... T 0.26 unf
Pentode Unit:
Grid No.1 to Plate .. 0. upf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. .. 7 upf
Plate to Cathode, IILater, Grid N .2, Grid No. 3, and Internal Shield....... 2.4 nuf
Triode Grid to Pentode Plate. . . . covvvttre e eiiiineniiiiinneiinnaneeenn 0.02 upf
Pentode Grid No.1 to Triode Plate. . .. .ot ieiiiinninennns 0.02 apf
Pentode Plate to Triode Plate. ... covvvrneen i, 0.15 apf
CLASS A; AMPLIFIER
Maximum Ratings, (Design-Mazvinum Values): Triode Unit  Penfode Unit
PLATE VOLTAGE. . . oot veineeennnennans [ 330 max 330 max volts
GRID-N0.2 SUPPLY VOLTAGE ....... . - 3380 max volts
GRID-N 0.2 (SCREEN-GRID) VOLTAGE - See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value. 0 max 0 max volts
PLATE DISSIPATION .« vttt ittt iiie cieneeeeeennnnns 2.8 max 2.3 max watts
GRID-N0.2 INPUT:
For grid-No.2 voltages up to 165 volts. . .............. - 0.55 max watt
For grid-No.2 voltages between 165 and 330 volts...... - See curve page 66
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............... 200 max 200 mazx volts
Heater positive with respect to cathode............... 200°max 200°mazx volts
Characteristics: Triode Unit Pentode Unit
Plate Supply Voltage. . ..ovviii i iiiiiinnneiinineenans 150 125 volts
Grid-No.2 Supply Voltage. ............. PN - 125 volts
Grid-No.l Voltage. . ..oovviiiin it nieiiineeens -3 - volts
Cathode-Bias ResiStor. . ... .vvviiiiieiiiieiiiiiiiinnans - 56 ohms
Amplification Factor.............cvvevreennns 21 -
Plate Resistance (Approx.)........ceeeevuuan. 4700 170000 ohms
Transconductance. . .o ov v i iiin i einnan .. 4500 7800 wmhos
Grid-No.1 Voltage (Approx.) for plate current of 20ua ..... -17 -6 volts
Grid-No.1 Voltage (Approx.) for plate current of 1.6 ma. and
cathode resistorof O ohms. ....... ... ..o il ~ -3 volts
Plate Current. .................... eraeesbeseaianaaann 15 12 ma
Grid-No.2 Current. . ... .oviien i O Co- 3.8 ma
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:*
For fixed-bias operation............. e e e 0.5 max 0.25 maxz  megohm
For cathode-bias operation. . ......ccoiiiiiiiiiinen, 1.0 max 1.0 moz megohm

°The de 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 valucs.
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BEAM POWER TUBE

Miniature types used as output
amplifiers primarily in automobile re-
ceivers and in ac-operated receivers
and, triode-connected, as vertical de-
flection amplifiers in television receiv-

type listed for reference only.

HEATER VOLTAGE (AC/DC) . vvt vttt
HEATER CURRENT
HeaTER WARM-UP TIME (Average) for 6AQ5-A
[MRECT INTERELECTRODE CAPACITANCES {Approx.):
Grid No.1 to Plate ........ ..
Grid No.1 to Cathode, Heat, (.nd No.2, and Grid No3.. ... ...,
Plate to Cathode, HOd.tL!‘, Grid No.2 2, and Grid No3. oo
AMPLIFICATION FACTOR*
PLATE RESISTANCE (Approx.)
TRANSCONDUCTANCE*
GRID-NoO.1 VOLTAGE (Approx.) for plate current of 0.5 m

a

* Grid No.2 connected to plate; plate and grid-No.2 volts, 250; grid-No.1 volts,

CLASS A, AMPLIFIER
Maximum Ratings, (Design-Maximum Valucs):
PLATE VOLTAGE
GRID-NO.2 (SCREEN-GRID) VOLTAGE. . ..
PLATE DISSIPATION. . ..........
GRID-N 0.2 INPUT
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode ... ... ... ... ... ... . ...
Heater positive with respect to cathode .
BULB TEMPERATURE (At hottest point) .......... ... ... .. ... ... ......

® The de component must not exceed 100 volts.

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

Maximum Circuit Values:

(Grid-No.1-Circuit Resistance:
For fixed-bias operation. .. ...... ... ... ... . o o
For cathode-bias operation ... .. ... ... ... . L

AVERAGE CHARACTERISTICS
PENTODE CONNECTION

6AQ5
6AQ5-A

ers. Type 6AQ5-A has a controlled heater warm-up time for use in television
receivers employing series-connected heater strings. Outline 18, 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-GT. Type 6AQ5 is a DISCONTINUED
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VERTICAL DEFLECTION AMPLIFIER (Triode Connection)®
For operation in a §25-line, 30-frame system
Maximum Ratings, (Design-Maximum Values):

DCPLATE VOLTAGE. . ...t vveveninennan et eerie i
PpaK PosITIVE-PULSE PLATE VOLTAGEt .. ........c.oovvun T RERRRE
PrAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE. ........ .
PEAK CATHODE CURRENT. . .. ..tuutitnininarionananensnn F
AVERAGE CATHODE CURRENT. ... vvtviennennennnnnannnn e
PLATE DISSIPATION . . .\ it ititte e ttiteateenannaeeeonnnnnnenaerenss
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.......oovvevvvnnnrrennnnn...

Heater positive with respect to cathode...... vesessns e
BULB TEMPERATURE (At hottest POINt) . ...\vieuvsnnerennnnnsnnennennn

Maximum Circvit Valuve:

Grid-No.1-Circuit Resistance:
For cathode-bias operation................ e e

® Grid No.2 connected to plate.

RCA Receiving Tube Mannal =

275 max
1100 max
-275 max

115 max

40 max
10 max

200 mazx
200%max
250 mazx

volts
volts
volts

ma

watts
volts

volts
°C

2.2 max megohms

¥ The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning eycle. In a 525-
line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.

% The de component must not exceed 100 volts.

AVERAGE CHARACTERISTICS
‘TRIODE CONNECTION
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TWIN DIODE—HIGH-MU TRIODE

Miniature type used as a combined

6 AQ6 detector, amplifier, and ave tube in
: compact radio receivers. This type is

similar to metal type 6Q7 in many of

its electrical characteristics. Outline11,

800

92CM-08333 T

OUTLINES SECTION. Tube requires miniature seven-contact socket and may
be mounted in any position. For typical operation as resistance-coupled amplifier,
refer to Chart 3, RESISTANCE-COUPLED AMPLIFIER SECTION.

HeATER VOLTAGE (AC/DC)....cveun. eeesseaaen .
HeATER CURRENT. .......
DIRECT INTERELECTRODE CAPACITANCES (T
Gridto Plate. . ............
Grid to Cathode and Heater. . . .
Plate to-Cathode-and Heater.........

°With external shield connected to cathode.

Maximum Ratings: TRIODE UNIT AS CLASS A, AMPLIFIER

PLATE VOLTAGE. + o vvt e iiiiiiieeiiiiieeennnenns et e
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.............. erereceneenans
Heater positive with respect to cathode. .............coviiiii.

300 max

90 max
90 max

volts
ampere

uuf

upf
wuf

volts

volts
volts



Technical Data

Characteristics:

Plate Voltage. 100 250 volts
Grid Voltage. . -1 -3 volts
Amplification Factor................. PR . 7 70 |
Plate Resistance (Approx.) ........... .. 61000 8000 ohms
Transconductance. . ................. .. 1150 1200 pmhos
Plate Current. ..o e it 0.8 1.0 ma

DIODE UNITS

. Two diode plates are placed around a cathode, the sleeve of which is common to the triode unit.
(l‘.);%dée biasing of the triode unit of the 6 AQ6 is not suitable. For diode operation curves, refer to type
¥ .

TWIN DIODE—HIGH-MU TRIODE

P
GT 9 T Glass octal type used as FM detector and
w audio amplifier in circuits which require diode
and triode units with separate cathodes. Out-
line 22, OUTLINES SECTION. Tube requires 6 AQ7 GT
octal socket. Heater volts (ac/de), 6.3; amperes, -
H  0.3. Ratings and characteristics of triode unit as
class A1 amplifier: plate volts, 250 maw; grid
PO (] volts, -2; amplification factor, 70; plate resist-
ance (approx.), 44000 ohms; transconductance,
1600 pmhos; plate ma., 2.3, For typical operation as a resistance-coupled amplifier, refer to Chart 5, RE-
SISTANCE-COUPLED AMPLIFIER SECTION. This type is used principally for rencwal purposes.

HIGH-MU TWIN TRIODE

Miniature type used as rf ampli-
fier and self-oscillating mixer in 6AQ8
FM/AM radio receivers. Outline 12,
OUTLINESSECTION. Tuberequires
nine-contact socket and may be oper-
ated in any position. Heater volts (ac/de), 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 umhos; amplifi-
cation factor, 57.

Maximum Ratings, (Each Unit):

PLATE VOLTAGE with plate ma=0....... 550 mazx volts
PLATE VOLTAGE. . ................ e . 300 max volts
GRID VOLTAGE, Negative-bias valtie. .. vuvuueeneeenninr e eninnnnneann -100 mux volts
PLATE DISSIPATION:

Foreither plate. ... ... ... e 2.5 mox watts

For both plates with both units operating. . .. 4.5 max watts
CATHODE CURRENT. . ...\ttt e ittt ateeeit e e ieaaneeane e nnnnn 15 mawx ma
PrAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.. 90 mox volts

Heater positive with respect to cathode. . 90 max volts

RF

Typical Operation, (Each Unit): Amplifier  Converter
Plate Supply Voltage. .....ooovevnnn. .. v 250 250 volts
Plate Voltage......... N 230 - volts
Plate Resistor. . e . 1800 12000 ohms
Grid Resistor. . . - 1 megohm
Grid Voltage........... -2 - volts
RMS Oscillator Voltage. . — 3 volts
Cathode Resistor...... 200 - ohms
Plate Resistance (Approx. . 9700 22000 ohms
Transconductance. ............. 6000 - wmhos
Conversion Transconductance. . . . . e - 2300 pmhos
Input Resistance at frequency (Mec) 100, .. 00 iiiiniennnss 6000 - 15000 ohms
Plate Current........ooooviiiiiiinann e veseesases 10 5.2 ma
Equivalent Noise Resistance......... servessecrssseassanse 500 - ohms
Maximum Circuit Values, (Bach Unit):
Grid-Circuit Resistance. . ............... I O 1 max megohm
Resistance between Cathode and Heater, .. ..vvvvivevsnnsernnonenerorns 20000 max ohms
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POWER PENTODE

Miniature type used as output tube prima-
rily in automobile receivers and ac-operated re-
ceivers. Outline 13, OUTLINES SECTION.

6 AR 5 Tube requires miniature seven-contact socket
and may be mounted in any position. Heater
volts (ac/dc), 6.3; amperes, 0.4. Maximum
ratings as class A; amplifier: plate and grid-No.2
(screen-grid) volts, 250 max; plate dissipation,
8.5 max watts; grid-No.2 input, 2.5 max watts;

peak heater-cathode volts, 90 mazx. Within its maximum ratings, type 6ARb5 is equivalent in performance

to glass-octal type 6K6-GT. Type 6ARS is used principally for renewal purposes.

BEAM POWER TUBE

Miniature type used as output
amplifier primarily in automobile and
6 AS 5 in ac-operated receivers. Outline 13,
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 85C5.

HEATER VOLTAGE (AC/DC) .t vt v v v e nnnsnannnneenses Cesveserrecananaaans 6.3
HEATER CURRENT . . o0t ttiitttnenieennieanasnenannaas ceriieiseaesaa. 0.8
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

GridNo.ltoPlate.........co.o it iiiiiiinanns PN 0.6

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3........ 12

Plate to Cathode, Heater, Grid No.2, and Grid No.3...... e 9.0
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. . v vt ierrentnenneinneennnrans A everiesinennaeaes 150 max
GRID-NO.2 (SCREEN-GRID) VOLTAGE . . v svvnnenninns et 117 max
PLATE DISSIPATION. & oottt ittt et iiiieeiineanas e 5.5 max
GRID-NO.2 INPUT . ..ottt iiinn e nas e e 1.0 max
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.............. eviesassesaaaas. 100 max

Heater positive with respect to cathode................ Ceeeaenee e 100 max
BuLB TEMPERATURE (At hottest point)............. e [ 250 max
Typical Operation:
Plate Voltage. ... ovvvne it en N 1:11]
Grid-No.2Voltage. . . ............ccovvvenun.. teeseness N § X
Grid-No.1 (Control-Grid) Voltage .............cvvvivunen ereseiseeseses =B.B
Peak AF Grid-No.1 Voltage................ e Ceeeeeaaa 8.5
Zero-Signal Plate Current. .. ... . .. . 35
Maximum-Signal Plate Current. 36
Zero-Signal Grid-No.2 Current (Appro . 2
Maximum-Signal erd-No 2 Current (Appro ) 6.5
Transconductance. . 5600
Load Resistance......... .. . 4500
Total Harmonic Dlstortlon ................... 10
Maximum-Signal Power Output. .. ......cciiiieeiinnennnnnns PRSPPI 2.2
Maximum Circvit Values:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. . ....... ... ittt i i 0.1 max

For cathode-bias operation . ... ... .. . ittt iiiiinanenennnn 0.5 max

DIODE—
SHARP-CUTOFF PENTODE
6 AS 8 Miniature type used in diversified
applications in television and radio re-

ceivers. The pentode unit is used as an
if amplifier, video amplifier, or age
amplifier. The high-perveance diode is

volts
ampere

pul
wpk
upf

volts
volts
watts
watt

volts
volts
°C

volts
volts
volts
volts
ma
ma

ma
ma
umhos
ohms
per cent
watts

megohm
megohm

used as an audio detector, video detector, or de restorer. Outline 12, OUTLINES
SECTION. Tube requires miniature nine-contact socket and may be mounted in

any position,
142



HEATER VOLTAGE (AC/DC) . ottt ittt et eeee e eins ey 6.3 volts
HEATER CURRENT. © .ottt ettt ia e e iaae et eeeenn 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES:

iode Unit:

Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield 3.0 put
Pentode Unit:
Grid No.T to Plate. . ... .o i e e 0,03 maox apl
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 7 cuf
Plate to Cathode, Hmtol Grid No. 2, (Jrld No.3, and Internal Shield. . 2.4 wpf
Pentode Grid No.l to Diode Plate 0,005 e wnf
Pentode Plate to Diode Cathode. .. ....... . 015 max gl
Pentode Plate to Diode Plate. . . ..ot i, 0.0 mae upl
Maximum Ratings: PENTODE UNIT AS CLASS A, AMPLIFIER
PLATI VOLTAGE. « oot . 300 s volts

GRID NO.3 (SUPPRUESSOR GRID) AND [NTERNAL SUInLD . . Connect (o cathode at socket

GRID-NO.2 SurPLY VOLTAGE L 300 g volts
GRrRID-NO0.2 (SCREEN-GRID) VOLTAGE e See earve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value 0wz volts
PLATE DISSIPATION. Lottt 2.5 max watts
Grip-No.2 INnpur:

Tor grid-No.2 voltages up to 150 volts. .. ... .. ... ... ... ......... 0.5 meawe watt

For grid-No.2 voltages between 150 and 200 voits. . . ... e eurve page 66
Prak HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. .. ... ... . o o 200%a: volts
Characteristics:
Plate Supply Voltage. . . ... .. . 200 volts
Grid No.3 and Internal Shield. . .. Connected to cathode at socket
Grid-No.2 Supply Voltage...... 150 volts
Cathode-Bias Resistor. ....... . 180 ohms
Plate Resistance (Approx.). 300000 ohms
Transconductance. . .. .. P £$200 pmhos
Grid-No.1 Voltage (Approx. e current of 10 pa. . .. -8 volts
Plate Current. ... ... e .. 9.5 ma
Grid=No.2 Current. .. oo e 3 ma

Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
IPor fixed-bias operation. ........ ... .. ... oo i 0.25 yuwox megohm
For cathode-bias operation. 1.0 max  megohm
¢ The de component must not exceed 100 volts,

Maximum Ratings: DIODE UNIT
PEAK INVERSE PLATE VOLTAGE 330 max volls
PEAK PLATE CURRENT. .. .......... . 34 max ma
DO PLATE CURRENT. . . ottt ettt e i et et et e 5 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ............... .. .......... 200 max volts
Heater positive with respect to cathode............ ... .. ........... 200%nax volts

°The de component must not exceed 100 volts.

TWIN DIODE—HIGH-MU TRIODE

Miniature type used as a com-
bined detector, amplifier, and ave tube
in automobile and ac-operated radio 6AT6
receivers. Outline 11, OUTLINES
SECTION. Tube requires miniature
seven-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) 5.3 volis
HEATER CURRENT. . ........ 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Triode Grid to Triode Plate. . ...... ... it ... 2.0 apl
Triode Grid to Cathode and Heater... .. . 2.2 apf
Triode Plate to Cathode and Heater. . .. 0.8 auf
Plate of Diode Unit No.2 to Triode Grid 0,04 max anf
Maximum Ratings: TRIODE UNIT AS CLASS A, AMPLIFIER
PLATE VOLTAGE. ..... e e ees ittt e eas s 300 maw volts
PLATE DISSIPATION. . ......... . 0.5 max watt
GRID VOLTAGE, Positive Bias Value..... . 9 max volts
Prak HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode........... ... iin e, 90 max volts
Heater positive with respect to cathode. . . ... ... vieiit, 90 max volts
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Characteristics:

Plate Voltage..... 100 250 volts
Grid Voltage...... -1 -3 volts
Amplification Factor 70 70

Plate Registance. . 54000 58000 ohms
Transconductanc . 1300 1200 umhos
Plate Current. .. .oovvetiiniriiereeiiiieenneeneeeeeoi., 0.8 1.0 ma
Maximum Rating: DIODE UNITS

PLATE CURRENT (EACH UNTT) t et vttutetnuneteneenennanaunseuonnnsnanis 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 6 AV6.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

6AT8 Miniature types used as combined

6 AT8 A oscillator and mixer tubes in television

- receivers utilizing an intermediate fre-

quency in the order of 40 megacycles

per second. Type 6AT8-A has a con-

trolled heater warm-up time for use in receivers employing series-connected heater

strings. Outline 12, OUTLINES SECTION. Except for interelectrode capacitances

and basing arrangement, these types are identical with miniature type 6X8. The

basing arrangement of the 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) 6.3 volts
HeATER CURRENT 0.45 ampere
HEATER WARM-UP TIME (Average) for 6AT8-A 11 seconds
Without 1[/Vith
DIRECT INTERELECTRODE CAPACITANCES: Eaternal Egternal
Triode Unit: Shield Shield
GridtoPlate. .. ... . ... .. i i e 1.5 1.5 upf
Grid to Cathode and Heater. . ......... ..o ... 2.0 2.4 upf
Plate to Cathode and Heater.............oovnunoo.oo. . 0.5 1.0 upf
Pentode Unit:
Grid No.ltoPlate. .. ... ... i 0.06 nar 0.03 max wuf
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No 4.6 4.8 . upf
Plate to Cathode, Heater, Grid No.2, and Grid No.3 . g.9 1.6 upd
Pentode Grid No.1 to Triode Plate......................... 0.05 mor 0.04 max upf
Pentode Plate to Triode Plate.............................. 0.05 max  0.008 max upf
Heater to Cathode. ... ........uviiiiiiiniiieiinn. 6.0 6.01 ppf

® With external shield connected to cathode except as noted.
1 With external shield connected to plate.

HALF-WAVE VACUUM RECTIFIER

Glass octal types used as damper
6AU4-GT tubes in horizontal-deflection circuits

6 AU 4 GT Aof color television receivers and of tele-
- vision receivers utilizing picture tubes

having wide-angle deflection. Outline

29, 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. For curve of average plate
characteristics for 6AU4-GTA, see page 67.

HEATER VOLTAGE (AC/DC) . . v\t etteenine e tenneennnnnnnnnn P e 6.3 volts
HEATER CURRENT. . .00t ittt ittt ttteeetneanasannnnaanannnns 1.8 amperes
DirECT INTERELECTRODE CAPACITANCES (Approx.):
Plate to Heater and Cathode. .. ................... ...t e 8.5 wpf
Cathode to Heater and Plate. .. ... .v.uuurnrnrurinnineereenneennnn. 11.5 upf
Heater to Cathode. .. .. ... ... . ittt 4.0 upf
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DAMPER SERVICE
For operation in a §25-line, 80-frame syslem

6AUL-GT 6AUL-GTA
Dcszgn-Center Design-Maximum

Maximum Ratings: Values® Values
PEAK INVERSE PLATE VOLTAGED . o.viiiiiiiiieiininionnnnans 4500°max 4500 max volts
PEAK PLATE CURRENT. ... covvvnnnnianas . 1050 maxz 1300 max ma
DC PLATE CURRENT .. 175 max 210 max ma
PLATE DISSIPATION. . ..ottt iienerananssnnoncnnaens 6 maxr 6.5 max watts
PrAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.................... 4500°%*max  4500% max volts
Heater positive with respeet to cathode L ..o oo oL, 3004 max 300# max volts

® Except as noted.

1 The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning eycle. In a
525-line, 30-frame system, 15 per eent of one horizontal scanning cycle is 10 microseconds.

o Absolute Mazimum. Under no circumstances should this absolute value be exceeded.

% The de¢ component must not execed 900 volts.

#The dc¢ component, must not exceed 100 volts.

BEAM POWER TUBE
Glass octal type used as horizon-
tal deflection amplifierinlow-cost, high-
efficiency deflection circuits of éelevi— 6AU 5 "'GT
sion receivers employing either trans-
former coupling or direct coupling to

the deflecting yoke. Outline 22, OUTLINES SECTION. Tube requires octal socket
and may be mounted in any position.

HEATER VOLTAGE (AC/DC). ... 6.3 volts
HEATER CURRENT. . ..ovnnvunn. 1.25 ampercs
DIRECT [NTERELECTRODE CAPACK AN :

Grid No.ltoPlate. ... . oovvii i iiiiiinneeeniavsnns . 0.5 ppd

Grid No.l1 to Cathode, Heater, Grid No.2, and Gnd No t J N 11.3 pul

Plate to Cathode, Heater, Grid No.2, and Grid No0.8. .. .v.vvnnners ceee 7.0 npd
TRANSCONDUCTANCE# .. 0uvivrrnnnennninn TR U eviseae. 5600 wmhos
MU-FACTOR, Grid No.2 to Grid No.3t. ... iiiiiiiiiiiiiie, e 5.9
# For plate volts, 115; grid-No.2 volts, 175; grid-No.1 volts, —=20.
+ For plate volts, 100: grid-No.2 volts, 100; grid-No.1 volts, —4.5.

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

DC PLATE VOLTAGE . 550 max volts
PEAK PosiTIVE-PULSE PLATE VOLTAGE® (Absolute Mawimum) ... ... P 5500%nax volts
PEAK NEGATIVE-PULSE PLATE VOLTAGE. .. ..vvii it iienns PN ~1250 max volts
DC GRID-NO0.2 (SCREEN-GRID) VOLTAGE®. . ... . .. iiiiiiinnnnns e 200 max volts
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE. ... . eevn., -300 max volts
PEAK CATHODE CURRENT. 4ottt it iiiitt i intrnnnannnnnnnnnnn [N 400 mazx ma
AVERAGE CATHODE OURRENT. ... i ittt iiiieeeenniannnnnns teeesssenns 110 mazx mu
GRID-NO.2 INPUT. a0 vvvveiieiiennrennnnns 2.5 max watts
PLATE DISSIPATIONTT ¢ ve et ririn it iiiananaonsnns Ceeresecaceeriees 10 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode ............... eeeiiieraean 200 max volts

Heater positive with respect to cathode....oooovvviiiiiiiiis, Ceveeen 200mnax volts
BuLp TEMPERATURE (At hottest point)..... ..o, J N 210 mazx °C

Maximum Circuit Value:

Grid-No.1-Cireuit RESISEANCE. o vt v ittt i i [P e 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.

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.

“ o2 SHARP-CUTOFF PENTODE
‘ 6“ O Miniature types used in compact 6AU6
radio equipment as rf amplifier espe-
(.:' @D« cially in high-frequency, wide-band ap- 6 AU 6 - A

. plications; also used as limiter tube in
Gl FM equipment. Type 6AU6-A has a

145

T
°



e RCA . Receiving Tube Mannal ==

controlled heater warm-up time for use in applications employing series-connected
heater strings. Outline 11, 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.

HEATER VOLTAGE (AC/DC) . vt vsessvnuenanssnsssnnoensssnsesnsrenneees 6.3 volts
HEATER CURRENT, ........ 0.3 ampere
HEeATER WARM-Up TIME (Average) for 6A U6-A et e 11 seconds
DIRECT INTERELECTRODE CAPACITANCES: Without With
External Lzternal
Pentode Connection: Shield Shield®
Grid No.l to Plate ..... [ S A 0.0035 max 0.0035 max uuf
Grid No.l1 to Cathode, Heater, Grld N 0.2 Grid No.3,
and Internal Shield...........vuvuireneiinnneanns.. 5.5 5.5 wpt
Plate to Cathode, Heater, Grid N0.2 Grid No.3, and
Internal Shield .......... e T 5.0 5.0 unt

Triode Connection:t
Grid No.1 to Plate, Grid No.2, Grid No.3, and

Internal Shield ............ e ree e 2.6 2.6 upk
Grid No.1 to Cathode and Heater. ... ... . e 8.2 3.2 upt
Plate, Grid No.2, Grid No.3, and Internal Shleld to
Cathode and Heater. ....... et aaaes 1 8 unf
® With external shield connected to cathode.
{ Grid No.2, grid No.3, and internal shield connected to plate,
) . CLASS A: AMPLIFIER Triodet Pentode
Maximum Ratings, (Design-Maximum Values): Connection  Conneclion
PLATE VOLTAGE. .. vuivenvnnnit i vniinnieninnns e 275 max 330 max volts
GRID N0.3 (SUPPRESSOR GRID) AND INTERNAL SHIELD. ,...., Connect to cathode at socket
GRID-NO.2 (SCREEN-GRID) VOLTAGE. .« .t vvuvuorsnsnsnenonsns - See curve page 66
GRID-NO0.2 SUPPLY VOLTAGE. . ....cuv.u.. e - 330 max volts
PLATE DISSIPATION . . .o 0viviitianestennnanneesronanoonss 3.5 mazx 3.5 max watts
GRID-NO0.2 INPUT:
For grid-No.2 voltages up to 165 volts. .. .......c00vuns .. - 0.75 max watt
For grid-No.2 voltages between 165 and 380 volts. PR - See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE:
Positive bias value. . . ... iiiiiiiiiirrnrnnanenesaenn. 0 mazx 0 maz voltg
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.............. Ve 200 max 200 max volts
Heater positive with respeet to cathode. .. vvvvuuenrrenn. 200%max . 2004*max volts

AVERAGE CHARACTERISTICS

T T
TYPE 6AUS
- Ef = 6.3VOLTS
W I GRID N23 AND INTERNAL SHIELD
g CONNECTED TO CATHODE AT SOCKET.
g ‘GRID-N2 2 VOLTS =100
£
2
o
3 Eci=0
N 1b
ol
8
&
51/
Z 8 T 0.5
¥
2 /
o
-1 ﬁ GRID-N21 VOLTS EC|=-1.0
~ AN 2
P P S N £c1=9
g -1.5
B .
2 f I -2.0
-2.5
1-3.0
o 100 200 300 200 500 €00
PLATE VOLTS 92CM=06611TH
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ks Triodet Penlode

Characteristics: Conmection C hion

Plate Supply Voltage. . ......oooo oo, 250 100 250 250 volts
Grid No.3 and Internal Shield ................. - Connected to ca‘rhode at socket
Grid-No.2 Supply Voltage. ...oooovuiinnnn.. - 100 125 150 volts
Cathode-Bias Resistor .. ...................... 330 150 100 68 ohms
Amplification Factor.......................... 36 - — -

Plate Resistance (Approx.)..... e - 0.5 1.5 1.0 megohms
Transconduetance. . ............coooou... 4300 3900 4500 5200 rmhos
Grid-No.1 Voltage for plate current of 10 ua. - -4 .2 -5.5 -6.5 volts
Plate Current...............coieinu.. .. 12.2 5.0 7.6 10.6 ma
Grid-No.2Current .. ... ..ovviiiiinninnnnn, - 2.1 3.0 4.3 ma

t Grid No.2, grid No.3, and internal shicld connected to plate.
4 The de component must not exceed 100 volts.

MEDIUM-MU TWIN TRIODE

Miniuture type used as phase inverter or
amplifierin {lclevision receiv(}gs employing s(()ua(‘s-
connected hcater strings. Outline 12, T-
LINES SKCTION. Heater volts (ac/de), 6.3 6AU7
(series), 3.15 (parallel); amperes, 0.3 (series),
0.6 (parallel); warm-up time (average) in paral-
lel arrangement, 11 seconds. Except for heater
and heater-cathoderatings, this typeisidentical
with miniature type 12ZAU7. The 6AUT is a
DISCONTINUED typelisied forreferenceonly.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature types used in television 6AU 8
receiver applications. Tubes have con-
trolled heater warm-up time for use in 6AU 8 "A
series-heater strings. Pentode unit is
used as video amplifier, if amplifier,
age amplifier. Triode unit is used in sync-amplifier, synec-separator, sync-clipper,
and phase-inverter circuits. Outline 14, OUTLINES SECTION. Tubes require
nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DU) o vttt vttt ettt eiine e ieiina e 6.3 volts
HEATER CURRENT. . ............. 0.6 amperc
HEATER WARM-UP TIME (Avcrage\ 11 seconds
DIRECT INTERELECTRODI CAPACITA
Triode Unit:
Grid to Plate............. 2.2 pul
Grid to Cathode and Heater. . 2.6 ppf
Plate to Cathode and Heater. . ... ....covvuennn.u.. . . . 0.34 ppf
Pentode Unit: _
Grid NoltoPlate.............ooiiin. . 0.044 puf
Grid No.1 to Plate (6AUS-A) 0.06 put
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Qhw!d 7.5 ppf
Plate to Cathode, Heatcr, Grid No. 2, Grid No. 3, and Internal Shield.. 2.4 upd
Plate to Cathode, Heater, Grid No.2, Grid No. _
and Internal Shield (6AUS-A)....... TSP 3.4 put
Triode Grid to Pentode Plate. .. ........... et 0.022 max pul
Pentode Grid No.1 to Triode Plate.......... e e 0.006 max ppd
Pentode Plate to Triode Plate. . ... .o oiii ittt it 0.12 max upf
. ' 5 CLASS A, AMPLIFIER
Maximum Ratings, 6AUS: Triode Unit Penlode Unit
PLATE VOULTAGE . « ottt ittt et cinn s eeaens 300 max 300 max volts
GRID-N 0.2 (SCREEN-GRID) SUPPLY VOLTAGE. ..o vvvuinn . - 300 max volts
GRID-NO.2 VOLTAGE. . ...ttt tienteeieiie e - See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value. . 0 max 0 max volts
PLATE DISSIPATION. . . .. it teturanettcinneernnneennnnns 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 66
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ........vovvens 200 max 200 maz volts
Heater positive with respect to cathode....ovvvvven. .. 200% max 200% volts
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Maximum Ratings, 6AU8B-A, (Design-Maximum Values): Triode Unit  Pentode Unit
PLATE VOLTAGE. .. ..ttt ie ittt R 330 max 330 max volts
GRID-N 0.2 (SCREEN-GRID) SUPPLY VOLTAGE. . . . RN - 330 max volts
GRID-NOG.2 VOLTAGE. .. .\t ot ieinie e e nieanenn - See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value. .. .. 0 max 0 max volts
PLATE DISSIPATION. . .ottt i i e iiie e 2.8 max 3.3 max watts
GriD-No.2 InPUT
For grid-No.2 voltages up to 165 volts. . ............... - 1 max watt
For grid-No.2 voltages between 165 and 330 volts. ...... - See curve page 66
PrEAX 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
6AUS8 6AUS-A
Characteristics: Triode Unit Pentode Unit Triode Unit Pentode Unit
Plate Supply Voltage.............. 150 200 150 200 volts
Grid-No.2 Supply Voltage. ........ - 125 - 125 volts
Cathode-Bias Resistor............. 150 82 150 82 ohms
Amplification Factor. . ............ 40 — 43 —
Plate Resistance (Approx.)......... 8200 150000 8100 100000 ohms
Transconductance. .. .............: 4900 7000 5300 8000 umhos
Grid-No.1 Voltage (Approx.) for B
plate current of 100 pa......... -6.5 -8 -6.5 -7.5 volts
Plate Current. . .................. 9 15 9.5 17 ma
Grid-No.2 Current. ............... - 3.4 - 3.4 ma
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. ............ ... ... .. ... 0.5 mox 0.25 max  megohm
For cathode-bias operation .............. ... ......... 1.0 max 1.0 max wmegohm
® The de component must not exceed 100 volts.
VP
BEAM POWER TUBE

zontal deflection amplifiers in tele- a b
vision receivers employing either o »
6AV5-GT transformer coupling or direct cou- }‘g
pling to the deflecting yoke. 6AV5-GA o (]
Qutline 83, 6AV5-GT Outline 22, OUTLINES SECTION. Tubes require octal
socket and may be mounted in any position. Type 6AV5-GT isa DISCONTINUED
type listed for reference only.

6AV5..G A Glass octgl types used as hori- ﬁj

HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. . .. 1.2 amperes
TRANSCONDUCTANCE* 5900 umhos
Mu FACTOR, Grid No.2 to G 4.3
* Plate volts, 250; grid-No.2 volts, 150 grid-No.1 volts, —22.5.
*of Triode conn&cted plate and grid-No.2 volts, 150; grid-No.1 volts, -22.5.
HORIZONTAL DEFLECTION AMPLIFIER

Maximum Ratings: For operation in a 525-line, 80-frame system.
DC PLATE VOLTAGE. . . .ottt e ittt tiiee et itneeas e nncn e ennenantns 550 max volts
PrAK POSITIVE-PULSE PLATE VOLTAGET (Absolute Maximum) . . 5500°max volts
PEAK NEGATIVE-PULSE PLATE VOLTAGE ~1250 max volts
DC GRID-NO0.2 (SCREEN-GRID) VOLTAGE. 175 max volte
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL—GBID) VOLTAG . -300 max volts
PEAK CATHODE CURRENT. . . ... AN 400 max ma
AVERAGE CATHODE CURRENT. . ...\ttt it et nnnneennsieenneeeans 110 mazx ma
GRID-NO.2 INPUT. .. ......... . FE 2.5 max watts
PLATB DISSIPATIONT . . oo i e iaeeans 11 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode...... e e e 200 max volts

Heater positive with respect to cathode. .. .. e 200mmax volts
BuLB TEMPERATURE (At hottest point). ................. 210 max °C

Maximum Circuit Value: )
Grid-No.1 Circuit Resistance. . . . ... ..o it ittt iininrenrnnnn 0.47 moxr 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 mlcroseconds

° 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,
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TWIN DIODE—HIGH-MU TRIODE
Miniature type used as combined
detector, amplifier, and ave tube in
automobile and ac-operated radio re-
ceivers. The 6AV6 may be substituted
directly for the 6AT6 in applications
whele the higher amplification of the 6AV6 is advantageous.

HEATER VOLTAGE (AC/DC) . . o vvinniiiiei e e e
HEATER CURRENT. .. .. tiiieeinniiinnnan. P R T T
Without
External
DIRECT INTERELECTRODE CAPACITANCES: Shield
Triode Grid to Triode Plate . ................... .. 2.0
Triode Grid to Cathode and Heater .. 2.2
Triode Plate to Cathode and Heater 0.8

™ With external shield connected to cathode.

TRIODE UNIT AS CLASS A; AMPLIFIER

Maximum Rating, (Design-Maximum Value):

PLATE VOLTAGE. . .. . ... 0iiiiiiniiinnaaeeeianns Ceeeasaneeanan

GRID VOLTAGE, Positive Bias Value............... ... Creeteei e

PLATE DISSIPATION . ...\ttt iiiiieaeeeneans .

PEAK HeATeER-CATHODE VOLTAGE:
Heater negative with respect to cathode
Heater positive with respeet to cathode. .

Characteristics:

Plate Voltage. ... ........ ... 100

Grid Voltage. . ............co..o0 . -1

Amplification Factor...... reeieaneae Ceeree e e P 100

Plate Resistance. . ..........ccoovcnnn tesaseanaaenea eesaen.. 80000

Transconductance........ Ceesaa e reeeeerieranaanen ceees 1250

Plate Current. . .. ..ttt ie e it eaiiia e 0.50
DIODE UNITS

Maximum Rating, (Design-Maximum Value):

Prate CORRENT (Bach Unit). ... ..o i, cenes

4 The de component must not exceed 100 volts.

6AV6

6.3 volts
0.3 amperc
With
External
Shield®
2.0 uuf
2.2 upf
1.2 puf
0.04 max puf
330 max volts
0 mazx volts
0.65 maz watt
200 max volts
200*max volts
250 volts
-2 volts
100
62500 ohms
1600 wsmhos
1.2 ma
1.0 maxz ma

The two diode plates are placed around a cathode, the sleeve of which is common to the triode
unit. Bach diode plate has its own base pin. Diode biasing of the triode unit is not recommended.

AVERAGE DIODE CHARACTERISTICS
HALF-WAVE RECTIFICA‘HON SINGLE DIODE UNIT

INSTALLATION AND APPLICATION TYPE BAV6

Type 6AV6 requires miniature seven-

contact socket and may be mounted in any

position. Outline11, 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 o3

6AV6 may be obtained from a fixed source,

such as a fixed-voltage tap on the dc power
supply, or from a cathode-bias resistor. It

should not be obtained by the diode-biasing
method because of the probability of plate-

current cutoff, even with relatively small sig-

nal voltages applied to the diode circuit. A
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AVERAGE PLATE CHARACTERISTICS

- RCA Receiving Tube Mannal ==

4 . TRIODE UNIT
9 I TYPE 6AVE
1.5' E£=6.3VOLTS

L3
Cq/

0
\ "OL re
\\ 9
\o
s

[

&
s

PLATE MILLIAMPERES
\
\

N
N
N
N
N

N
N

300 400
PLATE VOLTS

HIGH-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature types used in a wide
variety of applications in television
receivers. These types have a con-
trolled heater warm-up time for use in
receivers employing series-connected

6AWS
6AWS-A

- 92CM-6879T

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-clipper, and phase-splitter circuits. Outline 14, OUTLINES
SECTION. Tubes require miniature nine-contact socket and may be mounted in
any position. Type 6AW8 is a discontinued type listed for reference only.

HEATER VOLTAGE (AC/DC) . ottt tvtvtstinnseinnnaearasisiaiseeeenarsans

HEATER CURRENT

DIRECT INTERELECTRODE CAPACITANCES: Without
External
Triode Unit: Shield
GridtoPlate. . ......o.iiiiiiiii i 2.2
Grid to Cathode, Pentode Cathode, Pentode Grid No.3,
Internal Shield, and Heater...................... 3.2
Plate to Cathode, Pentode Cathode, Pentode Grid No.3,
Internal Shield, and Heater..................... 1.8
Pentode Unit:
Grid No.ltoPlate, ... . o.covviii i iinn ... 0.05 max
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield. .......................... P 10
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In~
ternal Shield. ... ... ... . ...iiiiiiiiiininnnnnnnn, 3.6
Pentode Grid No.1 to Triode Plate................ veves 0.008 max
Pentode Plate to Triode Plate. .. ..........coiiniennnn. 0.15 max

® With external shield connected to pins 4 and 5.
CLASS A, AMPLIFIER

Maximum Ratings, (Design-Maximum Values): Triode Unit
PLATE VOLTAGE. . ..ot iiiniieeeeneeennas teversienas 330 max
GRID-NO0.2 (SCREEN-GRID) SUPPLY VOLTAGE. . v0savenvss. -
GRID-NO.2 VOLTAGE. . .. ... vevtnninnnnnns ceenisunnas -
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Positive bias value. , 0 max
PLATE DISSIPATION ........ 1.1 max
GRID-No0.2 INPUT:

For grid-No.2 voltages up to 165 volts, ........ P -

For grid-No.2 voitages between 165 and 330 volts. . ... -
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.............. 200 mazx

Heater positive with respect to cathode.......... .. 200°max

HEATER WARM-UP TIME (AVERAGE) .. .t 0uturnrnnnnneeunrorronneennnsns

6.3 volts
0.6 ampere
11 seconds
With
External
Shield®
2.2 puui
3.4 unf
3.0 upf
0.04 max upf
10 upf
4.5 uuf
0,005 max upf
0.025 max wuf

Pentode Unit

330 max volts
330 max volts
See curve page 66

0 max volts
3,75 max watts
1.1 max watts
See curve page 66
200 max volts
200°max volts
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AVERAGE CHARACTERISTICS
TRIODE UNIT
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Characteristics: Triode Unit Pentode Unit
" Plate Supply Voltage.......... 200 150 volts
Grid-No.2 Supply Voltage....... N - 150 volts
Grid-No.1 Voltage. ............... . -2 - volts
Cathode-Bias Resistor....... - 150 ohms
Amplification Factor.............. 70 -
Plate Resistance (Approx.)........ . - 0.2 megohm
TransconduCtance. .. .o.vvvttuturnriiiiiiiianianan 4000 9500 wumhos
Grid-No.1 Voltage (Approx.) for plate current of 20 pa.... -5 -8 volts
Plate Current. . ....oouniieiiiiiiinrrnnnrreinnannes . 4 15 ma
Grid-No.2 Current. .. .ovvvvnnvnnnn. . cene - 3.5 ma
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation.............. . . 0.5 mazx 0.25 max megohm
For cathode-bias operation. 1.0 mox 1.0 mazx megohm

*The de¢ component must not exceed 100 volts.

AVERAGE CHARACTERISTICS
PENTODE UNIT
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RCA Recezving Tube Manunal

HALF-WAVE VACUUM RECTIFIER O,
Glass octal types used as damper “G)
6 Ax4-GT tube in horizontal deflection circuits of

television receivers. Outline 22, OUT-  GA QA0
6 AX4-GTB LINES SECTION. May be supplied L0

with pin No. 1 omitted. Tubes require i H
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

other power-handling tubes, be adequately ventilated. For curve of average plate
characteristics, see page 67.

HEATER VOLTAGE (AC/DC) . ttvtvutittinneenneriueiuinsoinsennneranenns 6.3 volts
HEATER CURRENT. . . oivttiiie e ronnnnnnonnsnn 1.2 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.):°
Cathode to Plate and Heater...................... 8.5 upf
Plate to Cathode and Heater. ...... e e e 6 puf
Heater to Cathode........ P e 4 ppf
DAMPER SERVICE
For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Mazimum Values): 6AX4-GT 6AX,4-GTB
PEAK INVERSE PLATE VOLTAGE™. . ... .. ... ... ... ..., 4400 max 5000 max volts
PEAK PLATE CURRENT. .« ¢ttt ittt it et e aanas 825 max 1000 max ma
DC PLATE CURRENT. ..ottt it iiie ittt e e aanaans 137 max 165 max ma
PLATE DISSIPATION. . .. ..ttt ainaiaaas Ceeee 5 max 5.3 max watts
PeAX HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode........... ceenn 4400%max  5000%max volts
Heater positive with respect to cathode. ............ e 300%max 300%max volts

Characteristics, Instantaneous Test Condition:

Tube Voltage Drop for plate ma. =250, ................... 32 32 volts
° Without external shield.

@ The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In
a525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

e The de component must not exceed 900 volts.

9The de component must not exceed 100 volts.

FULL-WAVE VACUUM RECTIFIER O

. "2(3)
6 AX 5 GT ;}]a?s (()lgtal type usel;i in pow(eir
~ supply of radio equipment having mod-
erate dec requirements. Outline 22, G " 0N
OUTLINES SECTION. This type ORIO
may be supplied with pin No.1 omitted. Ne K
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.

HEBEATER VOLTAGE (AC). vt tvvrirriieiroveinenneneanans e 6.3 voits
HEATER CURRENT. .. ... iviiniiiiinnennnns et cees 1.2 amperes

FULL-WAVE RECTIFIER
Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE. . vt vvevvunnnennns Cireieereiiieaenensees 1250 max volts
PEAK PLATE CURRENT (Per Plate)............ovvus P - ¥ £ (/%] ma
HoT-SWITCHING TRANSIENT PLATE CURRENT

For duration of 0.2 second maximum. . ... ... 2.6 maxr amperes
AC PLATE SuPPLY VOLTAGE (Per Plate, rms) See Rating Chart

DC Ourput CURRENT (Per Plate, rms) ...... e See Rating Chart
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. .. 450 max volts

Heater positive with respect to cathode. ... erseeaeaes 450 max volts
Typical Operation with Capacitor Input to Filter:

AC Plate-to-Plate Supply Voltage (rms)......ccvvveerrennens . 700 900 volts

Filter Input Capacitor®. .. ........ ... ...ciieinin. eeeeeaen 10 10 uf

Effective Plate-Supply Impedance Per Plate. . e 50 105 ohms

DC Output Voltage at Inputsté) Filter (Approx ) 395 It

Hma .o.ovvinnn. terececeaeanen - vo

At half-load current of { 3_50 540 voits

- volts

At full-load current of { o 490 . volts

Voltage Regulation (Approx.):
Half-load to full-load current. ........ ... veee.. 45 50 volts



Technical Data s

Typical Operation with Choke Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)........covviennann.. 700 900

Filter Input Choke 104 10# #
DC Output Voltage at Input to Filter (Approx.):
75 ma 270
At half-load current of { 62.5 ma . _ 365
; 150 ma .. 250
At full-load current of { 125 ma - 350
Voltage Regulation (Approx.):
Half-load to full-load current............. ... ... .. ...... 20 15

volts
henries

volts
volts
volts
volte

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 provid(ld theload current is not less than 35
ma. For load currents less than 35 ma, a larger value of induetance is required for optimum regulation.

RATING CHART

TYPE 6AX5-GT
E;=6.3 VOLTS

MAXIMUM OPERATING VALUES WITH:
CHOKE=INPUT FILTER
[ rCAPACITOR—\NPUT FILTER
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MEDIUM-MU TRIODE—
SEMIREMOTE-CUTOFF PENTODE
e
receiver applications; the pentode unit
7/ ks is used as a video amplifier; the triode

unit is used as a sync separator. Out-
line 12, OUTLINES SECTION. Tube

Miniature type used in television- 6 AX 8

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

HEATER VOLTAGE (AC/DC) .ttt iit ittt cannennneenennns 6.3
HEATER CURRENT. . .0ttt t ittt ittt inneeteeenaneennsnnaeenns 0.45
DIRECT INTERELECTRODE CAPACITANCES:®
Triode Unit:
Gridto Plate. . ..ot i i i e
Grid to Cathode and Heater. . .
Plate to Cathode and Heater
Pentode Unit:
Grid No.L to Plate. . .. ovn ittt i it ieineeninnnnns 0.006 mazx
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and .
Internal Shield........c.couuiiiiiniiin i iiiiiiiiineseeeinanns 5
Plate to Cathode, Heater, Grid No.2, Grid No.3 and Internal Shicld . 3.
Heater to Cathode (Each unit) ........ Chrre e [ R 2.

volts
ampere

uuf
upf
uuf

suf
puf

upf
puf



CLASS A; AMPLIFIER

Maximum Ratings: .
PLATE VOLTAGE .......... .
GRID-N0.2 SUPPLY VOLTAGE ...........
GRID-NO0.2 (SCREEN-GRID) VOLTAGE
GRID-NO.1 (CONTROL-GRID) VOLTAGE. .. ...... N
PLATE DISSIPATION .. .ovvervnnneneeneans
GRID-No0.2 INPUT

For grid-No.2 voltages up to 150 volts......... ..

For grid-No.2 voltages between 150 and 300 volts. ceneen
PEAX HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode ............000.

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

Characteristics:

Plate Supply Voltage. ................. Cereseresetnecnies
Grid-No.2 Supply Voltage............... Ceeeeerieir e
Cathode-Bias Resistor. . ................ e ceeen
Amplification Factor ...................
Plate Resistance (APpProx.)......coevvveriinenennnnn Ceiees
Transconductance

Grid-No.1 Voltage (Approx. ) for plat(, current of 10ua.......
Plate Current ............ i e ceeeenn
Grid-No.2 Current, ........ e, [

Maximum Circuit Values:

Grid-No.1 Circuit Resistance:
For fixed-bias operation. ............ Cheeeas
For cathode-bias operation ....... el

theseeaan

° With external shield connected to cathode of unit under test except as noted.

* With external shield connected to ground.

RCA Receiving Tube Manunal

Triode Unit
300 max

0 max
2.7 max

90 max
90 max

0.1 maz
0.5 max

HALF-WAVE VA CUUM RECTIFIER

6AY3

Novar type used as damper tube
inhorizontal deflection circuits of black-

and-white television receivers. Outline

54, OUTLINES SECTION. Tube re-

quires octal 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. For curve of average plate characteristics, see page 67.

DIRECT INTERELECTRODE CAPACITANCES (Approx.):°
Plate to Cathode and Heater. . ............oovvvunn, tessssenserens
Cathode to Plate and Heater. . ..................
Heater to Cathode. ..

DAMPER SERVICE

For operation in a §25-line, 80-frame system

Maximum Ratings, (Design-Mazimum Values):

PBAK INVERSE PLATE VOLTAGE™. . ........... ..o ite. [N

PEAK PLATE CURRENT. . .o oottt viiiincnnnnenn e
DC PLATE CURRBENT. .. oottt ittt iinineantneetisosanss
PLATE DISSIPATION. . o vttt iiie it iiiee i iina e e eennas

PEAK HEATER-CATHODE VOLTAGE:

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

° Without external shield.

Pentode Unit

800 max volts
300 max volts
See curve page 66
0 max volts
2.8 max watte
0.5 max watt

See curve page 66

90 mazx volts
90 max volts
250 volts
110 volts
120 ohms
0.4 megohm
4800 pmhos
-12 volts
10 ma
3.5 ma
0.1 maxr megohm
0.5 maz wmegohm
H

iI©c K

6.3 volts
1.2 amperes
6.5 puf
9.0 pupf
2.8 puf
5000 max volts
1100 max ma
175 max ma
6.5 max watts
5000®maz volts
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 de component must not exceed 100 volts.
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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, sync-clipper, and phase-
splitter circuits. Outline 12, OUTLINES SECTION. Tube requires miniature
nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC)u ottt ettt teeeii e ee i e e eeiineeann 6.3 volts
HBEATER CURRENT . ...ttt ittt et e aa et e e e e 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Triode Unit:
Grid to Plate 1.7 upl
Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield ...... 2 uuf
1

Plate to Cathode, Heater, Pentode Grid No. 3 and Internal Shield . .. .. .7 uuf
Pentode Unit:

Grid No.lto Plate. ... ... i i aae e 0.02 mox ppf

Grid No.1 to Cathode, Heater, Grid No. rid No.3, and Internal Shield 6.5 upf

Plate to Cathode, Heater, Grid No. 2, Grid No. 3, and Internal Shield. . 2.2 pupf
Triode Grid 10 Pentode PIAte. . ... ... .\eweeeres el 0.027 mazx ppf
Pentode Grid No.1 to Triode Plate . . .. 0.020 max uul
Pentode Plate to Triode Plate .. ............ ... ... .. 0,045 max upf

CLASS A; AMPLIFIER

Maximum Ratings: Triode Unit Pentode Unit
PLATE VOLTAGE. ...ttt ettt 300 max 300 max volts
GRID-N0.2 (SCREEN-GRID) SUPPLY VOLTAGE . . ... - 300 maux volts
GRID-NO.2 VOLTAGE. . ...\ttt See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value. . . 0 max 0 max volts
PLATE DISSIPATION. .. ...ttt it in e iieeae i 2.6 max 2 max watts
GrID-N0.2 INPUT:

For grid-No.2 voltages up to 150 volts. .. ............ - 0.5 mux watt

For grid-No.2 voltages between 150 and 300 volt;
PEAK HEATER-CATHODE VOLTAGE:

See curve page 66

Heater negative with respect to cathode.............. 200 max . volts
Heater positive with respect to cathode. ............. 200®mazx - volts
Characteristics:
Plate Supply Voltage . ... ... ... ...t 200 200 volts

Grid-No.2 Voltage. . ... . S - 150 volts
Grid-No.1 Voltage. . . L. -6 - volts
Cathode-Bias Resistor. P e e - 180 ohms
Amplification Factor. .............. ... ... o il 19 -
Plate Resistance (Approx.).................. e 5750 300000 ohms
Transconductance. .. .......... ... ... ..., 3300 6000 wmhos
Grid-No.1 Voltage (Approx.) for plate current of 10 pa. . -19 - volts
Grid-No.1l Voltage (Approx.) for transconductance of 106

MMROS. -12.5 volts
Plate Current 13 9.5 ma
Grid-No.2 Current - 3 ma
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:*

For fixed-bias operation........ S 0.5 max 0.25 max megohm

For cathode-bias operation 1.0 max 1.0 max megohm

% 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 operating at maximum rated conditions, grid-No.l-circuit resistance for both units
should not exceed the stated values.

POWER TRIODE

NC G
o e Glass octal type used in output stage of
. NG radio receivers and amplifiers. Outline 50, OUT-
G) (® LINES SECTION. Tube requires octal socket.
For typical operation as a single-tube class A 6B4_G

©, ©, amplifier, refer to type 2A3. Filament volts
¥ v 14 (ac/dc), 6.3; amperes, 1.0. Maximum ratings as
o e push-pull class AB1 amplifier: plate volts, 2_325;
NE e plate dissipation, 15 watts. Type 6B4-G is a
DISCONTINUED typelisted forreferenceonly.
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PT STy

DIRECT-COUPLED POWER TRIODE

Glass type used as class A1 power amplifier.
One triode, the driver, is directly connected
within the tube to the second, or output, triode.
685 Outline 43, OUTLINES SECTION. Tube re- P13
quires six-contact socket. Heater volts (ac/dc),
6.3; amperes, 0.8. Characteristics of input and
output triodes as class A1 amplifier follow. Input H H
triode: plate volts, 300 mazx; 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 39, OUT-
LINES SECTION. Tube requires octal socket.
6B6'G Heater volts (ac/dc), 6.3; amperes, 0.8. 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 40, 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.

TWIN-DIODE— . .
SEMIREMOTE-CUTOFF PENTODE A o

Metal type 6B8 and glass octal type 6B8-G Pe
6B 8 are used as combined detector, amplifier, and  (3)
ave tubes. Qutlines 4 and 89, respectively,
OUTLINES SECTION. Type 6B8 is used
688-G principally for renewal purposes; 6B8-G is a e" H
DISCONTINUED type listed for reference
only. Tubes require octal socket. Heater volts 5:688
(ac/dc), 6.3; amperes, 0.3. Maximum ratings of NC:i688-G %
pentode unit as class A; amplifier: plate volts,
300 max; grid-No.2 volts, 125 max; grid-No.2 supply volts, 800 maz; 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, 0.8 maxz
watt.

REMOTE-CUTOFF PENTODE

Miniature type used as rf ampli-

6B A 6 fier in standard broadcast and FM re-
ceivers, as well as in wide-band, high-

frequency applications. This type is

similar in performance to metal type

63G7. The low value of grid-No.1-to-plate capacitance minimizes regenerative
effects, while the high transconductance makes possible high signal-to-noise ratio.
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HEATER VOLTAGE (AC/DC).vvvvunnnnenninnin... T ceve. 6.3 volts
HEATER CURRENT 1400t vtetnteaeonnsseneetenneaneineeanneennennniis ... 0.8 ampere
Without With
Ezxternal External
DIRECT INTERELECTRODE CAPACITANCES: Shield Shield™
Grid No.ltoPlate ... ....oooiiuiiiuii .. .. 0.0035 max 0.0035 maz  uut
Grid No.1 to Cathode, Heater, Grid No.2 Grid No.3,
and Internal Shield. ... .ooueviiinn i ... 5.6 6.5 ppf
Plate to Cathode, Heater, Grid No.2, Grid No.8, and
Internal Shield ..... et e e 5.0 5.6 puf
® With external shield connected to cathode.
CLASS A, AMPLIFIER
Maximum Ratings, (Design-Maximum Values):
PLATE VOLTAGE. .....00uu.... PN PN et ettt eet e 330 max volts
GRID NO.3 (SUPPRESSOR GRID) AND INTERNAL SHIELD. ... ..vovnnnnnn.. Connecet to cathode at socket
GRID-NO.2 (SCREEN-GRID) VOLTAGE, . .... e R See curve page 66
GRID-NO.2 SUPPLY VOLTAGE .« .« vvvv et inieinneennnnn Cirearrreanaaas 830 max volts
PLATE DISSIPATION. . ottt et eiiiie e i 3.4 max watts
GRID-NoO.2 INPUT:
For grid-No.2 voltages up t0 165 volts. ... ..o it iiierennnnn., 0.7 max watt
For grid-No.2 voltages between 165 and 330 volts......... i See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE:
Negative bias value. ................... e e i, eeraan -56 max volts
Posifivebjasvalue. ............... ... ... 00, [ 0 max volts
PrEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............. et 200 max volts
Heater positive with respect to cathode....................... PR 2004max volts
4 The de component must not exceed 100 volts.
Characteristics:
Plate Supply Voltage. ..................... ..., e 100 250 volts
Grid No.3 and Internal Shield ........................... Connected to cathode at socket
Grid-No.2 Supply Voltage. . ...t iiiiiiiiineenen 100 100 volts
Cathode-Bias Resistor. ... ... .. ... 68 68 ohms
Plate Resistance (APProX.). .. .......ciiiiiuininenninons 0.25 1.0 megohm
Transconductance. . ..........oouetiteiiminnineeenninans 4300 4400 umhos
Grid-No.1 Voltage (Approx.) for transconductance of 40 ymhos -20 -20 volts
Plate Current. ..o i i it 10.8 11 ma
Grid-No.2 Current. . ..ot i e . 4.4 4.2 ma

INSTALLATION AND APPLICATION

Type 6BA6 requires miniature seven-contact socket and may be mounted in
any position. Outline 11, OUTLINES SECTION.

Control-grid bias variation will be found effective in changing the volume of
the receiver. In order to obtain adequate volume control, an available grid-No.1-
bias voltage of approximately 50 volts will be required. The exact value will depend
upon the circuit design and operating conditions. This voltage may be obtained,
depending on the receiver requirements, from a potentiometer across a fixed supply
voltage, from a variable cathode-bias resistor, from the ave system, or from a
combination of these methods.

AVERAGE PLATE CHARACTERISTICS
R TYPE 6BA6
‘,0 Eg = 6.3 VOLTS

GRID-N2 2 VOLTS = 100
GRID~N2 3 VOLTS = ¢

1o | e

N~ le2 cciso|

A
Ak .
4

-3

GRID-N¢| VOLTS EC1=-4
=5

PLATE (1) OR GRID-N2 (1¢2) MILLIAMPERES

300 400
PLATE VOLTS

1567

60
22CM=-68609T,
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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 ‘‘cutofi’’ advantage of the 6BA6 can be fully realized. How-
ever, it should be noted that the use of a resistor in the grid-No.2 circuit will have
an effect on the change in plate resistance with variation in grid-No.8 (suppressor-
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.

PENTAGRID CONVERTER

) Miniature type used as converter
in superheterodyne circuits especially

6 B A7 those for the FM broadcast band. Out-
line 14, OUTLINES SECTION. Tube

requires miniature nine-contact socket

and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . .ottt vtt vt eie ettt iaentanennsnrneenns 6.3 volts
HEATER CURRENT. .. .. ..ttt ittt ettt aiieee s 0.3 ampere
Maximum Ratings: CONVERTER SERVICE
PLATE VOLTAGE. ..o\ttt ittt ie e iiien s niteenaeeeanasnssannnenns 300 mazx volts
GRID-NO.5-AND-INTERNAL-SHIELD VOLTAGE*. ... .\ 0iuiteneureernnanensenn. 0 max volts
GRIDS-N0.2-AND-N 0.4 (SCREEN-GRID) VOLTAGE. . . vt v erirennennerennnnns 100 max volts
GRIDS-N0.2-AND-NO0.4 SUPPLY VOLTAGE. ... 0vvtttttreneernnannnnnnnneesns 300 max volts
PLATE DISSIPATION . . & ittet e tee e et taateeenaneeneneeseseeesosnanseens 2.0 mazx watts
GRIDS-NO.2-AND-NO.4 INPUT. .. oottt iie e 1.5 maz watts
TOTAL CATHODE CURRENT ... ..ttuiunuereonunsevensessaneconnnnsenans 22 max ma
GRID-N0.3 VOLTAGE:

Negative bias value. ... ...ttt iuriniernrveienrrornnssassonannsnn ~100 max volts

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

Heater negative with respect to cathode 90 max volts

Heater positive with respect to cathode 90 max volts
Characteristics (Separate Excitation) :* .
Plate Voltage ...t ieiiiiiiiiiiiiiiiierenannnsne 100 250 volts
Grid No.5 and Internal Shield*. .. .. . ... ... iiiiiiieieaninn Connected directly to ground
Grids-No.2-and-No.4 (Screen-Grid) Voltage ................... 100 100 volts
Grid-No.3 (Control-Grid) Voltage . ........coiiiiieninncnanns -1.0 -1.0 volt
Grid-No.1 (Oscillator-Grid) Resistor .........cooiveeneneennnn 20000 20000 ohms
Plate Resistance (APProX.) ... .ouuevriinrernnnssrroneneseens 0.5 1.0 megohm
Conversion Transconductance...........oevvveeerrnsncersnne 900 950 . smhos
Conve