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RCA Transmitting Tubes

Power-Tube Fundamentals

Power tubes are devices for con-
trolling the transfer of energy in elec-
trical circuits. In this respect they are
similar to rheostats, switches, and other
cireuit-type control devices.Tubes, how-
ever, permit much more rapid, precise,
and efficient control of electrical energy
than mechanically operated devices.

The transfer of electrical energy
through a circuit involves control of two
factors, rate and direction. The rate of
energy transfer is determined by the
number of individual electron charges
moving unidirectionally through the cir-
cuit in a given interval of time and is
proportional to the applied voltage. The
direction in which the electron charges
move is determined by the polarity of
the applied voltage.

Electron charges may be transferred
through a circuit element by several
methods. In one method, kinetic energy
is transferred between adjacent elec-
trons within the molecular structure of
a conductor. This method is employed
in switches, rheostats, and other devices
which utilize conductive materials as
control electrodes. Because the currents
through such devices are controlled by
mechanical means, the speed with which
the amount or direction of current can
be changed is limited by friction and
inertia.

In asecond method, individual elec-
trons are transferred through a low-
density, nonconductive medium, such as
a vacuum or a low-pressure gas. This
method is used in tubes and has the ad-
vantage that both the rate and the di-
rection of current flow may be controlled
by electric fields. Because these fields,
as well as the electrons, have negligible
inertia, tubes can effect changes in the
value and direction of electric current at
speeds considerably higher than those

obtainable with mechanically operated
devices.

In electrical circuits, control of the
direction of current flow is necessary
when the power source produces ac volt-
ages and currents and the load requires
a unidirectional current. Tubes which
are used primarily to control the direc-
tion of current flow are known as recti-
fiers. All such tubes, however, are also
rate-control or rate-limiting devices in
the sense that they have a finite current-
carrying capability.

Rate-control requirements in elec-
trical circuits range from occasional on-
off switching to continuous variations
occurring several billion times per sec-
ond. Tubes which provide this form of
control are known generically as ampli-
fiers. Power-tube amplifiers are capable
of controlling relatively large amounts
of energy. All triode and multigrid power
tubes are inherently rectifiers as well as
amplifiers because they deliver unidirec-
tional current regardless of the kind of
energy furnished by the power source.

Basic Considerations

In its simplest form, an electron
tube consists of a cathode (the negative
electrode) and an anode or plate (the
positive electrode) in a sealed envelope.
More complex types may also contain
one or more additional electrodes. The
purpose of the cathode is to furnish a
continuous supply of free electrons; the
plate collects these electrons. The rate
at which electrons are collected by the
plate (the plate current) is determined
by the number of free electrons available
and by the polarity and the strength of
the electric field between the plate and
cathode. Power tubes and rectifiers are
usually operated so that the number of
electrons available is constant. Conse-
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quently, the rate of collection or current
flow is determined principally by the
characteristics of the internal electric
field.

The internal electric field is estab-
lished by connection of a source of po-
tential between the plate and cathode.
When the plate is at a negative potential
with respect to the cathode, the internal
field tends to prevent electrons from
leaving the vicinity of the cathode, and
there is no transfer of energy through
the tube. When the plate is operated at
a positive potential with respect to the
cathode, the field causes a movement of
electrons to the plate. The current
through the tube is then determined by
the strength of the field, or the plate
voliage.

Vacuum Tubes

Under normal operating conditions,
the velocity of the electrons emitted by
the cathode of a vacuum tube is just suf-
ficient to insure their release from the
emitting surface. If no accelerating field
is applied, these electrons tend to return
to the cathode when their escape energy
has been expended. However, the in-
tense negative field created by new elec-
trons reaching the emitting surface re-
pels those previously emitted and they
accumulate in the space surrounding the
cathode. This accumulation of electrons
is called the space charge.

The approximate distribution of
the space-charge electrons in the ab-
sence of an accelerating field is shown in
Fig. 1. The concentration is greatest in
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the region nearest the cathode. The gen-
eral relationship between plate voltage
(Eb) and plate current (Ip) in a two-
electrode vacuum tube is shown in Fig.
2. At very low positive plate voltages
(region E, to E,), only the loosely bound
electrons on the outer surface of the
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space charge are attracted to the plate,
and the plate current does not change
uniformly with equal increments in
plate voltage. Over a higher range of
plate voltages (region E; to E,), the re-
lation between plate voltage and plate
current is nearly linear. When operated
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Fig. 2

in this region, a two-electrode vacuum
tube has substantially constant internal
resistance (called plate resistance, or rp),
and the plate current follows the normal
Ohm’s-Law relationship.

At plate voltages higher than E,, an
increase in plate voltage does not pro-
duce a proportional increase in plate
current because practically the full emis-
sion capabilities of the cathode are being
utilized. The voltage at which essentially
all of the electrons emitted by the
cathode are collected by the plate is
known as the saturation voltage and is
indicated in Fig. 2 by E,.

Two-electrode vacuum tubes are
extremely useful as power rectifiers. Be-
cause they are entirely nonmechanical
in operation, they can be used over a
wide range of frequencies. They can
operate at both very high and very low
temperatures, and can be designed to
withstand very high inverse voltages.
The substantially linear relationship be-
tween plate voltage and plate current in

. such tubes is also useful as a means of

obtaining virtually distortionless rectifi-
cation (detection) of radio signals.

Like all rectifiers, the two-electrode
vacuum tube is a special form of switch-
ing device and, therefore, does not pro-
vide any power gain. However, the con-
trol of circuit currents by means of elec-
tric fields can be extended to include
amplification, oscillation, and other func-
tions involving actual power gains by




the addition of a third electrode called a
grid between cathode and plate. When
the grid is placed relatively near the
cathode, the application of small volt-
ages to the grid can produce the same
change in the internal field, and thus in
the plate current, as large changes in
plate voltage. Large amounts of plate-
circuit power can thus be controlled
with relatively little energy. Special con-
trol characteristics may be obtained by
the use of two or more grids or control
electrodes in a tube. The construction
and characteristics of the principal types
of multi-electrode tubes in general use
are described in detail later in this sec-
tion.

Electrons accelerated by even mod-
erately high plate voltages may acquire
enough kinetic energy so that they dis-
lodge equal or greater numbers of elec-
trons when they strike the plate. Emis-
sion produced in this manner is known
as secondary emission.

Like primary electrons, secondary
electrons are attracted to a positive elec-
trode in the tube. In a two-electrode
tube, they return to the plate and their
only effect is to produce a weak negative
field similar to a space charge which
tends to repel some of the primary elec-
trons approaching the plate. Although
an increase in plate voltage beyond the
saturation value does not increase the
plate current of a tube, it produces a
proportional increase in the velocity
with which electrons move to the plate,
and thus increases secondary emission.

Although secondary emission is fre-
quently employed in special multi-elec-
trode tubes, it may produce effects
which interfere with normal operation
of power-tube amplifiers. These effects
and the methods used to overcome them
are discussed in detail later in this sec-
tion.

Gas Tubes

In a vacuum tube, space charge in-
hibits the release of electrons from the
cathode, and thus limits the plate cur-
rent at low and moderate plate voltages.
Although the space-charge effect may be
reduced by a reduction in the spacing
between plate and cathode, it cannot be
entirely eliminated by this method. The
negative space charge can be neutralized,
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however, by other methods—for exam-
ple, by the introduction of a controlled
amount of mercury vapor or inert gas
in the tube.

When a gas is present in a two-
electrode tube, free electrons in the gas
are attracted to the positive anode and
add to the anode current. Positive ions
created continuously by collisions be-
tween gas atoms and the free electrons
neutralize the space charge so that large
currents may be drawn at low anode
voltages. In addition, the space-charge
neutralization effectively increases the
thermal efficiency of the cathode. These
advantages make gas tubes particularly
suitable for use as power rectifiers. The
use of gas tubes, however, requires pre-
cautions in circuit design, physical in-
stallation, and operation which are not
necessary with vacuum tubes. These ad-
ditional requirements are discussed in
the Rectifier Considerations Section.

Generic Tube Types

In tube terminology, generic type
names such as “diode,” “triode,”
‘“‘tetrode,” and ‘‘pentode’’ indicate the
number of electrodes directly associated
with the emission, control, or collection
of electrons. Auxiliary elements such as
heaters, internal shields, or metal-enve-
lope shields, even when provided with
separate electrical connections and
shown in the tube symbol, are not
counted in establishing generic-type
classifications.

Diodes

The diode types listed in this Man-
ual are used principally as rectifiers in
equipment for converting low-frequency
alternating current from commercial
power lines or local sources to direct cur-
rent.

Tubes which contain a single diode
unit, such as the 836 or 866-A, are known
as half-wave rectifiers because they are
capable of conducting current during
only one half of each ac cycle. Tubes
which contain two diode units, such as
the 5R4-GY, are called full-wave recti-
fiers because they can be connected so
as to conduct current during both halves
of each ac cycle. Fig. 3 shows graphical
symbols for a filament-type half-wave




rectifier and a heater-cathode—type full-
wave rectifier.

Gas rectifiers have a very small in-
ternal voltage drop which is practically

independent of load current and are,.

therefore, desirable for applications re-
quiring relatively constant output volt-
age with varying loads. In mercury-
vapor types, and to a smaller degree in
inert-gas types, the voltage drop is af-
_ fected by bulb temperature. Control of
bulb temperature and other special con-
siderations involved in the operation of
gas rectifier tubes are discussed in the
Rectifier Considerations Section.

In a vacuum rectifier, the internal
voltage drop is approximately pro-
portional to the load current. Conse-
quently, rectifiers of this type, such as
the 5R4-GY, 836, and 1616, do not pro-
vide as good regulation of output volt-
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age as gas types in applications involv-
ing varying load currents. Vacuum
rectifiers, however, are not affected by
ambient temperature and do not require
special installation and circuit consider-
ations. Certain heater-cathode-type vac-
uum rectifiers, such as the 836, have
very low internal resistance and are
capable of providing voltage regulation
almost as good as that obtainable with
gas types.

Triodes

In triodes, or three-electrode tubes,
an auxiliary control electrode, called a
grid, is placed between the cathode and
the plate, as shown in Fig. 4. The grid
is usually a cylindrical or oval-shaped
spiral of fine wire surrounding the cath-
ode, although wire-mesh and grating-
type grids may also be used.

Because of its open construction,
the grid does not appreciably obstruct
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the movement of electrons from cathode
to plate. When the grid is made positive
or negative with respect to the cathode,
however, its electric field can increase or
decrease the rate of electron flow. This
effect makes it possible for a triode to be

PLATE

GRID

CATHODE HEATER
Fig. 4

used as an amplifier. In a typical ampli-
fier cireuit, such as that shown in Fig. 5,
the energy required to attract electrons
to the plate is obtained from a high-
valtage dc plate supply and the elec-
trical impulse to be amplified, the in-
put signal, is applied between grid and
cathode. Because the plate current of
the tube flows through the load, varia-
tion of the grid-cathode voltage causes
the de power drawn from the plate sup-
ply to appear as ac power in the load.
The power required by the grid for com-
plete control is ordinarily only a fraction
of the power developed in the load cir-
cuit. The ac power in the load circuit is
always less than 100 per cent of the de
input power, however, because some
power is dissipated at the plate of the
tube and in the resistance of the load
circuit. In addition to their use as audio-
frequency and radio-frequency ampli-
fiers, power triodes may be used in suit-
able circuit arrangements for oscillation,

LOAD OUTPUT
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frequency multiplication, modulation,
and various special purposes.
The plate, cathode, and other elec-
trodes of a tube form an electrostatic

system, each electrode acting as one
plate of a small capacitor. In a triode,



capacitances exist between grid and
cathode, grid and plate, and plate and
cathode, as shown in Fig. 6. Although
these interelectrode capacitances do not
have values of more than a few micro-
microfarads, they may have substantial
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Fig. 6
effects on tube operation, especially at
radio frequencies. For example, the
grid-plate capacitance, Cqp, provides an
internal path between the output and
input circuits, When a triode is used as
an amplifier at radio frequencies, suffi-
cient energy may be fed back through
this path to cause uncontrolled regener-
ation or oscillation. Although this type
of internal feedback is frequently em-
ployed in oscillator circuits, it is unde-
girable in amplifier applications. Triode
radio-frequency amplifiers, therefore, re-
quire either special circuit arrangements
or the use of a feedback-cancelling tech-
nique known as neutralization. These
special considerations are discussed at
length in the Power-Tube Applications
Section.
Tetrodes

Internal feedback between plate
and grid, and the resulting need for neu-
tralization in triode radio-frequency am-
plifiers, can be minimized by incorpora-
tion of a second grid (the screen grid)
between the grid No.1 (the control grid)
and the plate, as shown in Fig. 7. Tubes
which employ a grid No.2 or screen grid,
cathode, control grid, and plate are
known generically as tetrodes.

When a tetrode is used as an ampli-
fier, the screen grid is operated at a fixed
positive potential (usually somewhat
lower than the plate voltage), and is by-
passed to the cathode through a capaci-
tor having a very low impedance at the
operating frequency. This capacitor di-
verts signal-frequency alternating cur-
rents from the screen grid to ground, and
effectively short-circuits the capacitive
feedback path between plate and control
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grid. The screen grid acts as an electro-
static shield between the control grid
and the plate, and reduces the grid-
plate capacitance to such a small value
that internal feedback is usually negligi-
ble over the range of frequencies for
which the tube is designed.

Because the screen grid is operated
at a positive potential with respect to
the cathode, it collects a substantial
number of the available electrons and,
therefore, reduces the plate current
which ean flow at a given plate voltage.
The addition of a screen grid thus in-
creases the internal resistance or plate
resistance of a tube. However, it also
gives the grid No.1 a greater degree of
control over the plate resistance, and
thus increases the voltage-amplification
factor.

The voltage at which the screen
grid is operated has a substantial effect
on the plate current of a tetrode. This
characteristic makes it practicable to
control the gain of a tetrode by varia-
tion of the de screen-grid potential, or
to modulate the tube output econom-
ically by the application of signal volt-
age to the screen grid, as well as to the
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control grid. It is usually necessary,
therefore, to remove ripple and other
fluctuations from the screen-grid supply
voltage to prevent undesired modula-
tion of the tube output.

Because the use of a grid No.2 or
screen grid reduces internal coupling be-
tween the output and input circuits,
tetrodes can furnish a high degree of
stable amplification in relatively simple
circuits. Some residual grid-plate capaci-
tance is unavoidable, however, and in-
ternal feedback may be a problem. The
amount of internal feedback that can be
tolerated in any amplifier tube depends
on the frequency at which the tube is



operated, the effective gain of the stage,
the characteristics of the tube input and
output circuits, and the methanical lay-
out employed. Because of their high
power sensitivity, tetrodes used in rf ap-
plications generally require shielding
from external fields and careful circuit
layout to minimize external feedback
between the input and output circuits
of the tubes. In certain amplifier appli-
cations involving high radio frequencies
and high stage gains, tetrodes, as well as
triodes, may require neutralization. Fur-
ther information on this subject is given
in the Power-Tube Circuit-Design Con-
siderations Section.

If the negative excursion of the out-
put signal swings the plate to a voltage
less positive than that of the screen grid,
electrons moving from the screen grid to
the plate tend to reverse their direction
and return to the screen grid. The result-
ing decrease in plate current causes a
correspondingrisein plate voltage, which
terminates the negative swing of the
output signal before it completes a full
excursion. This effect, which tends to
reduce the power output of a tetrode
below that obtainable from a triode hav-
ing equivalent plate-input rating, is em-
phasized considerably when there is
secondary emission from the plate.

The loss of a portion of the output
energy which occurs in a tetrode under
these conditions reduces the power-
handling capabilities of the tube, and
causes serious distortion of the signal
waveform. The output' of the tube,
therefore, contains harmonics of the sig-
nal frequency and other spurious fre-
quencies which may cause considérable
interference to communications service.
Such distortion may also be highly ob-
jectionable to the ear or to the eye when

a tetrode is used as an audio or video -

amplifier. Although this effect can be
minimized by reducing the amplitude
of the plate-voltage swing so that the
plate voltage never swings negative with
respect to the screen-grid voltage, this
expedient imposes further limitations on
the tube output.

The abrupt rise in the plate voltage
of a tetrode caused by the reversal of
electron flow tends to draw both primary
and secondary electrons back to the
plate. Collection of these electrons then
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makes the plate less positive than the
screen grid so that the tube current tends
to reverse again. This interchange of
electrons between plate and screen grid,
called dynatron action. may continue
for several cycles, and is equivalent to
an oscillatory current. Although dyna-
tron action forms the basis of certain
tetrode oscillator circuits, it is highly
objectionable when a tube is used solely
as an amplifier.

Pentodes

Thelimitationimposed on the plate-
voltageswing of a tetrode by “dynatron
action’’ can be overcome by the use of a
grid No.3, or suppressor grid, between
the screen grid (grid No.2) and the plate,
as shown in Fig. 8. Tubes which employ
five-electrode structures of this type are
called pentodes.

When a pentode is used as an ampli-
fier, the grid No.3 or suppressor grid is
generally operated at a fixed negative
potential with respect to both the screen
grid and the plate and thus establishes a
negativeelectrostaticfield between them.
Although this field is not strong enough
toprevent the desired movement of high-
velocity primary electrons from screen
grid to plate, it effectively prevents both
primary and secondary electrons from
flowing backward to thescreen grid. Con-
sequently, the plate voltage of a pentode
may swing negative with respect to the
screen-grid voltage without the loss of
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output power and the waveform distor-
tion that occur under the same condi-
tions in a tetrode.

The grid No.3 or suppressor grid
may be connected internally to the cath-
ode, asin the 1613, so that it is automati-
cally maintained at a negative potential
with respect to the plate and screen grid.
In most power pentodes, however, the
suppressor grid is an independent elec-




trode which can either be connected ex-
ternally to the cathode or operated at a
positive or negative potential with re-
spect to the cathode to meet various
application requirements. The use of an
independent suppressor grid permits the
introduction of an auxiliary signal or
control voltage into the tube circuit. Al-
though the screen grid can also be used
for this purpose, a suppressor grid is gen-
erally a more effective control electrode
becauseit requires much lesssignal power
for full modulation of the tube output.
In addition, the shielding action of the
screen grid minimizes undesirable cou-
pling between the suppressor grid and
the control grid when signals are applied
simultaneously to these electrodes.

Beam Power Tubes

The power-handling ability of a tet~
rode or pentode is limited to some extent
because some of the available electrons
are collected by the screen grid and,
therefore, do not contribute to the plate
current. In beam power tubes, however,
the lateral wires of the screen grid are
aligned with the control-grid wires to
direct the flow of electrons through the
screen grid to the plate. A sectional view
of a typical beam power tube is shown
in Fig. 9. As indicated by the dashed
linesin the figure, the stream of electrons
is divided into sheets or “beams” which
tend to pass between the wires of the
screen grid. Because relatively few elec-
trons impinge on thescreen grid, a sub-
stantial portion of the electron energy
that would otherwise be absorbed by
the screen grid and dissipated as heat is
diverted to the plate, where it can be
converted into useful output power.

In beam power tubes of the type
illustrated in Fig. 9, dynatron action and
other undesirable effects of secondary
emission from the plate can be mini-
mized by spacing the electrodes so that
a space-charge effect is created in the
heavily shaded region. The negative elec-
trostatic field produced by the dense
concentration of electrons in this region
blocks the escape of secondary electrons
from the plate, and also prevents the re-
turn of primary electrons to the screen
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grid when the plate swings negative with
respect to the screen grid. Stray second-
ary electrons may be prevented from
reaching the screen grid by paths out-
side the effective field of the space
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charge by the incorporation of spe-
cial beam-confining electrodes operated
at cathode potential.

Beam power tubes may also employ
suppressorgridsratherthanspace-charge
effects to prevent the reversal of elec-
tron flow when the plate swings negative
with respect to the screen grid. Because
beam power tubes are generally used in
thesame applications as power pentodes,
they are represented in this Manual by
a pentode tube symbol.

Ingeneral, pentodes and beam power
tubes have higher power sensitivity than
other generic types, i.e., they require
very little driving power in relation to
obtainable power output.The use of pen-
todes and beam power tubes in multi-
stage equipment, therefore, minimizes
the number of stages required to obtain
a specific power gain.

These tube types are especially use-
ful as buffer-amplifier tubes and fre-
quency-multiplier tubes in transmitters
and other types of radio-frequency power
equipment. Pentodes and beam power
tubes are also widely used as audio-fre-
quency power-amplifier tubes and mod-
ulator tubes, and in certain types of
oscillator circuits.




Construction and Materials

Although power tubes may vary
widely with respect to physical form,
size, and terminal arrangement, they
utilize two general forms of electrode
assembly. In unit-type assemblies, such
as that shown in Fig. 10(a), the various
electrodes are assembled in a rigid frame-
work formed of supports and insulating
spacers, and are installed and supported
in the envelope as a unit. This type of
assembly is used in vacuum rectifiers
such as the 5R4-GY and the 836, and in
low- and medium-frequency power am-
plifiers such as the 805 and 813. Because
the various electrodes are held in the

GRID SUPPORT PLATE SUPPORT
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desired spatial relationship by the com-
mon supporting framework, vibration
and shock are received by the assembly
as a unit, and the relative positions of
individual electrodes are not appreciably
affected.

Electrodes may also be suspended
individually from various parts of the
tube envelope, asshown in Fig. 10(b). In-
dividually supported electrodes are used
in mercury-vapor rectifiers such as the
866-A to eliminate metal framework
members which might amalgamate or
combine chemically with the mercury or
affect the internal temperature distribu-
tion. They are also used in high-voltage
vacuum tubes such as the 808 to elimi-
nate possible leakage paths and thus pro-
vide maximum insulation between the
‘various electrodes, and in very-high-fre-
quency and ultra-high-frequency tubes
such as the 826 and 833-A to minimize
interelectrode capacitances and to elimi-
nate the large energy losses which oceur
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in most insulating materials at these
frequencies.

Cathodes

The most efficient practical cath-
odes for power tubes utilize thermionic
emission. Because such emission varies
exponentially with temperature, a power-
tube cathode must be operated at a con-
stant temperature if substantial varia-
tions in emission are to be avoided. Be-
cause of the practical difficultiesinvolved
in measuring the cathode temperature
of a tube, proper operating conditions
are usually expressed in terms of a spe-
cific voltage and a specific current. Spe-
cific values of heating voltage and cur-
rent for each tube type are given in the
Tube Types Section.

A direcily heated cathode, or fila-
mentary cathode, is a metallic condue-
tor drawn into wire or ribbon form, as
shownin Fig. 11. The conductoris heated
to emitting temperature by its own re-
sistance to a flow of electric current.
Emission may be obtained either from
the conductor itself or from a coating of
thermoemissive material bonded to its
surface. Filamentary cathodes have the
basic advantages of mechanical simplic-
ity, high emission efficiency, and rapid
heating. A single continuous filament
can be wound or folded to provide uni-
form emission distribution over large
areas, Or to expose a minimum of surface
to destructive positive-ion bombard-
ment. Because of their high efficiency
and quick heating, filamentary cathodes
are especially suitable for portable and
mobile equipment, in which economy of
operating power is an important con-
sideration.

Early filamentary cathodes were made
of pure tungsten, a dense, tough metal
having an extremely high melting point.
Because tungsten must be heated to very
high temperatures to emit electrons in
useful quantities, such filaments require
considerable electrical power for excita-
tion. Much higher emission efficiencies
can be obtained with thoriated-tungsten
filaments, which are drawn from tung-
stenslugsimpregnated with thoria (thori-
um oxide). During tube processing, some
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of the thorium oxide is driven to the
surface of the filament and reduced to
pure metallic thorium, which emits use-
ful quantities of electrons when heated
to a relatively low temperature. This
surface thorium evaporates during tube
operation, but is continuously replen-
ished from the internal supply of thori-
um oxide.

Filamentary cathodes may also be
made of inexpensive nickel alloys, rathey
than highly refractory metals, and coated
with “alkaline-earth’’ oxides, which emit
electrons freely at much lower tempera-
tures than either pure tungsten or thori-
ated tungsten. The coating is applied to
the filament in the form of a carbonate
of the basic element (generally barium
carbonate or a mixture of barium, calci-
um, and strontium carbonates), and is
converted to the highly emissive oxide
form during tube processing. Oxide-
coated filaments are especially suitable
for use in gas rectifiers, which require
low-temperature cathodes capable of de-
livering high emission currents and with-
standing intense positive-ion bombard-
ment.

An indirectly heated cathode, or
heater-cathode, is a hollow metal cylin-
der or sleeve having a coating of thermo-
emissive material bonded to its outer
surface, as shown in Fig. 12. The cath-
ode is heated by radiation from a metal
filament, called the heater, which is
mounted inside the sleeve. The cathode
sleeve is usually electrically insulated
from the heater. The emissive material
employed is generally the same as that
used on coated filamentary cathodes and
operates at substantially the same tem-
perature.

The electrical insulation between
the heating and emitting elements in a
heater-cathode provides several advan-
tages from the standpoints of tube opera-
tion and circuit design. Because the cur-
rent through the heater wire produces
no voltage dropin its associated cathode,
all points of the emitting surface are at
the same dc potential with respect to
the other electrodes of the tube. Because
of this feature, this type of cathode is
often called a unipotential cathode.
The emission is substantially uniform
over the entire cathode. An indirectly
heated cathode may generally be oper-
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ated at a fixed or variable potential of
either polarity with respect to its heater,
provided this potential does not exceed
the maximum heater-cathode-voltage
rating of the tube.

The heater of a heater-cathode is
usually a folded or helically wound fila-
ment of very fine tungsten or tungsten-
alloy wire. The actual form of a heater
is determined by the application require-
ments of the tube, the amount of insula-
tion required between heater and cath-
ode, and the internal dimensions of the
cathode sleeve. A refractory metal is re-
quired because the heater has very small
effective area and, therefore, must be
operated at a high temperature to sup-
ply the thermal energy required by the

ATHODE
SLEEVE
EILAMENY CATHODE
INSULATED COATING
HEATER
Fig. 11 Fig. 12

cathode. The insulation must be capable
of withstanding these high temperatures
and, in addition, must possess sufficient
flexibility to accommodate bends of very
small radius because the heaters must
be folded or wound into forms compact
enough to fit inside the cathode sleeve.
The insulation generally used is alumi-
num oxide, or a similar material known
commercially as “alundum.” The insula-
tion is first applied to the heater as a
suspension of fine particles in a nitro-
cellulose binder, and is then sintered in-
to a solid coating by operation of the
heater for a carefully contrclled period
of time at a temperature slightly above
its normal operating value.

Heater-cathodes have excellent ri-
gidity and dimensional stability, and
permit the use of simpler, more com-
pact, and more rugged electrode struc-
tures. They can also be placed very close
to other tube electrodes, and thus make
possible the reduction of internal losses
caused by space-charge effects and elec-
tron transit time. Because tubes using



these cathodes can usually be operated
in any position, the equipment designer
has greater freedom in locating tubes
and components to provide maximum
circuit efficiency or accessibility.

Plates

Plates or anodes of power tubes are
designed to collect as many as possible
of the electrons made available by the
cathode. They must also be capable of
dissipating heat. Typical plate designs
are shown in Fig. 13. The plates shown
at (a) and (b) are inherently rigid cylin-
ders which surround the cathode and
other electrodes. The plate at (a) is sim-
ple and extremely rugged. Plates of this

Fig. 13

type are used principally in low- and
medium-frequency power tubes such as
the 810 and 813.

The plate shown at (b) has radial
fins to provide increased heat-radiating
surface without appreciably increasing
the capacitances between the plate and
other electrodes. Plates of this type are
used in tubes such as the 826.

The radiator design shown at (c)
makes it possible to obtain substantial
heat dissipation from plates of limited
area by the use of forced-air cooling.
This type of plate is used in tubes such
as the 827-R.

Plates may be made of many mate-
rials, depending on the tube require-
ments. Nickel is often used for the plates
of power tubes which operate at moder-
atetemperaturesbecauseit can beformed
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readily into complex shapes and has the
advantage of light weight, so that elabo-
rate support structures are not needed.
The heat-radiating ability of nickel
plates can be substantially improved by
means of a surface treatment called
““carbonizing,” in which a closely ad-
hering layer of amorphous carbon is de-
posited on the surface of the nickel.

The thermal advantage of nickel is
combined with high mechanical strength
in a comparatively new material de-
veloped for the plates of small power
tubes, which can be roughly described as
carbonized nickel-plated steel.

Pure copper is now used extensively
in so-called ‘“‘external-plate’” designs for
tubes in various power ranges and phys-
ical sizes. In tubes of this type, the cop-
per plate forms part of the envelope, and
forced-air or water cooling is used to
maintain the temperatures of the cop-
per and of the copper-to-glass seal at
safe values. With the aid of these cooling
methods, tubes of relatively small phys-
ical size can handle very large amounts
of power.

Other metals used for tube plates
include materials such as tungsten, moly-
bdenum, tantalum, and graphite. Zir-
conium is sometimes applied as a coat-
ing. The use of graphite, tantalum, or
zirconium provides‘‘getter”’action which
helps to maintain a high vacuum within
a tube by cleaning up residual gases or
those which may be given off by parts
of the tube during operation. Graphite
and molybdenum are usually subjected
tosome form of surface treatment during
processing to improve their thermal
efficiency.

Grids

Ingeneral,tubegridsare constructed
of individual wires arranged in parallel
and swaged or welded to metal support-
ing rods. Fig. 14 shows typical grid struc-
tures used in power tubes. The grid at
() is a cylindrical type consisting of in-
dividual parallel wires welded to side-
rods. The grid at (b) is a cylindrical
type consisting of a single wire wound
in spiral form and swaged to the side-
rods. The “cage” grid structures shown
at (c) may be formed from single cylin-
drical metal blanks or of individual
metal rods.




Tube grids may be made of pure
metals such as tungsten, molybdenum,
or tantalum, of various alloys of tungsten
and molybdenum, or of a nickel-manga-
nese alloy. Because of its physical posi-
tion between the cathode and the plate,

Fig. 14

the grid is subjected to heat radiated
from both of these electrodes, and, if gas
is present in the tube, may also undergo
heavy positive-ion bombardment. As a
result, the grid may emit primary elec-
trons. Its tendency to emit electrons is
further increased if it becomes contami-
nated with emissive material evaporated
from the cathode. The grids are often
coated with gold or platinum to reduce
the possibility of primary emission. In
the case of power tubes, platinum coat-
ings are usually preferred to gold coatings
because platinum can withstand higher
temperatures than gold without vapor-
izing.

Because power tubes are often oper-
ated under conditions in which the grid
is driven positive with respect to the
cathode, the grid can attract electrons
which may possess sufficient kinetic en-
ergy to liberate large numbers of second-
ary electrons from the grid. A carbon
coating is sometimes applied to the grid
to reduce its tendency to secondary
emission.

Internal Insulation

Aside from the insulating materials
employed in envelopes and bases, insula-
tion is used in tube construction for elec-
trode spacers. Spacers must be made of
material which is unaffected by heat and
can be formed with extreme accuracy.
In small, low-power tubes, spacers are
generally disks or wafers of high-quality
mica; in larger tubes, they are usually
bars or cross-arms of a low-loss refrac-
tory insulating material.
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In many cases, insulating spacers
are also used for centering the electrode
assembly within the envelope. The mica
wafers used for this purpose in smaller
tubes usually incorporate special struc-
tural features which absorb vibration
and mechanical shocks transmitted
through theenvelope. Refractoryspacers
are usually equipped with shock-absorb-
ing metal springs at the points of con-
tact with the envelope.

Getters

A chemical “‘getter” is used in elec-
tron tubes to absorb residual gases. The
getter is usually & mixture of barium
oxide and a reducing agent which frees
the barium when the getter is “flashed.”
The getter material is usually concen-
trated in a small capsule, ribbon, or
“tab,” and is “flashed’’ or vaporized
after the tube is sealed off. This tab is
installed in the tube far enough from the
main electrode structure to assure that
the getter will not be flashed by the heat
developed during the exhaust process,
and that getter material will not be
deposited on the tube electrodes during
flashing.

Envelopes

Most small- and medium-sized low-
frequency power tubes use simple eylin-
drical “soft”’-glass envelopes and have
the low-voltage electrode leads brought
out through the base. ‘“Hard” glasses of
the borosilicate type are used for the en-
velopes of practically all medium- and
high-power radiation-cooled tubes, par-
ticularly where compact construction is
necessary to meet electrical-design re-
quirements or equipment-space limita-
tions. These glasses have relatively high
softening temperatures, low rates of ex-
pansion, high electrical resistance, and
excellent resistance to abrasion and
“weathering.”

In some high-power tubes and tubes
designed for operation at very-high and
ultra-high frequencies, parts of the elec-
trode structure are utilized in the tube
envelope. For example, in metal-glass
types such as the 6161, the metal sec-
tions of the envelopes are extensions of
the internal electrodes, while the inter-
mediate glass sections provide the re-
quired interelectrode spacing and insula-



tion. This type of envelope structure
permitsrealization of good tubeefficiency
at ultra-high frequencies by the virtual
elimination of objectionable lead reac-
tances and losses in internal insulation.
The metal sections of these envelopes
are also used as electrode terminals,
mounting facilities, heat-radiating sur-
faces, and often interelectrode shields.
Pure copper is used for most of these
envelope sections because of its high
thermal and electrical conductivity and
its high ductility, which readily permits
the fabrication of special shapes.

In several metal-glass tubes, the
plate sections of the envelopes are fitted
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with special radiators which make it.
possible toobtain substantially increased
heat dissipation by the use of forced-air-
cooling and thus permit the use of rela--
tively small tubes in high-power circuits.
The grid-No.2 or screen-grid sections of’
the envelopes of some ultra-high-fre--
quency metal-glass tubes provide exter--
nal shielding between the grid-No.1 and
plate sections 1in the 5675 and other
‘“pencil”’-type tubes, the flange-type grid
sections of the envelopes act as shields.
between the plate-and cathode sections.
and thus minimize feedback when these
tubes are used as amplifiers in ultra-
high-frequency cathode-drive circuits.




Power-Tube Applications

The power tubes listed in this Man-
ual represent the RCA types most fre-
quently used in transmitters and other
radio-frequency (rf) power equipment
.operating at power-input levels up to
approximately 4 kilowatts and at fre-
.quencies up to approximately 3000 meg-
.acycles per second. These tubes may in
general be used as audio-frequency (af)
or video-frequency power amplifiers or
modulators, as modulated or unmodu-
lated rf power amplifiers, as frequency
multipliers, or as oscillators. The variety
of designs represented includes types
suitable for use in practically all forms
of communications and industrial or
scientific service.

Amplification

Although power-tube applications
may involve different circuit arrange-
ments and operating conditions, they
may all be considered forms of amplifier
service in which the control voltage is
applied between the grid (grid No.1lina
multigrid tube) and the cathode, and
the output is taken from the plate cir-
cuit. (Oscillator service may be con-
sidered a form of amplifier service in
which the output is fed back to the in-
put.) Consequently, it is convenient to
define tube operation in terms of the
relationship between grid voltage and
plate current when all other electrode
voltages are held constant. This rela-
tionship, called the “mutual” or “trans-
fer” characteristic of the tube, has the
general form shown in Fig. 15. A system
of classification based on this relation-
ship is universally recognized by tube
manufacturers and equipment designers.

In this system of classification, a
portion of the generalized mutual char-
acteristic is divided, as shown in Fig. 15,
into three regions, A, B, and C, repre-
senting respectively the “linear” region,
the region in the immediate vicinity of
plate-current cutoff, and the region be-
yond cutoff. Tube operation may also be
considered in three major categories—
class A, class B, and Class C—each of
which represents the type of response
obtained when the operating point is in

the corresponding region of the charac-
teristic.

In class A operation, the operating
point is centered in region A so that the
tube can respond to both positive and
negative excursions of grid voltage. In
this type of operation, plate current
flows at all times.

In class B operation, the operating
point is in the vicinity of cutoff so that
the tube can respond to positive excur-
sions of grid voltage. In this type of op-
eration, plate current flows for approxi-
mately one half (180 degrees) of each
cycle of an alternating grid voltage.
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In class C operation, the operating
point is in the region beyond cutoff so
that the tube can respond only to those
portions of positive grid-voltage excur-
sions which are positive with respect to
the cutoff point. In this type of oper-
ation, plate current flows for less than
one half (less than 180 degrees) of each
cycle of an alternating grid voltage.

A fourth class of operation, class
AB, is also used. In this class of oper-
ation, the operating point is in the lower
portion of region A so that the tube re-
sponds unequally to positive and nega-
tive grid-voltage excursions above a cer-
tain amplitude. Consequently, the dura-
tion of plate-current flow on each cycle
varies with the amplitude of the alter-
nating grid voltage. In this service, plate
current flows for more than one half

15




(180 degrees) of each cycle, but for less
than the entire cycle.

The suffix 1 may be added to the
letter or letters of a class identification
to denote that grid current does not flow
during any part of the grid-voltage cycle.
The suffix 2 may be used to denote that
grid current flows during some part of
the cycle. In most cases, these suffixes
are used only for class A, or class AB,
and AB; operation.

‘Class A Amplifiers

The basic circuit and operating
characteristics of a class A amplifier are
shown in Fig. 16. The operating point is
centered in region A of the mutual
characteristic by the use of a suitable
negative grid bias. The amplitude of the
driving signal (alternating grid voltage)
is controlled so that the grid is never
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driven sufficiently negative with respect
to the cathode to cut off the plate cur-
rent of the tube. Plate current, there-
fore, flows during the entire signal cycle
(360-degree conduction). Although the
general terms of class A operation per-
mit the use of the grid-current region
(class A, operation), the driving voltage
is usually kept smaller than the grid
bias so that the grid is not driven posi-
tive with respect to the cathode and,
consequently, does not draw current.
Under these conditions (class A, oper-
ation), waveform distortion (variation
of output-signal waveshape from that of
input signal) consists principally of even-
order harmonics and can easily be limited
to less than 5 per cent of full output in
triodes and less than 7 per cent of full
output in multigrid tubes by a proper
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choice of operating conditions. For sym-
metrical driving voltages, the de plate
current remains substantially constant
at the quiescent (zero-signal) value.

Because operation of a class A am-
plifier is restricted to the linear region of
the characteristics, the maximum plate-
current swing avsilable between cutoff
and saturation is not fully utilized. Con-
sequently, the power output, which is
proportional to the square of the plate-
current swing, is somewhat limited.The
highest theoretical plate-circuit effici-
ency (ratio of output power to input
power) obtainable under class A condi-
tions is 50 per cent. Efficiencies in the
order of 40 to 45 per cent can be achieved
in certain beam power tubes and pen-
todes, and efficiencies of 25 to 30 per
cent in triodes.

Although class A power amplifiers
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have limited power output and poor
efficiency, they are extremely economical
from the standpoint of equipment re-
quirements. Because they do not require
driving power and, therefore, have
high input impedance, they may be
driven by low-cost voltage amplifiers
employing direct coupling or simple re-
sistance-capacitance coupling networks.
Because the average plate currents re-
main substantially constant, plate sup-
plies need not be designed for good regu-
lation. The constant average plate
current and moderate grid-bias voltage
requirements also make it practicable to
use self-bias without danger of excessive
distortion, thus eliminating the expense
of special bias supplies.

The power output required for a
particular application may be obtained
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either from a single tube having suitable
ratings, or from two or more tubes oper-
ated in parallel, push-pull, or push-pull-
parallel. Although single-tube stages are
usually the most efficient electrically
and the simplest mechanically, parallel
and push-pull stages can provide sub-
stantial amounts of power output from
relatively small and inexpensive tubes
operating at low plate voltages.

In general, the power output that
can be obtained from a given number of
tubes is the same in parallel and in push-
pull operation. Each method, however,
has advantages. Parallel operation im-
proves stability and output regulation
because it reduces plate resistance in
direct proportion to the number of tubes
employed. In addition, it is usually the
simplest and most convenient method of
adding tubes to an existing stage be-
cause it does not require a change in cir-
cuit configuration or an increase in
driving voltage. It does not, however,
reduce harmonic distortion in relation
to total power output, and may actually
result in an increase in the total har-
monic output unless certain precautions
discussed in the Power-Tube Circuil-De-
sign Consideralions Section are observed.

A push-pull stage requires a driv-
ing circuit supplying two signal voltages
180 degrees out of phase (each equal to
the voltage required by a single tube)
and a center-tapped output transformer
or load. Because push-pull operation in-
creases effective plate resistance, it re-
sults in poorer output regulation. How-
e;xer, it provides a number of very
important advantages.

Even-order harmonics generated in
the opposite sides of a push-pull stage
develop voltages of opposite polarity
and substantially equal amplitude in the
load, and are thus cancelled or sub-
stantially reduced in relation to the total
power output. Consequently, a push-
pull stage can deliver output of sub-
stantially better quality than a parallel
stage using the same tubes and operating
under the same conditions, or it can de-
liver higher output for the same amount
of even-harmonic distortion. Higher
power output per tube can also be ob-
tained without an increase in plate volt-
age by the use of a plate-to-plate load
resistance only slightly larger than that
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recommended for single-tube operation.
Although odd-order harmonic distortion
is not cancelled or reduced by push-pull
operation, this type of distortion is usu-
ally negligible in class A amplifiers, and
may be minimized by the proper choice
of operating conditions or by the use of
inverse-feedback circuit arrangements.
Hum caused by the presence of rip-
ple in de plate, screen-grid (grid-No.2),
or bias (grid-No.1) supply voltages, or
by the use of ac filament or heater volt-
ages, is also cancelled or substantially
reduced in a push-pull stage. Push-pull
operation thus simplifies power-supply
filter requirements. Furthermore, it fre-
quently eliminates the necessity for at-
tenuating the low-frequency response of
an audio or video amplifier to reduce
interference from power-supply hum.

Push-pull af power amplifier stages
can employ substantially smaller and
less expensive output transformers than
those required for equivalent single-
ended stages. They are also inherently
capable of better high-frequency re-
sponse because corresponding tube and
circuit capacitances are in series rather
than in parallel, and thus cause sub-
stantially less shunting of the input and
output circuits.

Class B Amplifiers

The highest efficiencies and power
outputs attainable in linear amplifiers
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are obtained under class B conditions.
As shown graphically in Fig. 17, a class
B amplifier is biased so that its operating
point is just above plate-current cutoff.
The tube, therefore, draws a very small



zero-signal plate current, and responds
only to the positive portions of an ac
input signal. Because the operating
characteristic is highly asymmetrical,
the plate-current waveform contains a
large amount of even-harmonic distor-
tion and is similar to-that of a half-wave
rectifier.

In class B af amplifiers, push-pull
-circuits such as that shown in Fig. 18
-are used to obtain cancellation of the
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‘even-harmonic distortion and amplifica-
tion of both positive and negative por-
‘tions of the signal waveform. In class B
rf amplifiers, on the other hand, com-
plete oscillations can be obtained from
pulses of plate current in single-ended
:stages by the use of a tuned plate-tank
-circuit.

Because of the small zero-signal
‘plate current, class B amplifiers may use
higher plate voltages than are permis-
:sible for class A operation without danger
of exceeding maximum plate-input rat-
ings. The use of higher plate voltage and
operation in the positive-grid region re-
sults in power outputs of four to six
times the class A output.

Theoretically, the highest plate-
circuit efficiency that can be achieved
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under class B conditions is 78.5 per cent.
This value may be closely approached
in well-designed class B audio amplifiers.
To achieve maximum power output and
efficiency in a class B stage, however, it
is necessary to supply driving power to
the grids. Because the average plate cur-
rent and grid current vary with the am-
plitude of the driving signal, the plate
supply must have very good voltage
regulation so that serious distortion and
loss of power output will not oceur on
large input signals. For the same rea-
sons, bias must be obtained from a sepa-
rate, stable, fixed supply, and not from
a grid resistor or cathode resistor.

As a result of the discontinuity in
the composite characteristic of a push-
pull class B audio amplifier, shown in Fig.
18, the plate current never falls to zero,
but transfers abruptly from one tube to
the other each time the driving voltage
swings through the operating point.This
“switching’’action results in the genera-
tion of an odd-harmonic component
which cannot be cancelled by push-pull
operation and, because of its steep wave-
form, may cause spurious oscillations in
the output transformer. The amplitude
of this harmonic can be minimized by
moving the operating point toward the
linear region of the tube characteristic,
t.e., by increasing the zero-signal plate
current and thereby reducing the
plate-circuit efficiency. The most desir-
able tubes for class B audio service,
therefore, are those having very steep
mutual characteristics and very short
“lower bends” so that the discontinuity
in the composite characteristic will be
small even when the operating point is
very close to cutoff.

Because of their linearity and rela-
tively high efficiency, class B amplifiers
are particularly suitable for use as out-
put amplifiers in rf transmitters employ-
ing “low-level” amplitude modulation.
Modulation applied to the final or out-
put stage of a transmitter is called “high-
level” modulation; that applied to any
stages preceding the final stage is called
“low-level” modulation. When ‘low-
level” amplitude modulation is em-
ployed, any stages following the modu-
lated amplifier must be linear amplifiers
to avoid distortion of the modulated rf
waveform. The circuit of a typical class




B linear rf output stage is shown in
Fig. 19.

The quiescent plate current of a
class B rf amplifier, unlike that of its af
counterpart, is not approximately zero
but is proportional to the amplitude of
the unmodulated rf driving signal or
carrier. Consequently, the maximum
efficiency is lower than that obtainable
in af service, and varies from approxi-
mately 33 per cent for an unmodulated
carrier to approximately 66 per cent for
a fully modulated carrier. With sym-
metrical modulating voltages, the aver-
age plate current remains constant, and
it is not necessary to employ a regulated
plate supply.

The high degree of linearity re-
quired for the reproduction of complex
modulated rf waveforms may be ob-
tained by careful control of the position
of the operating point and the maximum
and minimum amplitudes of the modu-
lated driving signal. Consequently, bias,
tuning, and other operating adjustments
for class B linear rf amplifiers are usually
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much more critical than those for other
types of rf power amplifiers.

Class B linear amplifiers are finding
increased use as output amplifiers in
single-sideband, suppressed-carrierra-
diotelephone transmitters. In amplitude
modulation, the additional power ob-
tained from the modulator at each
modulating frequency appears in the rf
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output as a pair of “sideband’’ signals,.
as shown in Fig. 20. Each of these signals.
is separated from the carrier by a fre--
quency f equal to the modulating fre--
quency, and contains one-half the modu-
lating power at that.frequency. The-
output of the modulated amplifier,
therefore, occupies a frequency band 2f’
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wide, where f is the highest modulating;
frequency employed.

Because all the information repre--
sented by the modulation is present in
either the upper or lower sideband group,.
the carrier and one group of sidebands
are in a sense superfluous once modula--
tion has been accomplished. Although
transmission of the carrier and both side-

. bands 1s uneconomical of transmtter-
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power and channel space, it is employed
in standard radio broadcasting and in
many radiotelephone communications
services because it permits the use of
simple transmitter and receiver circuit.
designs.

In single-sideband, suppressed-car-
rier radiotelephony, both the carrier and
one sideband group are eliminated by
the use of a special low-level modulator:
circuit. Because low-level modulation is.
employed, the output stage must be:
linear, and, for maximum efficiency, is
usually a class B amplifier.

Class AB Amplifiers

Multigrid tubes and low-mu triodes
are not usually recommended or rated
for use as class B audio-frequency am-
plifiers. Multigrid types generate large
amounts of odd-harmonic distortion
when operated in the vicinity of plate-
current cutoff, and low-mu triodes re--
quire uneconomically large fixed-bias
voltages and relatively high driving
power. These types can, however, de--




liver relatively high output with low
distortion and good efficiency when
operated under tlass AB conditions.
Class AB operation is an inter-
mediate classification combining certain
characteristics of both class A and class
B operation, as shown in Fig. 21. Like
class B operation, it results in severe
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even-harmonic distortion and, conse-
quently, requires the use of a push-pull
circuit when used in audio or video
service. The bias is adjusted so that the
operating point is in the lower portion
of the linear region of the characteristic.
Because of the relatively small quiescent
plate current, the tube can be operated
at a higher plate voltage than would be
permissible under class A conditions,
and can.thus deliver a higher maximum
power output.

On small input signals, operation
takes place over a substantially linear
region of the characteristic, and the tube
Operates as a class A amplifier. On large
input signals, however, the negative
grid-voltage excursions extend into the
region beyond cutoff, and the tube
Operates as a class B amplifier.

In class AB; operation, the grid is
never driven sufficiently positive to draw
current. Because no driving power is re-
quired under these conditions, class AB,;
amplifiers, like class A amplifiers, may
be driven by voltage amplifiers using
direct or resistance-capacitance cou-
pling. In class AB2 operation, the grid is
driven positive by the larger input sig-
nals and, therefore, draws current. Class
AB; amplifiers thus require driving
power, but can deliver substantially
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higher power outputs than class AB,;
amplifiers because of the larger plate-
current swings that can be achieved.

The average plate current of a class
AB amplifier varies with the amplitude
of the driving signal, although this varia-
tion is smaller under class AB, than
under AB,; conditions. Consequently,
plate and screen-grid (grid-No.2) sup-
plies for these amplifiers must have good
voltage regulation to assure that the full
output capabilities of the tubes can be
realized and the harmonic distortion
kept low. Cathode-resistor bias can be
employed for class AB, amplifiers, al-
though higher power output and lower
distortion can usually be obtained by
the use of fixed bias. Fixed bias must be
used for class AB, amplifiers.

The plate-circuit efficiencies that
can be attained in class AB, amplifiers
range from about 30 to 40 per cent for
triodes to as high as 50 to 60 per cent
for multigrid tubes. Efficiencies of 60 to
70 per cent can be attained in beam
power tubes used as class AB, amplifiers.

Class C Amplifiers

Maximum power output and plate-
circuit efficiency can be obtained from
triodes or multigrid tubes under class C
conditions. Because these advantages
are obtained at the expense of linearity,
class C amplifiers cannot be used if it is
necessary to reproduce variations in the
waveform of the driving signal. Class C
amplifiers can be modulated linearly,
however, and are extremely useful as rf
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power amplifiers, frequency multipliers,
and oscillators.

A class C amplifier is operated with
a negative control-grid (grid-No.1) bias
substantially higher than that required
for plate-current cutoff, as shown in Fig.
22. The quiescent plate current, there-
fore, is zero, and the tube responds
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only to those portions of positive grid-
voltage excursions which are positive
with respect to the cutoff voltage (indi-
cated by the shaded areas of the input-
signal waveform in Fig. 22). In practice,
the grid is excited by an rf voltage hav-
ing constant amplitude, and the plate-
current waveform consists of relatively
narrow pulses of equal height which
have the same frequency as the excita-
tion voltage but contain very strong
odd- and even-order harmonic compo-
nents. The height of these pulses (the
peak plate current) is determined by the
point on the transfer characteristic to
which the tube is driven by the rf driv-
ing voltage. For a given pulse height,
the average or de value of the plate cur-
rent is determined by the pulse width
(i.e., the conduction angle employed)
and, therefore, varies inversely with the
magnitude of the negative voltage for
constant peak driving voltage.

The power output of a class C am-
plifier is proportional to the square of
the plate voltage. Maximum power out-
put is achieved when the excitation
swings the plate current between zero
and the saturation value during each
conduction interval. To achieve this
swing, it is necessary to drive the grid
highly positive and, consequently, sup-
ply it with a substantial amount of driv-
ing power. The plate-circuit efficiency
increases as the conduction angle is re-
duced, and theoretically may reach 100
per cent when the conduction angle is
made infinitely small. Very small con-
duction angles usually cannot be ob-
tained, however, without increasing the
bias and excitation voltages to such high
values that they exceed the maximum
grid-voltage ratings of the tube. Driv-
ing-power requirements, which increase
as the square of the excitation voltage,
are also a limiting factor. However,
plate-circuit efficiencies of 75 to 80 per
cent are easily achieved.

The large grid-bias voltages re-
quired by class C amplifiers are con-
‘veniently and economically obtained by
grid-rectification of the driving voltage
(grid-resistor bias). This type of bias
automatically adjusts itself to the am-
plitude of the excitation voltage to main-
tain the desired conduction angle, and
allows the full plate-supply voltage to
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be applied between the plate and cath-
ode of the tube. (Because grid-resistor
bias depends on the presence of excita-
tion, it is also necessary to employ some
means for protecting the tube against
damage by excessive plate current in the
event that excitation fails or is aceci-
dentally removed.)

Class C Telegraphy.

The term “Class C Telegraphy”
applies to applications in which power
tubes may be operated at their highest
ratings. It includes “straight-through”
rf power amplifierswhich are not“keyed”’
or modulated as well as those which are
actually “keyed’” for telegraphy service,
oscillators, and amplifiers for frequency-
modulated rf carriers.

The circuit of a typical “‘straight-
through”’ class C rf amplifier employing
a beam power tube is shown in Fig. 28.
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The output circuit or “plate tank’’ is
tuned to the excitation frequency, and
the bias is such that the conduction
angle is approximately 140 degrees. The
power output is controlled by adjust-
ment of the plate and screen-grid (grid-
No.2) supply voltages, the load coupling,
and the rf excitation.

Triode “straight-through’rf ampli-
fiers must be neutralized to prevent self-
oscillation resulting from internal feed-
back through the grid-plate capacitance.
Multigrid-tube ‘‘straight-through’ am-
plifiers may also require neutralization
to assure stability at the higher radio
frequencies.

The circuit of a “‘keyed” class C rf
amplifier is essentially the same as the
one shown in Fig. 23 except that a



“key’’ (a manually or automatically
operated switch) is inserted in the plate,
screen-grid, or cathode cireuit.

The circuit and operating condi-
tions of a class C amplifier for frequency-
modulated signals are the same as those
shown in Fig. 23 and described above,
The only special consideration involved
in the operation of such an amplifier is
that the plate-tank circuit must be de-
signed to have constant impedance over
the entire frequency band covered by
the carrier at maximum deviation.

Modulated Class C Amplifiers

The plate current of a class C am-
plifier is proportional to plate voltage
and, in the case of a multigrid tube, to
screen-grid (grid-No.2) voltage. Within
certain limits it is also proportional to
control-grid (grid-No.1) bias and, in the
case of certain pentodes and beam power
tubes, to suppressor-grid (grid-No.3)
voltage. Consequently, the output of a
class C rf power amplifier can be modu-
lated in amplitude by varying one or
more of its dc electrode voltages in ac-
cordance with the amplitude variations
of an audio or video signal.

Distortionless modulation requires
that the relationship between the de
control voltage and the plate current
be linear, and that both vary between
zero and twice their unmodulated values
on the peaks of the modulating signal.
Under these ideal conditions, the peak
power output of the class C amplifier at
full (100-per-cent) modulation is 4 times
the unmodulated output, and the aver-
age power output 1.5 times the unmodu-
lated output.

Plate input and plate dissipation
also increase 50 per cent when a class C
amplifier is fully modulated. For plate
modulation, therefore, the plate input
and dissipation under carrier conditions
must not exceed two-thirds the maxi-
mum values for class C telegraphy. For
control-grid, screen-grid, suppressor-
grid, or cathode modulation, the permis-
sible de plate input is even smaller.
Maximum dc plate-voltage and plate-
current ratings for modulated class C
amplifiers are usually not more than 80
per cent of the class C telegraphy values.
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The audio or video power required
for 100-per-cent modulation of a class C
amplifier is equal to one-half the de
power input to the modulated circuit.
For symmetrical modulating voltages,
the dec plate current of the modulated
amplifier and the de supply voltage and
current of the modulated-electrode cir-
cuit remain constant. The additional
power output obtained by amplitude
modulation does not increase the carrier
power, but is equally divided between
two symmetrical “sideband’’ signals.

The method of modulation that
provides the greatest plate-circuit effi-
eiency and linearity isplate modulation.
In this method, the modulating volt-
age is connected in series with the de
plate supply for the class C amplifier,
as shown in Fig. 24. In a beam power
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tube, pentode, or tetrode, 100-per-cent
plate modulation can be obtained with-
out serious distortion on modulation
peaks if the screen-grid (grid-No.2) volt-
age is modulated simultaneously with,
and in the same proportion as, the plate
voltage. The method used to modulate
the screen grid depends on the type of
screen-grid-supply circuit used. If screen-
grid voltage is obtained from a separate
supply, the method shown in Fig. 25(a)
may be used. If screen-grid voltage is
obtained from the plate supply through-
a series resistor, the resistor should be
connected to the modulated side of the
plate supply circuit, as shown in Fig.
25(b). In all such cases, the modulator
must be capable of supplying af power
at least equal to one-half the combined



dc inputs to the plate and screen-grid
cireuits.

A circuitin which modulation power
is applied only to the plate of a beam
power tube is shown in Fig. 25(c).The re-
actance of the af choke at the lowest
modulating frequency should be at least
equal to the de screen-grid voltage di-
vided by the dc screen-grid current.

The plate-circuit efficiency of a
plate-modulated class C amplifier is
usually in the order of 65 to 70 per cent.

Control-grid (grid-No.1) or “grid-
bias” modulation requires very little
modulating power and can provide good
linearity. However, the power output
obtainable is only one-third to one-half
that obtainable with plate modulation,
and plate-circuit efficiency is not usually
greater than 33 per cent.

In control-grid modulation, the
audio or video modulating voltage is
connected in series with the bias supply
for the class C amplifier. Consequently,
the operating point of the modulated
amplifier varies with the modulation. In
order to obtain 100-per-cent modulation
with good linearity, the plate current
and effective plate voltage must swing
between zero and twice their unmodu-
lated values on the peaks of the modu-
lating signal. The dc plate voltage, there-
fore, can only be about one-half that for
plate modulation. Operating conditions,
plate-circuit efficiency, and power out-
put are almost identical with those for
class B rf service.

The modulator must be capable of
supplying the power required by the grid
of the modulated amplifier on the posi-
tive peaks of the modulating signal. It
must also have good output regulation
because of the wide variation in the load
impedance presented by the grid-circuit
over the entire modulation cycle. The
driver supplying the unmodulated car-
rier and the bias supply for the modu-
lated amplifier must also have very good
regulation to avoid serious distortion.
Bias must be obtained from a separate
low-impedance, fixed supply, and not
from a grid resistor or cathode resistor.

Because pentodes and beam power
tubes are substantially free from the sec-
ondary-emission effects which ocecur in
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other multigrid types when the screen
grid (grid No.2) becomes more positive
than the plate, they may use screen-grid
modulation without danger of serious
distortion. Screen-grid modulation is
similar to grid-bias modulation in that
it requires relatively little af power, and
provides substantially the same power
output and efficiency. Unlike grid-bias
modulation, however, it does not require
the use of fixed bias or good driver regu-
lation.

When screen-grid voltage is ob-
tained from aseparate supply, the modu-
lating voltage may be connected directly
inseries with the supply circuit, as shown
in Fig.26(a). When screen-grid voltage is
obtained by the series-resistor method,
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itisgenerallynecessary tousethe “clamp-
tube” method of modulation shown in
Fig. 26(b).

Suppressor-grid (grid-No.3) mod-
ulation can be used with certain beam
power tubes and pentodes. Operating
conditions are similar to those used in
screen-grid modulation, except that the
suppressor grid is supplied with a fixed
negative dc bias voltage in addition to
the modulating voltage. This bias volt-
age is adjusted so that the plate current
and rf output current of the modulated
amplifier under carrier conditions are

ne-half those obtained in class C teleg-
aphy service with zero voltage on the
uppressor grid. Under these conditions,
he modulator is required to supply only
peak voltage equal to the suppressor-
id bias, and does not have to supply
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power because the suppressor-grid is not
driven positive. Suppressor-grid modu-
lation has only limited application, how-
ever, because relatively few beam power
tubes and pentodes have the neccessary
linear relation between suppressor-grid
voltage and plate current.

Cathode modulation combines the
characteristics of plate and grid-bias
modulation. The modulating voltage is
introduced in the common dec cathode-
return circuit of the class C amplifier
and, therefore, varies the plate volt-
age and grid bias simultaneously. This
method requires less modulating power
than plate modulation, and permits the
modulated amplifier to be operated with

MODULATED
RF OUTPUT

—(3)
(V/ cLamp

AF MODULATOR
INPUT Tuse
PLATE
SUPPLY
< VOLTAGE
®) '
26

a plate-circuit efficiency proportional to
the amount of modulating power avail-
able. However, the power output ob-
tainable is less than that obtainable with
plate modulation.

The type of coupling used between
a modulator and the modulated circuit
of a class C rf amplifier depends prima-
rily on the amount of modulating power
required. In suppressor-grid modulation
or “clamp-tube’’ screen-grid modulation,
it is usually practicable to use resistance-
capacitance or impedance coupling be-
cause little or no modulating power is
required. In other cases, it is usually
necessary to employ transformer cou-
pling to obtain proper impedance match-
ing and most efficient use of the avail-
able modulator power.

The bypass capacitors shown in
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Figs. 24 through 26 should have very
low reactance at the rf carrier and side-
band frequencies and high reactance at
the highest modulating frequency. The
modulation transformer must convert
the equivalent resistance of the modu-
lated dec supply circuit into the proper
plate or plate-to-plate load resistance,
Z, for the modulator output tubes and,
consequently, should have a primary-
to-secondary turns ratio, N,/N,, equal
to ~/ZI/E, where I and E are the aver-
age current and de input voltage of the
modulated circuit, respectively.

The value used for I in this calcu-
lation is the current under carrier condi-
tions (no modulation). In the case of
plate modulation it is the total de plate
current; in the case of combined plate
and screen-grid modulation using series-
resistor screen-grid supply, it is the sum
of the de plate and screen-grid currents.
In the case of grid-bias modulation, I is
the de grid current and E the grid-bias
voltage.

Frequency Multiplication

Any amplifier which generates har-
monics can be used as a frequency multi-
plier provided the desired harmonic of
the excitation frequency is present in
the plate-current pulse.The fundamental
and other harmonics may then be elimi-
nated by means of a plate-tank circuit
tuned to the desired harmonic. This pro-
cedure can be repeated in successive
stages as often as desired.

By frequency multiplication, high-
frequency carriers having a very high
degree of frequency stability can be ob-
tained. Frequency multiplication also
makes it possible to obtain output in
several harmonically related frequency
bands (such as those assigned for ama-
teur service) from a single oscillator cir-
cuit. For example, an oscillator operating
in the 80-meter band (at a frequency be-
tween 3.5 and 3.58 megacycles per sec-
ond) can be used with a series of fre-
quency-doubler stages to obtain output
in the 40-, 20-, and 10-meter bands.

Frequency multipliers are almost
invariably class C amplifiers because
maximum harmonic output can be
achieved under class C conditions.When
a class C amplifier is operated under
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the conditions normally employed for
“straight-through’”’ amplifier service,
however, its efficiency as a frequency
multiplier is relatively poor because
even the strongest harmonics represent
only a small fraction of the total power
output. To obtain good efficiency in
multiplier service, it is necessary to se-
lect a plate-conduction angle which has
high harmonic content at the desired
harmonic frequency. Consequently, fre-
quency multipliers require substantially
higher bias and excitation voltages and
more driving power than “straight-
through’’ class C amplifiers. The plate-
circuit efficiency that can be achieved
is usually not more than 60 per cent
(doubler operation), and decreases rap-
idly as the degree of multiplication is
increased.

Frequency multiplication of more
than four is seldom practicable in a sin-
gle stage because of the relatively small
output at the high harmonics and the
large amounts of driving power required.
Although a triode frequency multiplier
does not require neutralization because
the grid and plate circuits are not tuned
to the same frequency, neutralization
can be used to reduce the amplitude of
undesired frequency components in the
plate-current waveform and thus in-
crease the output at the desired har-
monic frequency.

Because of its smaller conduction
angle, a frequency multiplier is more
sensitive to small changes in excitation
voltage and loading than an equivalent
“straight-through” class C amplifier
and, therefore, has poorer output
regulation. From the excitation stand-
point, this difficulty can be minimized
by the use of beam power tubes or
pentodes rather than triodes. Improved
regulation can also be obtained by the
use of tubes in parallel. Very good out-
put regulation can be obtained in dou-
bler service by the use of a “push-push”
circuit such as that shown in Fig. 27. In
this type of circuit, the grids are excited
in push-pull so that the tubes conduct
alternately on successive half-cycles of
the excitation voltage. Becausetheplates
are connected in parallel, two pulses of
plate current flow in the common plate-
tank circuit for each excitation cycle,
doubling the power output and reducing
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the output impedance to one-half the
value for one tube.
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Additional information on the char-
acteristics of frequency multipliers and
the efficiencies obtainable for various
degrees of multiplication is given in the
Power-Tube Circuit-Design Considera-
tions Section.

Oscillators

RF power oscillators are usually
class C amplifiers which obtain excita-
tion from their own output circuits and
employ either quartz crystals or induct-
ance-capacitance tuned circuits as fre-
quency-determining elements. Crystal-
controlled oscillators can provide the
highest degree of frequency stability,
and are used in equipment which oper-
ates entirely or predominantly on fixed
frequencies or on fixed harmonically re-
lated frequencies. In general, mechanical
considerations make it impracticable to
cut crystals for fundamental frequencies
higher than about 20 megacycles per
second. A technique known as “overtone
operation,” however, permits crystals
to be used for the control of oscillators
operating at frequencies up to 100 mega-
cycles per second and higher. Repre-
sentative crystal oscillators are shown
in the Circuits Section.

Inductance-capacitance frequency-
determining elements are used for oscil-
lators which must be capable of operating
at any frequency within a specific band.
They are also used for oscillators which
must operate at frequencies above and
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below those for which crystals can be
cut. The mechanical form of the LC
tank and the type of oscillator circuit
employed are usually determined by the
operating frequencies involved. At the
lower radio frequencies, well-designed
electron-coupled oscillators employing
conventional coils and tuning capacitors
can provide stabilities comparable to
those obtained in crystal oscillators.
When followed by suitable frequency-
multiplier stages, such oscillators can be
used to control equipment operating at
frequencies up to about 30 megacycles
per second. Tuned-line oscillators of the
type shown in the Circuits Section are
usually employed in very-high-f; requency
(vhf) equipment. Ultra-high-frequency
(uhf) oscillators usually require the use
of coaxial- or cavity-type circuits as fre-
quency-determining elements.

Circuit Configuration

The amplifier applications discussed
in this chapter have been illustrated by
“grid-drive” circuits of the type shown
in Fig. 16. In this type of cireuit, the
grid is employed as the “drive” elec-
trode, the plate as the “output’ elec-
trode, and the cathode as the “‘ground”
or reference electrode common to the
input and output circuits of the tube,

As mentioned previously, a grid-
drive triode rf amplifier must be neu-
tralized to cancel the regenerative feed-
back which takes place through the grid-
plate capacitance of the tube. Neutrali-
zation, however, becomes less effective
and more difficult to achieve as the
operating frequency is increased because
of unavoidable resonance effects in the
components of the neutralizing circuit.
These effects alter the phase of the neu-
tralizing voltage and, in most cases,
make it impossible to obtain neutraliza-
tion at frequencies of more than a few
hundred megacycles. Although multi-
grid tubes capable of operating as grid-
drive uhf amplifiers are available, tri-
odes are generally preferable for uhf
service because of their lower noise and
shorter electron-transit time, and be-
cause their simpler electrode structures
and power-supply requirements make
them more readily adaptable to instal-
lation in coaxial and cavity-type uhf
tank-circuit components.




In many cases, this difficulty may
be overcome by thé use of “‘cathode-
drive” circuits such as that shown in
Fig. 28. In this method of operation, the
cathode is the “drive” electrode and the
grid is the “ground’’ electrode common
to the input and output circuits. The
grid thus acts as an electrostatic shield
between the input and output terminals,
and reduces internal feedback in the
same manner and to approximately the
same degree as the screen grid (grid
No.2) of a multigrid tube.

A cathode-drive amplifier requires
more driving power than a grid-drive
amplifier because its input is shunted
not only by the grid-cathode capacitance
but also by the plate resistance, rp, and
load resistance, R,, in series. This addi-
tional power is not wasted, however, but
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is added to the output because the driv-
ing voltage and plate-supply voltage are
effectively in series across the load. The
input of a cathode-drive amplifier is also
shunted by the heater-cathode capaci-
tance or by the capacitance to ground of
the filament-supply circuit. This capaci-
tance, however, may be neutralized by
the use of suitable rf chokes in the heater
or filament circuit.

A “cathode follower,” shown in
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Fig. 29, is a grid-drive amplifier in which
the cathode is used as the output elec-
trode and the plate as the ground or
common terminal of the input and out-
put circuits. Because the grid-cathode
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capacitance of the tube does not shunt
the driving circuit, the cathode follower
has higher input impedance than a con-
ventional grid-drive amplifier and, con-
sequently, requires less driving power
for the same power output. The output
impedance, which is composed of the ex-
ternal cathode resistance, R,, and the
plate resistance, r,, of the tube in paral-
lel, can be made as low as desired by the
use of a suitable cathode resistor. Be-
cause the driving voltage and output are
both developed across Rk, the voltage
gain cannot exceed unity. Substantial
power gains can be achieved, however,
by the transformation from a high to a
low impedance.

Because the voltage gain of a cath-
ode follower is always less than unity,
this type of amplifier cannot oscillate
and, therefore, does not require neu-
tralization, regardless of the operating
frequency. '




Power-Tube Circuit-Design Considerations

The performance of a power tube
depends not only on the conditions un-
der which the tube is operated but also
on the design of the associated circuits.

Proper circuit design assures eco-
nomical and effective use of tubes and
other components, simplifies equipment
adjustment, provides for stable opera-
tion, thereby minimizing the likelihood
of interference with other services, and
provides a substantial measure of pro-
tection for the equipment, as well as
greater personal safety.

In the production of moderate to
large amounts of power at audio or radio
frequencies, a signal or voltage having
suitable characteristics is usually gen-
erated at a low power level. This signal
is then amplified in one or more stages
until the desired power level is achieved.
In rf equipment, one or more amplifier
stages may also be used to modify some
characteristic of the signal, such as fre-
quency, phase, or instantaneous ampli-
tude.Consequently,the individual stages
usually operate under substantially dif-
ferent conditions. Power-tube equip-
ment, therefore, is designed one stage
at a time, the usual procedure being to
start with the output stage and work
backward through preceding stages to
the oscillator or input stage of the
equipment. The design of a stage in-
volves selection of the most suitable
tube type; design of input and output
coupling circuits; design of power-sup-
ply circuits; design of circuits for con-
trolling gain or power output, or for
varying the instantaneous amplitude,
frequency, or phase of the output signal;
and provision of means for stabilization
against self-oscillation or other condi-
tions which may result in interference,

nauthorized radiations, distortion, or
ther undesirable effects.

In af equipment, all stages usually
perate into non-resonant loads and
ave substantially the same frequency-
esponse characteristics. The de input
o the tubes is constant, and power out-
ut is controlled by attenuation of the
ignal at a relatively low-level point in
he system and /or by the use of remote-
utoff tubes. Input, interstage, and out-

put coupling is fixed, and control of
over-all frequency response, where re-
quired, is usually accomplished by fixed
or adjustable filters in one or more
stages. Stabilization seldom involves
procedures other than those necessary
to prevent self-oscillation or minimize
distortion.

In rf power-tube equipment, all
stages usually operate into resonant
loads. In a transmitter, individual stages
may operate at different frequencies and,
in many cases, each stage must also be
capable of operating at any frequency
within one or more bands. The power
output of an rf stage is controlled by ad-
justment of the dc input, rf excitation,
and loading. In transmitters, considera-
tion must also be given to the design of
“keying’’ or modulating circuits. Be-
cause the input and output impedances
of rf amplifier stages vary considerably
with changes in operating frequency, ex-
citation, and loading, interstage and
output coupling circuits are generally
made adjustable.

Stabilization of rf equipment usually
involves the elimination not only of self-
oscillation, but also of undesired har-
monics, and may also involve the isola-
tion and elimination of parasitic oscilla-
tions in circuit components and wiring.

Tube Selection

The selection of the most suitable
tube type for a particular application
depends to a large extent upon the type
of primary power available and the de-
sired power sensitivity. Tubes having
the same filament voltage or current
ratings should be used throughout the
equipment wherever possible to simplify
power-supply requirements. Driving-
power requirements vary widely with
application, operating frequency, type
of circuit employed, and other factors.
Because of its importance in circuit de-
sign, driving power is discussed at
greater length later in this section. Me-
chanical considerations such as equip-
ment space limitations, layout, and ven-
tilation, as well as economic considera-
tions, also affect tube selection.
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An initial selection of types having
suitable filament-voltage, plate-voltage,
plate-input, and plate-dissipation rat-
ings for a particular application can be
made from the Power-Tube Selection
Guides in the Charts Section. The final
selection is then made by comparison
of the technical data for the individual
types.

In the selection of a tube for use as
an unmodulated rf amplifier, frequency
multiplier, or oscillator, the maximum
plate-input and plate-dissipation ratings
and the relative plate-circuit efficiency
of the tube at the highest frequency at
which the equipment is to operate must
be considered. When ability to change
frequency quickly is an important con-
sideration in the design of a transmitter,
it is desirable to select types which re-
quire few or relatively minor changes in
operating conditions with changes in
frequency. In this respect beam power
tubes and other multigrid types are
generally superior to triodes.

Additional factors which must be
considered in the selection of tubes for
use as modulated rf amplifiers depend
on the type and degree of modulation to
be employed. These factors are discussed
in the Power-T'ube Applications Section
and in the Tube Types Section.

Multiple-Tube Stages

Most satisfactory operation of
parallel, push-pull, or push-pull-parallel
stages is obtained when the plate cur-
rents of the individual tubes are equal.
Equalization of average plate currents
minimizes the danger of excessive plate
dissipation in one or more tubes, partic-
ularly in stages which obtain bias from a
common fixed supply or a common grid
resistor. Equalization of zero-signal plate
currents in push-pull af amplifier stages
substantially aids the cancellation of
even-order harmonic distortion. For
complete cancellation of even-order har-
monics, the plate-current excursions in
the two sides of a push-pull stage must
also be equal. This type of equalization
(dynamic balance) is difficult to achieve,
however, because of the large number of
tube and circuit variables involved.

Zero-signal or average plate cur-
rents in multiple-tube stages are most
easily equalized by means of individual
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grid-bias adjustments. The particular
method used in any case depends on the
type of cathode employed in the tubes
and on the circuit configuration. Two
methods in general use are shown in
Fig. 30.

Multiple-tube stages employing
beam power tubes and other multigrid

ﬁj
L.

Fig. 30

types should be provided with individ-
ual adjustments for screen-grid (grid-
No.2) voltage as well as for control-grid
(grid-No.1) bias. Such adjustments make
it possible to avoid excessive screen-grid
dissipation in individual tubes and are
frequently of considerable aid in obtain-
ing plate-current equalization.

AF Power Amplifiers

Class A af power amplifiers do
not normally draw grid current or re-
quire driving power. Furthermore, they
draw substantially constant plate and
screen-grid currents and, therefore, can
employ simple cathode-resistor (self)
bias. After the most suitable tube type
has been selected and the tube operating
conditions determined, the principal
considerations in the design of a class
A amplifier are: (1) the selection of a
driver capable of supplying the required




peak driving voltage; (2) the selection
of input and output coupling devices
having the desired frequency and im-
pedance characteristics; (3) the selection
of bypassing and decoupling components
necessary to minimize hum, assure sta-
bility, or improve the over-all frequency
response.

For this class of amplifier, the driver
may be a class A voltage amplifier and
the input-coupling device a simple re-
sistance-capacitance . network. Resist-
ance-capacitance coupling provides good
frequency-response characteristics eco-
nomically and permits the use of simple

ORIVER
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class AB) af power amplifiers are sub-
stantially the same as those for class A
amplifiers, except that special considera-
tion must be given to the characteristics
of plate and screen-grid (grid-No.2) sup-
ply circuits, and to the method used for
obtaining grid bias. Because the average
plate and screen-grid currents of a class
AB, amplifier vary with the amplitude
of the driving signal, serious distortion
and inadequate power output may re-
sult on large input signals unless plate
and screen-grid supply voltages are well
regulated and the bias is extremely sta-
ble. For optimum performance, plate-
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Fig. 31

phase-inverter circuits for driving push-
pull stages. Transformer coupling can
also be used between the driver and the
class A power amplifier. Interstage trans-
formers having wide frequency response
are relatively expensive, however, and
are seldom used unless a substantial
voltage step-up must be obtained be-
tween driver and class A power amplifier.

Plate- and screen-grid-supply cir-
cuits for single-ended class A power am-
plifiers must be well filtered to minimize
hum and undesired coupling with other
stages in the equipment. These circuits,
as well as the cathode-bias resistor, must
also be adequately bypassed to the cath-
ode at the lowest frequency to be repro-
duced to assure full output from a single-
ended stage. When particularly good
response at low audio frequencies is re-
quired in a single-ended stage, it may be
necessary to use parallel feed, as shown
in Fig. 31, to eliminate unbalanced de
from the output transformer and the
driver transformer.

Circuit-design considerations for
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supply regulation should be within 10
per cent, screen-grid-supply regulation
within § per cent, and grid-bias-supply
regulation within 3 per cent.

Class B and class ABg af power
amplifiers normally draw grid current
on large input signals and, theréfore, re-
quire appreciable driving power. Power
output, frequency response, and har-
monic distortion are critically dependent
on the circuit constants employed in the
amplifier and in the driving circuit. Con-
sequently, the design of a class B or class
AB; amplifier involves the design of a
complete system, including the driver
stage, the interstage coupling circuit,
the output (class B or class AB,) stage,
and the power-supply and bias circuits
for both stages.

The driver must be capable of sup-
plying both the signal power required to
drive the class B or class AB, stage to
full output and the power lost in the
interstage coupling circuit.

The driving circuit must also have
very good regulation characteristics be-
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cause the input impedance of a class B
stage varies from a very high value on
small input signals (open-circuit value
when no grid current is drawn) to a very
low value on large input signals (when
maximum grid current is drawn). Con-
sequently, it is usually necessary to use
an amplifier having very low output im-
pedance as the driver, and an efficient
transformer as the interstage coupling
device. For minimum over-all harmonie
distortion, the driver should be a push-
pull class A or class AB, amplifier. If
the driver stage uses triodes, it may be
operated into a load impedance higher
than that normally used for the tube
type employed to minimize distortion
at some reduction of available output
power.

The interstage or ‘‘driver” trans-
former must provide the proper load for
the driver under maximum-drive condi-
tions (i.e., when the input impedance of
the output stage is minimum) and, there-
fore, is usually designed as a step-down
transformer. The step-down ratio re-
quired will depend on the specific tube
types used in the driver and output
stages, the load resistance used for the
output stage, the peak power efficiency
of thedriver transformer, and theamount
of harmonic distortion that can be
tolerated in the output.

The driver transformer must also
have the desired frequency-response
characteristics when operated into a
very high load impedance (or even an
open circuit) such as that presented by
the grid circuit of the class B or class
AB, stage on very small driving signals.
To assure good response at the higher
audio frequencies, the transformer must
also be designed to have low leakage re-
actance. In addition, the resistance of
the secondary windings must be kept
low to minimize dc voltage drops which
might affect the operating bias during
grid-current flow.

For maximum power output and
minimum harmonic distortion, the op-
erating point of a class B or class AB,
amplifier must not be affected by the
normal variations in average plate,
screen-grid, and control-grid currents.
Consequently, bias must be obtained
from a separate fixed supply, such as a
battery or a rectifier having very low in-
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ternal resistance, and plate and screen-
grid supplies must have exceptionally
good regulation characteristics. For op-
timum performance, plate-supply regula-
tion for class B and class AB; amplifiers
should be within 5 per cent, and screen-
grid-supply and grid-bias-supply regu-
lation should be within 3 per cent.

Output transformers for class B and
class AB, amplifiers should have low-
resistance windings to minimize power
losses at the large plate currents which
flow under maximum-signal conditions.
They should also have very low leakage
inductance to assure good response at
the higher audio frequencies and to min-
imize the danger of parasitic oscillations
and “ringing.”

Modulators

An af power amplifier used to modu-
late a class C rf amplifier must be capa-
ble of delivering an undistorted power
output equal to one-half the average
power in the modulated circuit to per-
mit 100-per-cent modulation. In addi-
tion, the modulation transformer must
convert the equivalent resistance of the
modulated circuit into the proper plate-
load resistance for the modulator stage.

The average power, Wa, in wattsin
the modulated circuit is equal to EI, and
the effective resistance, Rs, is equal to
E/I, where E is the dc potential across
the modulated circuit in volts and I is
the total direct current in amperes. The
proper turns ratio (primary to second-
ary), Ni/N,, for the modulation trans-
former is then given by

where R, is the effective plate (or plate-
to-plate) load resistance required for the
af amplifier and R. is the effective re-
sistance of themodulated circuitin ohms.
Example (1): Determine the amount
of af power, Wo, required for 100-per-
cent plate modulation of push-pull class
C 812-A triodes operating under ICAS
conditions. (Values are given in the tech-
nical data for the 812-A under Plate-
Modulated RF Power Amplifier— Class
C Telephony, Typical Operation.)

Wo=vg‘ (L) (22X 0.140)_ 175 watts.
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This amount of af power can be obtained
from a push-pull 811-A class B amplifier
operating under CCS conditions at a de
plate potential of 750 volts. (Values are
given in the technical data for the 811-A
under AF Power Amplifier and Modu-
lator—Class B, Typical Operation.) The
effective plate-to-plate load resistance
required for the 811-A’s is 5100 ohms.
The equivalent resistance of the 812-A
plate circuit is
1250
Ra=g5co.40 = 4464

or approximately 4500 ohms.

Consequently, the turns ratio (pri-
mary to secondary) required ‘for the
modulation transformer is

5100 1.1
% =\/ H00= 1 (approx.)

Example (2): Determine the amount of
af power, Wo, required for 100-per-cent
simultaneous plate and screen-grid mod-
ulation of a single 818 class C amplifier
operating under ICAS conditions. (Val-
ues are given in the technical data for
the 813 under Plate-Modulated RF
Power Amplifier—Class C Telephony,
Typical Operation.) Screen-grid voltage
for the 818 is obtained through a series
voltage-dropping resistor from the plate
supply, as shown in Fig. 25(c).

Wo_%. (2000)(0.2200"'0.040) 240watts
This amount of power can be obtained
from a push-pull 811-A class B amplifier
operating under ICAS conditions at a de
plate potential of 1000 volts. (Values are
given in the technical data for the 811-A
under AF Power Amplifier and Modu-
lator—Class B, Typical Operation.) The
effective plate-to-plate load required for
the 811-A's is 7400 ohms. The equiva-
lentresistance of the813 plate andscreen-
grid circuit is

2000

Re= §200+0.040— 3333

or approximately 8400 ohms.

Consequently, the turns ratio (pri-
mary to secondary) required for the
modulation transformer is

N, - \/ 7400 0.94 (approx.)

N, V8400 1
In the design of af power amplifiers
for modulator service, consideration
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should also be given to the magnetizing
effect of the unbalanced de current flow-
ing in the secondary windings of the
modulation transformer. If this current
is large enough to cause a decrease in
low-frequency response, asuitable block-
ing capacitor and af choke should be
used to isolate the unbalanced dec cur-
rent from the secondary winding.

RF Power Amplifiers

Class B and class C rf power am-
plifiers normally operate into reso-
nant load circuits which can be designed
to filter out undesired harmonies of any
order. Consequently, push-pull circuits
do not have to be used to minimize even-
order harmonics. Push-pull operation is
sometimes used for “straight-through”
class B and class C amplifier stages, how-
ever, as a means of obtaining increased
output or improved operation at the
higher radio frequencies. It is also used
in frequency-multiplier service as a
means of emphasizing odd-order har-
monic frequencies.

Driving Power

One of the most important con-
siderations in the design of a class B or
class C rf power-amplifier stage is the
provision of adequate driving power.
“Typical” driving-power figures given
in the technical data for tubes rated for
use in class B and class C rf service indi-
cate only the signal power dissipated in
the internal grid-cathode circuit of the
tube and in the resistance of the bias cir-
cuit. These figures do not normally in-
clude driving power that may be lost in
tube sockets or in the components and
wiring of driving circuits, or tube losses
due to electron-transit-time phenomena,
internal lead impedances, or other
factors.

The driver stage must be capable
of delivering sufficient signal power to
supply all the tube and circuit losses.
Although these losses vary with fre-
quency, tube operating conditions, cir-
cuit configuration, and the components
and layout of the circuit, they can be
estimated with reasonable accuracy for
“straight-through” amplifiers. At fre-
quencies up to about 30 megacycles per
second, total tube and circuit losses are




approximately twice the driving-power
figures given in the tube data. At higher
frequencies, electron-transit-time losses
and other tube and circuit losses increase
so rapidly that it is generally necessary
to use a driver stage capable of supply-
ing 3 to 10 times the driving power
shown in the tube data.

The driving power available for a
class C amplifier or frequency multiplier
should be sufficient to permit saturation
of the driven tube, i.e., a substantial in-
crease or decrease in driving power
should produce no appreciable ~hange
in the output of the.driven stage. This
consideration is particularly important
when driving power is obtained from a
series of frequency-multiplier stages be-
cause such stages have much poorer out-
put regulation than ‘‘straight-through”
amplifiers. Care must be used, however,
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ploying low-level amplitude modulation,
they must have extremely linear charac-
teristics to avoid distortion of the modu-
lated signals. These amplifiers are not
biased to cutoff but to a value deter-
mined by the amplitude of the unmodu-
lated rf driving signal, and their opera-
tion is usually limited to a relatively
narrow region of the characteristic. Bias
must usually be obtained from a sepa-
rate fixed supply, such as a battery or a
rectifier, having very good output regu-
lation.(Self-bias obtained from a heavily
bypassed cathode resistor can be used
for certain beam power tubes.) Both the
bias and the maximum amplitude of the
driving signal must be readjusted if the
plate voltage is changed.

Fig. 32 illustrates the use of fixed
bias in rf stages having various circuit
configurations.The battery symbol indi-

Fig. 82

to assure that the maximum current or
input ratings of the driven tube are not
exceeded.

Because the average plate and
screen-grid (grid-No.2) currents drawn
by a properly excited class B or class C
rf amplifier remain substantially con-
stant, regulation of plate and screen-
grid supplies is not necessary. A plate
supply for a class C stage, however,
should be capable of supplying very high
peak currents, particularly when the
stage is operated as a frequency multi-
plier.

Grid-Bias Considerations

Because class B rf amplifiers are
used almost exclusively as output ampli-
fiers in radiotelephone transmitters em«
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cates any dc source capable of supplying
the required voltage and having good
regulation. The rf chokes and bypass
capacitors are used to exclude the rf grid
voltage from the bias supply. When a
tuned grid circuit is used, as shown in
Fig. 32(c), the rf choke usually is not re-
quired, and in some cases may even be
detrimental to the operation of the stage.
The use of the wrong value of rf choke
in the grid circuit of an rf amplifier may
result in parasitic oscillations, especially
when a similar choke is used in the plate
circuit.

Batteries, rectifiers, or other de
sources having high internal resistance
should not be used as fixed-bias supplies.
If such devices are used, the normal flow
of grid current may charge the batteries



to voltages greater than their rated val-
ues, or may increase the voltage drop in
the rectifier bleeder. The resulting in-
crease in total operating bias may cause
a substantial reduction in the power out-
put of the stage.

Class C amplifiers generally use grid-
resistor bias obtained by grid rectifica-
tion of the driving signal because large
bias voltages are required (approxi-
mately twice cutoff value, or more).

The value required for the grid re-
sistor (in ohms) is equal to the negative
grid bias (in volts) divided by the de grid
current (in amperes). If the de grid cur-
rent of two tubes in parallel or push-pull
flows through a common grid resistor,
the value of the resistor is one half that
for a single tube. Typical class C ampli-
fier stages using grid-resistor bias are
shown in the Circuits Section.

Although grid-resistor bias is eco-
nomical as regards supply requirements
and circuit components, and adjusts it-
self automatically to the amplitude of
the driving signal, it provides protection
only when adequate excitation is applied
to the stage. Consequently, class C am-
plifiers should generally be supplied with
sufficient fixed or self bias to limit the
zero-signal plate and screen-grid cur-
rents to safe values in the event that ex-
citation fails or is accidentally removed.

The value required for a self-bias
cathode resistor (in ohms) is equal to the
required self-bias voltage (in volts) di-
vided by the total cathode current (in
amperes). In a triode, the total cathode
current is the sum of the de¢ plate cur-
rent and degrid current. In a beam power
tube or tetrode, dc screen-grid (grid-
No.2) current must be included in the
cathode current. In a pentode having an
independent suppressor grid (grid No.3),
any current drawn by the suppressor
grid must also be included.

Plate-modulated class C amplifiers
are usually operated with higher grid-
bias voltages than unmodulated ampli-
fiers because a linear modulation char-
acteristic usually requires the bias to
vary with the modulating voltage, and
this variation is easier to obtain if it is
not too large a fraction of the total bias.
It is usually necessary to use a combina-
tion of fixed and grid-resistor bias to
provide the desired variationin bias volt-
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age. The grid resistor should not be by-
passed for audio frequencies.

Grid bias for grid-modulated class C
amplifiers must be extremely stable to
avoid distortion of the modulated car-
rier and excessive dissipation. Conse-
quently, bias should be obtained from a
fixed supply having very good regula-
tion characteristics, and not from a grid
resistor or cathode resistor.

Grid bias for sereen-grid or suppres-
sor-grid modulated rf amplifiers is not
particularly critical and may be obtained
by any of the methods described above.
Cathode-bias resistors used in such am-
plifiers, however, should be bypassed for
the lowest modulating frequency as well
as for rf.

Highly stable fixed-bias voltages can
be obtained from electronically regulated
bias supplies or by the use of voltage-
regulatortubes in place of a load resistor
in the output of a bias rectifier. Voltage
regulator tubes having regulated-volt-
age ratings between approximately 75
and 150 volts are available. When regu-
lated fixed-bias potentials greater than
150 volts are required, tubes having suit-
able voltage ratings and similar current
ratings may be connected in series. When
it is necessary to accommodate larger
currents than can be safely handled by a
single regulator tube, types having the
same voltage rating can be connected in
parallel. In parallel arrangements, a re-
sistor having a value of approximately
100 ohms must be connected in series
with each tube to assure equal division
of the total load current. Examples of
the use of voltage-regulator tubes are
shown in Fig. 33.

Frequency Multipliers

The principal considerations in the
design of frequency multipliers are the
choice of suitable tube types and the de-
termination of operating conditions
which will provide maximum power out-
put at the desired harmonic.

For a fixed value of peak plate cur-
rent, the harmonic output of a class C
amplifier increases at first as the width
of the plate-current pulse is decreased,
but then begins to decrease as the pulse
width is decreased still further. There is
a value of conduction angle, therefore,
at which the ratio of any harmonic com-
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ponents to the peak value of the plate-
current pulse is a maximum. These maxi-
ma occur at conduction angles of about
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120 degrees for frequency doublers, 80
degrees for triplers, and 60 degrees for
quadruplers.

Because the use of small conduc-
tion angles usually requires the use of
large values of negative bias, power out-
put and plate-circuit efficiency at the
higher harmonics are limited by the grid-
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bias rating of the tube, as well as by the
peak-emission capabilities of the cath-
ode. The over-all efficiencies obtainable
in frequency-multiplier service are also
limited by driving-power requirements,
which increase as the square of the grid-
driving voltage. Tube types for use in
frequency-multiplier stages should have
high-wattage filaments or cathodes capa-
ble of supplying the very high peak-emis-
sion currents required, and high trans-
conductance or high amplification fac-
tors to provide high power sensitivity.

Oscillators

The principal consideration in the
design of an oscillator is usually fre-
quency stability, rather than high effi-
ciency or high power output. The fre-
quency stability of an oscillator is de-
termined partly by the mechanical char-
acteristics of a crystal or an inductance-
capacitance tuned circuit, and partly by
the conditions under which the tube is
operated.

It is usually necessary to employ
one or more of the following measures
to obtain a high degree of frequency
stability:

(1) Minimize mechanical vibration
and variations in ambient temperature
which might alter the characteristics of
the frequency-determining crystal or
tuned circuit.

(2) Limit the amplitude of oscilla-
tion to minimize internal heating in the
frequency-determining erystal or tuned
circuit which might alter its character-
istics.

(3) Minimize variations in supply
voltages by the use of regulated plate
and screen-grid (grid-No.2) supplies.

(4) Minimize variations in loading,
or isolate the oscillator from a varying
load by meansof a “buffer’’ stage (usually
a class A or class AB, amplifier).

(5) Use special components or cir-
cuit arrangements to compensate for
variations in temperature, load, or sup-
ply voltage.

The frequency stability of a crystal
oscillator is determined principally by
the temperature coefficient and mount-
ing of the crystal, and only to a limited
extent by tube operating conditions and
loading. Consequently, it is not usually
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ecessary to use regulated plate and
creen supplies for such oscillators, or
o isolate them from varying loads by
eans of buffer stages. When extremely
igh stability is required, however, (e.g.,
frequency standards and commercial
ransmitters), it is usually necessary to
mploy all of the stabilizing measures
escribed above and to maintain the
rystal at a constant temperature in a
hermostatically controlled oven.

Crystals, particularly those which
re ground, ‘‘grown,” or otherwise di-
ensioned for the higher radio frequen-
ies, are extremely fragile and may be
estroyed by overloading or the use of
xcessive feedback. Triodes used in crys-
al oscillators should, therefore, be low-
ower types, or be operated at substan-
ially reduced plate voltages to minimize
rystal loading and limit the amplitude
f oscillation. Beam power tubes, pen-
odes, and tetrodes cause relatively little
rystal loading because of their small
iving-power requirements, and pro-
ide limited feedback even when oper-
ted at full plate voltage because of their
ternal shielding. Consequently, these
ypes are especially suitable for use in
rystal oscillators. They can also deliver
ubstantially higher power outputs than
riodes of comparable size, and thus per-
it the use of fewer stages in achieving
desired final power output.

When multigrid tubes having very
ood internal shielding are used in crys-
al-oscillator circuits, it may be neces-
ary to use external capacitive feedback
0 obtain oscillation. This feedback may
e provided by a small adjustable capa-
itor (usually not more than 2 or 8 micro-

icrofarads) connected betweenthegrid-

0.1 terminal and the plate terminal of
he tube. Under no circumstances should
he external feedback capacitance be
rger than necessary for oscillation, be-

use even small excess values may pro-
ide sufficient feedback to destroy the
rystal.

To obtain good frequency stability

a variable-frequency oscillator, it is
ually necessary to use all the stabiliz-
g measures described above. It is par-
icularly important to employ good com-
onents and sturdy mechanical construc-
ion, and generally desirable to enclose
e entire oscillator tank circuit in a
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heavy metal shield having good thermal
stability. Good isolation from load varia-
tions can be obtained without a buffer
stage by the use of an electron-coupled
circuit. In this type of oscillator circuit,
the control grid (grid No.1) and screen
grid (grid No.2) of a multigrid tube are
the actual oscillator terminals, the screen
grid acting as the anode. Power output
is taken from the plate circuit, which is
coupled to the oscillator only by the in-
ternal electron stream.

Crystal oscillators and variable-fre-
quency oscillators can also be used as
harmonic generators and frequency mul-
tipliers. Electron-coupled oscillators are
particularly suitable for use as frequency
multipliers because selection of desired
harmonics can be accomplished in the
plate circuit without affecting the oscil-
lator frequency.

Parallel-Tuned Tank Circuits

The performance of an rf power am-
plifier, frequency multiplier, or oscillator
is critically dependent on the character-
istics of the circuit which forms its plate
load. The characteristics of the load cir-
cuit affect the power output, harmonic
output, plate dissipation, and driving-
power requirements of the stage.

The plate-circuit load of a class B
or class C rf amplifier is usually a paral-
lel-tuned resonant tank of the typeshown
schematically in Fig. 84. The resonant

& SUPPLY
= VOLTAGE,

Fig. 84
frequency, f, of such a circuit in mega-
cycles per second is given by

f=L

2w+/LC 1)
where L is inductance in microhenries,
andCiscapacitanceinmicromicrofarads. .

This expression shows that the reso-

nant frequency varies inversely as the.
square root of the product LC. Doubling
both L and C halves the resonant fre-
quency. For any given frequency, {, the
product of L and C is a constant.
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Exceptin circuits operating at ultra-
high and higher frequencies, L is usually
‘“lumped”’ or concentrated in a coil or
specially formed conductor, and C is a
combination of lumped and distributed
capacitance. The lumped capacitance
component is usually a variable capaci-
tor, and the distributed component is
composed of the self-capacitance of the
tank, tube capacitances, and the stray
capacitance of the circuit. Consequently,
distributed capacitance should always
be taken into account, particularly in
calculations for the higher radio frequen-
cies, at which it is wusually either the
principal component or the entire tank
capacitance.

The plate-tank circuit of a class B
or class C rf amplifier must resonate at
the desired output frequency, and must
also convert relatively short, unidirec-
tional pulses of plate current into com-
plete oscillations at this frequency. In
other words, it must act as an electrical
“flywheel.” The plate tank must also
have sufficient impedance at resonance
to limit the no-load plate current of the
stage to a safe value.

The effectiveness of a tank circuit’s
flywheel action is indicated by the ratio
of the*‘wattless”’power (in volt-amperes)
developed in the tank to the actual power
(in watts) delivered by the tube. This
ratio is known as the “operating Q" of
the tank, and is proportional to the tank
capacitance. Its approximate value in
terms of tube operating conditions is
given by

Q= C XX Ep 2)

T 7300 X Ip

where C is the total capacitance across
the tank in micromicrofarads, f is the
frequency in megacycles per second, Eb
is the dc plate potential in volts, and
Ib is the total dc plate current of the
stage in milliamperes.

The impedance of a parallel-tuned
circuit at resonance (its equivalent re-
sistance, Req) is proportional to the tank
inductance and inversely proportional
to the tank capacitance and the tank-
coil resistance. The approximate value
Req in ohms is given by

_ L @®)
Req = Cr

where L is the tank inductance in micro-
henries, C is the tank capacitance in
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microfarads, and r is the ac resistance of
the tank-circuit inductor in ohms.

Because there is a conflict between
the characteristics required for high op-
erating Q and those required for high
equivalent resistance, determination of
proper values for plate-tank circuits is
one of the most important considerations
in rf amplifier design.

The first step in the design of a
plate-tank circuit is the determination
of the most suitable operating Q for the
type of service in which the stage is to
be used. The use of too low a Q resultsin
a distorted waveform centaining very
strong harmonics and, therefore, is
wasteful of power and likely to result in
serious interference. The use of too high
a Q, on the other hand, usually resultsin
large circulating currents and, therefore,
insubstantial tank-circuit losses. A value
between 10 and 15 is generally recom-
mended for rf telegraphy or telephony
service. A value of 12 is most frequently
used in the design of amateur and indus-
trial equipment.

The next step is the determination
of the tank capacitance, C, for the Q
value and tube operating conditions
selected. This value is obtained from
equation (2) transposed to the form

c= 300X QXTI )
f X Ev

Fig. 35 shows C as a function of the
ratio Eb/Ib for a Q value of 12. The
curves in Fig. 35 can be used to deter-
mine values of tank-circuit capacitance
suitable for use in equipment operating
in the amateur bands. Values of C ob-
tained from this chart or calculated by
the use of Equation (4) apply only for
single-ended tank circuits which are not
split for neutralization or other purposes,
such as that shown in Fig. 36 (a). These
values represent the total capacitance
required for resonance at the correspond-
ing frequencies, and include tube and
stray circuit capacitance.Values slightly
higher than those indicated can gener-
ally be used without appreciable reduc-
tion of power output.

When a split tank circuit is em-
ployed for a single-ended stage, as shown
in Fig. 36 (b), the total tank capacitance
should be one-fourth that indicated by
Fig. 35 or Equation (4). The correspond-
ing tank inductance, therefore, is 4 times
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that required for a tank circuit which is
not split. If the tank tuning capacitor is
a split-stator type, such as that shown
in Fig. 36 (c), each section should have
one-half the capacitance indicated by
Fig. 85 or Equation (4).

A push-pull stage operating at the
same de plate voltage and total dc plate
current as a single-ended stage also re-
quires one-fourth thetank-circuit capaci-
tance indicated in Fig. 35 or Equation
(4), or if the tuning capacitor is a split-
stator type, each section should have
one-half the capacitance indicated. A
push-pull stage operated at the same
plate voltage but drawing twice as much
plate current as a single-ended stage re-
quires one-half the tank-circuit capaci-
tance indicated. In this case, each sec-
tion of a split-stator tank capacitor
should havecthe capacitance indicated
in Fig. 85 and in Equation (4).
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‘When the required tank-circuit ca-
pacitance is known, the tank inductance
required for resonance at the desired fre-
quency can be determined by substitu-
tion of the value of C in Equation (1).
Approximate winding data for single-
layer coils, such as that shown in Fig.
87, suitable for use in amateur transmit-
ters can then be obtained from the fol-
lowing formula:

L= R* X N3
~9R X 10B
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where L is the inductance of the coil in
microhenries, R is the mean radius in
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inches, N is the number of turns, and B
is the length in inches.

It is sometimes impracticable to
limit the operating Q of a plate-tank
circuit to the desired value under the
proposed operating conditions. For ex-
ample, in parallel-tube stages or stages
operating at the higher radio frequencies,
tube and stray circuit capacitance may
be larger than the optimum total capaci-
tance indicated in Equation (4). In such
cases, the designer has a choice of the
following procedures:

(1) Retain the proposed tube-oper-
ating conditions and design the plate-

.

Fig. 37




tank cireuit for the lowest Q value
obtainable under these conditions;

(2) Modify the tube-operating con-
ditions (provided the tube ratings are
not exceeded) to obtain the proper Eb/Ib
ratio for the desired operating Q;

(3) Design the stage for push-pull
operation, thereby reducing tube output
capacitance to one-half that of a single
tube, or to one-fourth that of parallel
tubes;
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(4) Employ a “series-tuned” tank
circuit of the type shown in Fig. 38, in
which the variable capacitance Cy is
several times larger than the tube
capacitance Cs.

Interstage Coupling

One of the most important consider-
ations in rf circuit design is the method
used for coupling the input of an ampli-
fier or frequency multiplier to the out-
put of the preceding stage. An inter-
stage rf coupling circuit must permit
efficient transfer of energy at the desired
frequency; discriminate, if possible,
against harmonics of the desired fre-
quency; and, where necessary, provide
de isolation between the driver and the
driven stage. It should also permit ad-
justment of the loading for the driver
and the excitation supplied to the fol-
lowing stage. Three principal types of
interstage coupling are employed in rf
equipment: capacitive coupling, direct
inductive coupling, and indirect induc-
tive (“link’’) coupling.

In capacitive coupling, a capaci-
tor having very low reactance at the
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desired frequency is connected between
the plate-tank circuit of the driver stage
and the grid of the following tube. This
capacitor should be designed for use at
radio frequencies, and should have a
voltage-breakdown rating adequate to
withstand the maximum potential dif-
ference developed between the driver
plate circuit and the grid of the follow-
ing tube. The input side of the coupling
capacitor may be connected directly to
the driver plate, as shown in Fig. 39 (a),
or to a tap on the plate-tank coil, as
shown in Fig. 39 (b).

A tapped plate-tank coil provides a
convenient means for controlling loading
and excitation, and generally makes it
unnecessary to tune the grid circuit of
the driven stage. Unused portions of
tapped tank coils, however, frequently
resonate with stray capacitances to form -
unloaded “parasitic’’ tank circuits which
are readily shocked into oscillation and
may interfere with the operation of the
equipment. Consequently, it is usually
preferable to use an untapped plate-tank
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coil in the driver stage and a non-reso-
nant grid circuit for the following stage,
and to control the excitation by varia-
tion of the coupling capacitance. Because
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f the relatively high impedances on
oth sides of the coupling capacitor, the
iver and the driven stage should be in
lose proximity. Capacitive coupling
ends to increase the transfer of har-
onics because the reactance of the
oupling capacitor decreases as the fre-
uency increases.

Direct inductive coupling, shown
n Fig. 40, is very efficient, but also in-
olves high coupling impedances and,
herefore, requires that the driver and
riven stage be in close proximity. The
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Fig. 40

oupling between the plate and grid
indings may be fixed or adjustable.
djustable coupling provides a conven-
ent means for controlling loading and
xcitation. The grid winding may be
ither tuned or untuned. Although the
uned type providesmaximum efficiency,
he additional control complicates tuning
nd is rather critical of adjustment.

Indirect inductive coupling or
‘link” coupling is used extensively
n rf power equipment. Although it does
ot provide the high efficiency obtain-
ble with direct inductive coupling, it
lows considerable flexibility in equip-
ent design because it does not require
lose physical proximity between the
oupled stages. “Link’’ coupling is espe-
ially useful for equipment which is fre-
uently modified or which must be de-
igned to permit concentration of prin-
ipal control functions in a particular
tage or unit of the equipment.

In this method of coupling, shown
n Fig. 41, substantially identical ‘“link”
indings of a few turns each are induc-
ively coupled to the plate-tank coil of
he driver and to the grid-tank coil of
he following stage. Because of their low
mpedance, these link windings may be
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connected together through suitable
transmission lines of considerable length
with little danger of excessive radiation
or interference pickup. Because the links
are inductively coupled to the plate and
grid cireuits, the transmission lines are
not required to carry dc and, therefore,
may be grounded.Theseinterstage trans-
mission lines may be any of the various
types commercially available, such as
twisted pair, ribbon line, open-wire line,
or coaxial cable, depending on the re-
quirements of the circuit.

The coupling between link wind-
ings and their respective tank coils may
be either fixed or adjustable. Fixed links
should be coupled as tightly as possible
to their tank coils in order to assure
maximum energy transfer. When vari-
able coupling is desired, it is usually suf-
ficient to have only one of the links ad-
justable. Link windings should always
be coupled to their tank coils at points
of minimum rf potential. In single-ended
tank circuits (not split), the correctloca-
tion for a link winding is at the end of
the plate-tank coil connected to the
plate-voltage supply or at the ground
(or bias-supply) end of the grid-tank
coil. In split single-ended circuits or
push-pull circuits, link windings should
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be coupled to the centers of their respec-
tive tank coils.

Both direct inductive coupling and
link coupling inherently provide better
discrimination against harmonics than
capacitive coupling.

Output Coupling

Output coupling circuits must de-
liver as much as possible of the power
supplied to them because there is no
subsequent amplification to make up for



any losses. Because these circuits are
usually required to work into low-im-
pedance antennas, transmission lines, or
other load devices, they must also de-
liver heavy output currents. Conse-
quently, they must be designed to have
the highest possible efficiency. In addi-
tion, any harmonics present in the out-
put of the final stage must be eliminated
in the output coupling circuit so that
they will not enter the antenna or out-
put transmission line.

Safety considerations usually re-
quire that the load side of an output
coupling circuit be completely insulated
from the ac and de power-supply circuits
of the equipment, and particularly from
the plate-supply voltage of the output
stage. In some cases the antenna, trans-
mission line, or load device must also be
insulated from ground.

Capacitive output coupling has the
advantage of simplicity. It also per-
mits matching to loads of substantially
different impedance by the selection of
a suitable feed point on the plate-tank
coil of the output stage. However, it
does not discriminate against harmonics
which may be present in the output of
the final stage, and may create serious
safety hazards if leakage or voltage
breakdown occurs in the coupling ca-
pacitor.

Probably the simplest and most
convenient type of output coupling is
inductive coupling. This type permits
accurate impedance matching to high-
or low-impedance antennas, transmis-
sion lines, or other loads, and inherently
tends to discriminate against harmonics.
Because it does not involve the use of
series capacitors, it also minimizes the
possibility of breakdowns which might
place the plate voltage of the output
stage across the rf output terminals and
load.

When the load winding of an induc-
tively coupled output circuit is untuned,
the turns ratio between the input and
output windings must be such that the
proper load impedance is reflected in the
plate circuit of the final amplifier. This
turns ratio (primary to secondary) is
equal to Zp/Zs, where Zp is the plate-
load impedance desired for the final am-
plifier, and Zs is the impedance of the
antenna, transmission line, or other load
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device. The plate-load impedance, Zp,
in ohms can be determined approxi-
mately from the following relations:

For unmodulated or plate-modu-
lated class C amplifiers, Zp=Eb/2Ib;
for class B amplifiers and grid- or sup-
pressor-grid-modulated class C ampli-
fiers, Zp=Eb/(4 Ib); where EDb is the dc
plate potential in volts and Ib is the dc
plate current in amperes. These values
of Zp are for unbalanced, single-ended
output circuits. For split-tank or push-
pull circuits, the values of Zp deter-
mined from these relations should be
multiplied by four.

Stabilization

Any amplifier will oscillate if suffi-
cient energy having the same frequency
and the same phase as the grid voltage
is fed back from the plate circuit to the
grid circuit. Feedback of the proper
phase for oscillation (regenerative feed-

-back) may take place through the grid-

41

plate capacitance of the tube, or through
external capacitive or inductive cou-
pling between plate and grid circuits.The
amount of feedback necessary to cause
self-oscillation is inversely proportional
to the power sensitivity of the amplifier
and, therefore, is much smaller for beam
power tubes and other multigrid types
than for triodes. In most multigrid types,
however, the internal shielding provided
by the screen grid (grid No.2) is so effec-
tive that any tendency to self-oscillation
is usually the result of external, rather
than internal, feedback. To assure sta-
bility in a multigrid rf amplifier stage,
therefore, it is essential that the input
and output circuits be completely
shielded from each other. In some cases,
it may also be necessary to shield these
cireuits from the tube.

In a triode, the relatively large
grid-plate capacitance provides a low-
impedance path for regenerative feed-
back which cannot be eliminated by the
use of external shielding. The effect of
this capacitance can be nullified, how-
ever, by taking voltage from the plate
circuit and feeding it back to the grid
in the proper phase and amplitude to
cancel the regenerative feedback. This
technique, known as “neutralization,”
can also be employed with multigrid




tubes to improve their stability at the
higher radio frequencies.

The method of neutralization most
frequently used, plate mneutralization,
is shown in Fig. 42. This method em-
ploys a balanced plate-tank -circuit
having its mid-point effectively at rf
ground potential, so that rf voltages of
substantially equal amplitude and op-
posite phase are developed across the
two halves of the tank. The neutralizing
voltage is taken from the bottom end of
the tank and applied to the grid through
the neutralizing capacitor, Cy. Although
the theoretical value of C, is exactly
equal to the grid-plate capacitance of
the tube, the value actually required
may vary because of stray capacitances.

Consequently, C, is usually made ad-
justable over a small range on either
side of the theoretical value.

Another method of neutralization
for single-ended stages, grid neutraliza-
tion, is similar to plate neutralization
except that the split tank cireuit which
provides the neutralizing voltage is lo-
cated in the grid circuit.

Parasitic Oscillations

Parasitic oscillations are oscillations
which occur in a circuit at frequencies
other than the desired signal frequency,
its harmonics, or its subharmonics.They
may be continuous, or occur only during
keying, modulation, or -surges in the
power-supply circuits of the equipment.
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Because they absorb power from the cir-
cuits in which they occur, parasitics re-
duce efficiency and performance at the
desired operating frequency. They may
also be responsible for voltage flashover,
instability, or premature failure of tubes
and other circuit components, and may
create serious interference by causing
radiation of spurious carrier and side-
band frequencies.

Parasitics are generated when reso-
nance at some frequency other than the
normal operating frequency occurs si-
multaneously in the input and output
circuits of a tube. Under these condi-
tions the stage functions as a “‘tuned-
grid-tuned-plate” oscillator, the grid-
plate capacitance of the tube providing
the feedback path. These simultaneous
resonance conditions may be created by
the use of similar circuit constants in the
plate and grid circuits (e.g., the use of
identical rf chokes in both circuits) or
by the‘‘secondary”’characteristics (small
amounts of capacitance and inductance)
of the tubes, circuit components, or cir-
cuit conductors.

Parasitics in multistage equipment
must be eliminated on a stage-by-stage
basis. Identification of the particular
components forming a parasitic circuit
often requires considerable study and
“cut-and-try”’experimentation.The first
step is to distinguish true parasitics from
self-oscillation in the stage in question,
and to determine the frequency or fre-
quencies of the parasitics. For this step,
excitation is removed from the offending
stage, and also from the preceding stage
to minimize the possibility of feed-
through at the normal operating fre-
quency or a subharmonic. The stage is
then operated at about one-half normal
plate and screen-grid (grid-No.2) volt-
age and checked for oscillations.

When the presence of parasitics has
been verified, and their frequency or
frequencies determined, vhf parasitics
should be eliminated first. VHF para-
sitics can usually be traced to one or
more of the following sources:

(1) Long connecting leads between
grid and plate terminals of tubes and
the corresponding tank circuits.

(2) Push-pull tank circuits employ-
ing split-stator tank capacitors in which




the common terminals of the tank ca-
pacitors are not at rf ground potential.

(8) Inadequate bypassing, or the
use of long connecting leads to bypass
capacitors, particularly in the screen-
grid-to-cathode circuits of multigrid
tubes.

(4) Long leads in neutralizing cir-
cuits.

(5) Tapped tank-circuit coils. (Un-
used portions of tapped tank coils are
particularly troublesome in this respect
because they are not loaded and, there-
fore, can form resonant circuits of very
high Q.)

(6) Inadequate separation between
components in the input and output
circuits of the stage.

Two methods can be used to mini-
mize parasitics in resonant circuits. In
one method, the constants of one of the
circuits involved are changed to shift its
resonant frequency. The lengths of the
leads to the circuit may be reduced
(preferably to a minimum), or the posi-
tion of a connecting lead or component
may be shifted to reduceits capacitance.
When such a change is made, however,
the new resonant frequency of the cir-
cuit may be the same as that of another
combination of circuit elements, with
the result that a new parasitic oscillation
is created.

The second method is the insertion
in one of the tube circuits (grid, plate,
or cathode circuit) of a special load which
will rapidly dissipate parasitic oscilla-
tions but will not appreciably affect the
performance of the stage at the desired
frequency. In a low-current circuit, this
load may be a non-inductive resistor
having a value between 10 and 100 ohms
inserted directly at the tube socket. In a
high-current circuit, a small rf choke (5
to 10 turns of wire) should be connected
in parallel with the resistor.

Fig. 43 shows a beam power tube
in an rf amplifier which has been stabi-
lized to eliminate parasitics. Lg, Lk, and
L represent the distributed inductance
of the grid, cathode, and plate leads, re-
spectively. Cgp and Cgx are the grid-
plate and plate-cathode capacitances of
the tube. L,, C,, L, and C; are the nor-
mal grid and plate tank-cireuit compo-
nents. The following stabilization meas-
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ures are shown in the circuit:

(1) The screen grid (grid No.2) is
bypassed to the cathode directly at the
tube socket with a mica or ceramic ca-
pacitor of not less than 0.002 microfarad
having extremely short leads.

(2) Because the tube has an indi-
rectly heated cathode, an unbypassed

Fig. 43

non-inductive resistor having a value of
25 ohms or lessis installed in the cathode-
return lead directly at the tube socket.
(8) A non-inductive resistor having
a value of 50 ohms or less is installed in
series with the grid-tank circuit directly
at the grid terminal of the tube socket.
(4) The grid-tank circuit is loaded
with a non-inductive resistor having a
value between 5000 and 50000 ohms.

Besides the measures shown in the
circuit, the screen-grid voltageisreduced
proportionally when the tube is operated
at less than the maximum rated value of
plate current. In addition, ample driving'
power is provided. If necessary, the grid
current and bias are increased to pro-
vide ample driving power, but the maxi-
mum ratings for grid current and grid
voltage should not be exceeded. A “‘satu-
rated” tube (i.e., one supplied with am-
ple driving power) is relatively immune
to parasitics.

When all vhf parasitics have been
eliminated, attention should be directed
to the elimination of low-frequency para-
sitics. Low-frequency parasitics are fre-
quently caused by:

(1) The use of rf chokes in series
with both the plate and grid circuits of
the amplifier, particularly when identi-
cal chokes are used in both circuits.



(2) Resonance conditions in power-
upply filter circuits.

(3) Resonance conditions in modu-
ation-circuit components.

(4) The use of high-impedance RC
circuits in screen-grid-supply circuits for
multigrid tubes.

(6) The use of parallel feed in both

he grid and plate circuits of a tube.

In addition to the stabilization of
individual stages in power-tube equip-
ment, it is also necessary to prevent un-
desired coupling and feedback between
stages operating at the same frequency.
Over-all stabilization of multistage equip-

ent may require shielding of individual
ubes or entire stages, the use of filtering
and decoupling networks in power-sup-
ply leads and in grid-, plate-, or other
circuit-return leads, or combinations of
uch measures.

Power-Supply Considerations

Because class B and class C rf am-
lifiers may be operated without plate,
creen-grid, or bias voltages (or at volt-

ages substantially below normal values)
during certain tuning adjustments, they
hould incorporate means for reducing
or completely removing these voltages
independently in each stage. It is also
desirable that plate, screen-grid, and
fixed-bias voltages for individual rf am-
lifier stages be adjustable up to the
aximum values for the tubes employed
0 that maximum operating efficiency is
attainable at a particular power output
r frequency.

Calculation of Operating
Conditions

The only restrictions on tube oper-
ating values are those imposed by the
published maximum ratings. When it is

ecessary or desirable to operate tubes
nder conditions other than those shown
nder “Typical Operation” in published
data, suitable values may be approxi-
ated by simple calculations. These ap-
roximate values may then be used in a
entative operating setup, and adjust-
ents made, if necessary, to assure that
esired outputand efficiency areobtained
ithout any of the maximum ratings for
he tube being exceeded.
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Simple calculations can be used to
determine operating conditions for any
type of service in which plate current
flows for less than the entire signal cycle.
They can be used for triode and multi-
grid-tube class C amplifiers (both modu-
lated and unmodulated), for push-pull
class AB and class B audio amplifiers
and for class B linear amplifiers.

The basic factors used in these cal-
culations are the peak plate current of
the tube, and the corresponding instan-
taneous plate voltage, grid voltages, and
grid currents. The peak plate current is
determined by the average or dc plate
current and by the plate-conduction
angle (i.e., the fraction of the signal cy-
cle during which plate current flows).
For a given dc plate current, peak plate
current varies inversely with conduction
angle and is equal to the dc value times
a conversion factor K;, given in Table
I.The corresponding instantaneous val-
ues of the other tube currents and volt-
ages are obtained from the ‘““‘Average
Characteristics” curves for the tube.

Table |
Conduction
Angle
(degrees) K Ks Ks K Ks

180 3.14 0.7856 —_ — 0.250
160 3.60 0.825 0.210 1.210 0.224
150 8.76 0.844 0.850 1.350 0.213
140 4.00 0.862 0.520 1.520 0.200
130 4.256 0.880 0.732 1.732 0.187
120 4.60 0.897 1.000 2.000 0.174
110 5.00 0.913 1.845 2.345 0.160
100 5.60 0.927 1.800 2.800 0.145

90 6.10 0,940 2.410 3.410 0.130

Table I also gives four other con-
version factors or constants (K, Kj;, Ky,
and K;) used in these calculations. A
sixth factor, K, which is a function of
grid bias and driving voltage, is given in
Table II. The values given for con-
stants K;, K,, K;, K, K; are based on
the use of sinusoidal signal waveforms
and conduction angles between 90 and
180 degrees. Angles between 100 and 160
degrees are generally used in “straight-
through” class C amplifiers. Angles of
90 degrees are usually employed only in
frequency multipliers, and angles of 180
degrees in class AB and class B ampli-
fiers.

Experience has shown that the most
satisfactory relation between power out-



put and powergain in‘‘straight-through’’
class C amplifier service is achieved at a
conduction angle of about 140 degrees.
The use of larger conduction angles re-
duces driving-power requirements, but

Table Ui
Ec/Eg K Ea/Eg K

0.25 4.67 0.65 6.95
0.30 4.84 0.70° 7.62
0.85 5.04 0.75 8.25
0.40 5.26 0.80 9.25
0.456 5.50 0.85 10.70
0.50 5.78 0.90 13.12
0.55 6.10 0.95 18.63
0.60 6.49

results in substantially reduced plate-
circuit efficiency. The use of smaller con-
duction angles, on the other hand, tends
to increase plate-circuit efficiency, but
makes it necessary to provide substan-
tially higher driving power.

Use of Curves

Average characteristics of power
tubes are usually given in the form of
sets or ‘“families” of curves, such as
those shown in the Tube Types Section.
The separate “plate,” “grid-No.1,” and
‘‘grid-No.2” families given for the RCA-
6146 beam power tube are typical of
curves furnished for multigrid types.
Combined “plate’” and “grid”’ families
such as those given for the RCA-812-A
are usually furnished for triodes.

Plate families show the simultane-
ous relationships between plate voltage,
control-grid voltage, and plate current.
Consequently, they may be used for de-
termining effective minimum plate volt-
ages and peak positive control-grid volt-
ages corresponding to desired or caleu-
lated values of peak plate current. They
also may be used for determination of
the grid-bias voltages required to obtain
desired values of quiescent (zero-signal)
plate current in class A, class AB, and
class B amplifiers. In addition, they per-
mit such factors as plate-load resist-
ance, power output, plate dissipation,
and harmonic distortion tobedetermined
graphically.

Grid families are used in determin-
ing the peak currents in the correspond-
ing grid circuits. Like peak plate cur-
rent, these peak grid currents flow at the
instant control-grid voltage is at positive
peak value, and plate voltage is minimum.
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A single set of curve families for a
multigrid tube shows the characteristics
of the tube at a particular grid-No.2 (or
screen-grid) voltage. If a different grid-
No.2 voltage is to be used, appropriate
‘“‘Average Characteristics” curves must
be obtained, or valuesshown in the avail-
able curves must be converted mathe-
matically. A simple method of conver-
sion is given later.

Class C Telegraphy Service
Multigrid Tubes

(1) Choose a plate voltage (Ep), a
de grid-No.2 (screen-grid) voltage (Ee,),
and a dc plate current (Ip) which pro-
vide a plate input (P;) within the maxi-
mum rating for the tube. Also select a
conduction angle smaller than 180 de-
grees (preferably 140 degrees).

(2) Using the value of K, given in
Table I for the conduction angle se-
lected, calculate the peak plate current
(ibmax) as follows:

ibmx = K] X Ib

(3) Determine the effective mini-
mum plate voltage (eppm;p) and peak
positive grid-No.1 voltage (ec,max) from
the plate-family curves for the chosen
value of E;, and the calculated value of
ibmax. FOr maximum plate-circuit effi-
ciency and maximum power gain, both
€bmin and eeymay Should be as small as
possible. Because of other considerations,
however, ey, should be slightly above
and to the right of the ‘‘knee’ in the ap-
propriaté grid-No.1 voltage curve. The
use of epmip and ecymax Values below the
knee causes excessive grid-No.l and
grid-No.2 current; the use of values too
far to the right of the knee reduces
power output and may result in exces-
sive plate dissipation.

(4) Using the value of K. given in
Table I for the conduction angle se-
lected, calculate power output (P,) as
follows:

Po = Kz X (Eb —€bmin) X Ip

(5) Plate dissipation or plate loss

(Pp) is then given by

Po=EboX ) — Po
If this value exceeds the maximum plate-
dissipation rating for the tube, it will be
necessary torecalculate steps (1) through
(5) using a smaller conduction angle.
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(6) Using the values of K; and K,
given in Table I, calculate the dc grid-
No.i voltage or bias (E;) as follows:

KX Eg,

Eo=-(KsX ecymax) = ————
HMgag1

where pgg, is the mu-factor (grid No.2
to grid No.1) of the tube.

(7) The peak rf grid-No.1 voltage
(Eg,) required to drive the tube to full
output is given by

Eg = -E¢; + ecimax

(8) Determine peak grid-No.1 cur-
rent (ic,max) from the grid-current char-
acteristics curves for the appropriate
value of Eg,. (Like peak plate current,
peak grid-No.1 current flows at the in-
stant that plate voltage is equal to ebmn
and grid-No. 1 voltage is equal t0 ec;max)-
Then, using the value of K, given in
Table II for the calculated values of
E,, and Eg, determine the dc grid
current (Ig) as follows:

Icl = iclmu/ K,
(9) The approximate driving power

(Pa) required by the grid-cathode cir-
cuit of the tube is then given by

Pa = 0.9 X Eg X I

(It should be noted that this value of Pq
does not represent the total power that
must be delivered by the driver stage,
which must be sufficient to supply the
various tube and circuit losses described
previously.)

(10) It is now necessary to calculate
the dc grid-No.2 current (I,) and grid-
No.2 input (Wg). First determine the
peak grid-No.2 current (ic;max) from the
screen-grid-current characteristics curves
for the appropriate value of E, (The
value of icymax is determined at the in-
tersection of the plate-voltage coordinate
corresponding to €bpmjy, With the grid-
No.1 voltage coordinate corresponding
t0 €cymay)- Then, using the value of K,
given in Table I for the conduction an-
gle employed, calculate the dc grid-No.2
current (I,) as follows:

Icz = Ks X iczmax
Grid-No.2 input (W,,) is then given by
We = Ee X I
If this value of Wy, exceeds the maxi-
mum rating for grid-No.2 input given in
the tube data, it will be necessary either
to reduce E or to employ a smaller
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conduction angle.
Example:

Calculate operating values for the
RCA-6146in Class C Telegraphy Service
under CCS conditions. The basic oper-
ating values are selected to be: Ep=600
volts; In=112 milliamperes, Eg=150
volts; plate-conduction angle=140 de-
grees.

(1) Plate input (P;) = 600 volts X
0.112 ampere=67.2 watts. This value is
just within the maximum CCS rating of
67.5 watts.

(2) From Table I, K, for a conduc-
tion angle of 140 degrees is 4. Therefore,
peak plate current (ibmgy)=090.112 am-~
pere X 4 =0.448 ampere, or 448 milli-
amperes.

(3) From the plate family for the
6146 given in Fig. 44 (Ec,=150 volts),
a suitable value for effective minimum
plate voltage (epyn) to the right of the
“knee” 18 70 volts. The corresponding
peak positive grid-No.1 voltage (ec;mgx,
determined from Ee,; curves) for a peak
plate current of 448 milliamperes is
approximately + 16 volts.

(4) From Table I, K, for a conduc-
tion angle of 140 degrees is 0.862.There-
fore, power output (P,)=0.862 X (600~
70) X 0.112=51 watts.

(5) Plate dissipation (Pp)= (600 X
0.112)-51 = 16.2 watts. This value is
well within the maximum plate-dissipa-
tion rating of the 6146 for class C teleg-
raphy under CCS conditions (20 watts).

(6) The dc grid-No.1 or bias voltage
(E¢;) and peak rf grid-No.l voltage
(Eg) are calculated next. (Note that
bias voltage Eg, is not the E;, shown in
the characteristics curves, which repre-
sents total grid voltage, t.e., the alge-
braic sum of the bias E, and peak f
grid-No.1 voltage ec;max). From table
I, K; and K, for a conductior angle of
140 degrees are, respectively. 0.520 and
1.520. From the technical data for the
6146, mu-factor (ugy,) is 4.5. Therefore,
Ee, = —(0.520 X 16)&2!’;1—59#8.&
50.6= -58.9, or approximately —59 volts.

(7) Peak rf grid-No.I voltage (Eg,)
= —(-59) + 16 = 75 volts.

(8) The next step is to determine de
grid-No.1 current (I,). From the grid-
No.1 average characteristics curves
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shown in the tube data (E, = 150 Caleu- Pub-
1ts), f f 70 volts and lated  lished
volts), for epmin 0 volts and €cimax  DC Plate Voltage (Eb)... 600 600  volts
of 416 volts, peak grid-No.1 current DC Grid-No.2
(leymax) = 28 milliamperes. Dg%tgge )}E:it) ........... 150 150  volts
T1d-NNO.
From Table II, K, for the ratio  voltage (Eet)........... 59 -68 volts
Ee,/Eg,=59/75 = 0.787 is between the Pe‘a,klgF G(rid-Noil s s s
. : oltage (egimax) ....... vo
values given for ratios of 0.75 and 0.80, DC Plate C:r"‘_’;:’; Gy, 12 112 oy

and is approximately 9. Consequently,
1.,=0.028/9=0.0031 ampere, or approx-
imately 8 milliamperes.

(9) The driving power required by
the grid (Pa)= 0.9 X 75 X 0.003 = 0.203,
or approximately 0.2 watt.

(10) From the grid-No.2 character-
istics curves shown in the tube data
(Ee; = 150 volts), for Ep = 70 volts and
E.,=+16 volts, peak grid-No.2 current
(icomax) = 59 milliamperes (approx.)

From Table I, K; for a conduction
angle of 140 degrees is 0.200. Conse-
quently, de grid-No.2 current (Iy) =
0.200 X 0.059 = 0.0118 ampere, or 11.8
milliamperes. Grid-No.2 input (We,) =
150 X 0.0118 = 1.77 or approximately
1.8 watts. This value is well within the
maximum rating for the 6146 (3 watts).

These calculated values are com-
pared below with the “Typical Opera-
tion” values given in the published data
for the 6146 in Class C Telegraphy Serv-

ice, CCS conditions, as amplifier up to

60 Mc:
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DC Grid-No.2 Current (I¢s) 11.8 9 ma
DC Grid-No.1

Current (Iet) . . . coovvnns 3 2.8 ma
Driving Power

(Approx., Pa) ......... 0.2 0.2 watt
Power Output

(Approx.,Po) .......... 51 52 watts

Class C Telegraphy Service
Triodes

Calculations for triode class C am-
plifiers are similar to those described for
multigrid tubes except that somewhat
different considerations are involved in
the determination of effective minimum
plate voltage (epmin) and peak positive
grid voltage (eemax), and that calcula-
tions for grid-No.2 current and input
are not required.

(1) Choose a plate voltage (Ep) and
a dc plate current (Ib) which provide a
plate input (P;) within the maximum
rating for the tube. Also select a suitable
conduction angle (preferably 140 de-
grees).

(2) Using the value of K, given in



Table I for the conduction angle se-
lected, calculate the peak plate current
(ibmax) as follows:

ibmu = Ib X Kl

(3) Determine peak positive grid
voltage (€omay) and effective minimum
plate voltage (eppin) for this value of
ibmax from the plate-family curves for
the tube.

The maximum permissible value of
€omax and the minimum permissible
value of epy, are determined at the
point where the horizontal coordinate
representing the peak current intersects
the “Eq = Ep” line (sometimes called
“Diode Line”). It is generally desirable
that epmyy be slightly more positive than
€emax- If €bmyn is smaller than ecp,,, the
grid will be driven more positive than
the plate and will draw excessive cur-
rent, and the peak plate current will be
reduced. In addition, the harmonic out-
put of the stage will be greatly increased.

(4) Using the value of K, given in
Table I, calculate the power output
(Po) as follows:

Po= K: X (Eb - €pmm) X Ip

(5) Plate dissipation or plate loss
(Py) is then given by

Py= (Eb X Ip) - Py
If this value exceeds the maximum plate-
dissipation rating of the tube, it will be
necessary torecalculatesteps (1) through
(5) using a smaller conduction angle.

(6) Using the value of K, given in
Table I, calculate the grid bias required
(E¢) as follows:

Ec= -[Ks X (€omax + €bmw/s) + Ev/u)

where 4 is the amplification factor shown
in the published data for the tube.

(7) The peak rf grid voltage (Eg)
required to drive the grid from bias level
to the peak positive value determined
in step (3) is given by

E¢=-E; + €omax

(8) Determine peak grid current
(lomax) from the grid-current character-
isties curves, (The value of iop,, is
shown at the intersection of the plate-
voltage coordinate corresponding to
€pmip With the grid-voltage curve corre-
sponding to egmy,). Then, using the
value of K, given in Table II for the
calculated values of E, and E,, deter-
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mine the de grid current (I¢) as follows:
Ic= icmax/ K, -

If this value of Ic is greater than the
maximum grid-current rating for the
tube, or is undesirably large, it will be
necessary to recalculate using a higher
value for epmiy.

(9) The approximate driving power
(Pa) required by the tube is then given
by Pa=09X EgX I,

Example:

Calculate operating values for the
RCA-812-A for Class C Telegraphy
Service under ICAS conditions. The
plate voltage is selected to be 1500 volts;
the plate input, the maximum rated
value for the tube; and the plate-con-
duction angle, 140 degrees.

(1) From the published data for the
812-A, the maximum plate-input rating
is 260 watts. The dec plate current (Ip)
required to provide this input at a plate
voltage, (Ep) of 1500 volts is I, =
260/1500 = 0.178 ampere, or 173 milli-
amperes.

(2) From Table I, K, for a conduc-
tion angle of 140 degrees is 4. Therefore,
peak plate current (ipmax) = 0.173 X
4.00 =0.692 ampere, or 692 milliamperes.

(3) The average characteristics
curves given in Fig. 45 show that a peak
plate current of 692 milliamperes is ob-
tained at a peak positive grid voltage
(€emax) Of 118 volts and an effective min-
imum plate voltage (epmiy) of 140 volts,

(4) From Table I, K, for a conduc-
tion angle of 140 degrees is 0.862. There-
fore, power output (Po)= 0.862 X (1506
-140) X 0.173 = 203 watts (approx.).

(5) Plate dissipation (Pp) = (1500
X0.173) -203=57 watts (approx.)

This value is well within the 65-watt
maximum rating for the 812-A for class
C telegraphy under ICAS conditions.

(6) From Table I, K; and K, are
0.520 and 1.520, respectively. From the
published data, the amplification factor
u is 29, Therefore, the de grid voltage
or bias(Ec)=-[0.520X (118 + 140/29) +
1500/ 29] =-[0.520 X (118 + 4.8) + 52]
= —(64 + 52)= -116 volts.

(7) Peak rf grid voltage (Eg) =
~(~116) + 118 = 234 volts.
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(8) From the average characteris-
tics curves shown in Fig. 45, for €smay Of
+ 118 volts and epy, of 140 volts, peak
grid current (iemay) = 195 milliamperes
(approx.).

From Table II, K¢ for the ratio
Ec/Eg= 116 /234, or approximately 0.5,
is 5.78. Consequently, the dc grid cur-
rent (Ic) = 0.195/5.78 = 0.0337 ampere,
or 34 milliamperes (approx.).

(9) The driving power required at
the grid (Pd) = 0.9 X 234 X 0.034= 7.2
watts.

These calculated values are com-
pared below with the ‘“Typical Opera-
tion” values given in the published data
for the RCA-812-A in Class C Teleg-
raphy Service, ICAS conditions:

Calcu- Pub-
lated lished
DC Plate Voltage(Eb)...... 1500 1500 volts
DC Grid Voltage(Ec)....... -116 =120 volts
Peak RF Grid Voltage(Eg).. 234 240 volts
DC Plate Current (Ib) ..... 178 1738 ma
DC Grid Current,
(Approx.,Ie). ........... 34 30 ma
Driving Power (Approx., Pa) 7.2 6.5 watts
Power Qutput (Approx., Po) 208 190 watts

Plate-Modulated
Class C Telephony Service

Operating values for plate-modu-
lated class C amplifiers may also be cal-
culated by the procedure described
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above. As mentioned previously, how-
ever, de plate-voltage and dc plate-input
values selected for plate-modulated am-
plifiers must be within the maximum
ratings given in the tube data for this
type of service.

In general, adequate protection
against excessive dc plate input is ob-
tained when the dc plate voltage and
plate current do not exceed 80 per cent
of the maximum class C telegraphy
values. It is also usually desirable to em-
ploy a conduction angle smaller than
that used in telegraphy service to assist
in obtaining linear modulation, as dis-
cussed previously.

Frequency Multipliers

Operating values for frequency mul-
tipliers are also calculated as described
above, except that values for the con-
stants K;, K,, K;, K,, and K; are ob-
tained from Table III instead of Table
I, and the following equation is used to
determine the value of grid-bias voltage
for triodes:

—-(KSXElmax)+ (3 Eb - ebyin)
Table III
K Ks Ks K. Ky
Doubler 4.60 0.63 1.00 2,00 0.174
Tripler 6.90 0.63 38,27 4,27 0.116
Quadrupler 9.00 0.63 6.46 7.46 0.089



Class AB and Class B
AF Amplifier Service

Push-pull class AB and class B af
-.amplifiers are assumed to have a con-
-duction angle of 180 degrees.

This assumption is permissible (even
though the actual conduction angle per
tubeis slightly greater than 180 degrees)
because any plate currents drawn simul-
taneously by the two sides of the circuit
are effectively cancelled in the output
‘transformer and do not appear in the
composite plate-current waveform. DC
voltage, current, input, and dissipation
values for af amplifiers are calculated on
a per-tube basis; ac values such as power
-output, driving voltage, and driving
power are calculated for the entire stage.

The plate-circuit loads for af ampli-
fiers are usually iron-core transformers,
which are not adjustable to the same de-
.gree as the resonant tank circuits used
.as loads for rf amplifiers. To assure
proper loading for a class AB or B stage,
‘therefore, it is necessary to calculate the
plate-to-plate load resistance required,
-and to provide an output transformer or
-coupling device which presents this re-
;sistance to the plate circuit of the ampli-
fier when connected to the external load.
Because the dc plate current of a class
AB or class B af amplifier is small under
:zero-signal conditions and increases with
amplitude of the driving signal, it is also
necessary to calculate both the zero-sig-
nal plate current (Ip,) and the maximum-
:signal plate current (Ipy,y). The maxi-
mum-signal value should not be con-
fused with the peak plate current (ipm,y),
which is the highest instantaneous value
and, at the assumed conduction angle of
180 degrees, is equal to 3.14 X Ipge,-

Class AB2 Amplifiers
Multigrid Tubes

(1) Choose a plate voltage (Ep), a
de grid-No.2 (screen-grid) voltage (E,),
and a maximum-signal de plate current
(Iomax) Which provide a maximum-sig-
nal plate input within the maximum
ratings for the tube. Assume a plate-
conduction angle of 180 degrees.

(2) Using the value K, = 3.14 given
in Table I for a conduction angle of 180
degrees, calculate the peak plate current
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(ibmax) Per tube as follows:
ibmax = Ki X Ibmax = 3.14 Tbmax

(3) Determine peak positive grid-
No.1 voltage (€smayx) and effective mini-
mum plate voltage (epp;) from the
plate-family curves for the tube for the
calculated value of ipyqy and the chosen
value of E,. As mentioned earlier for
class C amplifiers, the best compromise
from the standpoints of plate-circuit
efficiency and power sensitivity is ob-
tained when ep,, is slightly to the right
of the ‘“knee” in the appropriate grid-
voltage curve.

(4) Using the value of K. = 0.785
given in Table I, calculate the power
output (P,) for the stage (two tubes in
push-pull) as follows:

Po= 2K, X (Eb - evmmn) X Tomax
= 1.57 X (Eb - evpn) X Tbmax

(5) The plate dissipation (P,) per
tube is then given by

Pp= (Eb X Ibmu) — Pos2
If this value exceeds the maximum plate
dissipation rating per tube for class AB,
service, it will be necessary to recalcu-
late steps (1) through (5) using either a
smaller peak plate current (and, conse-
quently, a smaller maximum-signal dc
plate current), or a lower value of ey,

(6) The zero-signal dec plate current
(Ino) per tube is selected to provide a
combination of high power output with
low odd-harmonic distortion. A small
value of Ip, is desirable for high power
output, but a value above the “knee’ of
the tube characteristic must be used to
minimize distortion.

In most cases, a suitable value for
I, is one which results in a zero-signal
plate dissipation per tube of one-third
to one-half the maximum rated value
(Ppmax). For one-third maximum dissi-
pation, the zero-signal plate current
(Iny) per tube is given by

Ibo = Ppmax/(3 X Eb)

(7) The dc grid-No.1 bias voltage
(E¢) required to obtain the desired
value of I, can then be determined
from the plate-family curves for the
chosen value of Eq,.

(8) The peak af grid-No.1 (driving)
voltage (Eg) required for each tube is
given by

Egi= -Eo; + €cimax




The total driving voltage (Eg.g) re-
quired for the stage, therefore, is given

by
Egeqr= 2 X (Bg) =2 X (-Ee + €cimax)

(9) The plate-to-plate load resist-
ance (Rpp.p) required for a push-pull
class AB, or class B af amplifier is given
by

RLD—D = 127X (Eb - eI‘.bmln)/lbmnx
This value is four times the resistance
represented by a load line drawn on the
appropriate plate-family curves for the
tube from the ipmax, €bmig POint to the
intersection of the plate-voltage (Ep)
coordinate with the I, = 0 axis.

(10) Determine the peak grid-No.1
current (ic;max) Per tube from the grid-
No.l-current curves given for the tube.
The value of ic;max i8 shown at the in-
tersection of the epmin coordinate with
the ecymax cUrve.

(11) The maximum-signal driving
power (Pa) required by the push-pull
stage is given by

Pa= iCHnax X Esl/z

(12 )The peak grid-No.2 current
per tube (icsmax) is obtained from the
grid-No.2 characteristics curves for the
chosen grid-No.2 voltage.

(13) Using the value K, = 0.25 given
in Table I for a conduction angle of 180
degrees, calculate the maximum-signal
grid-No.2 current (Ie,msx) Per tube as
follows:

Icsmax = Ks X icamax = 0.25 icomax

(14) The maximum-signal grid-No.2
input (We,) per tube is then given by

Wer = Ecp X Ieamax
If this value of W, exceeds the maxi-
mum rating for the tube, it will be neces-
sary to reduce either epyy or Eq,.

The zero-signal grid-No.2 current
(Lego) is usually a small fraction of the
maximum-signal current (Icomax). Con-
sequently, it has little or no effect on the
maximum grid-No.2 input, and is not
an important consideration.

Example:

Calculate operating values for a
push-pull class AB; af amplifier stage
using two RCA-6146 tubes operating
under ICAS conditions. The basic oper-
ating values are Ep = 600 volts, E,,
200 volts, and Ipmee= 135 milliamperes
per tube.
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(1) Plate input per tube (P;) = 600 -
X 0.185 = 81 watts. This value is well
within the maximum rating of the 6146
for this type of service (90 watts).

(2) For'a conduction angle of 180
degrees, peak plate current per tube-
(ibmax) = 8.14 X 0.135 = 0 424 ampere,
or 424 milliamperes.

(3) From the average plate charac-
teristics curves for Eg, = 200 volts given
in the data section, the peak positive -
grid-No.1 voltage per tube (ecimax) =
+5 volts (approx.) and the effective
minimum plate voltage (epmp) = 65
volts (approx.).

(4) Power output for two tubes in
push-pull (Po)= 1.57 X (600-65) X 0.135 -
= 113.5 watts.

(5) Plate dissipation per tube (Py)
(600 X 0.135) - 113.5/2 = 24.2 watts.

(6) For one-third maximum rated
plate dissipation, zero-signal de plate:
current (Ino) = 25/(8 X 600) = 0.0139
ampere, or 14 milliamperes (approx.)
per tube.

(7) From the plate-family curves
for Ee = 200 volts, the dc grid-No.1
voltage or bias (E,,) required to produce
a zero-signal plate current of 14 milli-
amperes per tube at a plate voltage of
600 volts is approximately —51 volts.

(8) The peak af grid-No.1-to-grid—
No.1 (driving) voltage (Eg.g) =
2 [=(-51) +5) = 112 volts.
(9) The effective plate-to-plate load
1.27X (600 - -65)
0.135 -
5033, or approximately 5000 ohms.

(10) From the grid-No.l curves.
given in the data section for E¢, = 200
volts, peak grid-No.1 current (ic;max) iS-
8 milliamperes (approx.) for ecimax =
+5 volts and eppyi, = 65.

(11) The driving power required to-
produce maximum power output (Pa) =
(0.008 X 56)/2 = 0.22 watt.

(12) From the grid-No.2 curves for
Ee, = 200 volts given in the data section,
for ec,max=+5 volts and eppiy=65 volts,
peak grid-No.2 current per tube (fcamax)
= 45 milliamperes.

(13) The dc maximum-signal grid-
No.2 current per tube (Lo, max) = 0.25 X
45 = 11.2 milliamperes.

resistance (Rppp) =
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(14) Maximum-signal grid-No.2 in-
gut per tube (W) = 200 X 0.0112 =
2.24 watts. This value is well within the
maximum rating for the 6146 (38 watts
per tube).

These calculated values are com-
ared below with the nearest ‘“Typical
peration’’ shown in the published data

for the 6146 in Class AB, Operation,
[CAS conditions.

Values are for two tubes Cl:::i‘- lﬁ;:::i

C Plate Voltage (Eb).. 600 600 volts

C Grid-No.2

Voltage (Ec2)........ 200 190 voits
DC Grid-No.1 Voltage
_ (Fixed Bias, Ea)..... -51 —48 volts
Peak AF Grid-No.1-to-

Grid-No.1 Voltage

(Egigt) .o oo vvvnnnn. 112 109 volts
Zero-Signal D C Plate

Current (2Ibo)....... 27 28 ma
Maximum-Signal DC

Plate Current (2Ibmax) 270 270 ma
Zero-Signal DC Grid-

No.2 Current (2Icw). .. —_ 1.0 ma
Maximum-Signal DCGrid-

No.2 Current (2Lesmax) 22.4 20 ma
Effective Load Resistance

(Plate to plate, RLp-p) 5000 5000 ohms
Maximum-Signal Driving

Power, (Approx., Pqd). 0.22 0.3 watt
Maximum-Signal Power

Output, (Approx., Po). 113.5 110 watts

Class B Amplifiers
Triodes

The procedure for calculating oper-
ating values for push-pull triode class B
stages is substantially the same as that
given above for multigrid-tube class
AB, stages, but does not involve calcu-
ations for grid-No.2 voltage, current,
nput, or dissipation.

Example:

Calculate operating values for a
class B modulator stage using two RCA-
812-A’s operating under ICAS condi-
tions. The dc plate voltage (Eyp) is 1500
volts, and the maximum-signal dec plate
current (Ipmayx) Per tube is 155 milli-
amperes,

(1) Plate input per tube (P|) =
1500 X 0.155 = 232.5 watts. This value
s slightly less than the maximum plate-
nput rating of the 812-A for ICAS
pperation (235 watts).

(2) For a conduction angle of 180
degrees, the peak plate current per tube
(ibmax) = 3.14 X 0.155 = 0.487 ampere,

or 487 milliamperes.

(3) From the average plate charac-
feristics curves shown in Fig. 45, for
ibmax = 487 milliamperes, the peak posi-
tive grid voltage (eomax) = + 90 volts
(approx.) and the effective minimum
plate voltage (ebmin) = 100 volts.

(4) Power output for two tubes
(Po) = 157 X (1500-100) X 0.155 = 340
watts (approx.).

(5) Plate dissipation per tube (Pp)
= (1500 X 0.155) -340/2 = 62.5 watts.
This value is within the maximum rating
for the 812-A (65 watts).

(6) For one-third maximum rated
dissipation, zero-signal dc plate current
per tube (Ino) = 65/(38 X 1500) = 0.0145
ampere = 14.5 milliamperes.

(7) From the plate characteristics
curves given in Fig. 45, de grid voltage
or bias (E,) required to produce this
value of plate current at a plate voltage
of 1500 volts is approximately —45 volts.

(8) The peak af grid-to-grid driving
voltage required for maximum power
output (Egg) = 2E; = 2[—(-45) +90]
=270 volts.

(9) The effective plate-to-plate load
resistance (Reog) = 1.27 XO.(1155;)0—100)

= 11500 ohms (approx.).

(10) From the grid-current curves
shown in Fig. 45, peak grid current
(icmax) fOr €emax = + 90 volts and epmn
=100 voltsis 140 milliamperes (approx.).

(11) The driving power required for
maximum output (Pq) = (0.140 X 135)/2
= 9.45, or approximately 9.5 watts. These
calculated values are compared below with
the‘“Typical Operation” values for ICAS
conditions shown in the published data
for the RCA-812-A in Class B Modula-
tor Service, ICAS conditions.

Values are for two tubes CI:‘:::::' lﬁl;l':‘d
DC Plate Voltage (Eb). . 1500 1500 volts
DC Grid Voltage (E¢) .. —45 —~48 volts
Pesk AF Grid-to-Grid

Voltage (Eg-g)....... 270 270 volts
Zero-Signal DC Plate

Current (2Ibo)....... 28 ma
Maximum-Signal DC Plate

Current (2Ibmax) . ... 810 8310 ma
Effective Load Resistance

(Plate-to-plate, RLp-p) 11500 13200 ma
Maximum-Signal Driving

Power (Approx.,Pd). . 9.5 5 watts
Maximum-Signal Power

Output (Approx., Po).. 840 840 watts
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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. 46
when all electrode voltages are changed
simultaneously in the same ratio. The
nemograph includes conversion factors
for current (F)), power output (Fp),
plate resistance or load resistance (F}),
and transconductance (Fgm) for voltage
raitos between 0.5 and 2.0. These fac-
tors are expressed as functions of the
ratio between the desired or new voltage
for any electrode (Eaes), and the pub-
lished or original value of that voltage
(Epub). The relations shown are appli-
cable to triodes and multigrid types in
all classes of service.

RCA Transmitting Tubes

To use the nomograph, simply
place a straight-edge across the page so
that it intersects the scales for Eges and
Epub at the desired values. The desired
conversion factor may then be read di-
rectly or estimated at the point where
the straight-edge intersects the Fy, Fy,
Fr, or Fgn scale.

For example, the dashed lines on
the nomograph show that for a ratio
Eages/Epub of 2/2.5 (all electrode volt-
ages reduced 20 per cent), F) is approxi-
mately 0.72, F, is approximately 0.57,
Fr is 1.12, and Fgm is approximately
0.892. These factors may be applied di-
rectly to operating values shown in the
tube data, or to values calculated by the
methods described previously.

When only one electrode voltage of
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a tube is changed, for example in the
calculation of operating conditions for a
multigrid tube operated at a grid-No.2
voltage for which curve families are not
available, the nomograph is used twice.
The procedure is shown in the following
example:

Determine operating values for an
RCA-6146 beam power tube in Class C
Telegraphy Service at its maximum
ICAS plate-voltage (Ep) and plate-input
(Py) ratings of 750 volts and 90 watts,
and at a grid-No.2 voltage (E,,) of 160
volts. (The dec plate current Ip of the
tube under the desired conditions is 90
watts/750 volts, or 120 milliamperes.)

Because curve families are not avail-
able for an Eg of 160 volts, operating
conditions must first be calculated for
the nearest value of Ee, for which curves
are available (i.e., 150 volts). For this
calculation, the chosen values of Ep and
Ip must be converted to the correspond-
ing values for Eg, = 150. The plate volt-
750 X 150,

160
mately 708 volts. Using conversion-fac-
tor values obtained from the nomograph
for the voltage ratio 150/160, the plate
current (In) = Fy X I, = 0.91 X 120, or
approximately 109 milliamperes.

For a conduction angle of 140 de-
grees, K, = 4 and the peak plate current
(ibmax) = 4 X 109 = 436 milliamperes:

From the plate-family curves of the
6146 for E¢, = 150 volts shown in the
tube data, the effective minimum plate
voltage (ebmin) = 75 volts and the peak
positive grid voltage (ecymax) = +15
volts.

From the corresponding grid-No.1
and grid-No.2 curve families, peak grid-
No.l current (icymgx) = 24.5 milli-
amperes and peak grid-No.2 current
(icomax) = 39.5 milliamperes.

These instantaneous voltages and
currents can now be converted to cor-
responding values for the desired E¢, of
160 volts. For the voltage ratio 160,150,
or 1.066, ebmin = 75 X 1.066, or approxi-
mately 80 volts, and ecymax = +15 X
1.066, or approximately 16 volts.

From the nomograph, the current
conversion factor Fy for theratio 160/150
is 1.1. Consequently, ic;max = 24.5 X 1.1,
or approximately 27 milliamperes, and

age (Ep) becomes or approxi-

icomax=389.5X 1.1,0r approximately 43.5
milliamperes.

The remaining operating values can
then be calculated: Power output (P,)
= K: X (Ep-eomm) X In = 0.862 (750—
80) X 0.120 = 69.3 watts.

Thedecgrid-No.1 voltageorbias(Ee,)

= ~(K; X ecymax) _M’=_(o_52

LT
X 16) -1.52 (160/4.5), o approximate-
ly —-62 volts. .

The peak rf grid-No.1 voltage (Ey,)
= =(—62) +16 = 78 volts.

From Table II, the constant K, =
9.15 (approx.) for an E./E ratio of
62/78, or 0.795. Consequently, the de
grid-No.1 current (I.) = 27/9.15, or
approximately 8 milliamperes.

The dc grid-No.2 current (I.,) =
K X icomax = 0.2 X 43.5, or 8.7 milli-
amperes. The de grid-No.2 input (W)
= 160 volts X 0.0087 amperes, or ap-
proximately 1.4 watts.

These calculated values are com-
pared below with the published ‘“Typi-
cal Operation” values for the 6146 in
Class C Telegraphy, ICAS conditions:

Calcu- Pub-

lated  lished
DC Plate Voltage (Eb). . 750 750  volts
DC Grid-No.2

Voitage (E¢2)........ 160 160  volts
DC Grid-No.1

Voltage (Ee1)........ -62 -62  volts
Peak RF grid-No.1

Voltage (Egt)........ 8 79 volts
DC Piate Current (Ib). . 120 120 ma
DC Grid-No.2

Current (Ie2)......... 8.7 11 ma
DC Grid-No.1

Current (Ia1)......... 3 3.1 ma
Driving Power,

(Approx.,Pd)........ 0.21 0.2 watt
Power Output,

(Approx.,Po)........ 69.3 70 watts
Plate-input power (Pi). . 90 90 watts
Plate dissipation (Pq)... 21 20 watts
Grid-No.2 Input (Wes).. 1.39 1.76 watts

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

The nomograph does not take into
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consideration the effects of contact po-
tential or secondary emission in tubes.
Because contact-potential effects be-
come noticeable only at very small de
grid-No.1 (bias) voltages, they are gen-
erally negligible in power tubes. Second-
ary emission may occur in conventional
tetrodes, however, if the plate voltage
swings below the grid-No.2 voltage.
Consequently, the conversion factors
shown in the nomograph apply to such
tubes only when the plate voltage is
greater than the grid-No.2 voltage. Be-
cause secondary emission may also oc-
cur in certain beam power tubes at very
low values of plate current and plate
voltage, the conversion factors shown in
the nomograph do not apply when these
tubes are operated undersuch conditions.

Adjustment and Tuning

AF equipment does not normally
require tuning or preliminary adjust-
ments other than those necessary for
obtaining plate-current balance in push-
pull stages. Subsequentoperating adjust-
ments of gain or input-signal level and
‘““tone” or frequency response can usually
be made without the aid of auxiliary
equipment.

Tuning and operating adjustments
in rf power equipment, however, are nu-
merous and complex and require the use
of instruments for accurate measurement
of frequency, dc grid current, de plate
voltage and current, and dc screen-grid
(grid-No.2) voltage and current of multi-
grid tubes. Other equipment which may
be necessary or useful includes: a grid-
dip oscillator for preliminary tuning of
resonant tank circuits and for neutrali-
zation adjustments; a “dummy load”
(an incandescent lamp or non-inductive
resistor having suitable resistance and
wattage rating) used to absorb the power
output of the final stage so that unau-
thorized frequencies or other improper
signals which may be produced during
preliminary adjustments are not radi-
ated by the antenna system or load;
simple rf indicators, such as a neon lamp
or a small flashlight bulb which is con-
nected to a one- or two-turn loop of wire;
andsimpledevicesfor measuring approxi-
mate frequency, such as absorption-type
wavemeters. A cathode-ray oscilloscope
is desirable for proper adjustment of
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radiotelephone, television, and facsimile
transmitters.

Because a class C stage may draw
excessive plate current if operated even
momentarily into an improperly tuned
plate-tank circuit, all plate-tank circuits
should be tuned to their approximate
operating frequencies (with the aid of a
grid-dip oscillator) before actual operat-
ing adjustments are begun. During this
preliminary tuning procedure, all plate,
screen-grid,and grid-bias supplies should
be turned off, but all tubes and circuit
components should be in place and nor-
mal filament or heater voltages should
be applied to the tubes to assure that the
stray capacitance and inductance of each
stage are substantially the same as those
present during operation.

Tuning Procedure

Tuning and adjustment of rf power
equipment starts in the oscillator or in-
put stage, and continues through suc-
ceeding stages along the path followed
by the rf signal. The procedure used in
tuning class C stages is generally the
same for all types of service, circuit con-
figurations, and tube types. Consequent-
ly, the procedure given below for tuning
a ‘“‘straight-through’” rf amplifier stage
also applies to frequency multipliers. It
is assumed that the amplifier has been
properly neutralized, if required, by the
method described later, and that the
preceding stage or ‘‘driver’’ has been
properly tuned and is delivering full out-
put at the desired frequency.

(1) Make sure that all power to the
equipment is off.

(2) Disconnect all positive plate,
screen-grid, and suppressor-grid supply
leads from the amplifier and from all
following stages.

(8) If variable coupling is used be-
tween driver and amplifier, adjust the
coupling to approximately one-half
maximum,

(4) Apply only normal filament or
heater voltage to the amplifier, and all
normal operating voltages to the driver.

(5) Quickly tune the driver plate
circuit to resonance, which is indicated
by a dip in driver plate current, as shown
in Fig. 47, and by maximum grid cur-
rent in the amplifier stage. If the ampli-
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fier has a tuned grid circuit, this circuit
should also be tuned to resonance (indi-
cated by an increase in the amplifier
grid current).

(6) Increase the coupling between
driver and amplifier, being careful not
to exceed the maximum permissible grid
current for the amplifier tube or tubes.
It should be possible to obtain full rated
grid current for the amplifier stage with-
out overloading the driver (overload
being indicated by excessive driver plate
current at resonance).

(7) Retune the driver plate circuit
(and the amplifier grid circuit) to reso-
nance. This procedure should always be

!
:"—‘RESONANCE

OC PLATE CURRENT(Ip)
Loormaaaaaadho oo

TANK TUNING CAPACITANCE
Fig. 47
followed after a change is made in
coupling orloading to compensate for the
normal detuning effects of such changes.

(8) Turn on any fixed-bias supplies
for the amplifier, and make any circuit
changes or adjustments necessary to as-
sure that the plate, screen-grid, and sup-
pressor-grid voltages for the amplifier
will not be more than 50 per cent of their
normal values when applied. Disconnect
the external load from the amplifier
plate-tank circuit, or, if this change is
not practicable, reduce the coupling be-
tween amplifier and external load to
minimum. If the load for the amplifier
is another tube, remove this tube from
its socket.

(9) Apply plate, screen-grid, and
suppressor-grid voltages (50 per cent of
normal values) to the amplifier, but not
to any following stages, and quickly
tune the amplifier plate circuit to reso-
nance. When an amplifier is operated
without a load connected to its plate
tank, its plate current will usually dip
at resonance to between 10 and 20 per
cent of the normal full-load value. The

absolute value of the no-load plate cur-
rent at resonance depends on the Q of
the plate-tank circuit, the type of bias
used, and the rf excitation voltage, and
should not be considered an indication
of the amplifier efficiency.

If the plate current of an unloaded
triode does not dip in the normal man-
ner, the trouble may be caused by inade-
quate grid excitation, excessive tank-
circuit losses, orimproper neutralization.
If the plate-tank circuit of any class C
amplifier cannot be tuned to resonance,
the tank-circuit inductance or capaci-
tance, or both, may have to be increased
or decreased in value, depending on
whether the circuit is found to tune
higher or lower than the desired fre-
quency. An absorption-type wavemeter
is useful in such adjustments.

If flashover occurs in the plate-tank
capacitor during tuning adjustments, re-
connect the load to the amplifier output
circuit and/or increase the coupling be-
tween amplifier and load until the rf
voltage is reduced sufficiently to elimi-
nate the flashover.

(10) Connect the external load to
the amplifier plate tank. (If this step has
already been taken to eliminate flash-
over, as described above, tighten the
load coupling.) When the load is applied
or the load coupling increased, the plate
current of the amplifier should rise. Re-
tune the amplifier plate tank to reso-
nance after each change in coupling.The
amplifier plate current should still dip at
resonance, but its minimum value should
be considerably higher than under no-
load conditions, as shown by the dashed
curve in Fig. 47.

(11) Apply full plate, screen-grid,
and suppressor-grid voltages to the am-
plifier. Increase the coupling between
amplifier and load, retuning the ampli-
fier plate tank to resonance as often as
necessary, until the plate current at the-
resonance dip has the desired value. In
no case should the plate input (the prod-
uct of the dc plate voltage and dc plate
current) exceed the maximum value
given in the tube ratings for the type of
service involved.

Because the dec grid current of an
amplifier decreases as the load on the
amplifierisincreased, grid current should
be checked after each change in load or
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load coupling to make sure it has not
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dropped appreciably below the normal’

or desired value. If it has, the cause may
be insufficient grid excitation or exces-
sive grid bias.

Neutralizing Adjustments

The procedure used in neutralizing
rf amplifiers is substantially the same
regardless of the neutralizing circuits or
tube types employed. The tube operating
conditions used are similar to those em-
ployed for preliminary tuning of plate-
tank circuits, except that excitation at
the highest operating frequency is ap-
plied to the stage being neutralized.

(1) Make sure that all power to the
equipment is off.

(2) Disconnect all positive plate,
screen-grid, and suppressor-grid supply
leads from the amplifier and from all
following stages. Adjust the coupling be-
tween driver and amplifier to maximum,
and loosely couple a fairly sensitive rf
indicator to the amplifier plate-tank coil.
Although a simple indicator is usually
satisfactory, a sensitive rf meter con-
nected to a one- or two-turn loop or a
vacuum-tube voltmeter equipped with a
suitable rectifier probe provides more
exact indications, particularly for final
adjustments.

(3) Apply normal filament or heater
voltage to the amplifier, and all normal
-operating voltages to the driver, and tune
‘the driver plate circuit to resonance.

(4) Tune the plate-tank circuit of
the amplifier to resonance (shown by
maximum brightness or maximum read-
ing of the rf indicator). Adjust the neu-
tralizing capacitor until the rf indicator
shows minimum brightness reading.

(5) Carefully retune the amplifier
plate-tank circuit to resonance. The rf
indicator should now show a new maxi-
mum reading, but one having substan-
tially smaller magnitude than the origi-
nal reading. Again adjust the neutral-
izing capacitor for a minimum reading
on the rf indicator. The driver plate-
tank ecircuit should be checked and, if
necessary, retuned to resonance during
these adjustments.

Repeat step (5) until a setting for
the neutralizing capacitor is found which
produces no indication of rf voltage in
the amplifier plate circuit. As this set-
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ting is approached, it will probably be
necessary to increase the coupling be-
tween the rf indicator and amplifier
plate tank to obtain useful indications.
A stage may be considered properly neu-
tralized when the rf indicator shows zero
at maximum coupling.

In neutralizing a push-pull ampli-
fier, both neutralizing capacitors should
be adjusted simultaneously. However,
both capacitors will seldom have the
same setting at the point of complete
neutralization because of slight differ-
ences in tube and stray circuit capaci-
tance, and because split tank circuits are
seldom electrically symmetrical.

A dc milliameter connected in the
grid-return circuit of an amplifier can
also be used as a very sensitive indicator
for neutralizing adjustments. The am-
plifier is operated without plate, screen-
grid, or suppressor-grid voltage, and suf-
ficient rf excitation is applied to produce
a normal value of grid current. If the
amplifier is not properly neutralized, its
grid current will vary when its plate-
tank circuit is tuned through resonance.
The neutralizing capacitor should then
be adjusted slowly while the amplifier
plate-tank circuit is tuned back and
forth through resonance. As the point of
neutralization is approached, the varia-
tions in grid current decrease. When the
amplifier is perfectly neutralized, tuning
of its plate-tank circuit through reso-
nance does not cause even a slight
change in the reading of the grid-current
meter.

In some cases, it may not be possi-
ble to eliminate rf feedthrough entirely
by adjustment of the neutralizing capaci-
tor. This difficulty is usually an indica-
tion of stray coupling between the am-
plifier and driver plate tanks, or of stray
capacitances in various portions of the
amplifier which tend to unbalance the
neutralizing circuit. Adequate shielding
between the driver and amplifier and be-
tween the grid and plate circuits of the
amplifier will usually eliminate this
difficulty.

The difficulty may also arise in a
stage employing a split-stator tank ca-
pacitor if the ground lead of the capaci-
tor is not connected by the shortest pos-
sible path to the cathode-return point
of the stage.



Power-Tube Installation

Because power tubes usually operate
at high voltages and temperatures, draw
heavy currents, and are used in high-
efficiency circuits, terminal connections
for such tubes should have large-area,
low-resistance contacts capable of ac-
commodating relatively large wire sizes
and utilize high-quality insulation.

Sockets or mountings for power
tubes having filamentary cathodes
should be installed, as a general rule, so
that the tubes are operated in a vertical
position with the base or filament end
down. Vertical operation minimizes the
danger of internal short circuits which
may be caused by thermal expansion or
sagging of the filament. Certain fila-
mentary-cathode vacuum types may be
operated in other than vertical positions,
provided precautions specified in the
tube data are observed. Tubes having
indirectly heated cathodes may gener-
ally be operated in any position.

If equipment is to be subjected to
mechanicalshock or vibration, the equip-
ment housing, the tube mountings, or
both should include some form of shock-
absorbingsuspension, andsuitablemeans
should be employed to lock the tubes in
their sockets or mountings.

Ventilation

Power-tube equipment design
should always permit the unimpeded
circulation of air around all tubes and
include provision for adequate ventila-
tion of tube and equipment enclosures
30 that envelope temperatures will not
become high enough to damage the tubes
or their associated circuit components.

Most of the tubes listed in this
Manual are designed for operation at
maximum ratings with natural convee-
tion cooling. Certain types, however,
such as the 6161, require forced-air cool-
ing. Other types, such as the 826, 829-B,
and 833-A, can be operated with natural
convection cooling, but carry substan-
tially higher ratings when forced-air
cooling is employed. Maximum permis-
sible bulb temperatures and forced-air
flow and pressure requirements are given
in the Tube Types Section for most types.

The glass portions of a tube enve-
lope should not be exposed to the spray
of any liquid or be permitted to come in
contact with metal objects such as cir-
cuit wiring or grounded metal shields
because excessive temperature differ-
ences may cause envelope fractures.
Shields should not fit so closely as to im-
pede the free circulation of air around
the tubes. In many cases, they may be
designed to produce a ‘“‘chimney”’ effect
which will increase the draft and im-
prove tube ventilation.

The maximum permissible bulb
temperature of a vacuum tube or inert-
gas tube is determined principally by
the softening point of the glass employed,
or by the point at which gas may be
released by the envelope. In the case of
mercury-vapor tubes, both minimum
and maximum bulb-temperature limits
are specified to assure satisfactory va-
porization of the mercury. Temperature
considerations for mercury-vapor tubes
are discussed in the Rectifier Considera-
tions Section.

Wiring Considerations

Energy losses in power-tube cireuit
wiring limit operating efficiencies and
may produce undesirable heat. These
losses may be caused by conductor re-
sistance (I2ZR losses), leakage (E2/R
losses), radiation, or stray coupling.

Excessive I2R losses in power-tube
circuit wiring can be avoided by the use
of conductors having adequate current-
carrying capacity and the lowest possi-
ble resistance, and layouts which permit
short, direct, connectingleads. Filament-
and heater-circuit conductors are par-
ticularly susceptible to large I2R losses
because they carry currents of high
average (dc) or rms (ac) value, and be-
cause their resistance is increased by
heat received by direct thermal condue-
tion from the tube filaments or heaters.
When an installation requires the use of
long filament-supply leads or operation
of several high-current tubes from a com-
mon filament-supply line, these losses
may cause filament voltages to decrease
below the minimum values specified in
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the tube data and the tubes may be dam-
aged. In such cases, conductors of ade-
quate size should be used to avoid exces-
sive losses or sufficient excess voltage
should be provided at the supply to com-
pensate for the resulting losses. In the
latter case, means of adjusting the sup-
ply voltage and suitable metering facili-
ties should be provided to assure that
correct filament or heater voltage is
received at all terminals.

Excessive I2R losses in signal con-
ductors may also cause improper opera-
tion and tube damage, particularly in
driving circuits where the signal pro-
vides the required operating bias as well
as protection of the tube. In the selection
of signal conductors, consideration must
be given to ‘“‘skin effect,” which causes
current to concentrate nearer the surface
of a conductor as the frequency increases,
as well as to the type of circuit and the
waveform of the signal current.

A signal conductor should have low
resistance at the highest frequency in-
volved, and be capable of carrying the
highest peak currents flowing in the cir-
cuit with negligible heating. Solid or
‘stranded conductors are suitable for af
applications, and a special type of mul-
tiple-strand conductor called ‘‘Litzen-
draht” for low- and medium-power rf
applications at frequencies up to approxi-
mately 3 megacycles per second. At
higher frequencies it is advisable to use
tubular conductors, which should be
silver-plated, if possible, to obtain maxi-
mum surface conductivity and to mini-
mize the effects of oxidation.

Leakage (E2/R) losses are caused
primarily by inadequate or improper in-
sulating materials, or by insufficient
separation between air-insulated con-
ductors. In the selection of insulating
materials ‘for power-tube installations,
consideration should be given to thefact
that very high peak-signal voltages may
be developed in circuits operating at
relatively low dc petentials. In addition,
the type of insulating material used at
any point must be suitable for the tem-
perature and frequency involved.

As a general rule, conductors having
enamel, plastic, or fabric coverings
should be used only in supply circuits
and low-frequency signal circuits opera-
ting at low voltages. Supply-circuit con-
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ductors should be installed in compara-
tively cool locations as far from signal
conductors and unshielded signal com-
ponents as possible. Such conductors,
when completely insulated, may usually
be grouped or cabled together on the
chassis or framework of the equipment.
When high voltages or very high tem-
peratures are involved, it is generally
preferable to use bare conductors which
are adequately spaced and supported by
insulators of suitable mechanical design.

RF signal conductors, particularly
those carrying vhf or uhf currents,should
not be insulated, except at points where-
mechanical support is necessary, because
practically all types of surface insulation
absorb appreciable energy in the pres-
ence of rf fields.These conductors should
be isolated from each other, from circuit
components, and from the equipment.
structure.

Losses of signal energy by radiation
from circuit conductors increase with
current and with the length of the con--
ductors, but usually do not become ap-
preciable until conductor length ap-
proaches a substantial fraction of a half-
wavelength at the operating frequency.
Lead length requires careful considera--
tion in vhf and uhf equipment, however,
because of the close relationship between
practical conductor dimensions and sig-
nal wavelengths.

Siray coupling in circuit wiring may
produce out-of-phase signal currents in
a conductor. These currents cause de-
generation losses. Such losses may be-
minimized by the use of short, direct,
circuit connections.These considerations.
are discussed below under ‘‘Circuit Re-
turns.”

Cap or wire bulb terminals such as.
those used on the 807 and 6524 should
never be used to support coils, capaci-
tors, or other circuit components be-
cause the resulting mechanical stresses
may fracture the bulb seals. Connections.
to bulb terminals should always be made
with soft metallic braid or ribbon, or
with other types of conductors having
good mechanical flexibility and low elec-
trical resistance. Under no circumstances
should connections be soldered to cap or
wire bulb terminals because the high
temperatures developed may soften or
crack the bulb seals. The long, flexible,.
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wire terminal leads used on subminia-
ture types such as the 5718, however,
may be soldered directly to circuit com-
ponents, provided speed and care are
used to minimize the transmission of
heat to the bulb seals.

Circuit Returns

All currentsin a power tube (except
heater current) originate in and return
to the cathode, which is, therefore, a
common terminal of all supply and sig-
nal circuits associated with the tube.The
direct currents drawn by the tube elec-
trodes return to the cathode through the
power-supply and bias circuits.Although
these circuits also provide return paths
to the cathode for signal currents, they
usually contain resistive and reactive
components which offer considerable
impedance to ac signals and thus cause
substantial loss of signal energy. When
a single power supply is used for more
than one stage, its internal impedance
may also act as a coupling device be-
tween stages and thus introduce unde-
sired degeneration or regeneration.These
effects may generally be avoided by the
use of separate ac and de return paths to
cathode from each electrode or signal
circuit of a tube.

DC circuit returns for a power
tube employing fixed bias, grid-resistor
bias, or a combination of the two, are
made to the cathode terminal of the
tube.When cathode-resistor bias is used,
either alone or in combination with an-
other type of bias, the de circuit returns
are usually connected to the more nega-
tive terminal of the cathode resistor. If
the dc voltage drop across the cathode
resistor is greater than the bias required,
however, the grid-circuit de return for
the tube may be connected to a tap on

the cathode resistor which provides the .

desired bias voltage. When an rf choke
coil or a resonant network is connected
in series with the cathode of a power tube
employing fixed or grid-resistor bias, de
circuit returns are made in the same
manner as when cathode-resistor bias is
used. In a filamentary-cathode power
tube, the heating current creates a volt-
age drop in the cathode which is equiva-
lent to a bias voltage equal to about one-
half the filament voltage. The polarity

nd value of this drop must be considered
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in determining the point to be used for
de cireuit returns.

When de filament voltage is applied
to a filamentary:cathode tube, all dc
circuit returns should be connected to
the negative filament terminal of the
tube. The use of this point for de returns
Provides a small amount of protective
bias for the tube because the grid is
maintained at a negative potential with
respect to the cathode in the event that
external bias fails or is accidentally
removed.

When ac voltage is applied to a fila-
mentary cathode, de circuit returns
should be made to the mid-point of the
filament or filament-supply circuit to
minimize hum. A convenient point for
these returns is a center tap on the sup-
ply winding of the filament transformer,
or the junction of two equal resistors
connected in series across the filament
circuit.

Most heater-cathode tubes have a
single cathode terminal which is used for
all circuit returns or for connection of a
cathode resistor. In some heater-cathode
tubes, however, two or more cathode X
terminals are provided to permit the use
of separate ac return leads from the in-
put and output circuits of the tube and
thus minimize cathode-lead degenera-
tion. Because these terminals are con-
nected in parallel internally, any one of
them may be used as the de return point
of the tube or for connection of a cath-
ode resistor.

When a heater-cathode tube is oper-
ated with fixed bias or grid-resistor bias,
or with cathode-resistor bias within the
maximum heater-cathode voltage rating
of the tube, the heater should be con-
nected to the de return point of the tube.
In other cases, the heater should be con-
nected to the tube cathode or to a point
having the same dc potential as the
cathode. Although either of the heater
terminals may generally be used for this
connection, it may sometimes be neces-
sary to use a center tap on the heater
winding of the supply transformer or a
center-tapped resistor across the heater
circuit to minimize hum.

The use of separate ac and de re-
turns in power-tube installations mini-
mizes signal-energy losses in power-sup-
ply and bias circuits. It also minimizes




degenerative or regenerative effects
which may result if common signal-
return paths are used for the input and
output circuits of a tube or for the cir-
cuits of more than one tube. AC returns
are generally made through capacitors
directly to the cathode, or to points hav-
ing the same ac potential as the cathode,
regardless of the location of the de
return point.

In af applications, the grid, plate,
and screen-grid circuit returns of the
tube may be bypassed individually to
the chassis or to a common ground bus
(and thus to the cathode), as shown in
Fig. 48, by capacitors which have very
low impedance at audio frequencies. In
this case, the length of the portions of
chassis or ground bus used as common
ac return paths is not critical because
the impedance of such paths at audio
frequencies is generally negligible.

At radio frequencies, however, a
distance of even a fraction of an inch be-
tween points on a chassis or ground bus
may represent a substantial impedance
and produce undesirable coupling effects.

C=AF BYPASS CAPACITOR

Fig. 48

The ac circuit returns of an rf stage
should, therefore, be connected directly
to the appropriate cathode terminals of
the tube socket or to a single point on
the chassis which is at the same ac po-
tential as the cathode. Fig. 49 is a semi-
pictorial diagram showing the ac circuit
returns required in a high-frequency am-
plifier stage using a beam power tube.
Bypass capacitors are used across each
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side of the filament center-tap resistor
to minimize the rf impedance of the

VOLTAGE

C=RF BYPASS CAPACITOR

Fig. 49

filament circuit. Capacitors used in rf
bypass applications should be specifi-
cally designed for use at the required
operating frequencies.

Filament or Heater Supply

AC voltage is generally used to heat
the cathodes of power tubes because of
the convenience and economy with
which the relatively low voltages re-
quired may be obtained from trans-
formers. The operating voltages applied
to thoriated-tungsten or oxide-coated
filamentary cathodes should not be per-
mitted to vary more than plus or minus
five per cent from the values specified in
the tube data. Heater voltages for uni-
potential cathodes should be maintained
within plus or minus ten per cent of
rated values unless smaller tolerances
are specified in the data for individual
tube types. Voltage variations greater
than those specified may damage the
emitting surface of the cathode, or in
other ways cause unsatisfactory tube
operation or short life.

When filamentary-cathode power
tubes are heated with direct current,
any current- or voltage-control devices
employed should be placed in the
branches of the supply circuit feeding
the individual tubes. When alternating



current is used, such control devices
should be placed in the primary circuits
of the filament-supply transformers.
When a filamentary cathode is heated
by low-frequency alternating current,
hum may be introduced into the tube
circuit by (1) a periodic variation in the
electron emission as the heating current
increases and decreases in value; (2) in-
teraction between the magnetic field of
thespace-chargeand that of the filament;
and (3) the electrostatic field of the fila-
ment. The principal source is usually the
electrostatic field of the filament, which
induces hum voltages in the signal elec-
trodes of the tube in proportion to the
filament voltage and the capacitance be-
tween the filament and other electrodes.

Plate Supply

The power-rectifier tubes included
in this Manual normally obtain their
plate-supply voltage from the secondary
windings of high-voltage transformers
connected to commercial power lines or
to local sources of low-frequency ac volt-
age. Power-amplifier tubes usually ob-
tain plate voltage fromrectifiers provided
with suitable filter circuits, although
batteries or local de generators are some-
times used, especially in portable and
mobile equipment.

Suppressor-Grid Supply

Voltage for the grid No.3 or sup-
pressor grid of a power pentode may be
obtained from any de source which is
substantially free from ripple or other
undesirable fluctuations in potential.
When an application requires that a
suppressor grid draw a varying current,
the dc supply should be a battery or
other source having good voltage regu-
lation. This requirement is particularly
important when a suppressor grid is used
as a modulating electrode because the
average suppressor-grid current may
then vary with the amplitude of the
modulating signal.

Screen-Grid Supply

Grid-No.2 or screen-grid voltage
for a beam power tube, pentode, or
tetrode may be obtained from a separate
dc power supply or from the plate sup-
ply for the tube. In the latter case, the
required voltage may be obtained either

62

RCA Transmitting Tubes

from a suitable tap on a voltage divider
or through a dropping resistor from the
plate-voltage supply point, depending
on the type of multigrid tube used and
on the application.

A multigrid tube may fail prema-
turely if its screen-grid current, screen-
grid voltage, or total screen-grid input
exceeds the maximum value shown in
the tube data. Excessive screen-grid cur-
rent may be drawn if the tube is oper-
ated without adequate bias or plate
voltage. Because the latter condition is
most likely to occur when screen-grid
and plate voltages are obtained from
separate supplies, such supplies should
be designed so that plate voltage is al-
ways applied before or simultaneously
with screen-grid voltage and removed
simultaneously with or after the removal
of screen-grid voltage. In addition, any
means employed for the reduction of
plate voltage should automatically pro-
duce a proportional reduction in screen-
grid voltage.

The danger of excessive screen-grid
voltage is present principally when
screen-grid voltage is obtained from the
plate supply through a series dropping
resistor. In this type of supply circuit,
sufficient resistance is connected between
the screen grid and the plate supply to
assure that the screen-grid voltage and
dissipation at the values of screen-grid
current, bias, and driving voltage re-
quired for full output are within the
maximum ratings for the tube. Any con-
dition which reduces the current through
the screen-grid dropping resistor to a
very low value, therefore, may cause the
screen-grid voltage to rise to an exces-
sive value.

Such conditions are most likely to
occurin telegraphy transmitters employ-
ing “blocked-grid” keying or other meth-
ods of keying which cut off or substan-
tially reduce plate and screen-grid cur-
rents of multigrid tubes when the key is
up. Although Class C Telegraphy ratings
for most multigrid tubes permit arisein
screen-grid voltage under key-up condi-
tions, the maximum permissible screen-
grid voltage under these conditions is
generally substantially less than the
plate-supply voltage. Screen-grid volt-
age for a keyed multigrid amplifier
should, therefore, be obtained from a
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separate supply or a voltage-divider ar-
rangement, rather than by the series-
resistor method. In cases where a series-
resistor screen-grid supply voltage is
used, precautions should be taken to
keep the screen-grid voltage within the
maximum value specified in the tube
data for key-up conditions.

Control-Grid (Bias) Supply

Control-grid voltage or bias for a
power tube may be obtained from a sepa-
rate power supply or a resistor in the
grid or cathode circuit. Fixed bias is ob-
tained from an independent battery, de
generator, or rectifier-filter system. Grid-
resistor bias is obtained by rectification
of a portion of the input signal or driv-
ing voltage applied to the tube. Although
this type of bias is the most economical,
and can provide relatively large bias
voltages or voltages which vary with the
input signal, it does not provide protec-
tion against excessive plate and screen-
grid current in the event the driving
voltage fails or is removed. Grid-resistor
bias, therefore, is usually used in combi-
nation with other means to protect the
tubes against excessive plate and screen
dissipation.

Cathode-resistor bias is obtained
from the voltage drop developed across
a cathode resistor by the combined de
currents of the tube electrodes. This
type of bias provides automatic protec-
tion against excessive plate, screen-grid,
and control-grid current because any in-
crease in total cathode current produces
a corresponding increase in bias voltage.
Cathode-resistor bias cannot be used
alone if bias voltage equal to or greater
than the cutoff voltage is required. Be-
cause the effective plate and screen-grid
voltages of the tube are reduced by the
extent of the voltage drop in the cathode
resistor, this type of bias is used princi-
pally when relatively small bias voltages
are required or as a means of providing
a minimum protective bias when the
principal operating bias is obtained by
the grid-resistor method.

Supply-Voltage Variations

Because a tube may be seriously
damaged if its absolute maximum volt-
age ratings are exceeded, consideration
must be given to the variations in elec-
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trode voltages which result from line-
voltage fluctuations,load variations, and
normal manufacturing tolerances in cir-
cuit-component values. The operating
voltage for each tube electrode should
be low enough so that the absolute max-
imum rated voltages of the tube will not
be exceeded under any combination of
these variations, or the voltage supplies
should have sufficient regulation to per-
mit the use of maximum rated voltages
without danger of exceeding the tube
ratings.

Protective Devices

Power-tube installations should al-
ways be adequately equipped with pro-
tective devices to prevent damage to the
equipment and/or personal injury. De-
vices which provide tube and circuit
protection include:

(1) fuses or relays which automati-
cally remove power from the equipment,
or from a particular circuit, in the event
of improper operation;

(2) meters, or facilities for external
metering, to permit checking of impor-
tant circuit operating conditions.

The most common cause of damage
to tubes and equipment in power-tube
installations is excessive plate or screen-
grid current. For adequate protection,
therefore, each stage of a power-tube in-
stallation should be equipped with fuses
or relays which will remove all positive
electrode voltages if the plate or screen-
grid current reaches a value about 50
per cent above normal. Separate protec-
tive devices should be provided for plate
and screen-grid circuits of multigrid
tubes.

Facilities should be provided for the
measurement of plate, screen-grid, and
filament (or heater) voltages, and plate,
screen-grid and control-grid currents.
Control-grid-current measurements are
particularly valuable in rf amplifier and
frequency-multiplier stages because they
facilitate tuning and neutralizing adjust-
ments in addition to providing indica-
tions of drive conditions. Because cor-
rect filament and heater voltages are
essential for maximum tube life, these
voltages should always be measured di-
rectly at the tube sockets with meters
having high accuracy and low power
requirements.



For reasons of economy, a single de
milliameter is sometimes placed in the
cathode-returnleador the negative high-
voltage supply lead of a tube for the
measurement of total cathode current.
In such cases, the meter should be
shunted with a resistor to protect the
tube cathode and the meter from high
dc potentials with respect to ground in
the event of an open circuit in the meter.
A shunting resistor having a value of
about 100 times the resistance of the
meter is generally satisfactory, and in-
troduces an error in meter reading of
only about one per cent.

Safety Considerations

Because the rated plate and screen-
grid voltages of most power tubes are high
enough lo be extremely dangerous to the
user, care should be taken during mainte-
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nance of power-tube equipment to insur
that all primary power iz disconnecte
and all exposed circuil parts are effectivel
grounded. When circuit adjusiments ar
made on “live” equipment, very great car
should be taken to avoid contact with an;
circuil parts which are not at ground po
tential. Such adjustments should never b
made unless another person capable of ap
plying treatment for electric shock is pres
ent.

I'n the design of equipment, personal
safely considerations require the ground
tng of all operating conirols and exposec
surfaces, enclosure of all live circuit ele
ments, and the incorporation of ““inter
lock” swilches at all points of access to the
tnlerior of the equipment. These swilches
should automatically open the primary
circuits of all high-voltage power supplies
when access is required.



Rectifier Considerations

Rectifier-type power supplies em-
ploying electron tubes are used assources
of plate, screen-grid (grid-No.2), and
other dec operating voltages in all types
of electronic equipment. They are also
used extensively in electroplating, in
motor-speed control, and in‘many other
applications requiring economical and
conveniently controllable de power.

The glass envelopes of the rectifier
tubes used in such supplies normally
show some darkening after continued
operation. In addition, mercury-vapor
tubes exhibit a blue glow in normal op-
eration. These symptoms are character-
istic of such tubes, and should not be
considered signs of tube deterioration
or failure.

Mercury-Vapor Tubes

A mercury-vapor rectifier tube must
be handled with special care to prevent
dispersion of the liquid mercury from its
normal position at the bottom of the
bulb. Spattering of the mercury over
other portions of the bulb or on the
anode or filament must be avoided be-
cause it may lead to internal shorts or
arcs when the tube is placed in opera-
tion. A mercury-vapor tube should al-
ways be transported, stored, and oper-
ated in a vertical position with the fila-
ment end down, and should never be
jarred, shaken, or allowed to rest even
momentarily in a horizontal position.
The tube should never be rocked or al-
lowed to snap into place in its socket or
mounting, and should be protected
against excessive equipment vibration.

If spattering occurs, the dispersed
mercury must be completely reconcen-
trated before the tubes are placed in
service by means of special preheating
and conditioning treatments. In the pre-
heating treatment, the mercury-vapor
tube is operated at normal filament volt-
age, but without anode voltage, for 30
minutes to assure complete vaporization
of the mercury content. When filament
voltage is removed at the end of this pre-
heating period, most of the vaporized
mercury recondenses in a pellet or pool
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at the bottom of the bulb. The condi-
tioning treatment is then applied to flash
out any mercury which may have con-
densed on the bulb walls or in the vicinity
of the anode and filament seals. In this
treatment, the tube is operated at nor-
mal filament voltage and at about one-
sixth normal anode voltage for 5 min-
utes. The anode voltage is then gradu-
ally increased over a period of about 30
minutes to the normal operating value.
If an internal flashover oceurs at any
time during the conditioning treatment,
the anode voltage should be reduced
until the flashover ceases. It should
then be held at this reduced value for a
few minutes to assure complete vapori-
zation of the mercury before the treat-
ment is resumed.

Filament Heating Time

Voltage should not be applied to
the plates or anodes of vacuum, mercury-
vapor, or inert-gas rectifier tubes (except
receiving types) until the filaments or
cathodes of the tubes have reached nor-
mal operating temperature. For gas
tubes, this delay is necessary to allow
the formation of a plasma (region of
electrons and positive ions) which pro-
tects the emitting surface against dam-
age from high-velocity positive-ion bom-
bardment. In the case of a mercury-
vapor rectifier, the application of anode
voltage must also be delayed until the
condensed mercury has moved to its
normal condensing zone at the bottom
of the tube, as discussed above.

Minimum heating times for indi-
vidual rectifier types are given in the
Tube Types Section. In each case, the
time specified is measured from the in-
stant when the filament voltage reaches
its normal operating value and, conse-
quently, may have to be increased if the
filament supply has poor regulation.

It should be noted that measurement
of the filament vollage of a power-rectifier
tube may involve serious personal-safety
hazards because the filament is usually a
high-voltage terminal of the rectifier cir-
cuit. When conlinuous measurements are
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required, suilable volimelers should be
permanently incorporaled in the equip-
ment. These melers must be insulaled to
withstand the maximum peak inverse voli-
age applied to the tubes, and should be re-
cessed in the equipment and protected by
glass or plastic viewing panels to prevent
any posstbility of injury through acci-
dental bodily contact. Portable instruments
should not be used for the measurement of
reclifier-filament voltages unless adequate
personal-safety precautions are laken by
the user.

Because a mercury-vapor tube may
be severely damaged if the temperature
of its filament varies excessively, the
filament should be operated from a con-
stant-voltage transformer, or its supply
circuit should include under- and over-
voltage relays which will open the pri-
mary circuit of the rectifier anode sup-
ply if the line voltage varies excessively.
Relays having small operating delays
(less than 10 seconds) may be used in
this application to minimize interrup-
tions to operation by normal surges or
transient variations in line voltage.

The required delay in application
of anode voltage can be obtained con-
veniently by means of a time-delay relay
connected in the primary circuit of the
high-voltage transformer, as shown in
Fig. 50. This relay should permit adjust-
ment of the delay time to a value suffi-
cient to assure protection for the tubes
under the most adverse conditions that
can be expected in service.

Mercury Temperature

The life and performance of a mer-
cury-vaporrectifier are critically depend-
ent on the temperature of the condensed
mercury. Low ambient temperatures re-
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tard vaporization of the mercury, thus
limiting the degree of ionization avail-
able at normal filament voltage and rais-
ing the anode-cathode potential at which
the tube starts to conduct. High ambient
temperatures, on the other hand, are con-
ducive to rapid vaporization, but tend
to produce over-ionization and thus re-
duce the peak inverse anode voltage that
the tube can withstand without break-
down. Rectifiers using mercury-vapor
tubes, therefore, should be equipped
with means for measuring condensed-
mercury temperatures, and for main-
taining these temperatures within limits
specified for the tubes employed. Con-
densed-mercury temperature may be
measured with a thermocouple or ther-
mometer attached to the tube by means
of a small amount of putty in a region
near the bottom of the bulb. The proper
measurement zone for each of the mer-
cury-vapor tubes included in this Man-
ual is shown in the OQuilines Section.

The method used to control con-
densed-mercury temperature depends
on the ambient-temperature conditions
under which the tubes operate. If the
ambient temperatures are near the mini-
mum values specified in the tube data,
some form of heat-conserving enclosure
should be provided for the tubes. In ex-
treme cases, it may also be necessary to
employ electrical heating, together with
suitable means for limiting the maximum
temperatures developed. If ambient tem-
peratures are above the maximum val-
ues specified in the tube data, forced-air
cooling should be employed. The air flow
should start when the anode voltage is
applied to the tube, and should be di-
rected horizontally onto the bulb about
14 inch above the base at the filament
end of the tube. The air flow may be re-
moved simultaneously with the anode
voltage. The rise of mercury-vapor tem-
perature above ambient temperature is
given as a function of heating time un-
der no-load and/or full-load conditions
for mercury-vapor rectifier types in the
Tube Types Section.

Shielding

Rectifier tubes, particularly mer-
cury-vapor types, should be isolated
from transformers and other components
which produce strong external magnetic
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or electrostatic fields. Such fields are
generally detrimental to tube life, tend
to produce breakdown effects in mercury
vapor, and frequently make it difficult
to obtain adequate filtering of rectifier
output. When tubes cannot be com-
pletely isolated from such fields, they
should be enclosed in shields of the type
described in the Power-Tube Installation
Section. Mercury-vapor rectifier tubes
used to supply transmitters or other
types of rf power equipment should also
be protected from large rf voltages. Such
voltages should be prevented from en-
tering rectifier circuits by rf filters such
as that shown in Fig. 51.

Mercury-vapor rectifier tubes occa-
sionally produce multi-frequency oscil-
lations or “hash” which may cause in-
terference in the af stages of associated
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equipment and in near-by radio receiv-
ers. These oscillations are caused by the
development of a very steep wave front
at the instant conduction begins in each
rectifier unit, and may be propagated
along internal circuit wiring and exter-
nal power lines or radiated directly by
the tubes. In a receiver, rectifier ‘“hash”
can usually be identified as a broadly
tunable signal modulated at the rectifier
“ripple” frequency. (The “ripple” fre-
quency is equal to the power-line fre-
quency times the number of half-wave
rectifier units conducting independ-
ently.)

In some cases, this type of interfer-
ence can be minimized by the use of very
short leads to the rectifier anodes. It is
usually necessary, however, to deter-
mine whether the interference is trans-
mitted by radiation or by conduction,
and to select the most effective method
for its elimination by experiment. Radi-
ation of such interference can usually be
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minimized by shields of the type used to
protect rectifier tubes against external
fields. The transfer of such interference
to a power line can be minimized by the
insertionof alow-passinductance-capaci-
tance filter in the input circuit of the
rectifier, as shown in Fig. 52, or by the
use of filament and high-voltage supply
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transformers having electrostatic shields
between primary and secondary wind-
ings. Low-pass filters of the type shown
in Fig. 53 are also useful. The bypass
capacitors used in such filters must have
a voltage rating at least equal to the
peak voltage developed across each half
of the transformer secondary (approxi-
mately 1.4 times the rms voltage).

Rectifier tubes operated in circuits
in which peak inverse voltages are 16000
volts or higher produce X-rays. Because
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these rays constitute a serious health
hazard, tubes operated in such circuits
should be equipped with shielding de-
signed to absorb X-ray radiation,

RCA mercury-vapor and inert-gas
rectifier tubes are equipped with inter-
nal cathode shields. These shields are
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connected to a filament or heater termi-
nal designated as the “cathode-shield”
or ‘“anode-return’ terminal. When two
or more gas-rectifier tubes are operated
from a common filament or heater sup-
ply, the cathode-ghield or anode-return
terminals of the tubes must be connected
to the same side of the supply.

Tube Ratings

Rectifier-tube ratings usually in-
clude maximum permissible values for
peak inverse anode voltage, peak anode
current, average anode current, and
fault anode current. Before these ratings
are defined and their application to rec-
tifier circuit design is discussed, it is de-
sirable to define certain other terms fre-
quently usedin connectionwith rectifiers.

Forward vollage is voltage applied
between the anode and cathode in the
direction in which the tube is designed
to pass current, i.e., anode positive with
respect to cathode. Inverse voliage is
voltage applied between the anode and
cathode in the direction opposite to that
in which the tube is designed to pass cur-
rent, i.e., anode negative with respect
to cathode.

Forward current is current flowing
through a rectifier as a result of the ap-
plication of a forward voltage. Reverse
current is current flowing through a
rectifier in the direction opposite to that
of normal conduction. The flow of re-
verse current in a rectifier is an abnormal
condition.

Peak inverse anode vollage is the
highest instantaneous voltage applied
between the anode and cathode during
the fraction of any input cycle when the
tube is normally not conducting. A max-
imum peak-inverse-voltage rating indi-
cates the highest value this voltage may
attain without danger of arc-back in the
tube, electrolysis of glass, and reduced
tube life.

Peak anode current is the highest
instantaneous value reached by the for-
ward current during the normal condue-
tion interval. A maximum peak-anode-
current rating indicates the highest cur-
rent the tube can safely conduct during
this interval. The peak current is deter-
mined by the duration of the conduction
interval and, therefore, depends on the
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type of rectifier circuit in which the tube
is employed.

Average anode currentis the value
obtained by integrating the instantane-
ous anode currents of a rectifier tube
over a specified time and averaging the
result. A maximum average-anode-cur-
rent rating indicates the highest average
current that should be permitted to flow
through the tube in the direction of nor-
mal conduction. This current may be
measured by means of a de meter in-
serted in the anode circuit of the tube.
When the rectifier load is constant, the
average anode current may be read di-
rectly on the meter. When the rectifier
load is varying, the meter readings
should be averaged over the period speci-
fied in the tube data (usually 15 to 30
seconds).

Fault anode current is the highest
current flowing through a rectifier tube
in the forward direction under abnormal
or fault conditions, e.g., during a load
short circuit or an are-back in an asso-
ciated tube. A maximum fault-current
rating indicates the highest current that
should be permitted to flow through the
tube in the direction of normal conduc-
tion over a period not exceeding 0.1 sec-
ond under fault conditions. Rectifier cir-
cuits should be designed to limit fault
currents to values within the maximum
ratings because even a single fault cur-
rent of the maximum value will mate-
rially shorten or terminate the life of
the tube.

Rectifier tubes of the same type can
be connected in parallel to provide in-
creased output current. When mercury-
vapor or inert-gas types are operated in
parallel, it is necessary to employ a resis-
tor or a small inductance in the anode
circuit of each tube to assure equal divi-
sion of the total load current. Stabilizing
resistors for high-voltage circuits should
produce an average voltage drop of not
less than 50 volts. Stabilizing inductors
should have a value of approximately
one-sixth henry each for a supply fre-
quency of 50 to 60 cycles per second.
Stabilizing inductors are generally pref-
erable to resistors because they mini-
mize power losses and help to limit the
peak anode currents in the tubes. Cen-
ter-tapped inductors (interphase reac-
tors) can be used as stabilizing elements
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for pairs of parallel tubes. These induc-
tors assure simultaneous starting as well
as equal division of current. Vacuum
rectifier tubes do not generally require
the use of stabilizing devices when
operated in parallel.

Corresponding filament terminals
of mercury-vapor or inert-gas rectifiers
operated in parallel must be connected
together. Failure to observe this precau-
tion will seriously unbalance the voltage
drops in the paralleled tubes and may
make it necessary to use undesirably
high stabilizing impedances.

Circvits

The most suitable type of rectifier
circuit for a particular application de-
pends on the de voltage and current re-
quirements, the amount of rectifier “rip-
ple” that can be tolerated in the output,
and the type of ac power available.

The half-wave single-phase circuit
shown in Fig. 54 delivers only one pulse
of current for each cycle of the ac input
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voltage. Because its output contains a
very high percentage of ripple, this type
of circuit is used principally in low-volt-
age, high-current applications (e.g., in
power supplies for ac/dc receivers) and
in low-current, high-voltage applications
(e.g., in ultor-voltage supplies for kine-
scopes and other types of cathode-ray
tubes).

A full-wave single-phase circuit
using two half-wave rectifier tubes is
shown in Fig. 55, and a series single-
phase circuit in Fig. 56. Although the
bridge circuit requires four half-wave
rectifier tubes and three filament trans-
formers (or three independent filament
windings), it can deliver twice as much
output voltage as the two-tube circuit
for the same anode-transformer voltage,
and does not require a center-tapped
high-voltage winding.
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Fig. 57 shows a half-wave three-
phase circuit using three rectifier tubes.
This circuit delivers three current pulses
per cycle and its output, therefore,

Fig. 66

contains a smaller percentage of ripple
than that of a full-wave single-phase cir-
cuit.The parallel three-phase circuit em-
ploying six half-wave rectifier tubes

Fig. 67
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shown in Fig. 58 delivers six current
pulses per cycle. This circuit delivers
twice as much output current as the cir-
cuit shown in Fig. 57 for the same aver-
age anode current per tube. The balance
coil used in this circuit assures equal di-
vision of the load current and proper
phasing in (or simultaneous starting of)
the parallel branches.

In the series three-phase circuit
shown in Fig. 59, two half-wave rectifier
tubes are connected in series across each
leg of the high-voltage transformer.This
circuit delivers twice as much output
voltage as the half-wave three-phase cir-
cuit shown in Fig. 57 for the same trans-
former voltage and peak inverse anode
voltage per tube. Figs. 60 and 61 show
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half-wave four-phase and six-phase cir-
cuits, respectively.

Quadrature Operation

The filament current of a rectifier
tube is composed of two components:
the normal heating current supplied by
the filament transformer, and the anode
current, the greater part of which flows
through the most negative portion of the
filament.When the filament-supply volt-
age and anode voltage of a rectifier are
in phase (the normal relationship when
both voltages are obtained from the
same ac supply line), the two compo-
nents of the filament current reach peak
value simultaneously during each con-
duction interval, and cause a localized
increase in filament temperature which
may seriously shorten the life of the tube.

In single-phase rectifier circuits,
which have a conduction interval per
tube of 180 degrees, the ratio of peak
anode current to peak filament-supply
current is relatively small and the effects
of “in-phase” operation are usually
negligible. In polyphase rectifier circuits
having conduction intervals per tube of
120 degrees or less, however, the ratio of
peak anode current to peak filament-
supply current is relatively large, and

3-PHASE
SUPPLY

RCA Transmitting Tubes

4-PHASE

Fig. 60

the use of in-phase filament and anode
voltages may result in extremely short
tube life.

This difficulty can be minimized by
the use of ‘““Quadrature Operation.” In
this method of operation, the peak value
of the total filament current is minimized

N=NEUTRAL

Fig. 61
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by supplying the filament of each recti-
fier tube with voltage out of phase with
its anode voltage. Although the ideal
phase relationship between filament-
supply voltage and anode voltage is 90
degrees (true ‘‘Quadrature’’), substan-
tial benefits are also realized at phase
angles of 60 or 120 degrees, which are
readily obtainable in three-phase and
six-phase rectifier circuits.

Table IV gives the voltage, fre-
quency, current, and power ratios for
the basic rectifier circuits shown in Figs.
54 through 61. These ratios apply for
sinusoidal ac input voltages. Current
and power ratios given for inductive
loads apply only when a filter choke is

RCA Transmitting Tubes

used between the output of the rectifier
and any capacitor in the filter circuit.
This table does not take into consider-
ation voltage drops which occur in the
power transformer, the rectifier tubes,
or the filter components under load con-
ditions. When a particular tube type has
been selected for use in a specific recti-
fier circuit, the ratios given in Table IV
can be used in conjunction with the tube
data to determine the parameters and
characteristics of the circuit.

Example of the Use of Table IV

Problem. Select the most suitable
type of rectifier tube for use in a full-wave
single-phase circuit which must de-

TABLE IV
RATIO Fig.54 Fig.55 Fig.56 Fig.57 Fig.58* Fig.59 Fig.60 Fig. 61
Voltage Ratios
E/Eav 2.22 1.11 1.11 0.864 0.854 0.427 0.785 0.74
Ebmi/E 1.41 2.838 1.41 2.45 2.45 2.45 2.88 2.83
Ebmi/Eav 3.14 3.14 1.57 2.09 2.09 1.05 2.22 2.09
Em/Eav 8.14 1.57 1.57 1.21 1.05 1.06 1.11 1.05
Er/Eav 1.11  0.472 0.472 0.177 0.04 0.04 0.094 0.04
Frequency Ratio
fr/f 1 2 2 3 6 6 4 6
Current Ratios
Iv/Iav 1 0.5 0.5 0.338 0.167 0.38 0.25 0.167
Resistive Load
Ip/lav 1,67 0,786 0.785 0.587 0,294 0.587 0.503 0.408
Ipm/Iav 3.14 1.67 1.67 1.21 0.52 1.06 1.11 1.06
Ipm/Ib 3.14 3.14 3.14 3.63 3.14 3.14 4.5 6.3
Inductive Load®
Ip/lav - 0.707 0.707 0.577 0.289 0.577 0.500 0.408
Ipm/Iav - 1 1 1 0.5 1 1 1
Power Ratios
Resistive Load
Pas/Pde 3.49 1.74 1,24 - - - - o
Pap/Pde 2.69 1.23 1.24 - - - - =
Pal/Pdc 2.69 1.23 1.24 - - - - -
I'nductive Load®
Pas/Pde - 1.67 1.11 1.71 1.48 1.06 1.57 1.81
Pap/Pde - 1.11 1.11 1.21 1.06 1.06 1.11 1.29
Pal/Pde - 1.11 1.11 1.21 1.06 1.05 1.11 1.05

¢ Bleeder current of 2-per-cent full-load current will provide exciting current for balance coil and thus

1void poor regulation at light loading.
¢ The use of a large filter-input choke is assumed.

E=transformer secondary voltage (rms)
Eav=average dc output voltage
Ebmi=peak inverse anode voltage
Em=peak dc output voltage
Er=major ripple voltage (rms)
Iav=average dc output current
Ib=average anode current
Ip=anode current (rms)

Ipm=peak anode current

f=supply frequency

fr=major ripple frequency
Pal=line volt-amperes
Pap=transformer primary volt-amperes
Pag=transformer secondary volt-

amperes

Pde=dc power (Eav X Iav)

NOTE: Conditions assumed include sine-wave supply, zero voltage drop in tubes, no
.0sses in transformer and circuit, no back emf in the load circuit, and no phase-back.
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liver a dec voltage (Eav) of 2500 volts at
an average dc current (I.y) of 500 milli-
amperes to the input of a filter. Also de-
termine the rms voltage (E) that must
be delivered by each half of the high-
voltage transformer secondary winding.

Procedure. (1) Determine the max-
imum peak inverse anode voltage which
each rectifier tube must withstand.From
Table IV, the ratio of peak inverse volt-
age (Ebm;) to dc output voltage in sin-
gle-phase full-wave circuits is 3.14.

Ebmi=3.14 X 2500 = 7850 volts.

(2) Determine the average anode
current (Iv) in each tube. From Table
IV, I in a full-wave single-phase circuit
is one-half the total dc output current.

Ip = 0.5 X 500 = 250 milliamperes.

(3) Select a tube having suitable
voltage and current ratings from the
Rectifier-Tube Selection Guide in the
Charts Section. The 866-A, which has a
maximum peak-inverse anode-voltage
rating of 10000 volts and a maximum
average-anode-current rating of 250 mil-
liamperes, meets the requirements. (Al-
though the 872-A, which has a maximum
peak-inverse anode-voltage rating of
10000 volts and a maximum average-
anode-current rating of 1.25 amperes,
would also be satisfactory, the 866-A is
the more economical type for this ap-
plication.)

(4) Determine the rms voltage (E)

which must be developed by each half of
the high-voltage transformer secondary
for the rectifier to deliver 2500 volts de
to the filter at the specified load current
of 500 milliamperes under full-load con-
ditions.
E = 1.11 X (2500 4+ 15) = 2790 volts (1)
The second term within the parentheses
represents the voltage drop in the 866-A.
For exact calculation of E, the full-load
voltage drop in one half of the high-
voltage secondary winding must also be
added to the values within the paren-
theses.

Regulation

The voltage drops in filter-choke
windings or current-limiting resistors
which follow the rectifier, as well as those
in the rectifier tubes and transformer
windings, become a very important con-
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sideration when a rectifier filter is re-
quired to supply a varying load. Except
for the drop in a gas-tube rectifier, which
is substantially constant at all anode-
current values up to the maximum rating
for the tube, these drops vary with load
current and cause a corresponding varia-
tion in output voltage. This variation is
known as the voliage regulation of the
supply, and is usually expressed as the
per-cent change in output voltage for
load-current variations between zero and
the maximum value. For example, a
power supply which has a no-load output
of 1000 volts and a full-load output of
900 volts has a voltage regulation of 10
per cent. The regulation of well-designed
rectifier-type power supplies is usually
10 per cent or less.

For good voltage regulation, the
voltage drops in all sections of the supply
should be held to a minimum. Voltage
drops can be minimized by the use of
transformers and chokes having gener-
ous overload ratings and low-resistance
windings, mercury-vapor orinert-gasrec-
tifier tubes or vacuum types having close
anode-cathode spacing, and choke-input
filters employing ‘“‘swinging’’ chokes of
the proper value. In addition, a “bleeder’’
resistor drawing about 10 per cent of the
total output current should be perma-
nently connected across the output of the
supply.Although thisresistor reduces the
maximum useful output current slightly,
it prevents the output voltage from ris-
ing excessively when the external load
is reduced, and thus improves regula-
tion and provides a substantial measure
of protection for the filter capacitors. It
also discharges the filter capacitors when
the equipment is switched off and thus
minimizes shock hazards.

Good regulation is desirable even
when substantially constant output volt-
age under varying load conditions is not
a primary requirement. Because good
regulation minimizes variations in the
voltage across the output terminals of a
power supply, its effect is similar to that
obtained when averylargebypasscapaci-
tance is connected across the output of
the supply, i.e., the amount of ac ripple
in the output is substantially reduced.
The internal impedance of the supply is
also reduced, so that there is less danger
of undesirable coupling and feedback in




associated equipment when the supply
is used for two or more stages.

Filters

The filter employed to minimize rip-
ple in the output of a rectifier may be
either a choke-input or & capacitor-input
type. Careful considerationmustbe given
to the selection and design of the filter
if the maximum ratings of the tubes are

not to be exceeded.

Oneof the mostimportant considera-
tions in the choice and design of a filter
is its effect on the peak current in the
rectifier cireuit, and particularly on the
current surge which occurs when the
rectifier circuit is turned on. The sudden
application of anode voltage to a recti-
fier causes a sudden flow or surge of cur-
rent. The maximum value of this current
is determined by the instantaneous am-
plitude of the ac input voltage and the
surge impedance of the rectifier cireuit.
1f the rectifier output is shunted by a
large capacitor, the surge impedance is
low and, therefore, the surge current
may reach dangerously high values. On
the other hand, if a relatively large choke
is connected between the rectifier and
the first filter capacitor, the surge im-
pedance is high, and the surge current
usually does not exceed the normal peak
current through the tubes.

Choke-input filters limit surge and
normal peak currents and, therefore,
makeit possible to obtain maximum con-
tinuous de output current from rectifier
tubes under the operating conditions
most favorable for long tube life. They
also provide the best regulation and are
especially recommended for use with
rectifiers employing mercury-vapor and
inert-gas tubes or vacuum tubes having
closely spaced electrodes. An additional
advantage of choke-input filters is that
their performance can be predicted ac-
curately by calculation.

Capacitor-input filters provide the
highest dc output voltages obtainable
from given transformers and rectifier-
tube combinations. They cause high cur-
rent surges when the cireuit is turned
on, however, and have poor voltage
regulation. In addition, the dc load cur-
rent obtainable from a given rectifier-
tube-and-transformer combinationisless
when a capacitor-input filter is used

-
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than when & choke-input filter is used.

Whena capacitor-input filterisused,
a current-limiting resistor should be con-
nected between the rectifier tubes and
the filter to limit current surges. The
total resistance, Ry, required to limit the
surge current to a safe value, including
the effective resistance of the power-
transformer secondary (or one half of
thesecondaryof af ull-wave transformer)
is a function of the dec output voltage
(Eqv) and the rated peak anode current
(Ipw) of the tube.
Re= KIX Eav

pm

The factor K is equal to .14 for the cir-
cuit shownin Fig. 54, 1.57 for the circuits
shown in Figs. 65 and 56, 1.21 for the cir-
cuit of Fig. 57, 1.11 for Fig. 60, and 1.05
for Figs. 59 and 61. The balance coil used
in the circuit shown in Fig. 58 limits the
peak anode current so that a limiting
resistor is not needed. The current-lim-
iting resistor may beshort-circuited after
the rectifier-filter system has been
switched on to avoid a reduction in use-
ful de output voltage. The resistor must
be employed, however, each time the
circuit is switched on. Capacitor-input
filters may be used in rectifier circuits
employing mercury-vapor or inert-gas
rectifier tubes only when a current-limit-
ing resistor is used as described above.

Design of Choke-Input Filters

The filter-design charts shown in
Figs. 62 and 63 permit quick determi-
nation of inductance and capacitance
values for choke-input filters for use with
full-wave single-phase rectifier circuits
operating from 60-cycle supplies. For
other supply frequencies, the inductance
and capacitance valuesindicated by these
charts should be multiplied by the ratio
60/f,wherefis thesupply frequency used.

The chart shown in Fig. 62 is used
todetermine componentvalumforsingle—
section choke-input filters or for the first
section of a multisection choke-input fil-
ter. Single-section and double-section
choke input filters are shown in Fig. 64.
The Ry, curves in Fig. 62 are used to de-
termine the minimum value of choke in-
ductance required. The equivalent load
resistance (Rp) in ohms is equal to the
de output voltage (Eav) of the rectifier
in volts divided by the load current (Iv)

T4
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in amperes. A dc output voltage equal
to 90 per cent of the rms voltage (E) per
rectifier-tube anode is used in this caleu-
lation (from Table IV, E/E,y = 1.11).
This value does not include the voltage
drops in the power transformer, filter
choke, or rectifier tubes. The load cur-
rent used must assure operation of each
rectifier tube within its maximum aver-
age-anode-current rating. Inductance
and capacitance values must always lie
in the region of the chart above the
applicable Ry, curve.

The K curves in Fig. 62 indicate
combinations of minimum filter indue-
tance (L;) and maximum filter capaci-
tance (C,) which will keep the peak an-
ode currents (Ipm) of the rectifier tubes
within their maximum ratings at a given
rms anode voltage. The factor K is equal
to the de voltage from the rectifier tubes
at theinput to the filter (in volts) divided
by the maximum peak-anode-current
rating of the rectifier tubes (per anode,
in amperes). The K curves shown in Fig.
62 represent the following relation:

L, = C; X (K/1000)
Filter component values must al-

ways lie in the region of the chart to the
left of the proper K line.

When a particular rectifier tube is

used at its maximum peak-inverse-an*
ode-voltage rating and maximum peak-
anode-current ratingsimultaneously, the
applicable K line may be determined di-
rectly by placing a ruler across the ap-
propriate pair of dashed lines shown in
Fig. 62. When a tube is used at voltages
below its maximum peak-inverse anode-
voltage rating, a lower value of K de-
termined from the above equation must
be used.

The R, and K curves, therefore, in-
dicate limiting values of inductance and
capacitance which will assure that aver-
age and peak anode-current ratings of
the rectifier tubes will not be exceeded.
Filter-component values can now be
chosen within the wedge-shaped portion
of the chart outlined by the appropriate-
Ry and K curves on or above the Eg,
line for the maximum percentage of rip-
ple which can be tolerated in the output
of the filter section.

In power supplies for cw transmit-
ters, a ripple of not more than 5 per cent.
is usually satisfactory. Power supplies
for variable-frequency oscillators and
phone transmittersgenerally should have
ripple of 0.25 per cent or less. Power—
supply ripple in high-gain speech am-
plifiers and receivers should not exceed
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0.1 per cent to prevent hum modulation
of output signals.

The most economical method of ob-
taining ripple voltages below 1 per cent
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is by the use of double-section filters of
the type shown in Fig. 64(b). Values of
L: and C; for the second section of such
filters are determined from the chart
shown in Fig. 63. After the value of Eg,
for the first section is determined, the
values of L. and C, (as a product) for
any desired ripple percentage Eg, at the
output of the second filter section may
be determined from the appropriate Eg,
curve in Fig. 63. Although any values of
inductance and capacitance having the
indicated product L. X C; will provide
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-
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TUBES Ci (RL)
Ly L2
== ER, = ERy
[A] l c2 l \3
TO OUTPUT ‘LOAD
OF RECTIFIER RESISTANCE
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Fig. 64

the desired filtering, serious instability
may result if the combination selected
is resonant at or near the ripple fre-
quency. The inductance of L,, therefore,
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should always be greater than
3X (Ci+ Cy)
2 X (C; X Ca)

For applications in which the load
resistance (R) varies over a wide range,
some means should be used to limit the
resulting variation in output voltage. A
bleeder resistor may be inserted across
the filter output to restrict the range
over which the effective load varies or
an input choke having an inductance de-
termined by the maximum load resist-
ance attained may be used. The most
economical method for minimizing out-
put-voltage variations, however, is by
the use of a “‘swinging” input choke.

The inductance of a well-designed
swinging choke varies inversely with
load current. The required minimum
and maximum inductance for the choke
can be determined from Fig. 62 at the
intersections of the appropriate K curve
with the curves for maximum and mini-
mum Ry. It is generally most econom-
ical to select low values of swinging-
choke inductance and obtain the re-
quired smoothing by the use of additional
filter sections employing non-swinging
(“smoothing”’) chokes.

Examples of Filter Design
Single-Section Filter

Problem: A full-wave rectifier op-
erating from a 60-cycle source and em-
ploying two 872-A mercury-vapor tubes
has a de output voltage of 3200 volts.
Design a single-section choke-input filter
which will (a) limit output ripple to 5
per cent at a load current equal to the
combined maximum de¢ load-current
ratings of the tubes (2 X 1.25 = 2.5 am-
peres); (b) keep the peak anode current
of each tube within its maximum peak-
anode-current rating (5 amperes).

Procedure: Ry = 3200/2.5 = 1280
ohms. The value K = 38200/5 = 640. The
curve for K = 640 in Fig. 62 would lie
between the curves for K = 600 and K
= 800 and, consequently, would be
above the position where the curve for
Ry = 1270 would be shown. Therefore,
any combination of inductance and
capacitance along the curve Eg, = 5 per
cent to the left of K = 640 will satisfy
the requirements. A 5-henry choke and
a 5-microfarad capacitor would be a
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suitable combination.

Two-Section Filler

Problem: A 60-cycle full-wave rec-
tifier employing two 866-A mercury-
vapor tubes delivers 2500 volts dec at
full load to the input terminals of the
filter. Design a two-section filter which
will (@) limit the output ripple to 0.5
per cent at a load current equal to the
combined maximum dc load-current
ratings of the tubes (2 X 0.25 = 0.5 am-
pere); (b) keep the peak anode current
of each tube within its maximum peak-
anode-current rating (1.0 ampere). Be-
cause the voltage regulation must be
good from no load to full load, the input
choke shall be of the “swinging” type.

Procedure: At maximum load, Ry,
= 2500/0.5 = 5000 ohms. K = (2500 X
1.11)71.0 = 2775. Because the curve in
Fig. 62 for Ry = 5000 ohms would be
completely below the curve for K =
2775, the maximum-load value of Rp
(minimum Rp) need not be considered in
the selection of constants for the first
filter section. If an Eg, of 10 per cent at
the output of the first filter section is as-
sumed to be satisfactory, the minimum
swinging-choke inductance and the cor-
responding value for the first-section
filter capacitor are selected along the
curve Eg, = 10 per cent to the left of
the curve for K = 2775. Suitable values
would be L, = 13.5 henries and C, = 1
microfarad. The maximuminductance of
the swinging choke should be as high as
practical. If a maximum value of 25 hen-
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ries is chosen, the minimum-load value
of Ry, (maximum Rp) at which the regu-
lating action of the choke will be effec-
tive is indicated by the point at which
the 1-microfarad line intersects the line
for 25 henries. This point corresponds to
an R; of 26000 ohms. Therefore, a
bleeder having a resistance of not more
than 26000 ohms should be used to pre-
vent the de¢ output voltage from rising
excessively when the load is removed.
The bleeder draws a current of 2500/
26000, or 0.096 ampere, and is required
to dissipate 2500 X 0.096, or 240 watts.
Because the maximum average current
which can be supplied by two 866-A’s in
a full-wave circuit is 0.5 ampere, the
useful load current available from the
rectifier filter combination is 0.500 -
0.096 0.404 ampere, or 404 milli-
amperes,

The second filter section (L.C)
must reduce the ripple from the value of
10 per cent at the output of the first fil-
ter section to a value of 0.5 per cent.
From Fig. 63, the value of the product
L,C, at the intersection of the curve for
Eg, = 10 per cent with the line for Eg;,
= 0.5 per cent is 7. If C, is chosen to be
2 microfarads, then L, should have an
inductance of 18.5 henries. The value
chosen for L, should be checked to de-
termine whether resonance effects will
be present, i.e., L. should be equal to, or
greaterthan,3X (142)/[2X(1X2)]=9/4
=2.25. Because the value of 18.5 henries
selected for L, is considerably greater
than 2.25, thefilter design is satisfactory.



Interpretation

The tube data given in the Tube
Types Section include maximum ratings,
typical operation values, characteris-
tics, and characteristics curves.

A maximum rating, as applied to a
tube, is a limit on a particular operating
parameter (such as voltage, current,
temperature, or frequency) or on a com-
bination of parameters. Operation above
these maximum ratings may not only
impair the performance of a tube but
also shorten its life considerably.

RCA power tubes may carry as
many as three different kinds of ratings,
based on operating conditions encoun-
tered in different types of service. The
three general types of service may be
defined as follows:

Continuous Commercial Service
(CCS) covers applications involving con-
tinuous tube operation in which maxi-
mum dependability and long tube life
are the primary considerations.

Intermittent Commercinland Ama-
teur Service (ICAS) covers applications
in which high tube output is a more im-
portant consideration than long tube
life. The term “Intermittent Commer-
cial” in this title applies to types of serv-
ice in which the operating or “on’’ peri-
ods do not exceed 5 minutes each, and
arefollowed by “off”’ or stand-by periods
of the same or greater duration. The
term ‘“Amateur Service” covers other
applications where operation is of an in-
frequent or highly intermittent nature,
as well as the use of tubes in “amateur”
transmitters. ICAS ratings generally are
considerably higher than CCS ratings.
Although the ability of a tube to produce
greater output power is usually accom-
Panied by a reduction in tube life, the
equipment designer may decide that a
small tube operated at its ICAS ratings
meets his requirements better than a
larger tube operated within CCS ratings.

Intermittent Mobile Service (IMS)
covers applications in which very high
power output for short periods is re-
quired from equipment of the smallest
practical size and weight. Tube ratings
for IMS service are based on the prem-
ise that transmitter ‘“on’” periods do
not exceed 15 seconds each, and are fol-
lowed by ‘‘off” periods of at least 60

of Tube Data

seconds duration. In equipment tests,
however, maximum ‘‘on"’ periods of not
more than 5 minutes each followed by
“off’” periods of at least 5 minutes are
permissible, provided the total ‘‘on”
time of such test periods does not ex-
ceed 10 hours during the life of the tube.
Although tubes operated under IMS rat-
ings may have a life of only about 100
hours, the use of these ratings is eco-
nomically justified where high power
must be obtained intermittently from
very small tubes.

Each maximum rating of a tube
must be considered with respect to all
other ratings given for that tube, so that
the use of any one maximum rating will
not cause any other maximum rating to
be exceeded. For example, if the product
of the maximum plate-voltage and max-
imum plate-current ratings exceeds the
maximum permissible dc plate input,
then either the plate voltage or the plate
current, or both, must be reduced. As an
illustration, the maximum CCS ratings
for Class C Telegraphy operation of
type 812-A are: plate volts, 1250 mazx;
plate milliamperes, 175 mazx; plate in-
put, 175 watts max. It is apparent that
when the maximum plate voltage of
1250 volts is used, the dc plate current
must be reduced to 140 milliamperes or
less if operation is to be within the 175-
watt maximum plate-input rating. On
the other hand, if the maximum plate
current of 175 milliamperes is to be used,
it will be necessary to reduce the plate
voltage to 1000 volts or less to avoid
exceeding the 175-watt maximum input
rating.

The tube ratings given in this Man-
ual are “Absolute Maximmm” ratings,
unless otherwise indicated. The equip-
ment designer must select operating val-
ues which are sufficiently below these
absolute-maximum ratings so that no
rating will ever be exceeded under any
usual condition of supply-voltage varia-
tion, load variation, or manufacturing
variation in the equipment itself.

A few of the low-power tubes listed
in this Manual are rated under the
“Design-Center” system. This system,
which is used principally for tubes in-
tended for home-instrument applica-
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tions, is designed to provide satisfactory
average performancein the greatest num-
ber of equipments on the premise that
they will not be adjusted to local power-
supply conditions at time of installation.
Equipment for use on ac or dc power
lines should be designed so that the de-
sign-center maximum values are not ex-
ceeded at a line-voltage-center value of
117 volts. In equipment designed for use
with storage-battery-with-charger sup-
ply or similar supplies, plate voltages,
screen-grid supply voltages, dissipations,
andrectifier output currentsshould never
exceed 90 per cent of the design-center
maximum ratings for a terminal poten-
tial at the battery source of 2.2 volts per
cell. Equipment for use with ‘B’ bat-
teries should be designed so that under
no condition of battery voltage will the
plate voltages, screen-grid supply volt-
ages, or dissipations ever exceed the maxi-
mum rated values by more than 10 per
cent.

Values shown in tube data under
“Typical Operation’’ should not be in-
terpreted as ratings. These values repre-
sent operating conditions within the
maximum ratings of a tube that are suit-
able for a particular application, and
do not imply that the tube cannot be
operated satisfactorily under other con-
ditions in the same application. The
choice of the most suitable tube oper-
ating conditions for any particular ap-
plication should be based on a careful
consideration of all pertinent factors.

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 tube types having filaments heated
with de, the negative filament terminal
is taken as the datum point to which
other electrode voltages are referred. For
types having filaments heated with ac,
the filament mid-point (i.e., the center
tap on the filament-transformer secon-
dary, or the mid-point on aresistorshunt-
ing the filament) is taken as the datum
point. For types having indirectly heated
unipotential cathodes, the cathode is
taken as the datum point.
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Electrode voltage and current rat-
ings are in general self-explanatory, but
a brief explanation of other ratings will
aid in the understanding and inter-
pretation of tube data.

Plate Input is the total power sup-
plied to the plate. It is the product of
the dc plate voltage (Eb) and the direct
current flowing in the plate circuit (In).

Plate Dissipation is the power lost
in the form of heat as a result of electron
bombardment of the plate. It is the dif-
ference between the power supplied to
the plate of the tube (plate input) and
the power delivered by the tube to the
load circuit.

Power Output is the output obtain-
able from the tube itself and is equal to
plate-input power minus plate dissipa- °
tion. The useful power actually delivered
to the tube load, however, depends on
the circuit efficiency, the operating fre-
quency, and other variable factors.

Grid-No.2 (Screen-Grid) Iuput
is the dc power supplied to the
screen grid of a multigrid tube, and is
the product of the screen-grid voltage
and screen-grid current. This power is
dissipated in the form of heat by the
screen grid as a result of electron bom-
bardment.

Grid (orGrid-No.1) Driving Power
is the actual signal-power input to the
control grid plus the powerlostin the bias
supply.Itis given bythe formulaWg=0.9
Eglc, where Wy is the grid driving power
in watts, Eg is the peak signal voltage
applied to the grid in volts, and I is the
average grid current in amperes. This
valuedoes notincludesignal-power losses
that oceur in the tube, grid-tank circuit,
socket, or wiring, or tube losses caused
by electron transit-time effects (except
where the value given in the tube data
is for a specific operating frequency).

Peak Heater-Cathode Voltage rat-
ings are given only for tubes that have
separate cathode and heater terminals.
These ratings indicate the highest in-
stantaneous voltage that may be applied
between a heater and cathode without
breakdown of the insulation between
these electrodes.




Charts

RCA transmitting tubes are classi-
fied in this Section according to the types
of service for which they are designed.
The maximum frequency for full input
is given in Charts I and II. Most tube
types, however, can be operated above

this frequency provided the plate volt-
age and plate input are reduced. Chart I
shows the relationship between oper-
ating frequency and the maximum per-
missible percentage of maximum rated
plate voltage and plate input.

1. Power Tubes for Class C Telegraphy Service#

Moximum Plote Rotings (per tube) Per Cent of
Absolute Values Except as Noted Moximum Plote
CCs —ICAS——— Volts ond input
Dissi- Dissi- for Indicoted
Type potion DC Input potion DC Input Frequencies Type
No. Wotts Volts Wotts Wotts Volts Wotts % Me No.
TRIO DES:
958-A 0.6@ 135®  0.95® - = - - - 958-A
3AS 1 135 2 - = - 100 40 3AS
6F4 28 150" - - - - - - 6F4
6026 3 150 3.3 = = = 100 400 6026
5876 6.25 360 9 = = = 100 1700 5876
5893 7 320 1 8 400 16 100 1000 5893
6263 8 300 13 18 400 22 100 500 6263
6264 8 830 13 18 400 22 100 500 6264
5556 10 850 14 = = - 100 6 5556
75 15
50 30
809 25 750 75 30 1000 100 100 60 809
88 70
60 120
8025-A 404 10004 754 30 1000 50 100 500 8025-A
70° 600
811-A 45 1250 175 65 1500 260 100 30 811-A
812-A 89 80 { 812-A
70 80
55 100
826 45 1000 95 55 1000 180 100 250 8
. 80 300 26
808 50 1500 200 7% 2000 300 100 30 808
75 60
00 188
834 60 125 125 = = =
3 0 80 170 834
53 350
826 60 1000 126 75 1250 175 lgg ggg 8264
8005 7% 1250 240 85 1500 300 132 gg 8005
€0 100
2C39-A 100 1000 - - - - 100 2500 2C39-A
810 1 200 500 175 2500 750 100 810
aooo} 25 Y . 70 & { 8000
50 100
805 125 1500 315 - - - 100 30 805
82 45
55 80
5713 250 1500 450 - - - 100 220 5713
61614 250 1600 400 - - - 100 900 61614
80 1200
71 1400
62.5 1650
2000
833.-A 300 3000 1250 850 3300 1500 100 30 833.A
90 50
72 75
833.A8 400 4000 1800 450 4000 2000 100 20 833-A8
83 50
65 75
5786 600 3000 1500 - - - 100 160 5786
63834 600 1500 600 - - - 100 2000 63838
t Ratings apply also for Class C FM Telephony Service. ® Refers to plate volts only,

Design-Center Value.
4 With forced-air cooling.

¢ Refers to plate input only.
® Push-pull type.
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1. Power Tubes for Class C Telegraphy Service (cont.)#

Maximum Plote Ratings {per tube) Per Cent of
Absolute Value Except as Noted Maximum Plate
[of ] —ICAS Vaits ond Input
Dissi- Dissi- for Indicoted
T'Y‘P' pation DC fnput potion DC Input Frequencies Type
o Watts Vahs Watts Watts Valts Wotts % Mc Nao.
PENTODES:
5618 - - = 5 300 = 100 100 5618
- 904 166
802 10 500 25 13 600 100 30 802
1.5 M 55
55 100
1613 . 10 350 17.5 - - 33 100 45 1613
90 60
85 90
8EAM POWER TUBES:
2E24 10 500 30 18.5 600 - 100 126 { 2E24
2E26 83 160 2E26
75 160
68 175
837 12 500 82 - - 40 100 20 837
76 40
62 60
5763 12 800 16 18.5 350 17 100 50 5763
647 804 175 { 647
832-A° 15 750 36 20 750 50 100 200 832-A°
89 250
6146 20 600 675 25 750 90 100 60 6146
6159 ; 794 67° 120 6159
6883 664 53¢ 175 6883
6524C 20 500 70 25 600 85 100 100 65240
6850 784 79° 220 { 6850
514 76° 470
8159 20 400 60 25 500 % 100 125 8150
80 176
70 200
807 25 600 60 30 750 5 100 60 { 807
1625 80 80 1625
55 125
829-82 30 750 90 40 760 120 100 200 829-8°9
89 250
829-804 40 750 120 45 750 150 100 200 829-89+
89 250
58940 40 600 120 - - = 100 250 58940
96 300
90 400
88 500
814 50 1250 180 65 1500 226 100 30 814
g 8
4-65A 65 3000 - - = S 100 50 4-65A
828 70 1250 200 80 1500 270 100 30 828
&
4E27 75 4000 300 - S = 100 76 4€27/
800 76 120 8001
50 150
813 100 2000 360 126 2250 500 100 30 813
87 45
8 &
452‘72A5/8 125 4000 - - = - 100 k3 452‘72A5/8
4-125A7 126 8000 - - - - 100 120 4125A7
80° 150
o2 ST 4o
56 250
4X150A - o - - AX150A%
4X150D04 } 50 22 H L5 { 4X150D4
4-250A/ 260 4000 - - - S 100 110 4-250A/
5D22 22: ig(ﬁ) 5D22
4X500A% 500 4000 - - - - 100 120 4X500A4
827.R4 800 8500 1500 - - - 100 110 827-R4

§ ® 4 ® § O See preceding page.
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Il. Power Tubes for Plate-Modulated Class C Telephony Service

Maximum Plate Ratings (per tube)

Absolute Values

ccs ICAS
Dissi- Dissi-
pation DC Input pation DC fnput
thg.e Watts Volits Watts Watts Volts Watts
TRIODES:
5893 5 260 8.5 5.5 320  10.5
6263 5.5 275 9 9 380 15
8025-A 275 800 504 20 800 33
R } 30 1000 115 45 1250 175
826 30 800 60 45 1000 96
8264 0 800 75 60 1000 125
8005 50 1000 160 75 1250 240
2C39-A 70 600 - - - -
8000 | 8 1600 335 125 2000 500
81616 167 1300 270 = = -
833-A 200 2500 885 250 3000 1000
833.A8 270 3000 1250 350 4000 1800
57864 400 2500 1000 = = =
163834 400 1200 400 - = -
IBEAM POWER TUBES:
T } 6.7 400 20 9 500 27
g} 8 260 10 12 800 15
832.A0 10 600 22 15 600 36
6146
6159 f 13.3 480 46 16.7 600  67.5
6883
;ggggz} 13.5 400 % 16.7 500 55
8150 1.5 325 40 20 400 60
1535 } 6.5 475 40 2% 600 60
829.89 21 600  67.5 28 600 90
829-804 28 600 90 40 600 120
58940 27 450 72 = = =
4-65A 45 2500 = = = =
828 47 1000 135 70 1250 200
813 67 1600 240 100 2000 400
412547
o2 85 2500 = = = =
B w e -
4-250A/
5022 165 3200 = S S =

*® Reduction in ratings at higher frequencies are
given in Chart, I, Power Tubes For Class C Telegra-

:phy Service.
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Maximum
Frequency
For Full
input®

1000
6500
6500

80

250
60
2500

80

900
30
20

160

2000

125

50
200

60

100
125
60

200
200
250
50
80
80

120
6500

110

4 With forced-air cooling.
© Push-pull type.

635240
68500

815°

{3

829-8°
829-894
58940
4-65A
828

813

4-125A/
4D21

4X150A
4X150D

4-250A/
5022
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lll. Power Tubes for AF Power Amplifier and Modulator Service

Maximum Plote R

Absolute Values

ings {per tube)

ccs ICAS
Dissi- Dissi-
pation DC Input potion DC input
Type
No, Wolls Volts Watts Wolls Volts Wotts
TRIODES:
5556 7.5 350 = = = =
8il-A
1o 46 1250 1656 65 1500 236
8005 75 1250 225 86 1500 250
845 100 1260 150 = = =
8500} 125 2500 42 176 2750 510
805 125 1500 315 - - -
833-A4 300 3500 1125 350 3300 1800
400 4000 1600 450 4000 1800
57864 600 4000 1500 - = =
63834 600 1500 600 - = -
PENTODES ;
5618 = = = 5 300 -
802 15 500 15 18 600 18
BEAM POWER TUBES:
2626 10 400 30 12.5 500 37.5
2E24 10 400 30 13.5 500 87.5
6146
6159 20 600 62.5 25 750 90
6883
65243
sa2ss) 20 500 70 25 600 85
8150 20 400 60 26 500 7%
1614 21 375 40 25 550 60
807
Vors 26 600 60 30 760 90
829-80 30 750 100 = = =
5894° 40 600 120 - - -
4.65A0 66 3000 = = - -
828 70 1750 226 80 2000 270
g3 100 2250 360 126 2600 450
4.125A _ _ _ _
- 125 3000
4X150A _ _ _ _
e X200 150 1250
4-250A/ _ _ _ _
P 260 400

4 With forced-air cooling.

O Push-pull type.
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Class
of

Service

A

ABs:
ABs:

AB2

ABsa

ABs
ABy

ABs2

AB)

ABs
AB1
ABy

ABs

. ABs

AB1
ABs

{

{

Type

5556

8n-A
812-A

8005
845

810
8000

833-A

5786
6383

5618
802

813

4-125A/
4021

4X150A
4X150D

4-250A/
5022



ype
Na.
3C33

JE29
4C33
5618
[!763
r794

5893

5946

5026

6161

6264
6293

£383
6417

6524
6562

6850

RCA Transmitting Tubes
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IV, Power Tubes for Special Applications

Description
Twin Power Triode

Twin Beam Power
Tube

Power Triode
Power Pentode

Beam Power Tube

Fixed-Tuned
Oncillator Triode

Medium-Mu Triode

Power Triode

Oscillator Triode

Power Triode

Medium-Mu Triode
Beam Power Tube

Power Triode

Beam Power Tube

Twin Beam Power
Tube

Fixed-Tuned
Oscillator Triode

Twin Beam Power
Tube

Applications
Control Amplifier

Rectangular-Wave
Pulse Modulator

Class C Plate-
Pulsed Oscillator

Frequency Multi-
plier

Frequency Multi-
plier

Radiosonde Service

Plate-Pulsed Oscil-
lator and Fre-
quency Doubler

Plate-Pulsed Oscil-
fator and Ampli-
fier

Radiosonde Service

Frequency Multi-
plier

Frequency Multi-
pher

Rectangular-Wave
Pulse Modulator

Frequency Multi-
plier

Frequency Multi-
plier
Frequency Tripler

Radiosonde Service

Frequency Tripler
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Features

For use with duty factors between
0.0001 and 1.0 at a maximum averaging
time of 1200 microseconds.

Compact, forced-air-cooled radiator
type used with full input up to 626 Mec.

Seven-pin miniature type used as
doubler or tripler up to 80 Me.

Nine-pin miniature type used as
doubler or tripler up to 175 Mec.

Pencil type having integral reso-
nators for use at 1680 Mec.

Pencil type used as oscillator up to
ﬁoo Mc and as doubler up to 1000
c,

Compact, forced-ai ted radiat
type used with full input up to 1800
Mecand with reduced input up to 2000Mec.

Subminiature type for use at 400 Mc.

Compact, forced-air-cooled radiator
type used with full input up to 900 Mec.

Pencil type used as tripler up to 510
Mec at altitudes up to 60,000 feet.

For use with duty factors up to 1.0
at a maximum averaging time of
10,000 microseconds.

Compact, liquid-and-forced-air-cooled
type used as doubler up to 900 Mc,

Identical with type 5763 except for
12.6-volt, 0.375-ampere heater.

Used with full input up to 100 Mc and
with reduced input up to 470 Me.

Pencil type having in | resonators
and external cathode tab for use at
1680 Mec.

Identical with type 6524 except for
12.6-volt, 0.625-ampere heater.
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V. Rectifier Tubes
Unless otherwise specified, maximum ratings are absolute values

Maximum Maximum Temper-
Anode or Plate Peak inverse ature Filament {F)
Amperes Anode or Range ¢ or Heater (H}
Average Peak Plate Volts i Volts Amperes Type No.
Holf-Wove Mercury-Vapor Types:
0.125 0.5 7500 20 to 60 2.6F 2.0 816
10000 25 to 60 .
0.25 1.0 50004 25 to 70 2.6F 5.0 866-A
0.5 2.0 2500 25 to 70
10000 20 to 60 872-A
1.26 5.0 5000 20 to 70 5.0F 7.5 8008
1.50 6.0 15000 20 to 50
1.76 7.0 10000 20 to 60 50F 10.0 575-A
2. 508 10.0" 15000® 20 to 50 . . 673
: ’ 10000" 20 to 60
5000 80 to 60
2.50 156.0 2000 80 to 80 5.0H 4.5 5558
4.0 16.0 10000 25 to 50
6.4 400 3000 40 to 80 5.0 H 10.0 5561
Half-Wave Gos Types:
it B 10000 _15t0490 2.6 F 5.0 3828
0.50° 2.0° 4500° ~75 to 490 2.6 F 5.0 3825
Half-WaveVocuum Types:
0.130 0.800 6000 = 2.6F 5.0 1616
0.25 1.0 5000 - 2.6 H 5.0 836
Full-Wave Vocuum Types:
0.150° 2800
0.1782 0.650 2400 - 5.0 F 2.0 5R4-GY $
0.2560 2100

¢ Operating condensed-mercury temperature range ® For frequency of power supply of 500 cps maxi-
for mercury-vapor types; ambient-temperature mum.

range for gas types. & With capacitor input to filter.

4 For frequency of power supply of 1000 cps max- 4 Maximum ratings for this type are on design-
imum. center basis.

® Quadrature operation.

VI. Receiving Tubes for Class C Telegraphy Service
Ratings apply only for use as rf power amplifier and oscillator in amateur service

Maximum ICAS Ratings, Absolute Values Maximum  Mu-Factor,

BC  Cnd. Ond. DC  Grd- P T B o A Type
c’;z"';'u" Plate  No.2  No. Plate No.2  No.l  Input pation Input Grid No.l No.
(Approx.) Volts  Volts  Volts*  Ma Ma Ma  Walts  Watts Me
4‘ 875 250 -100 16 4.0 8.0 1.0 8.5 60 9.5 6AKé
6.6 860 - -100 26 - 8.0 - 5.0 60 18* 6C4
7.5 875 250 =756 80 9.0 5.0 1.5 9.0 80 22 6AG7
11.0 850 2560 -100 47 7.0 5.0 2.0 8.0 60 10 6AQS
11.0 860 2560 -100 47 7.0 5.0 2.0 8.0 80 9 6Vé
14.0 400 276 -100 50 11.0 5.0 8.0 12,5 80 7 6F6
28.0 400 800 -126 100 12.0 5.0 8.6 21.0 80 8 6L6

4 Grid-No.1-circuit resistance must not exceed 0.1 megohm.
& For triode, this value is the amplification factor.
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3. Grid Terminal 7. Cathode

4. Cathode and 8. Plate Terminal
Heater Terminal 9. Air-Cooled Radiator ®

Structure of RCA-6161
UHF Power Triode
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RCA Tube Types

This section contains technical descriptions of RCA tubes used instransmitting,
industrial, and amateur equipment. It includes data on current types, as well as
information on those RCA discontinued types in which there may still be some
interest as to characteristics.

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

Tube types are listed in this section according to the numerical-alphabetical-
numerical sequence of their type designations. For Legend for Base and Enve-
lope Connection Diagrams, see inside back cover.

UHF POWER TRIODE

Forced-air-cooled type used as rf
power amplifier, oscillator, and fre-
quency multiplier. May be used at full 2C3 9"A
input up to 2500 Mc and at higher fre-
quencies in cathode-drive circuits of

the coaxial-cylinder type. Class C Telegraphy maximum CCS plate dissipation,
100 watts.

HEATER VOLTAGE (AC/DC)®. o\ ovvvvvaernnenernseenneeetsooeosnsones 6.3 = 10% volts
HEATER CURRENT. .. ... coreeevronroenooroornsatonnsrsocssccocoonns 1.0 ampere
TRANSCONDUCTANCE®, . . .........00vvnnns 22000 umhos
AMPLIFICATION FACTOR 100
DIRECT INTERELECTRODE CAPACITANCES:
Grid to Plate. . . ..ottt e 1.96 nuf
Grid to cathodeand heater. ............ccciiiiiiieernnionnns 6.5 puf
Plate to cathode and heater ............ ..ot 0.035 max nuf

© Because the cathode is subjected to considerable back bombardment as the frequency is increased with
resultant increase in temperature, the heater voltage should be reduced depending on operating condi-
tions and frequency to prevent overheating of the cathode and resultant short life.

* Plate volts, 600; plate milliamperes, 70.

PLATE-MODULATED RF POWER AMPLFIER—Class C Telephony
Carrier conditions per tube for use with a mazimum modulation factor of 1.0

Maximum CCS Ratings:

DC PLATE VOLTAGE. . .« .t oo vvviorersnonsosnssesosnsonoorrassoncons 6000 max volts
GRID VOLTAGE:

) 09566 00600060000006000000000 0000 =150 max volts

Peak Negative RF 600 400 max volts

Peak Positive RF. . ..........covveneennnnnes 80 max volts
DC GRID CURRENT. . ...t vveerrroreennnctornunsosoonnsssecsscnnsns 50 max ma
DC CATHODE CURRENT 100 max ma
GRID INPUT . . . oo ctceeterovoatsccsosssonsosasnssosoanssossnssoosss 2 maz watts
PLATE DISSIPATION . . . ottt vt coivraniooonrosocosonsoosososoosnnons 70 max watts

@For less than 100-per-cent modulation, it is permissible to use a higher de plate voltage provided the
sum of the peak positive modulation voltage and the de plate voltage does not exceed 1200 volts.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy #
Maximum CCS Ratings:

DC PLATBVOLTAGE. .. . .o vvvvvnrersarsensavressosoorsosnocssscosns 1000 max volts
GRID VOLTAGE:
DC e el e el ool olslolelo ol oo ol elslelslokels e s ol s s el sle s o e o e o e lsls s s e oo o o s o o s o o sl =150 max volts
Peak Negative RF 400 max volts
Peak Positive RF. .. ...covveniinnnenneereninnsoercacttivansssees 80 max volts
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DC GRID CURRENT. . ...\ttt ient ittt iaeeeiieinenneeeeeranas 50 max ma
DC CATHODE CURRENT ... ... .ottt iriannen e inannnennnnenanens. 126 max ma
GRID INPUT ... it ee e ie it e ieenans 2 maz watts
PLATE DMSSIPATION. ... ............ 00D00000000608500000500000000000 100 max watts
Typical Operation as Amplifier in Cathode-Drive Circuit at 500 Mc:

DC Plate Voltage. .. ....... ..ottt iirnananannss 800 volts
DC Grid Voltage. . ....... ... 0. 0o it iiit e inenrannss —45 volts
DCPlate Current. .. ............ouiririt e ieennnnnns 80 ma
DC Grid Current (APProX.). ... .....ovtvurvne e, 356 ma
Driver Power OQUtput (APProX.). ..o tvvrsiieess s nreresinennnns 6 watts
Useful Power OUtpUt (APProX.). . .....vuitvnreneneinennenennenannen 27 watts
Typical Operation as Oscillator at 2500 Mc:

DC Plate Voltage. .. ......ovniiiiine ittt it iee e enenannnns, 900 volts
DCGridVoltnge(Approx.)...‘.‘........‘...............“‘_ ....... -22 volts
DCPlate Current. ... .......vuuuenin it eeenreenenennnns 90 ma
DC Grid Current (APProX.). .. .........viueniniiineainsnnnnrnens 27 ma
Useful Power Output (Minimum). .. ... ..............c.00eiiuin... 12 watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially
negative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent
of the carrier conditions.

OPERATING CONSIDERATIONS

Type 2C39-A, with its ring-type seals of graduated diameters, is useful either
in cavity or parallel-line circuits of compact fixed and mobile equipment. Requires
special mounting which should support the tube by the plate-terminal flange only.
May be mounted in any position. Flexible connectors of the spring-contact type are
required for all terminal connections. OUTLINE 69, Oullines Section.

Cooling of the 2C39-A is accomplished by passing a stream of clean air through
the radiator and by directing streams of air onto the cathode and heater seals, the
grid seal, and the plate seal. Adequate air must be provided to prevent the tem-
perature of the seals and radiator from exceeding 175°C.

LIGHTHOUSE TRIODE

Disk-seal type used as rf amplifier at fre-
quencies up to 1200 Mc and as cw oscillator at
frequencies up to 3370 Mec. Requires Octal socket

2C4o and may be mounted in any position. OUTLINE

7, Outlines Section. Heater volts (ac/dc), 6.3;

amperes, 0.75. Direct interelectrode capaci-

tances: grid to plate, 1.8 uuf; grid to cathode,

shell, and heater, 2.1 uuf; plate to cathode, shell,

and heater, (with shield having diameter of 23§

inches in plane of grid-disk terminal), 0.08 max uuf; cathode to shell, 70 uuf. Maximum CCS ratings as RF

POWER AMPLIFIER AND OSCILLATOR, CLASS C TELEGRAPHY: de plate volts, 500 maz; de

plate milliamperes, 25 max; plate dissipation, 6.5 maz watts; peak heater-cathode volts, = 90 maz. Char-

acteristics as CLASS A1 AMPLIFIER: plate-supply volts, 250; cathode resistor, 200 ohms; plate milli-

amperes, 17.5; transconductance, 5000 umhos; amplification factor, 86; plate resistance (approx.), 7200
ohms. The 2C40 is used principally for renewal purposes.

LIGHTHOUSE TRIODE

Disk-seal type used as rf amplifier and cw

oacillator at frequencies up to 1500 Mc. OUTLINE

10, Outlines Section. Requires Octal socket and

may be mounted in any position. Heater volts

2 C 4 3 (ac/de), 6.3; amperes, 0.9. Direct interelectrode
capacitances: grid to plate, 1.7 uuf; grid to

cathode, shell, and heater, 2.8 uuf; plate to

cathode, shell, and heater (with shield having

diameter of 23§ inches in plane of grid-disk
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terminal), 0.06 maz puf; cathode to shell, 70 guf. Maximum CCS ratings as RF POWER AMPLIFIER
AND OSCILLATOR, CLASS C TELEGRAPHY: dc plate volts, 500 maz; dc plate milliamperes, 40
maz; plate dissipation, 12 max watts; peak heater-cathode volts, = 90 max. Characteristics as CLASS
Ay AMPLIFIER: plate-supply volts, 250; cathode resistor, 100 ohms; plate milliamperes, 20; transcon-
ductance, 8000 pmhos; amplification factor, 48; plate resistance (approx.) 5600 ohms. The 2C43 is used
principally for renewal purposes.

BEAM POWER TUBE

Glass-octal type having quick-
heating coated filament used as af pow- 2 E2 4
er amplifier and modulator and as rf
power amplifier and oscillator in mo-
bile- and emergency-communications
equipment. May be used with full input up to 125 Mc and with reduced input up
to 175 Me. Class C Telegraphy maximum plate dissipation, CCS 10 watts, ICAS
13.5 watts.

FILAMENT VOLTAGE (A¢/DC) 6.3 = 10% volts

FILAMENT CURRENT. . ........... 0.65 ampere
FILAMENT HEATING TIME. . .... less than 2 seconds
TRANSCONDUCTANCE® . . ...\t ttnr s s s eoaserernenessanaersrans 3200 pmhos
MU-FACTOR, Grid No.2 to Grid No.1%*. . ... ... ... ... .ccoeivinnnenn, 7.5
DIRBECT INTERELECTRODE CAPACITANCES:
Grid No.l toplate. . .. .....cooriniiiiiiiinnn e eensrananaarans 0.11 maz puf
Grid No.1 to filament mid-tap, grid No.3, internal shield, grid No.2, and
DABE BlEBVE. . o . oo ivviit ittt it iy 8.5 ppf
Plate to filament mid-tap, grid No.3, internal shield, grid No.2, and base
6.5 puf
210 max °C
* Plate volts, 500; grid-No.2 volts, 200; plate milliamperes, 16.
#* Plate and grid-No.2 volts, 200; plate milliamperes, 16.
AF POWER AMPLIFIER AND MODULATOR—Class AB2
Maximum Ratings: ccS ICAS
DC PLATE VOLTAGE. . - ..ottt vvevnnvnnrososasasssses 400 max 500 max volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE. .. ............. 200 max 200 max volts
MAXIMUM-SIGNAL DC PLATE CURRENTS. . 00 75 maz 75 max ma
MAXIMUM-SIGNAL PLATE INPUTS. . ..... 60 380 max 37.5 mazx watts
MAXIMUM-SIGNAL GRID-NO.2 INPUTS. . . .............0e 2.5 max 2.5 max watts
PLATE DISSIPATIONS. . ... .0otihiiiiiiieaetacrnesees 10 maz 13.5 max watts
Typical Operation (Values are for £ tubes):
DC Plate VOltage. . ... vverrvrvnnreresreiiiiiaans 400 500 volts
DC Grid-No.2 Voltage. . .............covvunen . 125 125 volts
DC Grid-No.1 (Control-Grid) Voltage} -15 -15 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage............... 82 82 volts
Zero-Signal DC Plate Current. . ................couuuns 18 20 ma
Maximum-Signal DC Plate Current. . .................. 150 150 ma
Zero-Signal DC Grid-No.2 Current. . ................... 0.6 0.6 ma
Maximum-Signal DC Grid-No.2 Current................ 26 28 ma
Effective Load Resistance (Plate toplate)............... 7000 9000 ohms
Maximum-Signal Driving Power (Approx.).............. 0.43 0.46 watt
Maximum-Signal Power Output (Approx.).............. 42 54 watts

Maximum Circvit Valves (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. ... .......c.ooviieiiiiiiiiiicreescas 300001 mazx ohms

w Averaged over any audio-frequency cycle of sine-wave form.
+ For ac filament supply.
1 For operation at less than maximum ratings, this value may be as high as 100000 ohms.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with a mazimum modulation factor of 1.0
Maximum Ratings: } ccs ICAS
DC PLATB VOLTAGE. ..o ivivvsresvvvsssavocanss [N 400 max 500 max wvolts
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DC GRID-NO.2Z VOLTAGE. . . ..o tvvvrnsncrrnnsosanenssss 200 max 200 mazx volts
DC GRID-NO.1 VOLTAGE. .. ... 0vevanrosnoronnancnnans =176 maz -175 max volts
DC PLATE CURRENT. ... 60 mazx 70 max ma
DC GRID-NO.1 CURRENT. . 8.6 max 8.5 mazx ma
PLATEINPUT. .. ... .o 20 max 27 max watts
GRID-NO.ZINPUT. ... . oiiiiiianannananansss oo 1.7 max 2.3 max watts
PLATE DISSIPATION. . . .. oo vvvrnroronsnanasssssscnsans 6.7 max 9 maz watts
Typical Operation:
DCPlate Voltage. . . .........covveneneronnrsasasasssss 400 500 volts
DC Grid-No.2 Voltage® . ..........oovvvrvinanas 000 180 180 volts
From aseries resistor of . .. ......co0vunrrnennccenas 27500 40000 ohms
DC Grid-No.1 Voltagetd..........oiiiiieiianreennes —45 —45 volts
From a grid-No.l resistorof . . ............0ivneinnn 18000 18000 ohms
Peak RF Grid-No.1 Voltage. ............ccoovivaernnans 61 62 volts
DCPlateCurrent. ............ovevernenrnnanas 650 654 ma
DC Grid-No.2 Current. .. ......covveneeiueennes 8 8 ' ma
DC Grid-No.1 Current (Approx.)............o00n ces 2.6 2.5 ma
Driving Power (APProX.).........ovteeeistarinssosnns 0.15 0.16 watt
Power Qutput (APpProX.). . ... .covveeronnnnasossssssss 18.6 18 watts

Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. ... .........coiviieiietiinnraissannanes 80000t max ohms
© Obtained preferably from separate source modulated along with plate supply, or from the modulated
plate supply through series resistor of value shown.

t For ac filament supply.

oObtained preferably from grid-No.1 resistor or from a combination of grid-No.1 resistor with either
fixed supply or cathode resistor.

$ For operation at less than maximum ratings, this value may be as high as 100000 ohms.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegrophy#

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: ccs ICAS
DCPLATE VOLTAGE . . ...\ . vvtinininroranossnansasssss 500 max 600 max volts
DC GRID-NO.2 VOLTAGE. . . . ... vvivvantanrarsnonsnnnns 200 max 200 mazx volts
DC GRID-NO.1 VOLTAGE. . .. .. tvvvtisinnronaransoasas =175 max -175 mazx volts
DC PLATE CURRENT. . .. .\ tvivineanansrasaasasaansons 75 max 85 max ma
DC GRiD-No0.1 CURRENT 0 8.6 max 8.6 max ma
PLATE INPUT. . ... .ciei e ianness 0 30 max 40 max watts
GRID-NO.2Z INPUT. . . .o iiviiiininnnnnnnsnorosnaasanes 2.5 max 2.5 max watts
PLATE DISSIPATION. . ...t vvnerinnnnrornnnnanasasssns 10 max 18.5 mazx watts
Typical CCS Operation: 125 Me 160 Mec
DC Plate Voltage. . . .......ooviiiiviiisnssnsnoionanns 400 500 860 volts
DC Grid-No.2Voltage®. .........oouitiiennnceaannsses 200 190 170 volts
From a series resistor of. 0 20000 29000 18000 ohms
DC Grid-No.1 Voltaget®..... —45 -45 =50 volts
From a grid-No.1 resistor of 15000 15000 16500 ohms
Peak RF Grid-No.1 Voltage......... i 62 65 70 volts
DCPlateCurrent. . ..........oovetvarovsuassoranscans 5 60 85 ma
DC Grid-No.2 Current. . ......ovvvvrinnerroaroreeanans 10 10.5 10 ma
DC Grid-No.1 Current. .. ........ 8 3 3 ma
Driving Power (Approx.)......... 0.19 0.2 2 watts
Power OQutput (APProX.)......oveenvsvovnnassassasanss 20 20 16.5 watts
Typical ICAS Operation: 125 Mec
DC Plate VOILRZE. . . . ..oviivrrininisesenrnrsrsearonssasasisssssnnss 600 volts
DC Grid-No.2 Voltage®. .. .....ooeiivieieiniiinnianans e reaeaaees 195 volts
From a series resistor of . .. .....ovveiiiiiiareiearariioniaisesaons 40500 ohms
DC Grid-No.1 Voltaget® ........... -50 volts
From a grid-No.1 resistor of 16700 ohms
Peak RF Grid-No.l VOIt&e. .....cvivi it iieeenan o rernsnnsensns ket volts
DCPlate Current. ........ccoovveveioisnnonnns [ ma
DC Grid-No.2 Current. . .........cc00nen Hoa000 00 0606000000000 000 ; 10 ma
DC Grid-No.1 Current. .. ....oovvvnnsefsosncsdaooascaccrssscsssanns 8 ma
Driving Power (Approx.). . 6 60TR0 0 0000000000000 000000 0 0.21 watt
Power Output (ApproxX.)......cceeevsssan 0830060000000 000000000 27 watts
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Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. . . ......cceveeeesscesirsccecnns 0000000 800001 max ohms
# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially nega-
tive may be used if the positive peak of the audio-freq y envelope does not d 115 per cent of

the carrier conditions.

® Obtained preferably from separate source, or from the plate-supply voltage with a voltage divider, or
through a series resistor of value shown. Grid-No.2 voltage must not exceed 600 volts under key-up-
conditions.

t For ac filament supply.

® Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.
$ For operation at less than maximum ratings, this value may be as high as 100000 ohms.

AVERAGE CHARACTERISTICS OPERATING CONSIDERATIONS
TYPE 2E24
Ef=63VOLTS DC Type 2E24 requires Octal socket and

oo VLS may be mounted in vertical position with

base up or down, or in horizontal position

with pins 8 and 7 in vertical plane. Effec-
tive rf grounding and simplified shielding
of input from output are facilitated by

| the base sleeve with separate base-pin

S €cy=+50 connection and the single base-pin con-
|
|

3

g

nection for filament mid-tap, grid No.3,
and internal shield. OUTLINE 15, Outlines
Section.

For operation at 150 Mc, plate volt-
age and plate input should be reduced to
{ ——+30 83 per cent of maximum ratings; at 160
'—,__'_,—i T—,2d Me, to 75 per cent; at 175 Mc, to 68 per
NI T T T T T T Teo cent. Plate shows no color when the tube
| I is operated at maximum CCS or ICAS
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BEAM POWER TUBE

Glass-octal heater-cathode type

2E2 6 used as af power amplifier and modu-

lator and as rf power amplifier and

oscillator. May be used with full input

up to 125 Mec and with reduced input

up to 175 Me. Class C Telegraphy maximum plate dissipation, CCS 10 watts
ICAS 13.5 watts.

HEATER VOLTAGE (AC/DC) 6.3 %109, volt
HEATER CURRENT. ................... .. 0.8 amper
TRANSCONDUCTANCE®. . ........................ ... .. 8500 pmho
Mu-FACTOR, Grid No.2 to Grid No.1** 6.5
DIRECT INTERELECTRODE CAPACITANCES:®
Grid Nod toplate.................oco.oiiiiiioo 0.20 max e
Grid No.1 to cathode, grid-No.3, internal shield, grid-No.2, and heater. 13 1y
Plate to cathode, grid-No.8, internal shield, grid-No.2, and heater. . . .. 7 e
BULB TEMPERATURE (At hottest point). .. ............................ 210 max o

* Plate volts, 500; grid-No.2 volts, 200; plate milliamperes, 20.
** Plate and grid-No.2 volts, 200; plate milliamperes, 20.
® Base sleeve connected to ground.

AF POWER AMPLIFIER AND MODULATOR— Class AB2

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE ., ............... 400 max 500 max volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE 200 max 200 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT® 75 max 76 max ma
MAXIMUM-SIGNAL PLATE INPUT®, ... .. 80 mazx 87.5 max watts
MAXIMUM-SIGNAL GRID-N 0.2 INPUTS ., |, . 2.5 mazx 2.5 max watts
PLATE DISSIPATION®. . .. ...................... 00004000 10 max 12.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............. 100 max 100 max volts

Heater positive with respect to cathode.............. 100 max 100 maz volts
Typical Operation (Values are for 2 tubes):
DC Plate Voltage. . .................................. 400 500 volts
DC Grid-No.2 Voltage*t........................... .. 125 125 volts
DC Grid-No.1 (Control-Grid) Voltage s................. -15 -15 volts
Peak AF Grid-No.1-to-Grid No.1 Voltage. .............. 60 60 volts
Zero-Signal DC Plate Current. ........................ 20 22 ma
Maximum-Signal DC Plate Current. ................... 150 150 ma
Maximum-8ignal DC Grid-No.2 Current. . .............. 82 32 ma
Eftective Load Resistance (Plate to plate),.............. 6200 8000 ohms
Maximum-Signal Driving Power (Approx.) .............. 0.36 0.36 watt
Maximum-Signal Power Output (APprox.)............... 42 54 watts
Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance:

For fixed-bias operation. .................... ... 30000} max ohms

For cathode-bias operation..................................""" Not recommended

" Averaged over any audio-frequency cycle of sine-wave form.

* Preferably obtained from a separate source or from the plate-supply voltage with a voltage divider.
t In applications requiring the use of grid-No.2 voltages above 185 volts, provisions should be made for
adjustment of grid-No.1 bias for each tube separately. The necessity for this adjustment at lower grid-
No.2 voltages depends on the distortion requirements and on whether the plate-dissipation rating is
exceeded at zero-signal plate current.

§ For operation at less than maximum ratings this value may be as high as 100000 ohms.

PLATE-MODULATED RF POWER AMPLFIER—Class C Telephony
Carrier conditions per tube for use with a mazimum modulation factor of 1.0

Maximum Ratings: cGs ICAS

DC PLATE VOLTAGE 400 max 500 maz volts
DC GRID-N0.2 VOLTAGE 0900 200 mazx 200 max volts
DC GRID-No.1 VOLTAGE 0500 -175 max =175 max volts
DC PLATE CURRENT 60 max 70 max ma
DC GRID-No.1 CURRENT 8.5 max 8.5 maz ma
PLATEINPUT. ...l 20 max 27 max watts
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GRID-NOZINPUT. . .ot titennrinronnnannnsonnnsnnes 1.7 max 2.8 max watts
PLATE DISSIPATION. . .ot vvvvtiviorannannoronnnnnnns 6.7 max 9 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ............ 100 max 100 maz volts
Heater positive with respect to cathode.............. 100 max 100 mazx volts

Typical Operation:

DC Plate Voltage. . . ...oviiiiiiieniniaiioeesnanseanns 400 600 volts
DC Grid-No.2 Voltage®............. oo 160 180 volts

From series resistor of .. 82000 85500 ohms
DC Grid-No.1 Voltage o' .. ...ooiiiiiiiiieieeieiennanns =50 -50 volts

From grid-No.1l resistorof . . . .............cceenenn 20000 20000 ohms
Peak RF Grid-No.1 Voltage. ........coievinnenennians 60 60 volts
DCPlate Current. .. ovveereeierersnnneearorscnoses 50 54 ma
DC Grid-No 2 Current 7.5 9 ma
DC Grid-No.1 Current (Approx.).........c.coeveveenns 2.5 2.5 ma
Driving Power (APProX.) .. .seeeeeeeerasrrscsoraarenes 0.16 0.15 watt
Power Qutput (APProX.)....eeeeerererecersrosecaronss 18.5 18 watts

Maximum Circuit Valves {CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. ... ....cvvverreererecroncaccraeaecanns 80000} max ohms
® Obtained preferably from separate source modulated along with plate supply, or from the modulated
plate supply through se:ies resisto. of value shown.

o Obtained from the grid-No.1 resistor or from a combination of grid-No.1 resistor with either fixed
supply or cathode resistor.

t For operation at less than maximum ratings, this value may be as high as 100000 ohms.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPUFIER—Class C FM Telephony

Maximum Ratings: cCsS ICAS
DCPLATEVOLTAGE. . ..o\ iviiiinrninerrrn i senanses 6500 max 600 mazx volts
DC GRID-NO.2Z VOLTAGE. . ..o o vorarninnncacnnnens 200 max 200 maz volts
DC GRID-NO.1 VOLTAGE. . ... tvvvarninnonannsssssnsns -176 mazx =176 maz volts
DCPLATE CURRENT. . . oo ivverrienrrnnnnanassosnens 75 maz 85 max ma
DC GRID-NO.1 CURRENT. . ¢ ... cvivrviernnnnnnnaansses 8.6 max 8.6 max ma
PLATE INPUT. .. ... i ittt 80 max 40 maz watts
GRID-NOZ INPUT. . .. ovvvererniannrnnnnnasssnssesas 2.6 max 2.5 maz watts
PLATE DISBIPATION. . ..t o o vttietiannnnseanenanaens 10 max 13.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ............ 100 max 100 max volts

Heater positive with respect to cathode.............. 100 max 100 maz volts
Typical CCS Operation: 125 Me 160 Mec
DCPlate Voltage. . .........oovriiieiiiirerenoannaees 400 500 800 volts
DC Grid-No.2 Voltage®. . ...........coiiiiiieniennnn, 190 185 170 volts

From series resistor of . . . ..........oveiieiiiiainn 19000 28500 21500 ohms
DC Grid-No.1 Voltagess . ........covvvernrnanannnenn -30 —40 -5 volts

From grid-No.l resistor of. . . ... ... ... ..o vrens 10000 13500 80000 ohms
Peak RF Grid-No.1 Voltage. .. ..................ooonu 41 50 85 volts
DCPlateCurrent. . .........vivienierninonevannoraees k(3 60 75 ma
DC Grid-No2 Current. . . ...co.ovvrvinnereranarerenne 11 11 6 ma
DC Grid-No.1 Current (APProx.)........cccoeeevvvonss 3 3 2.5 ma
Driving Power (APProX.) .. ..cevueironravarsroenaenens 0.12 0.156 1.5 watts
Power Output (APProX.). . ....cc.oeverioeenserecencnnses 20 20 138 watts
Typical ICAS Operation: 125 Me 160 Mc
DC Plate Voltage. . ......... 600 850 volts
DC Grid-No.2 Voltage® 185 200 volts

Fromseriesresistor of . . . ..........cooiiiiiee 41500 21500 ohms
DC Grid-Nol Voltaged . ...........cvovviniiniioienns 45 -90 volts

From grid-No.1 resistor of . . . .. .........c.ooniis 15000 30000 ohms
Peak RF Grid-No.1 Voltage . ...........c.ooviieenen 57 105 volts
DCPlate Current. . .....cooviiieriarreranaraironanens 66 85 ma
DC Grid-No2 Current. . .....ccivierernenrereneinee 10 7 ma
DC Grid-No.1 Current (APProx.)......ooeeverecneoeses 3 3 ma
Driving Power (AppProx.)..........e... 0.17 2 watts
Power Output (APProX.)......coceveveieereacenenes 000 27 16.5 watts
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Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. . .. ............cuueeernevnnrneunnnnon.. 300000 maxi ohm
# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentiall;

negative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cen
of the carrier conditions.
® Obtained preferably from separate source, or from the plate-supply voltage with a voltage divider, o

through a series resistor of value shown. Grid-No.2 voltage must not exceed 600 volts under key-u
conditions.

4 Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.
§ For operation at less than maximum ratings, this value may be as high as 100000 ohms.

TYPICAL CHARACTERISTICS
OPERATING CONSIDERATIONS ree 226 | | | |

" E£26.3 VOLTS ~ T

Type 2E26 requires Octal socket and GRIDNZI2AVOLTSEIE0)
may be mounted in any position. Effec-
tive rf grounding and simplified shielding
are facilitated by the base sleeve with
separate base-pin connection and the sin-
gle base-pin connection for cathode, grid
No.3, and internal shield. OUTLINE 15,
Outlines Section.

For operation at 150 Mec, plate volt-
age and plate input should be reduced to
83 per cent of maximum ratings; at 160 + =Ne| VOLTS Eci= 4407
Me, to 75 per cent; at 175 Mec, to 68 per N [ [
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POWER PENTODE

Seven-pin miniature type having
3 A 4 coated filament used as rf power am-
plifier in light-weight, compact, port-
able, low-power, battery-operated
equipment. May be used at full input
up to 10 Me. Class C maximum CCS
plate dissipation, 2 watts.
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FILAMENT ARRANGEMENT Series Parallel
FILAMENT VOLTAGE (DC). . .. cvveucurenenncocucusossusasssronanns 2.8 1.4 volts
FILAMENT CURRENT. . . ... vvvvoencorcnncenscssnseevnsavsssoons 0.1 0.2 ampere
TRANSCONDUCTANCE® . . . ... ittt tennenennnnoeennoeeneennenes 2250 pmhos
PLATE RESISTANCE (APProX.)¥. ..ot ininiiiiierierironeseneenenons 80000 ohms
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l toplate. .. ...oouuiiiiiiiiiiiiiiiiiireeeneeneenenns 0.34 max puf
Grid No.1 to filament mid-tap, grid No.3, and grid No.2............. 4.8 uuf
Plate to filament mid-tap, grid No.3, and grid No.2. . .............. 4.2 upf

* Plate volts, 150; grid-No.2 volts, 90; grid-No.1 volts, -8.4.

RF POWER AMPLIFIER—Class C

Maximum CCS Ratings, Design-Cenler Values:
DC PLATE VOLTAGE. . ........covvvvenns 000000000000 150 max volts

DC GRID-NO.2 (SCREEN=GRID) VOLTAGE. . 185 maz volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE =30 max volts
DC PLATE CURRENT. . ... ..ovvnvnnnnns 20 max ma
DC GRID-NO.1 CURRENT. . ...\t ttvtttvnteirtnenenneneneanenenennenns 0.25 maz ma
TOTAL DC CATHODE CURRENTS, . .. ...t tvinneireninoneennnneennnnns 256 mazr ma
) 5% 43 S5 90 06 0 00000000000000000600000060000006000000000000050000 3 max watts
GRID-NO.2 INPUT. . . . otiiiiiiiiiieieieiiiiiiiiieeeneneennnnens 0.9 mazx watt
PLATE DISSIPATION. . . .0ttt ee e eneneneeeennenennenns 2 max watts
Typical Operation at 10 Mc (with Parallel Filament Arrangement):

DCPlate Voltage. . .. .ovvvtrietnnetnrrnrrresioionsonotensonsonseons 150 volts
DC Grid-No.2 Voltage. .......covitiiitieiirioirniniioinsinoeenss 135 volts
Grid-No.1 ResiBtor. . .. ......iviiiitiirnrrnerronnionionnienscnsenns 0.2 megohm
1003 V3 (055030 006900 00000600 060006000000 005000000 00000000000300 18.38 ma
DC Grid-No2 Current. . . ......cvttitiivntiiinrrnnniiionnsnsnnconns 6.5 ma
DC Grid-No.1 Curremtt. . .. ... ouitiiiiiiiiiiiiiiiiiiiearerensenes 0.13 ma
Power Qutput (APProX.). . .. .covvvirrnrreerenrercororoencoonseosonns 1.2 watts

n For each 1.4-volt filament section.

OPERATING CONSIDERATIONS

Type 3A4 requires miniature seven-contact socket and may be mounted in any
position. QUTLINE 6, Oullines Section.

The filament power supply may be obtained from dry-cell batteries, from
storage batteries, or from a power line. With dry-cell battery supply, the filament
may be connected either directly across a battery rated at a terminal potential of
1.5 volts, or in series with the filaments of similar tubes across a power supply con-
sisting of dry cells in series. In any case, the voltage across each 1.4-volt section of
filament should not exceed 1.6 volts.

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

For series operation of the sections, a shunting resistor must be connected
across the section between pins 1 and 5 to bypass any cathode current in this sec-
tion which is in excess of the rated maximum per section. When other tubefn a
series-filament arrangement contribute to the filament current of the 3A4, an addi-
tional shunting resistor may be required across the entire filament (pins 1 and 7).

Forseries-filament arrangement, filament voltageis applied between pins1and 7.
For parallel-filament arrangement, filament voltage is applied between pin 5 and
pins 1 and 7 connected together. In series-filament arrangement, the grid-No.l
voltage is referred to pin 1. In parallel-filament arrangement, the grid-No.1 voltage
is referred to pin 5.

Plate of the 3A4 shows no color when the tube is operated at maximum CCS
ratings.
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MEDIUM-MU TWIN TRIODE

Seven-pin miniature type having

3 A 5 coated filament used as rf power ampli-

fier and oscillator in light-weight, com-

pact, portable, low-power, battery-

operated equipment. May be used at

full input up to 40 Me. Class C Telegraphy maximum CCS plate dissipation (each

unit), L watt. Requires miniature seven-contact socket and may be mounted in any

position. OUTLINE 6, Outlines Section. For filament considerations, refer to type

3A4, noting that for type 3A5 pin 4 is the filament mid-tap. Plates of the 3A5 show
no color when the tube is operated at CCS ratings.

FILAMENT ARRANGEMENT Series Parallel
FILAMENT VOLTAGB (DC). . ... ..evevveiit . 2.8 1.4 volts
FILAMENT CURRENT. . .. 0.tiitittiitiiie i eiianennnns 0.11 0.22 ampere
TRANSCONDUCTANCE®. . ...\ttt ittt tanennennns 1800 »mhoa
AMPLIFICATION FACTOR®. . . ... ... ....iviiineiinniin., 15
PLATE RESISTANCE (ADDProX.)¥. ... ..c0ovvunninnninnnnnnnns 8300 ohms
DIRBCT INTERELECTRODE CAPACITANCES (Each unit):
Gridtoplate. .. ......cooiiiiiiiiiiiiii i, 3.2 puf
Grid to filament mid-tap..............oeiiiiennn., 0.9 put
Plate to filament mid-tap. ..............cc0vvnien..n., 1.0 puf
Platetoplate...........cooiiiiviiiiiiiniiiiiiinin, 0.82 put

* Plate volts, 90; grid volts, -2.5; plate milliamperes, 8.7,

RF POWER AMPUFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPUFIER—Class C FM Telephony
Maximum CCS Ratings, Design-Cenler Values for each unit:

DC PLATE VOLTAGE 135 mazx volts
DC GRID VOLTAGE . . ...ttt tttie it ettt it teee et eeneanenenns -30 max volts
DC PLATE CURRENT 15 max ma
DC GRID CURREBNT. . . oot viiieitttit v inennenennenns 500 2.5 maz ma
PLATBINPUT...................... o 2 mazx watts
PLATE DISSIPATION. .. ............. 1 maz watt
Typical Push-Pull Operation (Values are Jor both units):
DCPlate Voltage. . . .............cvvviiinininnn... e eeeeiesaracaona 185 volts
DC Grid Voltage®..................... BO o =20 volts
From grid resistor of. . . .. .. 00 4000 ohms
From cathode resistor of . . .............coiiiiiiiiniiiennennnnn. 570 ohms
Peak RF Grid-to-Grid Voltage. ...........ouiviiiiitinnniinninnnnnn.s 90 volts
DC Plate CUITONt. . .. o.vtii ittt ettt it ittt etenneannes 30 ma
DC Grid Current (ApPDProX.). ... .cooiviiiureiennrereronennennenerenns 5 ma
Driving Power (ADProx.). .. ...oooviiut ittt neeeannnen 0.2 watt
Power Output (ADProX.). ... .vivieinriteietee e et e rennennenanns 2 watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially
negative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent
of the carrier conditions.

¢ Obtained by fixed supply, by grid resistor, by cathode resistor, or by combination methods.

HALF-WAVE GAS RECTIFIER 2 Gre

Xenon-filled rectifier of the coated-
3 B2 5 filament type. May be used in equip-
ment subject to wide range of ambient
temperature (—75° to +90°C). Maxi- r
mum peak inverse anode volts, 4500;
maximum average anode amperes, 0.5. Requires Small four-contact socket and
may be mounted in any position. OUTLINE 36, Outlines Section.
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FILAMENT VOLTAGE (AC)®. . oo ivieeeieeeveealonnraranocncreecncenns 2.5 volts
FILAMENT CURRENT. o oo cotvntinin v innnnerasaneosussssssaonsesossns 5.0 amperes
PEAK TUBE VOLTAGE DROP (APProX.).......c.oovueincecniereronanonns 10 volts
° Filament voltage must be applied at least 30 seconds before application of anode voltage.
HALF-WAVE RECTIFIER -
Maximum Ratings:
PEAK INVERSE ANODE VOLTAGE. . ¢ e vt ivvervnvaerooncneoaocscananas 4500 maz volts
ANODE CURRENT:
30 NS R R ) 2.0 max amperes
AVEIAEE T . . vt ettt ettt e e 0.5 max ampere
Fault, for duration of 0.1 second maximum. .............c.eoeeveene 20 max amperes
FREQUENCY OF POWER SUPPLY . ..t cvvtvevratarenrae oo noononsnones 500 maz cps
AMBIENT-TEMPERATURE RANGE °C
J Averaged over any period of 30 seconds maximum.
Operating Valves:
Circuit Maz. Trans. Approz. DC Maz. DC Maz. DC
(For circuit figures, refer to Sec. Volts Output Volts Output Output KW
Rectifier Consideralions (RMS) To Filler Amperes To Filler
Section) Fig. E Eav Iav Pde
In-Phase Operation
Half-Wave Single-Phase. ... 54 3100 1400 0.5 0.7
Full-Wave Single-Phase . ... 56 1500 1400 1.0 1.4
Series Single-Phase . ....... 56 3100 2850 1.0 2.8
Half-Wave Three-Phase. ... 57 1800 2150 1.6 8.2
Quadrature Operation
Parallel Three-Phase . ..... 58 1800 2150 3.0 6.4
Series Three-Phase ....... 59 1800 4300 1.6 6.4
Half-Wave Four-Phase . ... 60 1500 2000 1.8% 2.0m 3.6% 4.0n
Half-Wave Six-Phase ..... 61 1500 2160 1.9% 2.0m 4.1% 4.3
* Resistive Load = Inductive Load
N P Gre HALF-WAVE GAS RECTIFIER
Xenon-filled rectifier of the coated- 3 B28

filament type. May be used in equip-
; ment subject to wide range of ambient
,.wu temperature (—175° to +90°C). Rating
swels  I: maximum peek inverse anode volts,
10,000; maximum average anode amperes, 0.25. Rating II: maximum peak inverse
anode volts, 5000; maximum average anode amperes, 0.5. Requires Small four-con-
tact socket and may be mounted in any position. OUTLINE 33, Oullines Section.

FILAMENT VOLTAGE (AC)®. .. .ttt it e euieieooneennaannes 2.5 volts
FILAMENT CURRENT . . ..ottt inoneanseasooasaeenoaeonsascasens 5.0 amperes
PEAK TUBE VOLTAGE DROP (APDPIrOX.) .. ....ovviiiiniutuioiannnaeesnns 10 volts

° Filament voltage must be applied at least 10 seconds before the application of anode voltage.

HALF-WAVE RECTIFIER
Maximum Ratings:

PEAK INVERSE ANODE VOLTAGE, . ... . .covunvvivoonnnns 5000 max 10000 max volts
ANODE CURRENT:
22 T I R Ho 2 max 1 mar amperes
AVEragelT. . vttt 0.5 max 0.25 max ampere
Fault, for duration of 0.1 second maximum. ........... 20 max 20 max  amperes
FREQUENCY OF POWER SUPPLY . .....ooonivuutviannieienns 500 max 60 max cps
AMBIENT-TEMPERATURE RANGE. .. .......ooviiieeiiins —175 to +90 —75 to 490 °C

{3 Averaged over any period of 30 seconds maximum.
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Operating Valves:

Circuil Mazx. Trans. Approx. DC Maz. DC Max. DC
(For circuit figures, refer to Sec. Volts Output Volts Output Output KW
Rectifier Considerations (RMS) To Filter Amperes To Filter
Section) Fig. E Eav Iav Pdc
In-Phase Operation
7000 8200 0.25 0.8
Half-Wave Single-Phase. . 64 85004 1600 0.5 0.8
8500° 3200 0.5 1.6
Full-Wave Single-Phase... 55 1700* 1600 1.0 1.6
7000° 6400 0.5 8.2
Series Single-Phase. .. .., 56 8500 8200 1.0 8.2
4000° 4800 0.76 3.6
Half-Wave Three-Phase... 67 20004 2400 1.5 8.6
Quadrature Operation
4000° 4800 1.5 7.2
Parallel Three-Phase. ..., 58 2000 2400 8.0 7.2
4000° 9600 0.75 7.2
Series Three-Phase....... 69 2000% 4800 1.5 7.2
3500° 4500 0.9% 1.0% 4.0% 45"
Half-Wave Four-Phase.... 60 17004 2250 1.8% 2.0 4.0% 4.6"
8500¢ 4800 0.95* 1.0" 4.5% 4.8"
Half-Wave Six-Phase..... 61 17004 2400 1.9* 2.0 4.6% 4.8
® For maximum peak inverse anode voltage of 10000 volts. * Resistive load.
* For maximum peak inverse anode voltage of 5000 volts. ¥ Inductive load.

TWIN POWER TRIODE

Heater-cathode type containing

3C33 two high-perveance units used as in-

dustrial control amplifier and voltage

regulator. Control Amplifier maximum

CCS plate dissipation (each unit), 15

watts. Requires Septar seven-contact socket and may be mounted in vertical posi-

tion with base up or down, or in horizontal position with pins 1 and 4 in vertical

plane. OUTLINE 16, Outlines Section. Plates show no color when the tube is operated
at maximum CCS ratings.

HEATER VOLTAGE (AC/DC). ..\ ettt rnintneesnaesaanannnnn 050000 12.6 = 109 volts
HEATER CURRENT. . ... ..ttt i ittitne s aenuneeaannneonnnnneonanes 1.125 amperes
AMPLIFICATION FACTOR (Each unit)®. . . ... ............cciiiiiiininnnn. 11
DIRECT INTERELECTRODE CAPACITANCES (Each unit):

Gridtoplate. ... .. ... it i i e e, 000000000 5.4 uuf

Grid to cathode and heater. ... 000 7.8 puf

Plate to cathodeand heater. . ............ .. ... ciiiiiiiiiiiiinn, 4.2 upf
* Grid volts, -200; plate milliamperes, 90.

CONTROL AMPLIFIER SERVICE
Values are for each unit

Maximum CCS Ratings:
PBAK PLATE VOLTAGE. . .. i0tiiiiiiieienirenennnnnoronnrannnns vevess. w2000 max volts
DC GRID VOLTAGE. . . ..ttt ttiitiiiitntrnnnnsassraeenannns 000000000 =200 max volts
PEAK CATHODE CURRENT. . . 500 max ma
AVERAGE PLATE CURRENT. 120 max ma
AVERAGE GRID CURRENT. . .. ..vevnnannnnn 7.5 max ma
PLATE DISSIPATION. . .t ivivtiiiitienereieeesaeaeeeanenaaaanann 00000 16 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............ 000000000 0000000 100 max volts

Heater positive with respect to cathode. . o 100 max volts
BuLs TEMPERATURE (At hottest point)............... 00000000000 250 max °C
Maximum Circvit Valves:
Grid-Circuit Resistance:

When grid potential is always negative............. 00000000 00000000 0.5 marx megohm

‘When grid potential swings positive. . ... 00000000000 000000000 000000 o 0.03 max megohm
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TWIN BEAM POWER TUBE

Glass-octal heater-cathode type used as
push-pull rf power amplifier and oscillator in
intermittent mobile-service applications. May
be used with full input up to 156 Mc. OUTLINE 3E22
25, Outlines Section. Heater volts (ac/dc),
12.6 *= 109, (series), 6.3 = 109%, (parallel); am-
peres, 0.8 (series), 1.6 (parallel). Direct inter-
electrode capacitances (each unit): grid No.1 to
plate, 0.22 max uuf; grid No.1 to cathode, grid
No.3, internal shield, grid No.2, and heater, 14 uuf; plate to cathode, grid No.3, internal shield, grid No.2,
and heater, 8.5 uuf. Maximum IMS ratings as PUSH-PULL RF POWER AMPLIFIER AND OSCIL-
LATOR, CLASS C TELEGRAPHY (per tube): dc plate volts, 600 maz; dc grid-No.2 volts, 225 mazx;
de grid-No.1 volts, -175 maz; dec plate milliamperes, 175 maz; dc grid-No.1 milliamperes, 11 mazx; plate
input, 100 max watts; grid-No.2 input, 6 max watts; plate dissipation, 835 max watts; peak heater-
cathode volts, = 100 max. Plates show no color when the tube is operated at maximum IMS ratings
during the normal cycle of 15 seconds on, 1 minute off. The 8E22 is used principally for renewal purposes.

G3.K
P2 (4) Pe

M TWIN BEAM POWER TUBE

Heater-cathode type containing
two high-perveance units used as rec- 3E29
tangular-wave pulse modulator. Mod-
ulator Service maximum CCS plate

H H dissipation (per tube), 15 watts. Re-

quires Septar seven-contact socket and may be mounted in vertical position with
base up or down, or in horizontal position with pins 2 and 6 in vertical plane. OUT-
LINE 22, Oullines Section. Plates show no color when the tube is operated at
maximum CCS ratings.

I

Cigz 18

HEATER ARRANGEMENT Series Parallel
HEATER VOLTAGE (AC/DC). 0 12.6° 6.8° volts
HEATER CURRENT. . . .....ovineeconnnacanes 0000 1,125 2.25 amperes
TRANSCONDUCTANCE (Each unit, approx.)* 8500 pmhos
Mu-FACTOR, Grid No.2 to Grid No.1 (Each unit)*, ... ...... 9
DIRECT INTERELECTRODE CAPACITANCES (Each unit):
Grid No.l1 to plate (with external shield).................
Grid No.1 to cathode, grid No.3, grid No.2, and heater mid- 0.12 max upd
7Y e 14.0 upd
Plate to cathode, grid No.3, grid No.2, and heater mid-tap. 7.0 3

° Should not deviate more than 4+10% or —5% from value shown.
* Plate volts, 250; grid-No.2 volts, 175; plate milliamperes, 60.
** Plate and grid-No.2 volts, 225; plate milliamperes, 60.

MODULATOR—Rectangular-Wave Modulation
Values are for both units in parallel
Maximum CCS Ratings:

For Duty Factor® between 0.0001 and 1.0 and Maximum
Averaging Time of 1200 Microseconds in Any Interval

DC PLATE-SUPPLY VOLTAGE® .. ... .. 0.t itieiinioroioaroseoronnanons 5000 max volts
INSTANTANEOUS PLATE VOLTAGE. . . . o« ..o ioiheeeecanoronsnnnoronaans 5750 max volts
DC GRID-NO.2 (S8CREEN-GRID) SUPPLY VOLTAGE®. ... . ....c0vuvreronnns 850 max volts
DC GRID-NO.1 (CONTROL-GRID) SUPPLY VOLTAGE* -226 max volts
INSTANTANBOUS GRID-NO.1 VOLTAGE. .. .o.oivverroveeronnness —600 max volts
PeAK POSITIVE GRID-NO.1 VOLTAGE. ... ......... 000 000 250 mazx volts
PEAK PLATE CURRENT. . . .. .\ eiviverioronoronrororanes DOO @max amperes
PEBAK GRID-NO.2Z CURRENT. . ..o ovtiorosecoseronroorororocssannnarss 3.5 max amperes
PEAK GRID-NO.1 CURRENT, .....c.00vunnnn 5000000000000000 000000 0000 4 max amperes
PLATE INPUT. ............ 85 max watts
GRiD-No.2 INPUT 3 max watts
GRrip-No.1 INPUT 1 mazx watt
PLATE DISSIPATION. .. . ovvevveernn 000BO0DO0G 000B000000000000000000 000 15 max watts
PeAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. .................. 0000000 & 100 max volts

Heater positive with respect to cathode...... 50000000000060000 00000 100 max volts

4 Duty factor is defined as the “on” time in microseconds divided by 1200 microseconds. Pulse dura-
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tion is defined as the time interval between the two points on the pulse at which the instantaneous value
is 70 per cent of the peak value. The peak value is defined as the maximum value of a smooth curve
through the average of the fluctuations over the top portion of the pulse.

4 For tube protection, it is essential that sufficient dc resistance be used in the plate-supply circuit,
the grid-No.2-supply circuit,and the grid-No.1-supply circuit so that the short-circuit current is limited
to 0.5 ampere in each circuit.

@ For a duty factor between 0.0001 and 0.001, the rated peak plate current is 10 amperes maximum. For
higher duty factors, the peak plate current must be reduced. The rated peak plate current for a duty
factor of 1.0 is 0.8 ampere approx.

BEAM POWER TUBE

Small, thoriated-tungsten-fila-

4_65 A ment type used as af power amplifier

and modulator and asrf power amplifier

and oscillator. May be used with full

input up to 50 Mc and with reduced

input up to 250 Mec. Class C Telegraphy maximum CCS plate dissipation, 65 watts.

Requires Septar seven-contact socket and may be mounted in vertical position only,

base up or down. OUTLINE 23, Outlines Section. Plate shows an orange-red color
when the tube is operated at maximum CCS ratings.

FILAMENT VOLTAGE (AC/DC) . .. .v vttt iiniiintinnnenrenernnnnnnsons 6.0 volta
FILAMENT CURRENT, . ... . 8.5 amperes
TRANSCONDUCTANCE® . . ... .. ... ittt iiiiiiieereianns 4000 pmhos
MU-FACTOR, Grid No.2 to Grid No.1. ...ttt ciiieens 3
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.ltoplate. . ...t i e e 0.12 max puf
Grid No.l to filamentand grid No.2. . ................c.iivvuinns 8 ppl
Plate to filament and grid No.2. . .........cooiiiiii i nnns 2.1 ppf

* Plate volts, 500; grid-No.2 volts, 250; plate milliamperes, 125.

AF POWER AMPLIFIER AND MODULATOR—Class AB2
Maximum CCS Ratings:

DCPLATE VOLTAGE. .. ... ittt otanrnnonannnarsennenonans 8000 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE. . . ... ..ovvvnnnrinnoennnnans 600 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®* . .. ...................0000ns 1560 max ma
MAXIMUM-SIGNAL DC GRID-NOZ INPUT*™ . ... ..........ccoivininnnnn 10 max watts
PLATE DISBIPATION®™ , | | . i iiiiiiiririinirnennanens 65 max watts

*+ Averaged over any audio-frequency cycle of sine-wave form.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with ¢ maximum modulation factor of 1.0
Maximum CCS Ratings:

DCPLATE VOLTAGE., . . .. ..o titentnnannnnnononsooeosononaonans 2500 max volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE. . . ... .....vvvvvninnnnronnnnnn 400 max volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE. . .. ......00otnetneernennans =500 max volts
DC PLATE CURRENT. . .0\ttt etnnnneeranoeronnsoasnanssoannnsnns 120 max ms
GRID-NOZ INPUT. . oottt ittt iiiininoerananronannnsnenn 10 mazx watts
GRID-No.1 INPUT. . 5 max watts
PLATE DISSIPATION 45 max’ watt:
Typical Operation:

DC Plate Voltage. .. .............. 600 1000 1500 2000 2600 volt:
DC Grid-No.2 Voltage®.......... 250 250 250 250 250 volt:
DC Grid-No.1 Voltage® ........... =120 -1256 ~126 -180 ~186 volts
Peak AF Grid-No.2 Voltage®...... 250 250 250 2560 260 volt:
Peak RF Grid-No.1 Voltage........ 215 220 220 225 215 volts
DCPlateCurrent. . .............. 120 120 120 120 110 ms
DC Grid-No.2 Current (Approx.).... 40 40 40 40 26 ms
DC Grid-No.1 Current (Approx.).... 15 16 16 16 12 ms
Driving Power (Approx.).......... 8.2 3.5 3.5 3.6 2.6 watts
Power Qutput, ................... 45 90 140 195 280 watts

© Obtained from unmodulated plate supply through a series resistor, by the use of an af reactor in th:
positive grid-No.2 supply lead, or from a separate winding on the modulation transformer. With the
series-resistor or reactor method, the af variations in grid-No.2 current resulting from variations ir
plate voltage as the plate is modulated automatically produce the grid-No.2 modulation voltage.

® Obtained from grid-No.1 resistor or from suitable combination of grid-No.1 resistor and fixed supply.
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RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and

RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings:

DC PLATE VOLTAGE

GRID-No0.2 INPUT. ......

GRID-NoO.1 INPUT
PLATE DISSIPATION

Typical

DC Plate Voltage
DC Grid-No.2 Voltage
DC Grid-No.1 Voltage
Peak RF Grid-No.1 Voltage
DC Plate Current
DC Grid-No.2 Current (Approx.).......
DC Grid-No.1 Current {Approx.).......
Driving Power (Approx.).............
Power Output

Operation:

5000 600 1000
0000 250 250
0000 -6 -80
0000 170 175
0000 150 150
40 40

18 17

8.1 3.0

0000 45 95

DC GRID-NO.2 VOLTAGE. . ... .....covnvvnons ©BDDOD0DDOSE0000000000D0300
DC GRID-NO.1 VOLTAGE
DC PLATE CURRENT

1500
250
-85
180
150

40
18
8.2
165

8000 max

400 max

~500 max

150 maz

10 max

5 max

65 max
2000 3000
250 250
-90 -100
190 170
140 115
40 22
11 10
2.1 1.7
215 280

.

volts
volts
volts
ma
watts

watts

watts
watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially
negative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent
ol the carrier conditions.

AVERAGE CHARACTERISTICS AVERAGE CHARA(':TEIRIISTICS
T T T L) T T T T
TYPE 4-65A TYPE 4-65A
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% N Eci=+100|_ | 3 | g \
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2 coo— RN
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N ECI=+20! 7 Q\_ =
ol ——
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BEAM POWER TUBE

4-] 2 5A/ Forced-air-cooled, thoriated-

tungsten-filament type used as af ¢ (2)

4D2] power amplifier and modulator and as

rf power amplifier and oscillator. May

be used with full input up to 120 Mc r

and with reduced input up to 250 Me. Class C Telegraphy maximum CCS plate
dissipation, 125 watts.

FILAMENT VOLTAGE (AC/DC) 5.0 volts
FILAMENT CURRENT. . . ....couocuuenon 00 6.5 amperes
TRANSCONDUCTANCE®, . . ... ... cieinisannnnneees 00 2450 umhos
MU-FACTOR, Grid No.2 to Grid No.L. .. ... .ooiiuiiniiieeiinneeenes 5.9
DI1RECT INTERELECTRODE CAPACITANCES:

Grid-No.1 to plate (Base shell connected to ground). ... covieiaeneennes 0.05 My

Grid No.1 to filament, grid No.2, and base shell. . ...........oo0vennnes 10.8 puf

Plate to filament, grid No.2, and baseshell. . ..............coovinnennen 3.1 puf
* Plate valts, 2500; grid-No.2 volts, 400; plate milliamperes, 50.

AF POWER AMPLIFIER AND MODULATOR—Class AB2

Maximum CCS Ratings:
DC PLATE VOLTAGE. . . e vt ovvvarranuocsasssosasuanteassvsnecsssstsosencs 8000 max volts
DC GRID-N0.2 (S8CREEN-GRID) VOLTAGE. . .o .ot tvunnenonacouananocenenes 400 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. . 225 max ma
GRID-NO.2 INPUT®. . ... ...ovniinnnnnns 20 max  watts
PLATE DISSIPATION®. .. tvttiiuannrascososaasnassassetoussnsanecess 0o 125 max  watts
Typical Operation (Values are for £ tubes) :
DC Plate VOlBZe. .. ..o iiniiranniassanssassasseces 1500 2000 2500 volts
DC Grid-No.2 Voltage 350 850 850 volts
DC Grid-No.1 (Control-Grid) Voltage —41 —45 -43 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage. .. ............. 282 210 178 volts
Zero-Signal DC Plate Current. . ........o.oceieinininns 87 72 93 ma
Maximum-Signal DC Plate Current. ..............c.00ee 400 300 260 ma
Zero-Signal DC Grid-No.2 Current. . ...........covovenne 0 0 0 ma
Maximum-Signal DC Grid-No.2 Current. ................ 84 5 6 ma
Effective Load Resistance (Plate to plate)................ 7200 13600 22200 ohms
Maximum-Signal Average Driving Power (Approx.}....... 2.5 1.4 1 watts
Maximum-Signal Peak Driving Power (Approx.).......... 5.2 3.1 2.4 watts
Total Harmonice Distortion. . ...........c.coviviiivnnn 2.6 1 2.2 per cent
Maximum-Signal Power Output (Approx.)............... 350 850 400 watts

Maximum Circuit Values:
Grid-No.1-Circuit ResiStance. .. ......ccoooiveiurrirroceiconeinneaaenes 0.25 max megohm
® Averaged over any audio-frequency cycle of sine-wave form.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with @ mazimum modulation factor of 1.0
Maximym CCS Ratings:
DC PLATE VOLTAGE. . .. vuveitarsinananasesssssssssassssssatasasssess 2500 max volts
DC GRID-No0.2 VOLTAGE. ... 000 400 max volts
DC GRrID-NO.1 VOLTAGE =500 max volts

DC PLATECURRENT. . . oo nsaonsnsasancnnnn 200 max ma
GRID-NO.Z INPUT. . .o oeiiirnueaniaasconeroassansonasotoaanaenaenesns 20 maxr  watts
GRID-NO.L INPUT. . oot ititireininieariceeissnseaaanstisasnansscensss 5 maxr  watts
PLATE DISSIPATION. . . .00 vueivinrnessruscsotsssnessaatassssnnssiones 85 max  watts
Typical Operation:

DC Plate VOItBe. . . . oovuvrnrrirrnersosaesneensanocanteasaaons 2000 2500 volts
DC Grid-No.2 Voltage® . ... ....viviinininneiiiaaanaeeisuaens 350 850 volts
DC Grid-No.1 Voltaged . .........coveieiennnnn -220 ~210 volts
Peak AF Grid-No.2 Voltage. .........ooveunnnns 5 210 210 volts
Peak RF Grid-No.1 Voltage (Approx.).... 875 360 volts
DCPlateCurrent. .........ccovenanns 150 152 ma
DC Grid-No.2 Current. ..........coueotieteasransnssanns 5 33 80 ma
DC Grid-No.1 Current. .. .. ....ooiuasasivuosssssnssnssosnnns 0 10 9 ma
Driving Power (APProXx.).....ccooeverarineanceesnnns 8.8 3.3 watts
Power Output (Approx.)...... ule aslels alala s slelas olals slalasiolalsislolaalalelals o 225 300 watts
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© Obtained preferably from separate source modulated along with plate supply, or from the modulated
plate supply through a series resistor.

o Obtained preferably from grid-No.1 resistor or from a combination of grid-No.1 resistor with either
fixed supply or cathode resistor.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
DC PLATE VOLTAGE. .t . it vttttiteteinanenareninenesesenenseeonnancnns 8000 mazx volts

DC PLATE CURRENT. & . .ttt tttttintneneeenenaneneneneneesnsneeeosanns 225 max ma
GRID-NO.Z INPUT. ...ttt ittt ieeeeeneeneneeneneeneineeneasanans 20 mar  watts
GRID-NO.L INPUT. . .ot iiiiiiiiiiiiinnneennnnnnnns 5 max  watts
PLATE DISSIPATION. . . ot tttttititenenneneaunnnsnsenencnnsnsenennnnnens 1256 max  watts
Typical Operation:

DC Plate Voltage. . . ...oovviniinennninnnenenennnnnnens 2000 2500 8000 volts
DC Grid-No.2 Voltage. .. ...oovverinnrinurnnnnennnnnsns 850 850 850 volts
DC Grid-No.1 Voltage. .. ........o.cvviinneennnnnnnnn. -100 =150 -160 volts
Peak RF Grid-No.1 Voltage (Approx.).............o..... 230 820 280 volts
DCPlate Current. ........c.ooiiiieininnrernnnnnnennnns 200 200 167 ma
DC Grid-No.2 Current............... 000 60 40 380 ma
DC Grid-No.1 Current. .............. Py 12 12 9 ma
Driving Power (Approx.)...... 2.8 3.8 2.6 watts
Power Output (ApPProX.). .. ...ccooeiiieeeeieneeeeeennnn 275 875 376 watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially
negative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent
of the carrier conditions.

OPERATING CONSIDERATIONS

Type 4-125A requires Special Metal-Shell Giant five-contact socket such as
E. F. Johnson Co. socket No. 122-275, or equivalent, and may be mounted in
vertical position only, base up or down.

OUTLINE 380, Outlines Section.

TYPICAL CHARACTERISTICS For operation at 150 Me, plate volt-
;vPEse‘;EgAé:‘gﬁI' o age should be reduced to 80 per cent of
—Ef = oig =tci maximum rating; at 200 Mec, to 64 per
- B v o vy cent; at 250 Mc, to 56 per cent. Plate
- 8 - shows an orange-red color when the tube
¢ [ :uj‘-hk“;_ ok S is operated at maximum CCS ratings.
7 eo g 200% Adequate cooling must be provided
g \ ¥\ &  for the seals and envelope of the 4-125A.
£y '\\"‘*\'\\"40 ; In CCS applications, the temperature of
3 N CYRS P 190X the plate seal, as measured on the top of
R Y SN ) S g  the plate cap, should not exceed 170°C.
2.4 NN e oo @  Useof a heat-radiating connector such as
: RPN N ~ 2 Eimac HR-6, or equivalent, on the plate
g \‘ o) :ao — S capisrequired when the ambient temper-
d - - 0 ©  ature exceeds 30°C. At frequencies above
B i o iy 30 Mc, special attention should be given
NSl e to adequate cooling of the bulb and plate
e T S ool W seal. A small fan directed toward the up-

m.ug’o\?ougzm 76807} per part of the bulb will generally provide
sufficient cooling.
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AVERAGE PLATE CHARACTERISTICS
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BEAM POWER TUBE

4_2 50 A / Forced-air-cooled thoriated-tung-

sten-filament type used as af power

5D22 amplifier and modulator and as rf

power amplifier and oscillator. May be

used with full input up to 110 Mec and

with reduced input up to 150 Mc. Class C Telegraphy maximum CCS plate dissi-
pation, 250 watts.

FILAMENT VOLTAGE (AC/DC) . . . oottt tiittt ettt i it ie e iiininnnns 5.0 volts
FILAMENT CURRENT. . . .ottt tt it e et i e it iiit i tiiaaanasaananns 14.5 amperes
TRANSCONDUCTANCE®. . . ...\ttt itte et iieiie iiinneeniiinnns 4000 umhos
MU-FACTOR, Grid No.2 to Grid No.1. .. ... ... ... ... ... .iiiiiiiiinnna.. 5.1

DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (Base shell connected to ground). ................... 0.
Grid No.1 to filament, grid No.2, and baseshell. . ... .................. 12.7 uuf
Plate to filament, grid No.2,and baseshell. ........................... 4.5

* Plate volts, 2500; grid-No.2 volts, 500; plate milliamperes, 100.

AF POWER AMPLIFIER AND MODULATOR—Class AB|
Maximum Ratings:
DC PLATE VOLTAGE. . .. .. itntt ittt ittt ia et iaaeaaaaiaaeeeaianenns 4000 mazx volts
DC GRID-NO0.2 (SCREEN-GRID) VOLTAGE 600 max volts

MAXIMUM-SIGNAL DC PLATE CURRENT® o 850 maz ma
GRID-NO.2 INPUT®. ... ............... 5 35 max  watts
GRID-NO.1 (CONTROL-GRID) INPUT o 10 max  watts
PLATE DISSIPATION®. . ... ........ooounn. 50 250 max  watts

Typical Operation (Values are for 2 tubes):

DCPlate Voltage. .................ciiiininnnn. . 1500 2000 2500 3000 volts
DC Grid-No.2 Voltage*. . 600 600 600 600 volts
DC Grid-No.1 Voltage® -956 -104 -110 -116 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage.......... 128 176 180 186 volts
Zero-Signal DC Plate Current. ................... 120 110 120 120 ma
Maximum-Signal DC Plate Current............... 400 405 430 417 ma
Zero-Signal DC Grid-No.2 Current. . .............. -0.4 -0.8 -0.3 -0.2 ma
Maxlmum«Slgnal DC Grid-No.2 Current........... 23 22 13 10.5 ma
Effective Load Resistance (Plate to plate) . ........ 6250 9170 11400 15000 ohms
Maximum-Signal Driving Power.................. 0 0 0 0 watts
Total Harmonic Distortion 880 4 2.5 2 2.5 per cent
Maximum-Signal Power Output (Approx.) 310 460 625 750 watts

® Averaged over any audio-frequency cycle of sine-wave form.
* Obtained from a source having good regulation.
© Total effective grid-No.1-circuit resistance should not do0.25 h

104




RCA Transmitting Tubes ———

AF POWER AMPLIFIER AND MODULATOR—Class AB2
Maximum Ratings:
DC PLATE VOLTAGE ., « .0 vtvtvtttntunneeronnsasnnsseeannsseonsssonssoses 4000 max volts.

DC GRID-NO.2 VOLTAGE. . ...t vt veievrnnnsonnnnoseooneseansnssnsnssses 600 max volts.
MAXIMUM-SIGNAL DC PLATE CURRENT®. ... .. ...tvtininnriunasionnnnnnns 850 max ma
GRID-NO.2 INPUT® . . . it iiiiiiiiiiiaienisissaiiaeraronsenssseaasaanes 85 max  watts
GRID-NO.L INPUT®. . ..ot iiiiiiiiiiiieiiiiiasiinrarenneneaaarasaasnnns 10 max  watts
PLATE DISSIPATION®. . . ...t tttitttitieninttasansaranrasiosassosinnnnns 250 max  watts

Typical Operation (Values are for 2 tubes):

DC Plate Voltage. . . .....ooviiiniiiiiininninnennns 1500 2000 2500 8000 volts
DC Grid-No.2 Voltage*. .. ..........ccoivievanns 300 300 300 300 volts
DC Grid-No.1 Voltage o' ... ...o.ooviinniiennnns —48 —48 -51 -53 volts.
Peak AF Grid-No.1-to-Grid-No.1 Voltage.......... 192 198 200 198 volts
Zero-Signal DC Plate Current. ................... 100 120 120 125 ma
Maximum-Signal DC Plate Current .............. 485 510 500 4738 ma
Zero-Signal DC Grid-No.2 Current. . .............. 0 0 0 0 ma
Maximum-~8ignal DC Grid-No.2 Current. ......... 34 26 28 383 ma
Effective Load Resistance (Plate to plate)......... 5400 8000 10900 16000 ohms
Maximum-Signal Average Driving Power (Approx.). 2.1 2.3 2.2 1.9 watts
Maximum-Signal Peak Driving Power (Approx.).... 4.7 5.5 4.8 4.6 watts.
Total Harmonic Distortion. ...........c00eeenennn 3 4 4 4.5  per cent

Maximum-Signal Power Output (Approx.) 428 650 840 1040 watts

® Averaged over any audio-frequency cycle of sine-wave form.
4 Obtained from a source having good regulation.
o Obtained from fixed supply having dc resistance not exceeding 250 ohms.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with a mazimum modulation factor of 1.0
Maximum CCS Roatings:

DC PLATE VOLTAGE. ..o\ttt ivtttansssnsnsssesanssseatsssssssnsssensnss 8200 mazx volts.
DC GRID-NO.2 VOLTAGE. . ..t vveetnrnrsrrnnnssneanonssensssssessssnss o 600 max volts
DC GRID-NO.1 VOLTAGE., . .0 vvvtuuetnrnnoeensnnoseananssssnssssennnsss -500 mazx volts
DC PLATE CURRENT. . .« st tvvnsraennnsononrornssanasesasssssssnnnsssas 275 max ma

35 max watts
108 max watts
165 mazx watts

GRID-N0.2 INPUT. .
GrID-No.1 INPUT. .
PLATE DISSIPATION

Typical Operation:

DC Plate VOIBEE . .. o cvviiiiniiniirniiiisnraneieretotaoasansens 2500 8000 volts
DC Grid-No.2 Voltage®. .. 400 400 volts
DC Grid-No.1 Voltaged .. ... ..ovviniereiennrerananrenns oo -200 -810 volts
Peak AF Grid-No.2 Voltage 850 850 volts
Peak RF Grid-No.1 Voltage (APProX.) . ....coeeeeneroneanonsnns 00 255 365 volts
DCPlate Current. ... ..covivivrtiirneriersteaaerassscsosasanns 200 225 ma
DC Grid=No.2 Current. . .. ..ouvivirmniararensraearsssensanses o 30 30 ma
DC Grid-No.l Current (APProX.)........cccevevreeeroesscssoosss 9 9 ma
Driving Power (Approx.).......... 0 2.2 8.2 watts
Power Output (APProX.). .. viveernrraeenaresosinteasasinnnnss o 375 510 watts

©Obtained preferably from separate source modulated along with plate supply, or from the modulated
plate supply through a series resistor.

o Obtained preferably from grid-Ne.1 resistor or from a combination of grid-No.1 resistor with either
fixed supply or cathode resistor.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE. ... vvvtcursssasrnsssnnssssssssnsssssssssnssssnss o 4000 max volts
DC GRID-NO.2 VOLTAGE. . ... vvvtvanenestossasarcnsasns 000000000 0000 600 max volts
DC GRID-NO.1 VOLTAGE. . ..ttt vtvaneacarsssascssntases 000000000 000 =500 max volts
DC PLATE CURRENT 850 max ma
GRID-N0.2 INPUT. . ............ 85 max  watts
GRID-NO.L INPUT. . .ot iiiiinnnenrietnatansasasatsasassanannans Ceeen 10 max  watts
PLATE DISSIPATION. ... ... 250 maxr  watts
Typical Operation: .

DC Plate Voltage. .......... 000000000 00 2500 8000 4000 volts
DC Grid-No.2 Voltage. ............o00vs 500 500 500 volts
DC Grid-No.l Voltage. . ........c.ciiieiiinniiniiienee =150 -180 =225 volts
Peak RF Grid-No.1 Voltage (Approx.).......... 000006000 220 265 308 volts.
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DC Plate Current. . ...oouuteeeneennernneenennneennenns 800 845 812 ma
DC Grid-No.2 Current. .. ....oovvuuinenennnnnnnnnennen 60 60 45 ma
DC Grid-No.1 Current (Approx.). .........oooeeuunnnn.. 9 10 9 ma
Driving Power (Approx.)# . .........covivenivineennnn.. 1.7 2.6 2.5 watts
Power Output (AppProx.). .. .......c.oeeiuveneennnennnn.. 575 800 1000 watts
# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially
negative may be used if the positive peak of the audio-freq y envelope does not d 115 per cent

of the carrier conditions.
4 Increased driving power is required at frequencies above 40 Me.

OPERATING CONSIDERATIONS

Type 4-250A requires Special Metal-Shell Giant five-contact socket and may
be mounted in vertical position only, base up or down. OUTLINE 37, Outlines Section.

For operation at 125 Mc, plate voltage should be reduced to 85 per cent of
maximum rating;at 150 Mc, to 74 per cent. Plate shows an orange-red color when
the tube is operated at maximum CCS ratings.

Cooling requirements for seals and envelope are the same as those for the
4-125A/4D21.

BEAM POWER TUBE

Forced-air-cooled thoriated-tungsten-fila-
ment type usefd as af power amplil?ier and modu-
lator and as rf power amplifier and oscillator at

4_" ooo A frequencies up to 110 Mc. OUTLINE 58, Ouflines

Section. Filament volts (ac/dc), 7.5; amperes,

21. Direct interelectrode capacitances: grid

No.l to plate (with base shell connected to

ground), 0.24 uuf; grid No.1 to filament, grid

No.2, and base shell, 27.2 uuf; plate to filament,

grid-No.2, and base shell, 7.6 uuf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCIL-

LATOR (up to 110 Mc): dc plate volts, 6000 maz; dc grid-No.2 (screen-grid) volts, 1000 maz; de grid~

No.1 (control-grid) volts, -500 max; de plate milliamperes, 700 maz; grid-No.2 input, 75 maz watts;

grid-No.1 input, 26 max watts plate dissipation, 1000 mazx watts. Characteristics as CLASS A1 AMPLI-

FIER; plate volts, 2500; grid-No.2 volts, 500; plate milliamperes, 300; tr ductance, 10,000

pmhos; mu-factor, grid No.2 to grid No.1, 7. Plate shows an orange-red color when tube is operated at
maximum CCS ratings. The 4-1000A is used principally for renewal purposes.

P
POWER TRIODE
Forced-air-cooled heater-cathode G
4C33 type used as Class C plate-pulsed os-
cillator. May be used with full input
up to 625 Mec. Class C maximum CCS .

plate dissipation, 250 watts. Requires
special mounting designed for use in circuits of the coaxial-cavity type and may be
mounted in vertical position only, base up or down. OUTLINE 74, Outlines Section,
except that grid-flange thickness is 0.040 = 0.005 inch and outside diameter of air-
cooled radiator is 2 = 0.005 inch.

HEATER VOLTAGE (AC/DC)® 5.0 volts
HEATER CURRENT 9.1 amperes
HEATER STARTING CURRENT 16 max amperes

Gridtoplate. .. ... ittt e 13 puf
Grid to cathode and heater 84 uuf
Plate to cathode and heater 0.7 puf

© Heater voltage must be applied for a minimum time of 2 mi before application of plate voltage.

PLATE-PULSED OSCILLATOR—Class C
Maximum CCS Ratings: .

PEAK PLATE-PULSE SUPPLY VOLTAGE. ... .uvuerenininenneenennnnnnnnnnnn, 13000 mazx volts
PEAK GRID VOLTAGE. .ottt ttttiitneaenenenaneneneeanennnsnnsennnn, -2000 maz volts
PEAK PLATE CURRENT FROM PULSE SUPPLY. . . o0ouvrinneneennnnnnnnnnnnss 80 max amperes
PEAK RECTIFIED GRID CURRENT. .« ¢ 0vutiererenenenenenenenrnsnsnnnnnnss 4 maxr amperes
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DC PLATE CURRENT, . . ..t ovevnvnenranonarscsanns 00 oo 30 maz ma.
DC GRID CURRENT. . .......... 4 max ma
PEAK PLATE INPUT.. 390000 max  watts
PLATE DISSIPATION. , oo 250 max  watts
PUISE LENGTH. .« « et vvnveivnnnscnnsenes .. 0o 5 mazx usec

BEAM POWER TUBE
See type 4-125A/4D21. 4D21

BEAM POWER TUBE

Thoriated-tungsten-filament type 4E2 7 /
used as af power amplifier and modu- 800]
lator and as rf power amplifier and
oscillator. May be used with full in-
put up to 76 Me. For operation at 120
Me, plate voltage and plate input should be reduced to 75 per cent of maximum
ratings; at 150 M, to 50 per cent. Class C Telegraphy maximum CCS plate dissipa-
tion, 75 watts. Requires Giant seven-contact socket and may be mounted in vertical
position only, base up or down. OUTLINE 34, Outlines Section. Plate shows an or-
ange-red color when the tube is operated at maximum CCS ratings.

FILAMENT VOLTAGE (AC/DC) . . .ottt tv it iivetanteiattetavearsnnisassosas 5.0 volts
FILAMENT CURRENT. . .. 00.crvnresacosessns e eieseee e, 7.5 amperes
TRANSCONDUCTANCE (For plate current of 75 milliamperes)................. 2800 pmhos
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate (Base shell connected to ground). ............ooiiieiaaies 0.06 uuf
Grid No.1 to filament, grid No.3, grid No.2, internal shield, and base shell. . . 12 uuf
Plate to filtament, grid No.3, grid No.2, internal shield, and base shell.. ... 6.5 uufl

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE. . o\ttt ititttiet et etearaerasasraastcecesetnsasenses 4000 mazx volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE. . ........... o 750 maz volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE. . ... .. =500 mazx volts
DC PLATE CURRENT. . .. cvovvncnonnn 150 max ma
DC GRID-N0.2 CURRENT. ... ... 30 max ma
DC GRID-NO.1 CURRENT. . 25 maz ma
PLATE INPUT.......... o 300 maxr  watts
GRID-NO.2 INPUT. . .. o 26 maxr  watts
PLATE DISSIPATION. ... ... ov ot 75 mar  watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially
negative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent.
of the carrier conditions.

BEAM POWER TUBE

Thoriated-tungsten-filament type 4E 27 A /

used as af power amplifier and modu-

lator and as rf power amplifier and -
oscillator. May be used at full input 5 ]258
up to 75 Me. Class C Telegraphy max-

imum CCS plate dissipation, 125 watts. Requires Giant seven-contact socket such
as E. F. Johnson Co. socket No. 122-237, or equivalent, and may be mounted in
vertical position only, base up or down. OQUTLINE 85, Ouilines Section. Plate shows a
cherry-red color when the tube is operated at maximum CCS ratings.

FILAMENT VOLTAGE (AC/DC)...... 00000060000 5.0 volts
FILAMENT CURRENT. . ..... 5 7.6 amperes
TRANSCONDUCTANCE*, . .......... 2150 pmhos
Mu-FacTor, Grid No.2 to Grid No.1. 5

DIRECT INTERELECTRODE CAPACITANC
Grid No.1 to plate (Base shell connected to ground). . .........cvvvueens 0.1 maz uuf
Grid No.l to filament, grid No.3, grid No.2, and base shell. . ............ 10.6 uul
Plate to filament, grid No.3, grid No.2, and baseshell.................. 4.7 pupuf

* Plate volts, 2600; grid-No.2 volts, 500; grid-No.3 volts, 0; plate milliamperes, 50.
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RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE. . .. ..ottt ittt et e e 4000 max volts
DC GRID-NO0.2 (S8CREEN-GRID) VOLTAGE. . . . .. .. .ootiinninenannnnennnnn, 750 maz volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE. . . ... ....onnnnnennnnnnaeann, -500 max volts
DCPLATE CURRENT. ... ..ot ittitine i eaiinee e, e 200 max ma
GRID-NO.8 (SUPPRESSOR-GRID) INPUT. . . .........otitii e 20 maz  watts
GRID-NO.Z INPUT. . . ..ottt ittt e e e e e e e 20 max  watts
GRID-NO.L INPUT. . . ..ottt et e ia e § max watts
PLATE DISSIPATION. . . .. ..ttt it e e aa s 126 mar  watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially
negative may be used if the positive peak of the audio-frequency envelope does not =xceed 115 per cent
of the carrier conditions.

BEAM POWER TUBE

4XI 5 OA Forced-air-cooled heater-cathode
4x-| 50D types having integral plate radiators
used as af power amplifiers and modu-
lators and as rf power amplifiers and

oscillators. May be used with full
input up to 500 Mec. Class C Telegraphy maximum CCS plate dissipation, 150 watts.

4X150A 4X150D
HEATER VOLTAGE (AC/DC). .. .ot .viiinnnnnniannnnns 6.0 &= 10% 26.5 = 109, volta
HEATER CURRENT . ... 0 0nitnnnntnnnnnnnennnens 2.6 0.58 amperes
HEATING TIME (Minimum) ............... ... ... ..........oiianan 80 seconds
MU-FACTOR, Grid No.2 to Grid No.1%. . .. . ... ... ... ............. 5
DIRECT INTERELECTRODE CAPACITANCES:
Grid Noltoplate.. ... ... ... .. ... .. .. .0 iiiiiiiiiiinininnnna, 0.06 max ppf
Grid No.1 to cathode, grid No.2, and heater....................... 15.7 puf
Plate to cathode, grid No.2, and heater. . ........................ o 4.3 nuf

¥ Grid-No.2 volts, 300; grid-No.2 milliamperes, 50.

AF POWER AMPLIFIER AND MODULATOR—Class AB2
Maximum CCS Ratings:

DC PLATE VOLTAGE. . .. ..ottt it ittt et et e iee e ane 1250 max volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE. . . .. ... .........vvvvunnn..., 400 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. . . ... ................voiunrn.. 250 max ma
SRID-NO.2 INPUTS . ........... 05005 DUONU6DTTDU0D000DID60D000000000D 12 max watts
GRID-N 0.1 (CONTROL~GRID) INPU'I‘ ..................................... 2 max watts
PLATE DISBIPATION®. . . ...ttt i 150 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. . .......................... 160 max volts

Heater positive with respect tocathode. . ........................... 160 max volts
fypical Operation (Values are for 2 tubes):
DC Plate Voltage. .......... 00BD0DO000DAD000a50a 600 800 1000 1250 volts
DC Grid-No.2 Voltage. ............coeininennn., 300 300 300 300 volts
DC Grid-No.1 Voltage —41 -43 —43 -44 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage ......... 94 96 98 100 volts
Zero-Signal DC Plate Current. . ... ............... 185 160 165 180 ma
Maximum-Signal DC Plate Current. .............. 485 490 495 475 ma
Zero-Signal DC Grid-No.2 Current. . .............. 0 0 0 0 ma
Maximum-Signal DC Grid-No.2 Current........... 80 75 70 65 ma
Effective Load Resistance (Plate to plate).......... 2600 8500 4600 65600 * ohms
Maximum-Signal Driving Power (Approx.)......... 0.15 0.15 0.15 0.15 watt
Maximum-Signal Power Output (Approx.)......... 170 240 315 425 watts

¢ Averaged over any audio-frequency cycle of sine-wave form.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with @ maximum modulation factor of 1.0
Maximum CCS Ratings:
DC PLATE VOLTAGE. . . ettt vvvvnnerenennnnenans 1000 mazx volts
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DC GRID-N0.2 VOLTAGE 300 max volts
DC GRID-NO.1 VOLTAGE 6000 =250 mazx volts
DC PLATE CURRENT . « + ot v iveveinnssornannrasnsssrssnnrsecasssssssns 200 mazx ma
GRID-No0.2 INPUT. . .. 12 maz watts
GRrID-NoO.1 INPUT. . . . 2 max watts
PLATE DISBIPATION. « o ot v v v vvrvciivanonranrrosnsasesnansssoansssesas 100 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 150 max volts
Heater positive with respect to cathode. . ...........cviiiineninnnn 150 max volts
Typical Operation at 165 Mc:
DC Plate VOItBER. .. . ..ov vttt ireanraiannasasrnnans 400 600 800 1000 volts
DC Grid-No. 2 Voltage
(Modulated approximately 56 percent) © ............ 250 250 250 250 volts
DC Grid-No.1 Voltage. . .......ovvereniiniiirraaens -90 =95 -100 -105 volts
Peak AF Grid-No.2 Voltage (For 100-per-cent modulation). 140 150 160 170 volts
Peak RF Grid-No.1 Voltage. . ............... ..., 110 120 120 125 volts
DCPlate Current. .........oouvururrnnencrennsecnnes 200 200 200 200 ma
DC Grid-No.2 Current. .. ......oovuiviennrraneanaans 40 35 25 20 ma
DC Grid-No.1 Current (APProX.). .. ......cocuuuuecnnn 7 8 10 15 ma
Driving Power (APProX.). . ... .cvavirenurnceennens 1 1 1.5 2 watts
Power Output (APProX.). .. ..covevernernrraroanareren 55 80 100 140 watts

Maximum Circuit Valves:

Grid-No.1-Circuit Resistance. . .. .......ovieerenraeierniraannreaeeies 25000 mazx ohms
© DC grid-No.2 voltage must be modulated approximately 55 per cent in phase with the plate modu-
lation in order to obtain 100-per-cent modulation of the 4X150A or 4X150D. The use of a series grid-
No.2 resistor or reactor may not give satisfactory performance and is therefore not recommended.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphyf
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings:

DC PLATE VOLTAGE. . .. o ceetvurnunrarasusstosarasnrasnssnssassrans 1250 maz volts
DC GRID-NO.Z VOLTAGE., . ... cvnvvrvennnsrinnarassenssssacrassscanas 300 max volts
DC GRID-NO.1 VOLTAGE, . . ..o vvvinrerrnnrarsrarrasaronsarscascosns -250 max volts
DC PLATE CURRENT. . . oo vvinnvrninnaranns 6o 250 max ma
GRID-NO.Z INPUT. . .. cvivviriirannvnnnnnns 12 maz watts
GRID-NO.1 INPUT. . ... 0006000 2 max watts
PLATE DISSIPATION., . . .o\t o vt iiieiassrasassransarasascsrssaranacen 150 mazx watts
PEAK HBATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . .............coovivnnien 150 max volts

Heater positive with respect to cathode. ............ooviiiveininn, 150 max volts
Typical Operation at 165 Mc:
DCPlate Voltage. . . .....o.ovvieeanrnnesiannsens 600 750 1000 1250 volts
DC Grid-No.2 Voltage. . 250 250 250 250 volts
DC Grid-No.l Voltage. ..........covvinveinnainnne =75 -80 -80 -90 volts
Peak RF Grid-No.1 Voltage. . ............c.oouins 91 96 95 106 volts
DCPlate Current. . .......ooovvneeeenncsoniannss 200 200 200 200 ma
DC Grid-No.2Current. . ........oovvirenanrunnns 87 37 31 20 ma
DC Grid-No.1 Current (Approx.)............c..oes 11 11 10 11 ma
Driving Power (ApPpProx.)........ccccoiuans 000000 1 1.1 1 1.2 watts
Power Qutput (APProX.) ... .....ccoounceinnncaanns 85 110 150 195 watts
Typical Operation at 500 Mc with Coaxial Cavity:
DCPlate Voltage. .. .....oovvierecerancnnieaas 600 800 1000 1250 volts
DC Grid-No.2 Voltage. . v 250 250 250 280 volts
DC Grid-No.1 Voltage. ..........ooovuvann L -110 -110 -110 -115 volts
DCPlateCurrent, .........ooviuroeerivnnancnn 170 200 200 200 ma
DC Grid-No2 Current. . .......ooovevinnnncncnns 6 7 7 5 ma
DC Grid-No.l Current (AppProx.)........c.ouevees 6 10 10 10 ma
Driver Power Qutput (APProX.).........c.cocecesies 15 20 25 30 watts
Useful Power Qutput (APProX.)........cooneunven o 50 95 120 140 watts
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance., ... ........oovierireranraraasraarasianns 25000 max ohms
# Key-down conditions without amplitude modulation. Amplitude modulation essentially negative may
be used if the positive peak of the audio-freq y envelope does not d 115 per cent of the carrier

conditions.
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OPERATING CONSIDERATIONS

Types 4X150A and 4X150D require Eimac 4X150A Air-System eight-contact
socket, or equivalent, and may be mounted in any position. OUTLINE 70, Outlines
Section.

Terminal arrangement facilitates use of these tubes in circuits of the coaxial-
cavity type. Grid-No.2 contact ring provides effective isolation of output from
input at higher frequencies.

Adequate forced-air cooling must be provided to limit the temperature of the
radiator, as measured on metal surface between radiator core and glass envelope,
and that of the envelope and base seals to 150°C. The air flow must be applied
before or simultaneously with electrode voltages and may be removed simultaneously
with them. A minimum air flow of 7.5 cubic feet per minute is required through
socket and radiator when tube is operated at maximum CCS ratings.

Because the cathode is subjected to considerable back bombardment as the
frequency is increased with resultant increase in temperature, the heater voltage
should be reduced depending on operating conditions and frequency to prevent
overheating of the cathode and resultant short life.
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BEAM POWER TUBE

Forced-air-cooled type having in-

tegral plate radiator and thoriated-

4x500A tungsten filament used as rf power am-
plifier and oscillator. May be used with

full input up to 120 Me. Class C Teleg-

raphy maximum CCS plate dissipa-
tion, 500 watts.

FILAMENT VOLTAGE (AC/DC) . . .t vti it it ieeeeeiee e, 5.0 volts
FILAMENT CURRENT. .. ..ottt ie i e 18.5 amperes
TRANSBCONDUCTANCE*, 0000000000600000000a0000000000000000000 5200 umhos
MU-FACTOR, Grid No.2 to Grid No.1. .. ...........couueiinnnnnnn.. 6.2
DIRECT INTERELECTRODE CAPACITANCES
Grid No.ltoplate. .............................. 00 0.05 upf
Grid No.1 to filament and grid No.2............. 50 12.8 npf
Plate to filament and grid No.2. . . ................ 00 5.6 puf

* Plate volts, 2500; grid-No.2 volts, 500; plate milliamperes, 200,
110
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RE POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE. ... ccc.vveioonasssosssssssesnaaassosssasasaaass 4000 maz volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE. . ... ....... 500 maz volts
DC GRiD-NO.1 (CONTROL-GRID) VOLTAGE -600 maz volts
DC PLATE CURRENT. .« .o evoeoccaccacasaannscncs 3560 max ma
GRID-NO.Z INPUT. . . o veeeennnneeoanansessssssssssanassssssnacassan 80 max watts
GRID-NO.L INPUT. ... cieiienenncnncnnnnnnnns 10 maz watts
PLATE DISSIPATION . . o oo coonoearrasasssssssasnsasasesssssuocassons 500 maz watts
Typical Operation at 110 Mc:

DC Plate Voltage. . . ..ccoverierareceeranastonccceces 2500 3000 4000 volts
DC Grid-No.2 Voltage.........ccceeveieeeacnccaceees 500 500 500 volts
DC Grid-No.l Voltage........ccoeieeeeieeecarcacceee -160 -160 -150 volts
DCPlate Current. . ......ooveirerecceccoaascnacccces 310 310 316 ma
DC Grid-No.2 Current. ............ 00 26 24 22 ma
DC Grid-No.1 Current. .............. 0o 15 16 16 ma
Driving Power (Approx.). .............. 000000 5 5 5 watts
Useful Power OQutput (ADPProX.).......cccoeevnuonsnns 476 600 835 watts
# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially
negative may be used if the positive peak of the audio-freq y envelope does not d 115 per cent

of the carrier conditions.

OPERATING CONSIDERATIONS

Type 4X500A may be mounted in vertical position only, base up or down.
OUTLINE 73, Oullines Section.

Adequate forced-air cooling must be provided to limit the temperature of the
metal-to-glass seals and the radiator core to 150°C. Forced-air cooling must start
before filament voltage is applied, and must be continued until all voltages have

been removed from the tube. A minimum air flow of 40 cubic feet per minute is
required when the tube is operated at maximum CCS ratings.

BEAM POWER TUBE 5-125B
See type 4E27A/5-126B.

BEAM POWER TUBE
See type 4-260A/6D22. 5D22

FULL-WAVE VACUUM

O ) RECTIFIER
Ok Coated-filament type used in pow-
5R4-GY

er supply of transmitting and indus-

() A trial equipment. Rated for a maximum
(o) peak inverse plate voltage of 2800 volts
NC and maximum peak plate current of

650 milliamperes at altitudes up to 20,000 feet, it may be used at altitudes up to
40,000 feet with reduced plate voltages. Requires Octal socket and may be mounted

in vertical position, base up or down, or in horizontal position with pins 1 and 4 in
vertical plane. QUTLINE 28, Outlines Section.

FILAMENT VOLTAGE (AC/DC). . cvivvvennassossnnasnasnsancosononnsones o ] volts
FILAMENT CURRENT. .. ov.o.cvouonassasssssssssaranatossnascsssvvasss 2 amperes
TuBE VOLTAGE DROP (Approx.):

Measured with applied dc at 250 milliamperes per plate. .....ovvnenes 67 volts

FULL-WAVE RECTIFIER
For Altitudes For Altitudes

Maximum Ratings, Design-Cenler Values: up to 40000 Feet up lo 20000 Feet
PEAK INVERSE PLATE VOLTAGE (No load). .. 2100 max 2400 max 2800 max volts
PEAK PLATE CURRENT (Per plate) .. ....... 660 maz 660 max 660 maz ma
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DC OuTPUT CURRENT:
With capacitor input to filter........... 0000000 250 maz 175 max 150 mazx ma
With choke input to filter. .................... 250 maz  250° max 175 mazx ma

Typical Operation with Capacitor-Input Filter:
RMS Plate-to-Plate Supply Voltage:

Full load 1400 1500 1800 volts

No Load 1500 1700 2000 volts
Filter Input Capacitor........................... 4 4 4 uf
Total Effective Plate-Supply Impedance (Per plate)® 125 500 575 ohms
DC Output Current. ............. 0000000000 00000 250 150 150 ma
DC Output Voltage at Input to Filter (Approx.):

At Half Load 790 900 1060 volts

At Full Load 700 810 950 volts
Voltage Regulation, Half-Load to Full-Load Current

(ADPPIOX.) oo iviriit it inneeennnennnnnnnnn 90 90 110 volts
Typical Operation with Choke-Input Filter:
RMS Plate-to-Plate Supply Voltage:

FullLoad.......................... 000000600 . 1500 1900 volts

NoLoad.......oovtiiiiiiiiiiiinnnnnnnnn, . 1700 2000 volts
Filter Input Choke.......................... 000D 5 10 henries
DCOutput Current. ...............ccoovuunnn... D 250 175 ma
DC Output Voltage at Input to Filter (Approx.):

AtHalf Load........................ 0000000 590 810 volts

AtFullLoad.................oo0iieiunnn... . 550 750 volts
Voltage Regulation, Half-Load to Full-Load Current

(APPrOX.) « ot i iiiir it ie e ieeennnnannnnnnn. o 40 60 volts

® For choke not less than 5 henries.

4 For choke not less than 10 henries.

4 Indicated values for conditions shown will limit peak plate current to maximum rated value. When a
filter-input capacitor larger than 4 microfarads is used, it may be necessary to use more plate-supply
impedance than the value shown to limit the peak plate current to the rated value.

POWER TRIODE

Forced-air-cooled type having integral ra-
diator used as af power amplifier and modula-
tor and as rf power amplifier and oscillator at
6C24 frequencies up to 160 Mc. Maximum over-all [

length, 8-28/32 inches; maximum diameter, 1-

29/82 inches. Filament volts (ac/dc), 11.0; am-

peres, 12.1; starting current, 24 max amperes.

Direct interelectrode capacitances; grid to plate, Fog

4.4 upf; grid to filament, 4.6 uuf; plate to fila- [
ment, 8.2 yuf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate
volts, 3000 maz; de grid volts, -500 maz; dc plate milliamperes, 500 maz; dc grid milliamperes, 150 mazx;
plate input, 1500 max watts; plate dissipation 600 max watts. The 6C24 is a DISCONTINUED type
listed for reference only. As a replacement, the 5786 is a similar type although not directly interchange-
able because of either electrical and/or mechanical differences.

F

POWER TRIODE

Acorn type having heater-cathode 4
6F4 used as rf power ampilfier and oscilla-
tor at frequencies up to 1200 Me. Class
C Telegraphy maximum plate dissipa- H H
tion (design-center value), 2 watts. VIEWED FROM SHORT END
Requires Acorn radial 7-contact socket and may be mounted in any position. QuT-
LINE 1, Outlines Section. Plate shows no color when tube is operated at maximum
CCS ratings.

HEATER VOLTAGE (AC/DC). .. .......... 6.3 volts
HEATER CURRENT............ 0.225 ampere
TRANBCONDUCTANCE®. . ....... 5800 umhos
AMPLIFICATION FACTOR*.................. 17

PLATE RESISTANCE (Approx.)*............ 500000000006000003000000000 . 2900 ohms



RCA Transmitting Tubes

DIRECT INTERELECTRODE CAPACITANCES:

Gridtoplate. . ..... ..ottt i i 1.8 upd

Grid to cathode and heater. .............c.ciiiiiinniiiionsnnnens 1.9 uut

Plate to cathode and heater 0.6 frm;
#* Plate-supply volts, 80; cathode resistor, 150 ohms; plate milliamperes, 13.

RF POWER AMPLIFIER AND OSCILLATOR=-Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings, Design-Center Values:
DC PLATE VOLTAGE . . .. .0t ivunetenisusansnsusssnsssucassisisisnuns 160 max volts
DC PLATE SUPPLY VOLTAGE . . ... ...t ceuiittcaasinisasisancsaaanaons 800 max volts
DCGRIDVOLTAGE. . ........c.00.0ns —560 max volts
DC PLATE CURRENT. . . .........nnn 20 max ma
DC GRID CURRENT 8 max ma
PLATE DiSSIPATION 2 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.................c0eeiinnn, 80 mazx volts

Heater positive with respect to cathode..........c..ooiieeineinnen, 80 max volts
Typical Operation at Moderate Frequencies:$
DC Plate VOILREE. . . .o .vvivierenreaiesiniasissaniasissnaeasiisenes 150 volts
DC Grid Voltagem. .. ..o ovuviti e aaseessasisssisesiioaceasaans -15 volts

From a grid Tesistor of . . ... ......oiviueiueiniieii s 6550 ohms

From a cathode resistor of . . ........ NO00G060000a000000000000000300 2000 ohms
DCPlate CUITENt. . .. .. .veuruneueussusuusssnasisassassasissassasnsns 20 ma
DC Grid Current (APPIOX.). ..o .ovureanrsanresuisastsiussantanssanns 1.6 ma
Driving Power (APProX.). .. ...coucsesnisicsnaocorancsacsisnsioioisns 0.2 watt
Power OUtpUt (APPrOX.). .. .c.oturaressssinanrssototacucssosntasasons 1.8 watts

Maximum Circuit Valves:

Grid-Circuit Resistance. .. ........oivvuneerasonacsssssssisisssascsons 0.5 maz megohm
¢ Approximately 45 milliwatts can be obtained when the 6F4 is used at 1200 megacycles per second as an
oscillator with 100 volts on plate, maximum rated plate dissipation, and grid resistor of 2000 ohms.

= Obtained from fixed supply, grid resistor, cathode resistor, or from a combination of grid resistor with
either fixed supply or cathode resistor.

POWER TRIODE

Thoriated-tungsten-filament type used as

P 3)¢ rf power amplifier and oscillator. May be used

with full input up to 8 Mc. Requires Small four-

contact socket and may be mounted in vertical ]O _Y

position only, base down. OUTLINE 29, OQutlines

Section. Filament volts (ac/dc), 7.5; amperes,

o‘o 1.25. Direct interelectrode capacitances; grid to

Fe F- plate, 7 uuf; grid to filament, 4 uuf; plate to fila-

ment, 3 uuf. Maximum CCS ratings as RF
POWER AMPLIFIER AND OSCILLATOR, CLASS C TELEGRAPHY: dc plate volts, 460 max;
degrid volts, -200 maz; dc plate milliamperes, 60 maz; de grid milliamperes, 16 mazx; plate input, 27 maz
watts; plate dissipation, 15 maz watts. Characteristics as CLASS A1 AMPLIFIER: plate volts, 425;
grid volts, -85; amplification factor, 8; plate resistance (approx.), 5000 ohms; transconductance, 1600
umhos. Plate shows no color when tube is operated at maximum CCS ratings. The 10-Y is used princi-

pally for renewal purposes.

POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplifier and modulator and rf power
amplifier and oscillator. May be used with full
input up to 15 Mc and with reduced input up 203_A
to 80 Mc. Requires Jumbo four-contact socket
and may be mounted in vertical position only,
base down. Maximum over-all length, 7-7/8
inches; maximum diameter, 2-5/16 inches. Fila-
ment volts (ac/dc), 10; amperes, 8.25. Direct
interelectrode capacitances: grid to plate, 14 puf; grid to filament, 5.7 uul; plate to filament, 4.4 uuf.
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR, CLASS C TELEGRAPHY:
de plate volts, 1250 maz; de grid volts, -400 maz; dc plate milliamperes, 175 max; de grid milliamperes,
60 max; plate input, 220 max watts; plate dissipation, 100 max watts. Plate shows no color when
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tube is operated at maximum CCS ratings. The 203-4 is a DISCONTINUED type listed for reference
only. As a replacement, the 8005 is a similar type although not directly interch ble b of either
electrical and/or mechanical differences.

POWER TRIODE

Thoriated-tungsten-filament type used as G[]8Lace
af power amplifier and dul and as rf
power amplifier and oscillator. May be used
204-A with full input up to 8 Mc and with reduced in- L 4

put up to 30 Mec. Requires special end-mounting

and may be mounted in vertical position with

filament end up, or in horizontal position with

plane of plate in vertical plane. Maximum over-

all length, 1434 inches; maximum diameter, P
4-1/16 inches. Filament volts (ac/dc), 11; amperes, 8.85. Direct interelectrode capacitances: grid to
plate, 15 uuf; grid to filament, 12.5 uuf; plate to filament, 2.3 uul. Maximum CCS ratings as RF POWER
AMPLIFIER AND OSCILLATOR, CLASS C TELEGRAPHY: dc plate volts, 25600 max; de grid
volts, -500 maz; de plate milliamperes, 275 maz; de grid milliamperes, 80 max; rf grid amperes, 10 mazx;
plate input, 690 max watts; plate dissipation, 250 max watts. Plate shows a barely perceptible red color
when tube is operated at maximum CCS ratings. The 204-A is a DISCONTINUED type listed for
reference only.

POWER TRIODE

Thoriated-tungsten-filament type used as P
af power amplifier and modulator and as rf e
power amplifier and oecillator. May be used

2'" with full input up to 15 Mc and with reduced in-
put up to 80 Mc. Requires Jumbo four-contact
socket and may be mounted in vertical position,
base down, or in horizontal position with pins 1
and 8 in vertical plane. OUTLINE 49, Outlines
Section. Plate shows a barely perceptible red

color when tube is operated at maximum CCS ratings. The 211 is used principally for renewal purposes.

FILAMENT VOLTAGE (AC/DC). .. .... 10 volts
FILAMENT CURRENT. ................. 5 000 8.25 amperes
AMPLIFICATION FACTOR 12
DIRECT INTERELECTRODE CAPACITANCES:
Grid toplate................ o 14 puf
Grid to filament . 5 5.4 uuf
Plate to filament..................... 0000000000000006000000000000 o 4.8 pul
Class B Class C
Maximum CCS Ratings: Modulator Telegraphyf
DC PLATE VOLTAGE. .................... 0000000000 1260 max 1250 max volts
DC GRID VOLTAGE. . ... 0000 00 — -400 max volts
DC PLATE CURRENT. 175°® max 175 max ma
DC GRrID CURRENT. ...... 000 — 50 max ma
220°® max 220 max watts
100" maz 100 max watts
# Key-down conditions per tube without amplitude dulation. Amplitude dulation essentially

negative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent
of the carrier conditions.

® For maximum-signal conditions.

® Averaged over any audio-freq y cycle of sin ve form.

HALF-WAVE VACUUM
RECTIFIER

P
F(2 3 )NC
Thoriated-tungsten-filament type used in
2" 7_C power supply of transmitting and industrial
equipment. Requires Jumbo four-contact socket
and may be mounted in vertical position, base
NC r

down, or in horizontal position with pins 1 and

8 in vertical plane. QUTLINE 51, Qutlines Sec-

tion. Filament volts (ac), 10; amperes, 8.25.
Maximum ratings: peak inverse plate volts, 7500 max; peak plate amperes, 0.6 maz; average plate
amperes, 0.15 max. The 217-C is used principally for renewal purposes,
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HALF-WAVE MERCURY-
VAPOR RECTIFIER

Coated-filament type used in pow-
er supply of transmitting and indus- 575-A
trial equipment. Maximum peak in-

verse anode volts, 15000; maximum

average anode amperes, 1.5. Requires

Jumbo four-contact socket and may be mounted in vertical position only, base down.
OUTLINE 60, Qutlines Section.

FILAMENT VOLTAGE (AC)®. . oo v vvivivanannnnanaanannnnarnnnnaansnnanne 5.0 volts
FILAMENT CURRENT. « . « e v ot vt ausuttonanaarecaaaessanasonsonassnnnsss 10.0 amperes
PEAK TUBE VOLTAGE DROP (Approx.)

° Filament voltage must be applied at least 30 seconds before application of anode voltage.

HALF-WAVE RECTIFIER—In-Phase Operation

For supply frequency of 60 cps
Maximum Ratings:

PEAK INVERSE ANODE VOLTAGE, . . .. .o vviunnrrens ... 10000 max 16000 max volts
ANODE CURRENT:
POBK. ..\ i vt vive v i 7 max 6 max amperes
AVEraged .. ..ot 5 1.75 maz 1.6 max amperes
Fault, for duration of 0.1 second maximum. ......... 100 max 100 maz  amperes
CONDENSED-MERCURY-TEMPERATURE RANGE. . ......... 20 to 60 20 to 60 °C

HALF-WAVE RECTIFIER—Quadrature Operation

For supply frequency of 60 cps
Maximum Ratings:
PEAK INVERSE ANODE VOLTAGE. ... ....cvuvivreancrsas 10000 max 16000 max volts
ANODE CURRENT:
Y T LR AR A 10 max 10 max amperes
AVErBEe . oo vt va ey 2.6 max 2.5 mar amperes
Fault, for duration of 0.1 second maximum. ......... 100 max 100 max amperes
CONDENSED-MERCURY-TEMPERATURE RANGE. . ......... 20 to 60 20 to 50 °C

(O Averaged over any interval of 20 seconds maximum,

Operating Valves:

Circuit Max. Trans. Approz, DC Max. DC Maz, DC
(For circuit figures, refer to Sec. Volts Output Volis Output Output KW
Rectifier Considerations (RMS) To Filter Amperes To Filter
Section) Fig, E Eav ITav Pdc
In-Phase Operation
10600°® 4800 1.60 7.1
Half-Wave Single-Phase. .. 54 70004 3200 1.76 5.6
6300° 4800 8.00 14.2
Full-Wave Single-Phase. . . 55 36004 3200 3.50 11.0
10600* 9600 8.00 28.4
Series Single-Phase. ... ... 66 70004 6400 8.50 22.0
6100° 7200 4.50 82.2
Half-Wave Three-Phase. .. 67 40004 4800 6.26 26.0
Quadrature Operation
6100° 7200 16.0 108
Paraliel Three-Phase. . .... 58 40004 4800 15.0 72
6100° 14300 7.6 108
Series Three-Phase. ...... 69 40004 9600 7.6 72
6300° 6760 9.0* 10.0" 60.8* 67.6%
Half-Wave Four-Phase. . .. 60 85004 4500 9.0* 10,0" 40.6* 45.0"
5300° 7200 9.5* 10.0" 68.4* 72.0"
Half-Wave Six-Phase. . ... 61 36004 4800 9.5% 10.0% 45.6* 48.0"

'fFor muéiméxm peak inverse anode voltage of 16000 volts and condensed-mercury-temperature range
of 20° to 50°C,

4 For maximum peak inverse anode voltage of 10000 volts and d d cury perature range
of 20° to 60°C.
* Resistive load. ® Inductive load.
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HALF-WAVE MERCURY-
VAPOR RECTIFIER

Coated-filament type used in pow-
er supply of transmitting and indus-
trial equipment. Maximum peak in-
verse anode volts, 15000; maximum
average anode amperes, 1.5. Requires

CATH,
SHIELD

Super-Jumbo four-contact socket and may be mounted in vertical position only,
base down. OUTLINE 62, Outlines Section. The 673 is electrically identical with the

575-A.

800

POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplifier and modulator and as rf
power amplifier and oscillator. May be used
with full input up to 60 Mc. Requires Small four-
contact socket and may be mounted in vertical
position only, base up or down. QUTLINE 38,
Outlines Section. Filament volts (ac/dc), 7.5;
amperes, 3.1. Direct interelectrode capacitances:
grid to plate, 2.5 upf; grid to filament, 2.8 upuf;

plate to filament, 2.8 uuf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR:
de plate volts, 1250 maz; de grid volts, -400 maz; dc plate milliamperes, 80 maz; dc grid milliamperes, 25
maz; plate input, 100 maz watts; plate dissipation, 35 mar watts. Plate shows no color when tube
is operated at maximum CCS ratings. The 800 is used principally for renewal purposes.

801-A

POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplifier and modulator and as rf
power amplifier and oscillator. May be used
with full input up to 60 Mc and with reduced
input up to 120 Mc. Requires Smail four-contact
socket and may be mounted in vertical position
with base down, or in horizontal position with
pins 1 and 4 in vertical plane. OUTLINE 29, Out-
lines Section. The 801-A is used principally for
renewal purposes.
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RCA Transmitting Tubes

PILAMENT VOLTAGE (AC/DC) . o ottt iiieeceininaeeiinneaeincasnnnnnaens 7.5 volts
FILAMENT CURRENT. . . . ttttunieinnenceeoneneeninseeuineeeennosannn 1.25 amperes
AMPLIFICATION FACTOR 8
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. . .. ... ..ottt i i i e i 6 puf
Grid tofilament. . . ... ... 0 it i i e e e 4.5 unf
Plateto filament. . .......c.vitiiiireiiiin i iiiieriiinnannanas 1.5 nuf
. Class B Class C
Maximum CCS Ratings: Modulator Telegraphyy#
DCPLATE VOLTAGE. ........co00vvnnn 8 000000000000000 600 max 600 max volts
DCGRIDVOLTAGE. . . c.vvvivnaneninvarennnnas 060 ~200 mazx volts
DC PLATE CURRENT 70 max ma
DC GRID CURRENT . . . ..ot viinieerinarecninanrenonanss 15 max ma
PLATE INPUT. . ottt et aananas 42 max watts
PLATE DISSIPATION . . o vttt nereireveninaresnannsarenns 20 max watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially
negative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent
of the carrier conditions.

® For maximum-signal conditions.

% Averaged over any audio-frequency cycle of sine-wave form.

POWER PENTODE

Heater-cathode type used as af
power amplifier and modulator and as 802
rf power amplifier and oscillator. May
be used with full input up to 30 Mec.
For operation at 55 Mc, plate voltage
and plate input should be reduced to 77 per cent of maximum ratings; at 100 Me,
to 55 per cent. Class C Telegraphy maximum plate dissipation, CCS 10 watts, ICAS
13 watts. Requires Medium seven-contact socket and may be mounted in any posi-
tion. OUTLINE 31, Quilines Section. Plate shows no color when the tube is operated
at maximum CCS or ICAS ratings.

HEATER VOLTAGE (AC/DC) .ttt vt vntiinararaniiaaianinsinresvareennisy 6.8 volts
HEATER CURRENT . ..o\ ttittanteenseaneasestannnenncarensonnennes 0.9 ampere
TRANSCONDUCTANCE (For plate current of 20 milliamperes) . .. ............ 2250 umhos
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l to plate (With external shielding)......................... 0.15 mazx upf
Grid No.1 to cathode, grid No.3, grid No.2, internal shield, and heater. . 11 upf
Plate to cathode, grid No.8, grid. No.2, internal shield, and heater . .... 6.8 uuf

AF POWER AMPLIFIER AND MODULATOR—Class A

Maximum Ratings: ccs ICcAS
DCPLATEVOLTAGE. . ...\ iitiinieranarennnnas 500 max 600 mazx volts
DC GRID-NO0.2 (S8CREEN-GRID) VOLTAGE. . ......... 2560 max 250 max volts

PLATEINPUT. ... .ot oo 15 max 18 mazx watts
GRID-NO.ZINPUT. .. ...t 8 max 8 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode........ 100 max 100 max volts
Heater positive with respect to cathode......... 100 max 100 max volts
Typical Operation:®
DC Plate Voltage. . ............coovvinnnnn 400 500 500 600 volts
DC Grid-No.3 (Suppressor-Grid) Voltage. ... . 0* [12d 0* 40 volts
DC Grid-No.2 Voltage. . ................... 250 175 225 250 volts
DC Grid-No.1 (Control-Grid) Voltage® -18 -10 -17 -18.5 volts
From cathode resistorof . . . .............. 450 825 530 490 ohms
Peak AF Grid-No.1 Voltage........... a0 18 10 17 18.5 volts
DCPlate Current. ......c.cocivvieinenenns 80 25 25 30 ma
DC Grid-No.2 Current. . ..........c.c0vuunn 10 6 7 8 ma
Load Resistance. . .........cooovieievinans 10000 18000 16000 13200 ohms
Total Harmonic Distortion. . ............... 8 4 10 9 per cent
Power Output. . .ovvvvvivniiereiererannens 5.6 4 6.5 7.6 watts



Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance:

RCA Transmitting Tubes

0.01 maz megohm

For cathode-bias operation........................covviuennnnnn.. o 0.5 max megohm

= Internal shield connected to cathode at socket.
* Connected to cathode at socket.

® Obtained from fixed supply or by cathode resistor of value shown.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and

RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings:

DCPLATEVOLTAGE. . ..........ocvvvinninnnnnn.,
DC GRID-No0.3 VOLTAGE.
DC GRID-N0.2 VOLTAGE.
DC GRID-NO.1 VOLTAGE. . ...........couuvvn.....
DC PLATECURRENT. . ... ....outvinninninnnnnn.,

GRID-NOB INPUT..........oviiiiiinii, .,
GRID-NO.2ZINPUT. . . .....otiitiinninnnnnnnnnn,
PLATE DISSIPATION. .. .............0vinivnnnnn..
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode........
Heater positive with respect to cathode.........

Typical Operation:®

DC Plate Voltage. . ................... 400
DC Grid-No.8 Voltage. ................ 0
DC Grid-No.2 Voltage®. .. o060 o 200

From series resistor of . 8000
DC Grid-No.1 Voltage®................ -100

From grid resistorof . . ............. 14000

From cathode resistorof. . .......... 1300
Peak RF Grid-No.1 Voitage............ 156
DC Plate Current, .................... 45
DC Grid-No.2 Current. ............... 25
DC Grid-No.1 Current (Approx.)....... 7
Driving Power (Approx.).............. 1.1
Power Output (Approx.)............... 10

# Key-down conditions per tube without amplitude modulation. Am
negative may be used if the positive peak of the audio-frequency envelo,

of the carrier conditions.
= Internal shield connected to cathode at socket.

CCS ICAS
500 max 600 max
200 max 200 max
250 max 250 mazx

=200 mazx -200 max

60 mazx 60 max
7.5 maz 7.5 max

25 mazx 33 max

2 maz 2 max
6 maz 6 max

10 maz 13 mazx
100 max 100 max
100 max 100 max
500 500 600

0 40 40

200 250 250
13600 20800 22000
-100 =100 -120
17000 50000 50000
1370 1700 1620
156 155 165

45 45 55

22 12 16

6 2 2.4
0.9 0.25 0.3

14 16 23

volts
volts
volts
volts
ma
ma
watts
watts
watts
watts

volts
volts

volts
volts
volts
ohms
volts
ohms
ohms
volts
ma
ma
ma
watt
watts

plitude modulation essentially
pe does not exceed 115 per cent

® Obtained preferably from separate source, or from the plate-supply voltage with a voltage divider, or

through series resistor. Grid-No.2 voltage must not exceed 500 volts under key-up conditions.

® Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.

POWER PENTODE

Thoriated-tungsten-filament type used as
rf power amplifier and oscillator. May be used
with full input up to 20 Mc and with reduced

80 3 input up to 60 Mc. Requires Giant five-contact G2
socket and may be mounted in vertical position
with base up or down, or in horizontal position
with pins 2 and § in vertical plane. OUTLINE 57,
Outlines Section. Plate shows a barely per-
ceptible red color when tube is operated at

maximum CCS ratings. The 808 is used princi-

pally for renewal purposes.

FILAMENT VOLTAGE (AC/DC) 0 10
FILAMENT CURRENT. .. .ttt tat it iiteneeannnnnnnnns 5
TRANSCONDUCTANCE (For plate current of 62.5 milliamperes). . .......... o 4000
DIRECT INTERELECTRODE CAPACITANCES:
0.15 max
17
Plate to filament, grid No.3, and grid No.2. ........................ 5 29

volts
amperes
uthl

uuf
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RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
DC PLATE VOLTAGE . .. oo e v vrnvrsessnsonsssnnessssanesanrssesrsnnsnns 2000 mazx volts

DC GRID-N0.3 (SUPPRESSOR-GRID) VOLTAGE 500 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE. . .. 600 maz volts
DC GRriD-N0.1 (CONTROL-GRID) VOLTAGE. . 0000 -500 maz volts
DC PLATE CURRENT. . . .o v vnvsrornnsssssssesssnne 50000000 175 maz ma
DC GRID-NO.1 CURRENT. . ..o svvnrersnssnssssnnascsensassssenns oo 50 maz ma
PLATE INPUT. . . o evvvevanensessssnressssssesssnonssanatsssessssssss 850 maz watts
GRID-NO.B INPUT. . ..o ovvevsssnsrresnnsecssssassessanssassssnsssenes 10 maz watts
GRID-NO.Z INPUT. . . .o ot vsennresnnnnrssssnesssrsraascssssstsssssss 80 max watts
PLATE DISSIPATION. . . .0 v cvveseresssrosnsnssssaserssossanssssscnrses 125 max watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially
negative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent
of the carrier conditions.

POWER PENTODE

G Thoriated-tungsten-filament type used as
o f power amplifier and oscillator. May be used
OP with full input up to 15 Mc and with reduced
input up to 80 Mc. Requires Small five-contact
G2 &3 socket and may be mounted in vertical position 804
e o with base down, or in horizontal position with
pins 2 and 4 in vertical plane. OUTLINE 48,
Outlines Section. Plate shows no color when

o o tube is operated at maximum CCS or ICAS rat-
ings. The 804 is used principally for renewal
purposes.
FILAMENT VOLTAGE (AC/DC) ..o vvvvvssssrssssnnnccssnsnsssssnnssssssss 7.5 volts
FILAMENT CURRENT . . .\ ovvenrreeronsersrnnassrscnssssstssrsssanssssas 3.0 amperes
TRANSCONDUCTANCE (For plate current of 32 milliamperes) .............. 8250 pmhos
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (With external shielding) ............ocoveninnn 0.08 max puf
Grid No.1 to filament, grid No.8,and grid No.2. .. ... ......ovennnnn 13 upf
Plate to filament, grid No.8, and grid No.2 . ..........vovvnenenennss 14 puf

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegrophy#

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Rotings: ccs ICAS

DCPLATE VOLTAGE . . . . . ceevvvrrnevssrsnssssrnsssssas 1250 maz 1500 max volta
DC GRID-NO.3 (SUPPRESSOR-GRID) VOLTAGE. . . ......ctvs 200 max 200 max vélts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE. .. ......cvvssnen 800 max 800 max volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE. . ... .....vvvsnss =300 max -300 maz volts
DCPLATE CURRENT. ... .vcvnvvrrannnesssncsssnonsssss 95 max 100 max ma
DC GRID-NO. 1 CURRENT. .. .« cvvvrversnnnerssnssssses 15 maz 15 max ma
PLATE INPUT............ 120 mazx 150 maz watts
GRID-NoO. 8 INPUT. .. 00 5 mazx 5 maz watts
GRID-NO, 2INPUT.......ovevvnns 15 mazx 15 mazx watts
PLATE DISSIPATION. . . . oo vveenennennonenssssnsnssnenes 40 max 50 maz watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

(LA INE POWER TRIODE

Thoriated-tungsten-filament type
used as af power amplifier and modu- 805
lator and as rf power amplifier and

G O, e oscillator. May be used with full input
up to 30 Mec. For operation at 45 Mec,

plate voltage and plate input should be reduced to 82 per cent of maximum ratings;

at 80 Mec, to 55 per cent. Class C Telegraphy maximum CCS plate dissipation, 125

watts. Requires Jumbo four-contact socket and may be mounted in vertical position
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RCA Transmitting Tubes

with base down, or in horizontal position with pins 1 and 3 in vertical plane. Our-
LINE 51, Outlines Section. Plate shows no color when tube is operated at maximum
CCS ratings.

FILAMENT VOLTAGE (AC/DC) 10 volts
FILAMENT CURRENT. ... ... ttintnunnnnunnnensesesnnsenesenssnsanss 3.25 amperes
DIRECT INTERELECTRODE CAPACITANCES: .
Gridtoplate. . ... ... ... i e e e 6.0 uuf
Grid to filament 7.6 uuf
Plate to filament. . . ... ... ... ittt e 9.0 uuf
AF POWER AMPLIFIER AND MODULATOR—Class B
Maximum CCS Ratings:
DC PLATE VOLTAGE. . ... .ttt iiitt e itiinneeeninnneonnnereesnnness 1500 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. . . ................c0ovvinnnn., 210 maz ma
MAXIMUM-SIGNAL PLATE INPUT®. ... .. ... .. i i, 815 maz watts
PLATE DISSIPATION® . . .. ... . ittt iiii e 126 mazx watts
Typical Operation (Values are for £ tubes):
DC Plate Voltage. . ...........oiiiiiiiiieiiiiiiiinnnnns 1250 1500 volts
DCGrid Voltage. .. .............civvvivinnnnnn. 0 -16 volts
Peak AF Grid-to-Grid Voltage. . ... ..............., 235 280 volts
Zero-Signal DC Plate Current. . ............................ 148 84 ma
Maximum-Signal DC Plate Current. ........................ 400 400 ma
Effective Load Resistance (Plate toplate). . . ................ 6700 8200 ohms
Maximum-Signal Driving Power (Approx.). . ................ 6 7 watts
Maximum-Signal Power Output (Approx.)................... 30011 3701 watts

® Averaged over any audio-frequency cycle of sine-wave form.
1t With 4 per cent harmonic distortion.
t+ With 38 per cent harmonic distortion.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings:

DC PLATE VOLTAGE . . . ... iittettiinteianttnnineeinsineeanaanas 1500 max volts
DC GRID VOLTAGE . . . . .ttt eittttetaitate e tene i ineaneneens 5o =500 mazx volts
DC PLATE CURRENT . . ... itttiitt ittt ittt i inreaneennnsn 210 maz ma
DC GRID CURRENT . . . ..\ ttttittentetttenneateennernennrannennren 70 maz ma
PLATE INPUT . .. e it it s et 815 max watts
PLATE DISSIPATION . . . . .\ttt ittt iet i et eeneearennes 125 maz watts
Typical Operation:

DCPlate Voltage. . ...............covinvevnnnn.. 1000 1250 1500 volts
DCGrid Voltage. . .. ..................... .. -95 -100 -106 volts
Peak RF Grid Voltage. ... ................ 225 230 235 volts
DCPlateCurrent. . ................00uvnn. 200 200 200 ma
DC Grid Current (Approx.). ............... 500 40 40 40 ma
Driving Power (Approx.). ... .......ooeeieinnennn 8.5 8.5 8.5 watts
Power Output (Approx.)............coeveeeennnns 130 170 215 watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplifier and modulator and as rf
power amplifier and osecillator. May be used

806 with full input up to 30 Mc and with reduced in-
put up to 100 Mc. Requires Jumbo four-contact
socket and may be mounted in vertical position
only, base down. OUTLINE 59, OQuilines Section.
Filament volts (ac/dc), 5; amperes, 9.5. Direct
interelectrode capacitances: grid to plate, 4 uuf;

grid to filament, 5.6 uuf; plate to filament, 0.4 uuf. Maximum CCS ratings as AF POWER AMPLIFIER
AND MODULATOR: dc plate volts, 3000 maz (ICAS, 8300 maz); maximum-signal d¢ plate milli-
amperes, 200 max (ICAS, 260 maz); maximum-signal plate input, 500 maz watts (ICAS, 825 max watts);
plate dissipation, 150 max watts (ICAS, 225 maz watts). Maximum CCS ratings as RF POWER
AMPLIFIER AND OSCILLATOR: dc plate volts, 3000 maz (ICAS, 3300 max); de grid volts, —1000
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maz; de plate milliamperes, 200 max (ICAS, 305 maz); de grid milliamperes, 50 max; plate input, 600
maz watts (ICAS, 1000 maz watts); plate dissipation, 150 maz watts (ICAS, 225 max watts). Plate
shows cherry-red color when tube is operated at maximum CCS ratings, and orange-red color at maxi-
mum ICAS ratings. The 806 is used principally for renewal purposes.

BEAM POWER TUBE

Heater-cathode type used as af
23 power amplifier and modulator and as 807

rf power amplifier and oscillator. May

be used with full input up to 60 Me.
H For operation at 80 Mec, plate voltage
and plate input should be reduced to 80 per cent of maximum ratings; at 125 Me,
to 55 per cent. Class C Telegraphy maximum plate dissipation, CCS 25 watts, ICAS
30 watts. Requires Small five-contact socket and may be mounted in any position.
OUTLINE 31, Ouilines Section, except has no bayonet pin. Plate shows no color
when tube is operated at maximum CCS or ICAS ratings.

HEATER VOLTAGE (AC/DC) .. .. iiiirttiiiiiinneenn vennevnnnnnennnns 6.3 = 0.6 volts
HEATER CURRENT. . .. ..ttt it iiteitntonaeraneaneennnnn 0.9 ampere
TRANSCONDUCTANCE (ADPProx.)¥. . ... ..ottt iiinieneniiinnnnnann, 6000 umhos
MUu-FACTOR, Grid No.2 to Grid No.1®™ . .. ... ......coiiiiiinnnn.... 8
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (With external shielding)....................... 0.2 max nuf
Grid No.1 to cathode, grid No.3, grid No.2, and heater . . ........... 12 unf
Plate to cathode, grid No.3, grid No.2, and heater.............. . 0o 7 uuf

* Plate and grid-No.2 volts, 250; grid-No.1 volts, -14.
** Plate and grid-No.2 volts, 250; grid-No.1 volts, -20.

AF POWER AMPLIFIER AND MODULATOR—Class AB2

Maximum Ratings: CcCs ICAS
DC PLATE VOLTAGE . . .. . .0t iviiinteiiitineiineannenns 600 max 750 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE. . ........... 6o 300 max 300 max volts
MaxiMUM-S1GNAL DC PLATE CURRENT® .. 120 mazx 120 maz ma
MAXIMUM-SIGNAL PLATE INPUT®. .. .. ................. 60 maz 90 max watts
MAXIMUM-SIGNAL GRID-NO.2 INPUT®., . .. ............... 3.5 mazx 3.5 maz watts
PLATE DISSIPATION®. .. . ... ... .. . iiiiiineinnnnnn. 25 max 30 mazx watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 135 mazx 135 max volts

Heater positive with respect to cathode. ............. 135 maz 135 maz volts
Typical Operation (Values are for 2 tubes):
DCPlate Voltage. . .........c.cviirviivinnneans 400 500 600 750 volts
DC Grid-No.2 Voltagef. .. ...................... 300 300 300 300 volts
DC Grid-No.1 (Control-Grid) Voltage. .. .......... -28 -30 -82 -35 volts
Peak AF Grid-No.1-to-No.1 Voltage. ... .......... 80 86 80 96 volts
Zero-Signal DC Plate Current. .. ................. 72 60 48 30 ma
Maximum-Signal DC Plate Current. . ............. 240 240 200 240 ma
Zero-Signal DC Grid-No.2 Current................ 2 0.9 0.7 0.5 ma
Maximum-Signal DC Grid-No.2 Current........... 20 20 18 20 ma
Effective Load Resistance (Plate to plate)......... 3700 4600 6900 7300 ohms
Maximum-Signal Driving Power (Approx.)......... 0.2 0.2 0.1 0.2 watt
Maximum-Signal Power Qutput (Approx.)* ....... 556 75 80 120 watts

Maximum Circvit Values {CCS ar ICAS conditians):
Grid-No.1-Circuit Resistance
For fixed-bias operation. .. .........c.c.iiiiiiiiiiiiiiiennnnnnnnns 30000 max ohms
For cathode-bias operation Not recommended
® Averaged over any audio-frequency cycle of sine-wave form.
1 Preferably obtained from a separate source, or from the plate-voltage supply with a voltage divider.
* With zero-impedance driver and perfect regulation, plate-circuit distortion does not exceed 2 per cent.
In practiee, regulation of plate voltage, grid-No.2 voltage, and grid-No.1 voltage should not be greater
than 5 per cent, 5 per cent, and 3 per cent, respectively.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephany
Carrier conditions per tube for use with a mazimum modulation factor of 1.0

Maoximum Rotings: CcCS ICAS
DC PLATE VOLTAGE. . . .. o.tiiiiiineninennnanneennan 90 476 max 600 max volts
DC GRID-NO.2Z VOLTAGE. .. . e ottiitinnneannannnennnns . 300 max 300 max volts
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DC GRID-NO.1 VOLTAGE =200 max =200 maz volts
DCPLATB CURRENT. . .......ovuvninrnnnnnnanannnn,s 83 max 100 mazx ma
DC Grip-No.1 CURRENT 5 max 5 mazx ma
PraTE INPUT. . ........ 40 max 60 max watts
GRID-NOZINPUT.................c0ovunnnns, 000000 2.5 maz 2.5 max watts
PLATE DISSIPATION. . ... ........covinnnnnnnnnnn, 000 16.5 max 25 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . . ... 000006000 185 max 185 mazx volts
Heater positive with respect to cathode.......... 0000 185 max 135 maz volts
Typical Operation:
DC Plate Voltage. . .............covvnnnnnnn.. o 825 400 475 600 volts
DC Grid-No.2 Voltage$ . ... .................. 250 250 250 300 volts
From series resistor of . . .. .................. 12500 25000 28000 37500 ohms
DC Grid-No.1 Voltages ........... =15 -5 -85 -85 volts
From grid-No.1 resistor of 21400 21400 21200 21200 ohms
Peak RF Grid-No.1 Voltage.................... 95 95 108 107 volts
DCPlateCurrent.....................0vvun.. 80 80 83 100 ma
DC Grid-No.2 Current. . ...................... 6 6 8 8 ma
DC Grid-No.1 Current (Approx.) 8.5 8.5 4 4 ma
Driving Power (Approx.)....... 0.8 0.8 0.4 0.4 watt
Power Output (Approx.). ...............c....... 17 22 28 44 watts
Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. ...............................coivivin. 80000 max ohms

4 Obtained preferably from separate source modulated along with the plate supply, or from the
modulated plate supply through series resistor of value shown.

4 Obtained from grid-No.1 resistor of value shown or from a combination of grid-No.1 resistor with
either fixed supply or cathode resistor.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: CcCSs ICAS
DC PLATE VOLTAGE 600 max 750 max volts
DC Grip-No.2 VoLTAGE 800 max 800 max volts
DC GRip-No.1 VOLTAGE —200 mazx =200 max volts
DC PLATE CURRENT 100 max 100 mazx ma
DC Grip-No.1 CURRENT 5 mazx 5 max ma
PLATEINPUT. . . ... 60 max 75 max watts
GRID-NO.2 INPUT................ 8.5 max 8.5 max watts
PLATE DISSIPATION . .. ..........0uiinnnnni, 25 max 80 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . . .. 000000000 135 max 135 max volts
Heater positive with respect to cathode............. o 185 mazx 185 max volts

AVERAGE PLATE CHARACTERISTICS

T
TYPE 807
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Typical Operation:

DCPlate Voltage. . .........cooeirenieiiineens 400 500 600 750 volts
DC Grid-No.2 Voltage® . ... ... ...coovivieinnne: 250 250 250 250 volts
From seriesresistorof . . . ............ccoeneonn 19000 81000 44000 62000 ohms
DC Grid-No.1 Voltagee .. .............coiinenn —45 —45 -45 -45 volts
From grid-No.1 resistor of . . .. ................ 11200 11200 11200 11200 ohms
From cathoderesistor of . . .................... 400 400 400 400 ohms

Peak RF Grid-No.1 Voltage. ...............co0nts 65 65 65 65 volts
DCPlateCurrent...........c..covemerverooceeenn 100 100 100 100 ma
DC Grid-No.2 Current. . .. .....ocovivooroneonnne 8 8 8 8 ma
DC Grid-No.1 Current (Approx.)..........c.coeoee- 4 4 4 4 ma
Driving Power (Approx.). .. .........oooieivneenn 0.3 0.3 0.3 0.3 watt
Power Qutput (Approx.)............oooiiivevnns 25 32 40 54 watts

Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Resistance ............ccieenreieeiiierieiioeons 80000 max ohms
# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

® Obtained preferably from a separate source, from plate-voltage supply with a voltage divider, or
through series resistor of value shown. Grid-No.2 voltage must not exceed 400 volts under key-up
conditions.

o Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.

TYPICAL CHARACTERISTICS AVERAGE CHARACTERISTICS
Tvee 807 TvPE 807 i
Ef=63 VOLTS B Ef=6.3 VOLTS I
GRID-N®2 VOLTS=250 GRID-N22 VOLTS= 250
T \ -1 1T 1T
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PLATE VOLTS PLATE VOLTS
22C5-6244T3 P2C3-08247T3
POWER TRIODE
L4 .
Ne@) SNe Thoriated-tungsten-filament type
used as rf power amplifier and oscilla-
tor. May be used with full input up to 80 8
80 Mc and with reduced input up to
o‘o 180 Mec. Class C Telegraphy maximum
F F plate dissipation, CCS 50 watts, ICAS
75 watts.
FILAMENT VOLTAGE (AC/DC). ... oo vvoerrvsooenroanas .6 volts
FILAMENT CURRENT 5 4.0 amperes
AMPLIFICATION FACTOR. . .. ... .o iiivnenrrecenceecnennss 00000000000 47
DIRECT INTERELECTRODE CAPACITANCES:
Grid to PlALE. . ..o\ oo ie oot ee 2.8 puf
Grid to filament. . ...... BO 5.8 puf
Plate to filament 0.26
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RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPULIFIER—Class C FM Telephony

Maximum Ratings: cCs ICAS
DC PLATE VOLTAGE . . . .. oeiiiaaiii ... 1500 max 2000 maxz volts
DC GRID VOLTAGE. . . ... ..ocivniiinannn e, -400 max ~400 maz volts
DC PLATE CURRENT 150 max 150 maz ma
DCGRID CURRENT. . . ..ottt o, 385 max 40 max ma
PLATEINPUT. ... ... ... ... i, 200 max 800 max watts
PLATE DISSIPATION . . . ... .. 50 maz 75 mazx watts
Typical Operation:
DC Plate Voltage. . ..................oco0venvnini.n. 1250 1500 2000 volts
DCGrid Voltagesd . ..............coovrvn oo .. -150 -150 ~150 volts

From grid resistorof. .. ... ... 4300 4300 4200 ohms

From cathode resistor of . . . ... 880 940 800 ohms
Peak RF Grid Voltage....................... 290 300 280 volts
DCPlate Current. .. ....... ................ ....... 135 126 150 ma
DC Grid Current (Approx.)....... ... .... . .... ... 35 35 36 ma
Driving Power (Approx.)........... ...... .......... 9 9.5 9 watts
Power Output (Approx.). ................ . ....... 126 140 225 watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-

ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

4 Obtained from fixed supply, by grid resistor, by cathode resistor, or by combination methods.

OPERATING CONSIDERATIONS

Type 808 requires Small four-contact socket and may be mounted in vertical
position only, base down. OUTLINE 32, Qutlines Section.

For operation at 60 Mec, plate voltage and plate input should be reduced to 75
per cent of maximum ratings; at 130 Mec, to 50 per cent. Plate shows cherry-red
color when tube is operated at maximum CCS ratings, and orange-red color at
maximum ICAS ratings.

When the 808 is used in the final amplifier or a preceding stage of a transmitter
designed for break-in operation and oscillator keying, a small amount of fixed bias
must be used to maintain plate current at a safe value. With a plate voltage of 2000
volts, a fixed bias of at least —30 volts should be used.

TYPICAL CHARACTERISTICS

TYPE 808
| E£=7.5 vouTS DC_|

GRID MILLIAMPERES

4
PLATE VOLTS .
92CH-4069IT..
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RCA Transmitting Tubes

AVERAGE PLATE CHARACTERISTICS
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POWER TRIODE

Thoriated-tungsten-filament type
used as rf power amplifier and oscilla-
tor. May be used with full input up to
60 Mc and with reduced input up to
120 Me. Class C Telegraphy maximum
plate dissipation, CCS 25 watts, ICAS 30 watts.

FILAMENT VOLTAGE (AC/DC) . . ... ..ttt itiiinerannnrrananenns
FILAMENT CURRENT. . ...\ ot titettttttereeterntnernrnennrnsnunnons

AMPLIFICATION FACTOR
DIRECT INTERELECTRODE CAPACITANCES:

Gridtoplate. .........oviiiiii i i i i e
Grid tofilament. .. ..........oi ittt i i e
Platetofilament. ... ...ttt ittt

P2CM~ 48767

809

(=N -] [N
- R | O G R

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: ccs
DCPLATE VOLTAGE. . .. . vtiiinniniinnnnnans 750 maz
DCGRIDVOLTAGE. . ... ...tttiniiniiiinnnnnn -200 max
DCPLATE CURRENT. . .. ...otnrininnnninnnnnnnunns 100 max
DCGRID CURRENT. . . .....tvtvntnnnnnnnnnnnennannns 85 max
PLATE INPUT. . . L0l lalalelelelolelalalalaiolallalolal e oo 75 max
PLATE DISSIPATION . . . .. iiviiiivin e iannnnn s 25 maz
Typical Operation:
DCPlate Voltage. . . .......c.vitiiiiinrurnneananns 500 750
DCGrid Voltage$ . .........coiiiiiiiiiinninenas. -50 -60

Fromgridresistorof . . ... ........................ 2500 3000

From cathoderesistorof . . . ....................... 420 500
Peak RF Grid Voltage. .. ............. .o 185 140
DCPlateCurrent. .. ........c..cooiviiinniernnnnas 100 100
DC Grid Current (Approx.). .. .........coevviunnnenn 20 20
Driving Power (Approx.)........ .. 2.5 2.5
Power Qutput (APProx.). . .....ccoiveiiniranenennnans 85 55

ICAS
1000 max
=200 max

100 maz

85 max

100 max

80 max

1000
-75
8000
600
160
100
25
8.8
5

volts
amperes

pul
puf
puf

volts
volts
ma
ma
watts
watts

volts
volts
ohms
ohms
volte
ma
ma
watts
watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of

the carrier conditions.

& Obtained from fixed supply, by grid resistor, by cathode resistor, or by combination methods.
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RCA Transmitting Tubes
OPERATING CONSIDERATIONS

Type 809 requires Small four-contact socket and may be mounted in vertical
position with base down, or in horizontal position with pins 1 and 4 in vertical plane.
OUTLINE 40, Outlines Section.

For operation at 70 Mc, plate voltage and plate input should be reduced to 88
per cent of maximum ratings; at 120 Me, to 50 per cent. Plate shows no color when
tube is operated at maximum CCS ratings, and shows a barely perceptible red color
at maximum ICAS ratings.

When the 809 is used in the final amplifier or a preceding stage of a transmitter
designed for break-in operation and oscillator keying, a small amount of fixed bias
must be used to maintain the plate current at a safe value. With a plate voltage of
1000 volts, a fixed bias of at least —10 volts should be used.

POWER TRIODE

Thoriated-tungsten-filament type

8] O used as af power amplifier and modu-

lator and as rf power amplifier and os-

cillator. May be used with full input

up to 30 Mc and with reduced input

up to 100 Mec. Class C Telegraphy maximum plate dissipation, CCS 125 watts,
ICAS 175 watts.

FILAMENT VOLTAGE (AC/DC) . . .ttt teteteesosessssossssssssensannnnnnns 10 volts
FILAMENT CURRENT. . . . ... ttitnnenusenioossssseasosnssnssnnssnssnnss 4.5 amperes
AMPLIFICATION FACTOR . . ... .. ittt iiiieiiieieneieeronansnnnnes 36
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. ... ..o ittt i i it ittt ittt 4.8 ppf
Grid to filament. . . .....oitiuir it iiiiieeiiioeiiortaretertanenertannns 8.7 upd
Plate to filament. . . ... ... iitiiiiieierienenrosoeeionsessanscsnsnans 12 pud
AF POWER AMPLIFIER AND MODULATOR—Class B
Maximum Ratings: ccs ICAS
DCPLATE VOLTAGE . . .. .. o.tiitienniitinnnnnesionnnns 2500 max 2750 maz volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. . .. ............ 250 max 250 max ma
MAXIMUM-SIGNAL PLATE INPUT®. . . .. ... 0oiiiinnnnnn. 425 max 510 max watts
PLATE DISSIPATION®. . .. ... iiiiiiieieiniiieninnes 126 max 175 maz watts

Typical Operation (Values are for £ tubes):

DCPlate Voltage. . .. ...c.oviiiiieiinenennnnnnnnanns 2000 2250 volts
DC Grid Voltaget. . . ......... 00 -50 -60 volts
Peak AF Grid-to-Grid Voltage. .. 845 380 volts
Zero-Signal DC Plate Current. .. ... 00 60 70 ma
Maximum-Signal DC Plate Current. .. ................. 420 450 ma
Effective Load Resistance (Plate to plate)............... 11000 11600 ohms
Maximum-Signal Driving Power (Approx.).............. 10 13 watts
Maximum-Signal Power Output (Approx.)............... 590 725 watts

® Averaged over any audio-frequency cycle of sine-wave form.
t For ac filament supply.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with a maximum modulation factor of 1.0

Maximum Ratings: cCs ICAS
DC PLATE VOLTAGE . . .. . ovveevvtnnnnounnsononononnns 1600 max 2000 max volta
DCGRIDVOLTAGE. . . ... tvetinnennnnnunnunnnnenanns ~500 max 500 max volta
DC PLATE CURRENT. . ¢ vvvvuvernnnneronnnncssonnsasons 210 maz 250 maz ma
DC GRID CURRENT. . .t ivennetrnnnnneeinnanceeanns 70 max 75 maz ma
13X 33 1543750 00000 000000060 0000006060300000000000000 835 max 500 mazx watts
PLATE DISSIPATION . . .o ivvvtiivieerorisocnssssonsnones 85 max 126 maz watts
Typical Operation:
DC Plate Voltage. .......... 1250 1600 2000 volts
DC Grid Voltages ......... -200 -200 -850 volte
From grid resistor of 4000 4000 5000 ohme
Peak RF Grid Voltage. ......ovovivvvnnnronnncncsnnns 870 870 550 volts
DCPlate Current....oooeevviiuneeioneneeinenasssnss 210 210 250 ma



RCA Transmitting Tubes — —

DC Grid Current (ApProX.) . . .....coveuevesrsssnonnss 50 50 70 ma
Driving Power (Approx.)....... oo 17 17 35 watts
Power Qutput (APProX.). . .....cccaruirasonncseonnns 180 250 380 watta

4Obtained from grid resistor of value shown or from a combination of grid resistor with either fixed
supply or cathode resistor.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Tetegraphy#

ond
RF POWER AMPLIFIER—Class C FM Telephany

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE. . .. oo vvvnnsonoanncsossssessacasss 2000 max 2500 mazx volts
DC GRID VOLTAGE . . . . . . vnuvvennnssnascsnsoes 600 -500 max -500 max volts
DC PLATE CURRENT 250 max 300 max ma
DC GRID CURRENT . . ..ovvvvvcrnsnsnasnasssssasssscnss 70 max 75 mazx ma
PLATE INPUT. . ..ot iiuiiisinnnncassssnnsoasnsnasasns 500 max 750 max watts
PLATE DISSIPATION . . .. oovvivvseronncanassanssasasnnss 126 mazx 176 maz watts
Typical Operation:
DCPlate Voltage. . .........onvceaunscesns 1500 2000 2500 volts
DCGridVoltageé .........ccocevannueeisss .. -120 -160 -180 volts
From grid resistor of 3000 4000 3000 ohms
From cathode resistor of . .. .........civeeiaraienans 415 550 500 ohms
Peak RF Grid Voltage. ... .....cooveeernnnscncnraeaenns 280 330 350 volts
DC Plate CUurrent. . ... ......ccvevnuvsnconcsssssonncnnse 250 250 300 ma
DC Grid Current (APProx.). . ........ceoeeeesssceoronssss 40 40 60 ma
Driving Power (ApProx.). .. ... ...oouivevonueceonrasss 10 12 19 watts
Power QULPUL (APPIOX.) . . ..o ovvceruunrssranncrsasnas 275 375 575 watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent o f
the carrier conditions.

& Obtained from fixed supply, by grid resistor, by cathode resistor, or by bination methods.

OPERATING CONSIDERATIONS

Type 810 requires Jumbo four-contact socket and may be mounted in vertical
position with base down, or in horizontal position with pins 1 and 2 in vertical plane.
OUTLINE 53, Ouilines Section.

For operation at 60 Me, plate voltage and plate input should be reduced to 70
per cent of maximum ratings; at 100 Me, to 50 per cent. Plate shows a barely per-
ceptible red color when tube is operated at maximum CCS ratings, and shows a
cherry-red color at maximum ICAS ratings.

When the 810 is used in the final amplifier or a preceding stage of a transmitter
designed for break-in operation and oscillator keying, a small amount of fixed bias
must be used to maintain the plate current at a safe value. With a plate voltage of
2500 volts, a fixed bias of at least —40 volts should be used.

AVERAGE PLATE CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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—E ¢=10 VOLTS OC
|

2%

200
0
w
o
w150
3
<
-
=
3 100
o
[ 4
[V
" %0
'—._4
© 200 400 €00 800
PLATE VOLTS
92CM=-4983T

POWER TRIODE

Thoriated-tungsten-filament

8'" A tsed as af power amplifier and modu-
. lator and as rf power amplifier and os-
cillator. May be used with full input

type

up to 30 Mc. For operation at 60 Mec,
plate voltage and plate input should be reduced to 89 per cent of maximum ratings;
at 80 Mc, to 70 per cent; at 100 Mec, to 55 per cent. Class C Telegraphy maximum
plate dissipation, CCS 45 watts, ICAS 65 watts. Requires Small four-contact socket
and may be mounted in vertical position with base down, or in horizontal position
with pins 1 and 4 in vertical plane. OUTLINE 39, Qutlines Section. Plate shows no
and shows a barely percep-

color when tube is operated at maximum CCS ratings,
tible red color at maximum ICAS ratings.

FILAMENT VOLTAGE (AC/DC) . ... ...\t 6.3
FILAMENT CURRENT 4
AMPLIFICATION FACTOR* 160
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate................ ... ... ... ... ..., 6.6
Grid to filament. . 5.9
Plate to filament 0.7
* Grid volts,-1; plate milliamperes, 20.
AF POWER AMPLIFIER AND MODULATOR~Class B
Maximum Ratings: ccs ICAS
DCPLATE VOLTAGE. . .................... 1250 max 1500 max
MAXIMUM-SIGNAL DC PLATE CURRENT® . . . . 175 maz 176 mazx
MAXIMUM-SIGNAL PLATE INPUT®. ..., ...... 165 max 235 max
PLATE DISSIPATION®. ... ... ............... 45 max 65 mazx

Typicat Operation (Values are for £ tubes):

DC Plate Voltage. ...................... 750 1250
DC Grid Voltaget . . .................... 0 0
Peak AF Grid-to-Grid Voltage. ........... 197 145
Zero-Signal DC Plate Current............ 82 50
Maximum-Signal DC Plate Current. . . . ... 350 260
Effective Load Resistance (Plate to plate). . 5100 12400
Maximum-Signal Driving Power (Approx.). 9.7 8.8
Maximum-Signal Power Qutput (Approx.). . 178 2385

® Averaged over any audio-frequency cycle of sine-wave form.
t For ac filament supply.
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with a maximum modulation factor of 1.0

Maximum Ratings: - ccs ICAS
DCPLATE VOLTAGE. . .. ....vviieinnnnnennnn., Qpo0oaoo 1000 max 1250 max volts
DC GRID VOLTAGBE. . 0 -200 mazx =200 maz volts
DC PLATE CURRENT. . 000 1256 max 160 max ma
DC GRIDCURRENT. . .....o0ttvrornrnerorsnnnosionnnns 50 maz 50 max ma
PLATEINPUT. . ... ...ttt itinnisennanostannsonns 115 max 1756 maz watts
PLATE DISSIPATION . . ..o vventninnissnsissnssssonnssn 30 max 45 max watts
Typical Operation: .
DC Plate Voltage. . .........oiiiiiiiiiiiiiiiiiananns 1000 1250 volts
DC Grid Voltages ..... §D000000000000006000600000000000 -65 =120 volts
From grid resistor of . . ............oiviiiiiiinnn, 1200 2700 ohms
Peak RF Grid Voltage. . .. ..........coiiiniiiinnnnnnns 150 250 volts
DCPlate Current. . .. ....covvinniiiinineeinnnnieenns 115 140 ma
DC Grid Current (Approx.)..... 45 45 ma
Driving Power (Approx.). .. .. 6.1 10 watts
Power OQutput (AppProX.). . .......oooureusrneennennsens 88 1856 watts

& Obtained from grid resistor of value shown or from a combination of grid resistor with either fixed
supply or cathode resistor.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum Ratings: ccs ICAS
DCPLATE VOLTAGE . . .. . ovvvttttiinineniininnssanassa 1250 maz 1500 max volts

DC GRID VOLTAGE. . . -200 maz =200 max volts
DC PLATE CURRENT. . 1756 max 115 max ma
DC GrIp CURRENT 50 max 50 maz ma
PLATE INPUT. ... ....... 00 176 maz 260 mazx watts
PLATE DISSIPATION 45 maz 65 max watts
Typical Operation:
DCPlate Voltage. . . .....ovovnirurnneirinnnensnas 0ooa 1250 1500 volts
DCGridVoltage$ ...........coiviiiiiiiniininiinnnns -50 -70 volts
From grid resistor of . . ............oo0i it 1100 1750 ohms
From cathoderesistorof . . .................co00vns 270 330 ohms
Peak RF Grid Voltage. . .. ........oviiiiiiinnnnsennnn 140 175 volts
DC Plate Current. ...... 5o 140 173 ma
DC Grid Current (Approx.). ... .. 45 40 ma
Driving Power (Approx.). . .........ooiiiiiiniiiinnnans 5.7 7.1 watts
Power Output (APProx.). ... ......ouuvurrereronnnnnnns 135 200 watls

# Key-down conditions per tube without amplitude modulation . Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

4 Obtained from fixed supply, by grid resistor, by cathode resistor, or by bination method.

SELF-RECTIFYING AMPLUIFIER®*—Class C
Maximum CCS Ratings:

RMS PLATE VOLTAGE. ... c.ivnrtnronnnnnernnnns 050005000600000000 17560 max volts
DCGRIDVOLTAGE. . . ............s ~125 max volts
DC PLATE CURRENT 65 max ma
DC GRID CURRENT. . . . .....0vvnnnn 25 maz ma
183 10590 0 6000000006 00600D00000600000060000000000000000000D0000 1256 max watts
PLATE DISSIPATION. .. . Ll /st o uieioleioluiulolalolslololalslolslsslolo/als alolelolalo oo oo o al o als o e 45 max watts
Typical Push-Pull Operation at 27 Mc (Values are for £ tubes):
RMS Plate Voltage. . .. ...t ireiiiiiiiiiiaiiiiiiiiisanananaanns 1760 volts
DC Grid VOILRZEA . .. . oo o vt ittt ietene et nea et enneenneennes -70 volts
Fromgridresistor of . . . ...... ... iiiiiiiiii i i 1500 ohms
DCPlateCurrent. . ... ............ 130 ma
DC Grid Current (Approx.) 46 ma
Driving Power (Approx.)® 12 watts
Power OUtput (ADPPrOX.) . . .vvvvietre ittt eaanans 175 watts
Useful Power Qutput (Approx.)-75-per-cent cireuit efficiency ............ 130 watts

& Obtained from grid resistor of value shown or from a combination of grid resistor with either fixed
supply or cathode resistor.
®From a self-rectifying driver.
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AMPLIFIER® —Class C
With separate, rectified, unfiltered, single-phase, full-wave plale supply
Maximum CCS Ratings:

DC PLATE VOLTAGE . . . . .. o\ tttaetiaeceatececeasensasesearenensnsan 1125 maz
DCGRIDVOLTAGE . . . . .....oovvvinnn =125 max

DC PLATE CURRENT. . . . tctttittnnieinennnanonnnnns 160 max

DC GRrID CURRENT 45 max

PLATE INPUT®. .. ... .coiauinn 176 max

PLATE DISSIPATION 45 max

Typical Operation:

DC Plate Voltage. . ............ 4000000000600000000a6300000000030330a 1125

DC Grid Voltage -35
From grid resistor of . .. ................. .00 1400

DC Plate Current. . .. ... 126

DC Grid Current (Approx. 25

Driving Power (Approx.)** 8

Power Qutput (APProX.). .. c.tuuit ettt itnnientnnaaeannnoeansaans 135
4 Power input is 1.23 times the product of dc plate voltage and dc plate current.

volts
volts
ma
ma
watts
watts

volts
volts
ohms
ma
ma
watts
watts

& Obthined from grid resistor of value shown or from a combination of grid resistor with either fixed

supply or cathode resistor.
44From a driver having a rectified, unfiltered, single-phase, full-wave plate supply.

9The 811-A is not recommended for oscillator service in applications involving wide variations of load.
For such applications, the 812-A having a lower amplification factor is preferred for its ability to oscil-

late over a wide variation of load.

AVERAGE CHARACTERISTICS
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POWER TRIODE

Thoriated-tungsten-filament type

used as af power amplifier and modu-

8] 2_ A lator and as rf power amplifier and os-
cillator. May be used with full input

up to 30 Mc and with reduced input

400
22CM~-8073T

up to 100 Mec. Class C Telegraphy maximum plate dissipation, CCS 45 watts, ICAS

65 watts.

FILAMENT VOLTAGE (AC/DC) . .. it i it ittt innnnansanncersnnnsassnnns . 6

FILAMENT CURRENT . . .. ... ...co00ivnvannns

AMPLIFICATION FAcTOR*

DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. ..................
Grid to filament.
Plate tofilament. . ............c.ciiiiiiiiinirariiaresnnsnasnas e iole

*Grid volts, ~30; plate milliamperes, 30.
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AF POWER AMPLIFIER AND MODULATOR—Class B

Maximum Ratings: cts ICAS
DC PLATE VOLTAGE. . ...... 00000000 0000 1250 maz 1500 mazx
MAXIMUM-SIGNAL DC PLATE CURRENT®. . . 175 maz 175 max
MAXIMUM-SIGNAL PLATE INBUT®. ... ..... 165 maz 285 maz
PLATE DISSIPATION®. . .. ... 000000000000 000 45 mazx 65 max
Typical Operation (Values are for £ tubes):

DC Plate Voltage. . ............c.c0nvnnn 00000060000 000 1250 1500

DC Grid Voltaget. . . .......oviivnnnnnennnnn 00000000 0 -40 -48
Peak AF Grid-to-Grid Voltage. . . . ...........v0vvnn 0 225 270
Zero-Signal DC Plate Current. . ... 22 28
Maximum-Signal DC Plate Current 260 310
Effective Load Resistance (Plate to plate). .............. 12200 18200
Maximum-Signal Driving Power (Approx.).............. 8.5 5
Maximum-Signal Power Qutput (Approx.)............... 235 340

® Averaged over any audio-frequency cycle of sine-wave form.
+ For ac filament supply.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with a maximum modulation faclor of 1.0

Maximum Ratings: CcCS ICAS
DC PLATE VOLTAGE. ....... 5000000000000000000000000 0 1000 max 1250 mazx
DCGRIDVOLTAGE. . . ... 0vearvnrronnsrnssnoonsanonsss —200 mazx —200 mgz
DC PLATE CURRENT. ... eevaneenancnnenneenoenoonnns 125 maz 150 max
DC GRID CURRENT. . . . vovevonnnnnonnonnsnsososocsns 85 max 85 mazx
PLATE INPUT. . ... ... vvrrrvnronnnnnnnnnasotnoconeonns 116 mazx 175 max
PLATE DIBSIPATION. . . ... .;ieeecsascanaacssosonss 00000 30 max 45 maz
Typical Operation:
DC Plate Voltage. .. ....... 1000 1250
DCGrid Voltaged . .........ccverienreinnnnsanooas 0 -110 -115

rom grid resistor of . . .. ........c0iiiiereianaann 5 8400 3300
Peak RFGrid Voltage. . ............coenvnennnnnns . 220 240
DC Plate CUTent. . . .. ...connernernnerneeneenonns . 118 140
DC Grid Current (Approx.). 33 35
Driving Power (Approx.). . 5 6.6 7.6
Power Output (APProx.). .. .. ...c.ccveienernnneesananns 85 130

valts

watta
watts

volts
volts
volts

ma
ohms
watts
watts

volts
volts
ma
ma
watts
watts

volts
volts
ohms
volts
ma
ma
watts
watts

& Obtained from grid resistor of value shown or from a combination of grid resistor with either fixed

supply or cathode resistor.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE. ....... 00000000000000000 000000000 12560 max 1500 maz
DC GRID VOLTAGE. . .. .. 000000000000000600 -200 max -200 maz
DC PLATE CURRENT. . ...ovvnvnonrnnonnnnnn 175 mazx 175 max
DC GRID CURRENT. . ...... 00000000 85 maz 35 max
PLATEINPUT. ......covvvirernnenonnnnnenes 000 00 176 max 260 max
PLATE DISSIPATION. -....... 00000000 45 max 65 maz
Typical Operation:
DC Plate Voltage. . .................. 000060000 0000000 1250 1500
DC Grid Voltageé .. ...... Cesseanseeesiesassastesenas ~90 -120
From grid resistorof . . . .............. o 800 3000 4000
From cathode resistor of . ... .... 00000000000 5 000 530 590
Peak RF Grid Voltage. . ............ .. 200 240
DCPlateCurrent. ... ..........c0nnnnn 140 178
DC Grid Current (Approx.). .. ......oveeveenenns 30 80
Driving Power (Approx.) . ........ooveveenennnss 000 5.4 6.5
Power Output (APProx.). . ... ...oovvvvevenrenennnrcnss 130 190

voltg
volts

ma
watts
watts

volts
volts
ohms
ohms
volts
ma
ma
watts
watts

# Key-dpwn conditions per tube without amplitude modulation. Amplitude modulation esgsentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of

the carrier conditions.

& Obtained from fixed supply, by grid resistor, by cathode resistor, or by combination methods.
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SELF-RECTIFYING OSCILLATOR OR AMPLIFIER—Class C
Maximum CCS Ratings:

1760 mazx

-125 maz

75 maz

20 max

145 mazx

45 max

Typical Push-Pull Operation at 27 Mc (Values are for £ tubes):

RMS Plate Voltage. .. .......ouiiieiiiniiieiiriaeiieiirneneennns 1740
DC Grid Voltaged . .........uiiiuiiiniintnaneinnenieineannnnnns -100
From grid resistorof . ......... 3500
DC Plate Current. .. ............. 150
DC Grid Current (At full load) 29
Driving Power (APDProx.)® ... .. ...ttt 12
Power Output (Approx.).............covuvuuuen... et 200
Useful Power Output (Approx.)-76-per-cent circuit efficiency ............ 150

volts
volts
ma
ma
watts
watts

volts
volts
ohms
ma
ma
watts
watts
watts

4 Obtained from grid resistor of value shown or from,a combination of grid resistor with either fixed

supply or cathode resistor.
® From a self-rectified driver.

AMPLIFIER OR OSCILLATOR—Class C
With separale, rectified, unfiltered, single-phase, full-wave plale supply

Maximum CCS Ratings:

DC PLATE VOLTAGE . . . . o e ettttteeeteenreeteinse  eeeeaeeneeeannnns 1125 maz

DCGRID VOLTAGE. . .. ........oouvuiienannnn, oo ~125 mazx

DC PLATE CURRENT. . .. 160 mazx

DC GRID CURRENT. . . oo 32 max

PLATE INPUTA . ittt e ce s 00 175 max

PLATE DISSIPATION. . ... .. o 45 max

Typical Operation:

DC Plate VOltage. .. .. ..ottt tiiiiiatineirieierennanenanns 1125

DC Grid VOItaed ... ..utuenintniint it in i aeteeean e eeaannans -65
From grid resistor of . .. ... .. ... it 2200

DC Plate CUIrent. . . ... .....vuneete et eene e e e, 125

DC Grid Current (APDroX.) . .. ..o\ttt it eet ettt e e e eeeananann.s 80

Driving Power (Approx.)44 5

Power QUtPut (APProX.) .. ... ..uutnenetnt it crineeeeneennnans 135

* Power input is 1.23 times the product of de plate voltage and dc plate current.

volts
volts
ma
ma
watts
watts

volts
volts
ohms
ma
ma
watts
watts

4 Obtained from grid resistor of value shown or from a combination of grid resistor with either fixed

supply or cathode resistor.
*4 From a driver having a rectified, unfiltered, single-phase, full-wave plate supply.

AVERAGE CHARACTERISTICS
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OPERATING CONSIDERATIONS

Type 812-A requires Small four-contact socket and may be mounted in vertical
position with base down, or in horizontal position with pins 1 and 4 in vertical plane.
OUTLINE 39, Outlines Section.

For operation at 60 Mc, plate voltage and plate input should be reduced to 89
per cent of maximum ratings; at 80 Me, to 70 per cent; at 100 Mc, to 55 per cent.
Plate shows no color when tube is operated at maximum CCS ratings, and shows
a barely perceptible red color at maximum ICAS ratings.

When the 812-A is used in the final amplifier or a preceding stage of a trans-
mitter designed for break-in operation and oscillator keying, a small amount of
fixed bias must be used to maintain the plate current at a safe value. With a plate
voltage of 1500 volts, a fixed bias of at least —45 volts should be used.

BEAM POWER TUBE

Thoriated-tungsten-filament type
used as af power amplifier and modu- 8" 3
lator and as rf power amplifier and os-
cillator. May be used with full input
up to 30 Me. For operation at 45 Mc,
plate voltage and plate input should be reduced to 87 per cent of maximum ratings;
at 60 Me, to 75 per cent; at 120 Mc, to 50 per cent. Class C Telegraphy maximum
plate dissipation, CCS 100 watts, ICAS 125 watts. Requires Giant seven-contact
socket and may be mounted in vertical position with base up or down, or in hori-
zontal position with pins 2 and 6 in vertical plane. QUTLINE 47, Outlines Section.
Plate shows no color when tube is operated at maximum CCS or ICAS ratings.

FILAMENT VOLTAGE (AC/DC) . . ...\ vt vuvnvnnieneaeneaneeaenoanens 10 volts
FILAMENT CURRENT. ... ......ccuvvnnn.. 5 amperes
TRANSCONDUCTANCE® . . . .. .. ........... 8750 umhos
Mu-FACToR, Grid No.2 to Grid No.1* 8.5
DIRECT INTERELECTRODE CAPACITANCES:

Grid Noltoplate. .. ..........coiiiinninirnnaarnnrrerranacerenans 0.25 mazx npl

Grid No.1 to filament, grid No.8, internal shield, grid No.2, and base shell 16.3 pal

Piate to filament, grid No.3, internal shield, grid No.2, and base shell. .. 14 nul
* Plate volts, 2000; grid-No.2 volts, 400; plate milliamperes, 50.

AF POWER AMPLIFIER AND MODULATOR—Class AB1

Maximum Ratings: ccs ICAS
DCPLATE VOLTAGE . 4. . ...t vvivivenirnnnaraneacsanes 2250 mazx 2500 max volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE. . . .........000un 1100 mazx 1100 mazx volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. . ... ........... 180 mazx 225 maz ma
MAXIMUM-SIGNAL PLATE INPUT®. . . ... ... .. 360 max 460 max watts
MAXIMUM-SIGNAL DC GRID-NO.2 INPUT®. . . . ........... 22 max 22 max watts
PLATE DISSIPATION®. . . ... ... i iiiiiiiiiiiirannansansn 100 mazx 126 mazx watts
Typical Operation (Values are for £ tubes):
DCPlate Voltage. . .............cciiiiniiiians 1500 2000 2250 2500 volts
DC Grid-No.3 (Suppressor-Grid) Voltage*. .. .... 0 0 0 0 volts
DC Grid-No.2 Voltage}. .................oovuts 750 750 750 750 volts
DC Grid-No.1 (Control-Grid) Voltagef.......... -85 -90 95 -95 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage........ 160 160 170 180 volts
Zero-Signal DC Plate Current. . . ............... 50 50 50 50 ma
Maximum-Signal DC Plate Current. .......... . 305 265 265 290 ma
Zero-Signal DC Grid-No.2 Current.............. 2 2 2 2 ma
Maximum-Signal DC Grid-No.2 Current......... 45 43 53 54 ma
Effective Load Resistance (Plate to plate)....... 9300 16000 20000 19000 ohms
Maximum-Signal Driving Power (Approx.)....... 0 0 0 0 watts
Maximum-Signal Power Output (Approx.)....... 260 3356 380 490 watts
Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. . .........o.vviiirannssrrroscessaosisnnons 830000 max ohms
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® Averaged over any audio-frequency cycle of sine-wave form.

* Grid No.3 should be eonnected to the mid-tap on the filament-transformer secondary winding or to
the negative end of a filament operated on de.

1 Preferably obtained®from a separate source or from the plate-voltage supply with a voltage divider.
t For ac filament supply.

PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER—Class C Tele phony
Carrier conditions per tube for use with a maximum modulation Jactor of 1.0

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE. .. ..... D0000000000000000000000600 1600 mazx 2000 max volts
DC GRID-NO2ZVOLTAGE. . .. ......oivinvneienininnnn.. 400 max 400 max volts
DC GRID-NO.1 VOLTAGE. .. . ....vitiieinneinennnnnn., -300 max -300 maz volts
DCPLATE CURRENT. . . ..........counemmnnnnnnins 150 maz 200 max ma
DC Grip-No.1 CURRENT 25 max 80 max ma
PLATEINPUT. ... ... .............. e 240 max 400 max watts
GRID-NO.2 INPUT.................. 15 maz 20 max watts
PLATE DissIPATION 67 maz 100 mazx watts
Typical Operation:
DC Plate Voltage. . .............ccooviiinennnennn.n. 1250 1600 2000 volts
DC Grid-No.8 Voltage®. . .. ......................... 0 0 0 volts
DC Grid-No.2 Voltages ............................ 300 350 volts
From series resistor of . . .......................... 43000 41000 ohms
DC Grid-No.l Voltages ............. -160 -175 volts
From grid-No.1 resistor of 13500 11000 ohms
Peak RF Grid-No.1 Voltage. . ....................... 250 300 volts
DCPlateCurrent. .. ........................c.... .. 150 150 200 ma
DC Grid-No.2 Current. ... ..........c.cooinuinnnins 35 30 40 ma
DC Grid-No.1 Current (Approx.). . ................... 13 12 16 ma
Driving Power (Approx.). .. ...........c...... .. 29 2.7 4.3 watts
Power Qutput (ApProx.)...........oovuiiirvenennnn.s 140 180 300 watts

Maximum Circvit Values {CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. .................ouiiuvneinnnnnnrnnnnns 30000 max ohms
4 Grid No.3 should be connected to the mid-tap on the filament-transformer secondary winding or to
the negative end of a filament operated on de.

& Obtained preferably from separate source modulated along with the plate supply, or from the modu-
lated plate supply through series resistor of value shown for each operating condition.

4 Obtained from a grid-No.1 resistor of value shown or from a combination of grid-No.l resistor with
either fixed supply or cathode resistor.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: cCcS ICAS
DC PLATE VOLTAGE. . . . ..ttt iineininennnanns 2000 max 2250 max volts
DC GRID-N0.2 VOLTAGE 400 max 400 mazx volts
DC GRiD-No.1 VOLTAGE -300 max -300 max volts
DC PLATE CURRENT. . ..\ etttnnneiiitiitinennnnnns 180 maz 225 maz ma
DC GRiD-No.1 CURRENT 256 max 30 max ma
PLATEINPUT. . ... .. i i, 360 max 500 mazx watts
GRID-NOZINPUT. ..., 00 22 max 22 max watts
PLATE DISSIPATION . . . o0vtiitiiiitinniie e ineinnannns 100 mazx 125 max watts
Typical Operation:
DC Plate Voltage...... o 1250 1500 2000 2250 volts
DC Grid-No.3 Voltage*. . 0 0 0 0 volts
DC Grid-No.2 Voltage $ 300 300 400 400 volts

From series resistor of 27000 40000 36000 46000 ohms
DC Grid-No.l Voltaget® -15 -90 -120 -156 volts

From grid-No.1 resistor of 5 6000 7500 12000 10000 ohms

From cathode resistor of . . . .. 330 400 520 565 ohms
Peak RF Grid-No.l Voltage. .. ... 0o 160 175 205 275 volts
DCPlateCurrent. . ....................... 180 180 180 220 ma
DC Grid-No.2 Current. . ................... o 36 30 45 40 ma
DC Grid-No.1 Current (Approx.)............ 4 12 12 10 15 ma
Driving Power (Approx.)................... 5 1.7 1.9 1.9 4.0 watts
Power Qutput (Approx.)...........cooovuunn o 170 210 275 375 watts
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Maximum Circuit Values:

Grid-No.1-Circuit Resistance. . ...........ccoiuiiiiiiiaeeiiiennans 30000 max ohms
# Key-down conditions per tube without amplitude modulation. Amplitude modulation easentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions. .

4 Grid No.3 should be connected to the mid-tap on the filament-transforger secondary winding or to
the negative end of a filament operated on de.

4 Obtained from separate source, from plate-voltage supply with a voltage divider, or through series
resistor of value shown for each operating condition. Grid-No. 2 voltage must not exceed 800 volts under
key-up conditions.

t For ac filament supply.

® Obtained from a grid-No.1 resistor, from cathode resistor, or from a combination of grid-No.1 resistor
with either fixed supply or cathode resistor. If preceding stage is keyed, bias must be obtained partially
from a fixed supply to limit the plate current and plate dissipation to a safe value.

SELF-RECTIFYING OSCILLATOR OR AMPLIFIER—Class C
Maximum CCS Ratings:

RMS PLATE VOLTAGE . . . ..t it invnnnsnnononnonasnossnsnnscnsnoes 2800 max volts
RMS GriD-N0.2 VOLTAGE 550 mazx volts
DC GRID-NO.1 VOLTAGE . . . .. .. cttinevenenoorennssaeassesoanonansss -100 maz volts
DC PLATE CURRENT . . . . ot aninaunannassssossasanasauounsonnnns 95 max ma
DC GRID-NO.L CURRENT. . . . . o .cuiuennunesonnonanoonnassnossononnons 10 maz ma
PLATE INPUT® . . .. . tuueeretinineananaessnniioonantaessssnaassnnns 295 max watts
GRID-No0.2 INPUT®: 22 max watts
PLATE DISSIPATION 100 max watts
Typical Operation:
RMS Plate VOItage. . . ..o vvriiiiiteenattooaneeesannttteoonnnns 2800 volts
DC Grid-No.8 Voltage®. . . ... ..o iiiiiirtiiioreaneaes 0 volts
RMS Grid-No.2 Voltage? . .........oovieanienuriirenntaiiuatacinons 530 volts
DC Grid-No.1 VOItaged . . . .. .cvuiuiriireimeriiiniinanisiasononans -37 Yolts
From grid-No.1 resistor of 37000 ohms
DC Plate Current. . ................. 95 ma
DC Grid-No.2 Current. . ............. 12 ma
DC Grid-No.1 Current (APpProx.). ... .......eoevuenuoensoes 0000 1 ma
Driving Power (APProX.)#. . ... ..cuueuiiueneareatesiiioeonentana s 1 watt
Useful Power Output (Approx.)-75-per-cent circuit efficiency............ 170 watts

® Power input is 1.11 times the product of the rms voltage and the dc current.

4 Grid No.3 should be connected to the mid-tap on the filament-transformer secondary winding or to
the negative end of filament operated on dec.

9 Obtained from a separate ac supply in phase with the plate supply or from a low-voltage tap on the
plate transformer. Use of 2 grid-No.2 series voltage-dropping resistor is not recommended.

& Obtained from a grid-No.1 resistor of value shown or from a combination of grid-No.1 resistor and
cathode resistor. Fixed-bias operation is not recommended. The bias resistors should not be bypassed
for the plate and grid-No.2 voltage supply frequency.

¢ From a self-rectified driver.

AMPLIFIER OR OSCILLATOR—Class C
With separate, rectified, unfillered, single-phase, full-wave plate and grid-No.2 supply

Maximum CCS Ratings:
DC PLATE VOLTAGE. . . .« o tvtveaoanntessonnnsaasnsstossonneoaaenns 1800 max volts

DC GriD-N0.2 VOLTAGE 360 mazx volts
DC GRID-NO.1 VOLTAGE ~200 mazx volts
DC PLATE CURRENT . . ..ot tuitveoinanesonnioeeonnnsassonanaasonnns 190 mazx ma
DC Grip-No.1 CURRENT 22 max ma
PLATE INPUT® . . ......... 360 max watts
GriD-No.2 InPUT® 22 max watts
PLATE DISSIPATION 100 max watts
Typical Operation:
DC Plate VOIAZE. .. ... ovvvetuinrenroreneascaraneinonaanestcionnones 1800 volts
DC Grid-No.3 Voltage* . 0 volts
DC Grid-No.2 Voltage® .. ... ..outiurinirenuumnieoiionneesinenitoans 250 volts
DC Grid-No.1 VOIAZE S . . o oo vviiriereeneetnianneeanseaeacaacsanns -120 volts
From grid-No.1 resistor of 10000 ohms
DCPlateCurrent. . .........cooveven 160 ma
DC Grid-No.2 Current. . . ......... .. 00 37 ma
DC Grid-No.l1 Current (APProX.). . .c.veeeueceorrorosoecnartocacnaanes 12 ma
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Driving Power (Approx.)*%. . . ... ... ... ... . ... 2 watts
Useful Power Output (Approx.)-75-per-cent circuit efficiency . . .......... 210 watts

® Power input is 1.23 times the product of dc plate voltage and dc plate current.

4 Grid No.3 should be connected to the mid-tap on the filament-transformer secondary winding or the
negative end of a filament operated on de.

4 Obtained from a separate, rectified, unfiltered, single-phase, full-wave supply in phase with the plate
supply, or from the rectified, unfiltered, single-phase, full-wave supply by means of taps on the plate
transformer.

6 Obtained from grid-No.1 resistor of value shown or from a combination of grid-No.1 resistor and
cathode resistor. Fixed-bias operation is not recommended. The bias resistors should not be bypassed
for the plate and grid-No.2 voltage supply frequency.

44 From a driver having a rectified, unfiltered, single-phase, full-wave plate supply.

AVERAGE .CHARACTERISTICS.
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duced to 80 per cent; at 75 Me, to 64 per cent. Class C Telegraphy maximum plate
dissipation, CCS 50 watts, ICAS 65 watts. Requires Small five-contact socket and
may be mounted in vertical position with base down, or in horizontal position with
pins 2 and 4 in vertical plane. QUTLINE 48, Outlines Section. Plate shows no color
when tube is operated at maximum CCS ratings, and shows a barely perceptible
red color at maximum ICAS ratings.

FILAMENT VOLTAGE (AC/DC) . o .t ittt tiee e etine i vreeenrvannnnns 10 volts
FILAMENT CURRENT. . ...ttt ttitanettat e e i e aineeanennas 3.25 amperes
TRANSCONDUCTANCE (For plate current of 39 milliamperes)............... 3300 pmhos
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.ltoplate. ............ ... .. ... . i, 0.15 maz ppf
Grid No.1 to filament, grid No.3,and grid No.2..................... 18.5 pupf
Plate to filament, grid No.3,and grid No.2. ... ..................... 18.5 pupf

RF POWER AMPLIFIER AND OSCHILATOR—Class C Telegraphyj

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: CcCS ICAS
DC PLATE VOLTAGE . . . . ...ttt 1250 max 1500 max volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE . . . .............. 400 max 400 max volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE. ............... -300 mazx -300 maz volts
DC PLATE CURRENT . . . ...t it iiiieiaaiaaeanns 150 max 150 maz ma
DC GRID-N0.1 CURRENT baa 15 max 15 maz ma
PLaTE INPUT. ... ......... cee 180 mazx 225 max watts
GRID-NO.2Z INPUT. . ... ... ittt iiieeeinen 10 max 10 maz watts
PLATE DISSIPATION. . . ...\ttt ieiieeenneenenenns 50 max 65 mazx watts
Typical Operation:
DCPlate Voltage. . ...........ccviviiiennnnnrnnnnnns 1000 1250 1500 volts
DC Grid-No.3 (Suppressor-Grid) Voltage®. ... ......... 0 0 0 volts
DC Grid-No.2 Voltage®. . .. .............ovvinnnnn. 300 300 300 volts
From series resistor of . . . ......................... 40000 42000 50000 ohms
DC Grid-No.1 Voltage ¥& .. .. .........couivivnnn... -70 -80 -90 volts
From grid-No.l resistorof . . ... ................... 7000 8000 9000 ohms
From cathoderesistorof . . ........................ 395 455 490 ohms
Peak RF Grid-No.1 Voltage. ......................... 150 165 170 volts
DCPlateCurrent.................ccoviivivienaennn.. 150 144 150 ma
DC Grid-No2 Current. . ..........cooovviiiinanann... 17.5 22.5 24 ma
DC Grid-No.1 Current (Approx.). ...........c.couuun.. 10 10 10 ma
Driving Power (Approx.). .. ........coouviiiiviniann, 1.85 1.5 1.5 watts
Power Output (Approx.). ..........c..oviuvuunveann.n 100 130 160 watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

4 Grid-No.3 should be connected to the mid-tap on the filament-transformer secondary winding or to
the negative end of filament operated on de.

® Obtained from separate source, from plate-voltage supply with a voltage divider, or through series
resistor of value shown. If preceding stage is keyed, partial fixed bias is required.

t For ac filament supply.

& Obtained preferably from grid-No.1 resistor or from a combination of grid-No.1 resistor with either
fixed supply or cathode resistor.

TWIN BEAM POWER TUBE

Heater-cathode type used as af
power amplifier and modulator and as 8] 5

rf power amplifier and oscillator. May

be used with full input up to 125 Me.

For operation at 175 Mg, plate voltage

and plate input should be reduced to 80 per cent of maximum ratings; at 200 Mec,
to 70 per cent. Class C Telegraphy maximum plate dissipation (per tube), CCS 20
watts, ICAS 25 watts. Requires Octal socket and may be meunted in any position.
OUTLINE 25, Outlines Section. Plates show no color when tube is operated at max-
imum CCS or ICAS ratings.
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HEATER ARRANGEMENT Series Parallel
HEATER VOLTAGE (AC/DC)........0o.... 5000000 5000000 12,6 = 10% 6.3 = 10% volts
HEATER CURRENT. . ... .0uttvnnnitrerernnesrnnnnnnnns 0.8 1.6 amperes
“TRANSCONDUCTANCE (Each unit, for plate current

of 25 milliamperes.) ....... 0000000 0000000000060006000 0000000000 4000 umhos
Mu-FACTOR, Grid N0.2 to Grid No.1., (Bach unit)................. 6.5

DiRECT INTERELECTRODE CAPACITANCES (Each unit):

Grid No.1 to plate upf
Grid No.1 to cathode, grid No.8, internal shield,
grid No.2, and heater mid-tap......................... ... 140 wal
Plate to cathode, grid No.3, internal shield,
grid No.2, and heater mid-tap.............co0vvrrunnnnnn.. 8.5 ppf
PUSH-PULL AF POWER AMPLIFIER AND MODULATOR—Class AB2
Values are on a per-tube basis

Maximum Ratings: CCs ICAS
DC PLATE VOLTAGE . + ..\ vevieireetinnearnnrnnnnanns 400 max 500 max volts
D€ GRID-NO.2 (8CREEN-GRID) VOLTAGE . . ............... 225 max 225 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. ............... 160 maz 150 max ma
MAXIMUM-SIGNAL PLATE INPUT®. . .. ................... 60 maz 75 max watts
MAXIMUM-SIGNAL GRID-N0.2 INPUTS 060 4.5 max 4.5 max watts
PLATE DISSIPATION® 20 maz 25 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ............. 100 maz 100 max volts

Heater positive with respect to cathode.............. 100 max 100 maz volts
Typical Operation:
DC Plate Voltage. . .. ........ouvuinervnnnennnnnann... 460 500 volts
DC Grid-No.2 Voltageé & 125 125 volts
DC Grid-No.1 (Control-Grid) Voltage -15 -15 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage 60 60 volts
Zero-Signal DC Plate Current 20 22 ma
Maximum-Signal DC Plate Current 6000 150 150 ma
Maximum-Signal DC Grid-No.2 Current. . . . . . 82 32 ma
Effective Load Resistance (Plate to plate) 6200 8000 ohms
Maximum-Signal Driving Power (Approx.).............. 0.36 0.36 watt
Maximum-Signal Power Output (Approx.)............... 42 54 watts

® Averaged over any audio-frequency cycle of sine-wave form.

¢ In applications requiring the use of grid-No.2 voltages above 135 volts, provision should be made for
the adjustment of grid-No.1 bias for each unit separately. The necessity for this adjustment at the lower
grid-No.2 voltages depends on the distortion requirements and on whether the plate-dissipation rating
is exceeded at zero-signal plate current.

# Obtained preferably from a separate source, or from the plate-voltage supply with a voltage divider.

PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with a maxrimum modulation factor of 1.0

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE . . . ...ovivernnnnrnnnnennnnnnnnn.. . 825 max 400 max volts
DC GriD-N0.2 VOLTAGE 225 max 225 maz volts
DC GRID-No.1 VOLTAGE -175 mazx -175 max velts
DC PLATE CURRENT 126 mazx 150 max ma
DC GRID-No.1 CURRENT 7 mazx 7 maz ma
PLATE INPUT 40 max 60 mazx watts
‘GRID-NO.2 INPUT 4 max 4 mazx watts
PLATE DISSIPATION 18.5 max 20 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode 100 maz 100 mazx volts
Heater positive with respect to cathode. ............. 100 max 100 max volts
Typical Operation:
DC Plate Voltage. . .........o.vuvninininnnnnenennnnns 825 400 volts
DC Grid-No.2 Voltages ¢ . ..............coeuernnn.... 165 175 volts
From series resistor of . .. ........................... 10000 15000 ohms
DC Grid-No.1 Voltage & . ... o.ovveneninenenenennnnn.n. —45 —45 volts
From grid-No.1 resistor of . . .................... 11250 15000 ohms
Peak RF Grid-No.1-to-Grid-No.1 Voltage. . ......... 112 116 volts
DC Plate Current. . ............. 123 150 ma
DC Grid-No.2 Current. ............... 16 15 ma
DC Grid-No.1 Current (Approx.). . .. 4 3 ma
Driving Power (APProx.). ........ocveerrvnreneennnnnns 0.2 0.16 watt
Power Output (Approx.)............ 000000600 000000000 30 45 watts
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Maximum Circuit Values:

Grid-No.1-Circuit Resistance. .. .. 80 0000000000000000000000060000000000 15000 max ohms
& Obtained preferably from separate source modulated along with the plate supply, or from the modu-
tated plate supply through series resistor of value shown.

¢ In applications requiring the use of grid-No.2 voltage above 135 volts, provision should be made for
the adjustment of grid-No.1 bias for each unit separately. The necessity for thia adjustment at lower
grid-No.2 voltages depends on the distortion requirements and on whether the plate-dissipation rating

is exceeded at zero-signal plate current.
& Obtained from grid-No.1 resistor or from a combination of grid-No.1 resistor with either fixed supply

or cathode resistor.

PUSH-PULL RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and

PUSH-PULL RF POWER AMPLIFIER-—Class C FM Telephony

Maximum Ratings: cCS ICAS
DC PLATE VOLTAGE. . ... ..0ivttinnneennonnnensonnns 400 max 500 max volts
DC GRID-N0.2 VOLTAGE 225 max 225 mazx volts
DC GRID-NoO.1 VOLTAGE =175 maz =175 maz volts
DC PLATE CURRENT. . ... .tteriintnrnnnnnnosonnnncs 150 mazx 150 maz ma
DC GRrID-No0.1 CURRENT 7 maz 7 maz ma
PLATEINPUT. . .............civinnnn .. 60 max 75 maz watts
GRID-NOZINPUT. .. ...ttt iniaeaenas 4.5 max 4.5 mazx watts
PLATE DISSIPATION . . .. ... ..t iviiiiinennansonnnnnnnnn 20 max 25 max watts
PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............. . 100 maz 100 mazx volts
Heater positive with respect to cathode. ............ 0 100 max 100 max voits
Typical Operation:
DCPlate Voltage. . ................cccovimcninnnnenns 400 500 volts
DC Grid-No.2 Voltage®¢ . .. .............. 145 200 volts
From a series resistor of 15000 17500 ohms
DC Grid-No.1 Voltage® . ... ... .o oittiniiernrnnnennns -45 -45 volts
From grid-No.1 resistor of . . ............ 10000 13000 ohms
From cathode resistorof . . . .............. 260 265 ohma
Peak RF Grid-No.1-to-Grid-No.1 Voitage 116 112 volts
DC Plate Current. . .. .......couivtmununmrenioisoninns 150 150 ma
DCGrid-No.2 Current. .......ooovimniernrnnennnonns 17 17 ma
DC Grid-No.1 Current (ApPProx.)............coeveeunons 4.5 3.5 ma
Driving Power (APProx.). .. ... .oovvivinerierennenanes 0.23 0.18 watt
Power Qutput (APProxX.). .. ...ovveererernrnnreransanes 44 56 watts
AVERAGE CHARACTERISTICS
EACH UNIT
TYPE 815 | |
€¢212.6 VOLTS
| SERIES MEATER ARRANGEMENT
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Maximum Circuit Values:

Grid-No.1-Circuit Resistance. .......................... 15000 max ohms
# Key-down conditions per tube without amplitude modulation. Amplitud dulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

¢ Obtained from separate source, from plate-voltage supply with a voltage divider, or through series
resistor of value shown. Grid-No.2 voltage must not exceed 600 volts under key-up conditions.

¢ In applications requiring the use of grid-No.2 voltages above 185 volts, provision should be made for
adjustment of grid-No.1 bias for each unit separately. The necessity for this adjustment at lower grid-
No.2 voltages depends on the distortion requirements and on whether the plate-dissipation rating is
exceeded at zero-signal plate current.

# Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.

AVERAGE CHARACTERISTICS
EACH _UNIT

o5 i R T
140 TYPE 815
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HALF-WAVE
MERCURY-VAPOR RECTIFIER

Coated-filament type wused in

8"6 power supply of transmitting and in-

dustrial equipment. Maximum peak

inverse anode volts, 7500; maximum

average anode amperes, 125. Requires

Small four-contact socket and may be mounted in vertical position only, base
down. OUTLINE 26, OQullines Section.

FILAMENT VOLTAGE (AC)®. ............... ... iiinnennnnn, 000000030 2.6 = 10% volts
FILAMENT CURRENT ... ..ottt ittt ettt et 2.0 amperes
TUBE VOLTAGE DROP (APProx.). ............ooiiiiininiiinnnnnnnnn.. 15 volts

° Filament voltage must be applied at least 10 seconds before the application of anode voltage.

HALF-WAVE RECTIFIER
Maximum Ratings (For power-supply frequency of 60 eps):

PEAK INVERSE ANODE VOLTAGE . . . . ....ooiteieineinieinnnannnnnnns 0 7500 mazx volts
ANODE CURRENT:
Peak. . ... e e 500 mazx ma
AVEIBEEE . ... ..ottt e e 126 mazx ma
Fault, for duration of 0.1 second maximum 50 5 max amperes
CONDENSED-MERCURY-TEMPERATURE RANGE . .. .. .................... 0 20 to 60 °C

& Averaged over any interval of 30 seconds maximum.
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Operating Values:

Circuit Max. Trans. Approx. DC Mazx. DC Max. DC
(For circuit figures, refer to Sec. Volis Qutput Volis Output Output KW
Rectifier Considerations (RMS) o Filter Amlperes To Filter
Section) Fig. E Eav av Pde
In-Phase Operation
Half-Wave Single-Phase. .. 54 5300 2400 0.125 0.8
Full-Wave Single-Phase. . . 55 2600 2400 0.250 0.6
Series Single-Phase. ... ... 56 5300 4800 0.250 1.2
Half-Wave Three-Phase. .. 57 3000 3600 0.750 2.7
Quadrature Operation
Parallel Three-Phase. ... .. 58 3000 3600 1.6 5.4
Series Three-Phase........ 59 3000 7200 0.75 5.4
Half-Wave Four-Phase. . .. 60 2600 3500 0.45% 0.5° 1.556% 1.76°
Half-Wave Six-Phase. . ... 61 2600 3600 0.47¢ 0.5° 1.70* 1.80°
* Resistive load. O Inductive load.

POWER TRIODE

Thoriated-tungsten-filament type
used as rf power amplifier and oscil- 826
lator. May be used with full input up
to 250 Mc and with reduced input up
to 300 Mec. Class C Telegraphy maxi-
mum plate dissipation, with natural cooling, CCS 45 watts, ICAS 55 watts; with
forced-air cooling, CCS 60 watts, ICAS 75 watts.

FILAMENT VOLTAGE (AC/DC) 7.5 volts
FILAMENT CURRENT . . ... vitaaenraaravasoaaareraansscsacasatanenes 4 amperes
AMPLIFICATION FACTOR . . ... ... e 31
DIRECT INTERELECTRODE CAPACITANCES:
Grid £0 PIBLE. ..o c v oeie it et et ) paf
Grid to filament mid-tap . ... ... ... i 3 upf
Plate to filament mid-tap . . .. ...over e 1.1 frng

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with a mazimum modulation faclor of 1.0

Natural Cooling Forced-Air Cooling
Maximum Ratings: ccs ICAS cCS ICAS
DC PLATE VOLTAGE. .. ......... 800 max 1000 max 800 max 1000 max volts
DC GRID VOLTAGE . ... .......v. -600 max -600 max -600 maxr -600 max volts
DC PLATE CURRENT 95 max 126 max 95 max 125 max ma
DC GRID CURRENT. . . ... a0 40 max 40 mazx 40 max 40 maz» ma
PLATE INPUT. .. ......... 000 60 maz 95 max 75 max 125 max watts
PLATE DISSIPATION . . .. .. ...... 30 max 45 max 40 max 60 max watts
Typical Operation:
DC Plate Voltage — 1000 800 1000 volts
DC Grid Voltagetsd . . . 000 _— -160 -100 -100 volts
From grid resistorof . . . ..... _ 4000 2800 2800 ohms
Peak RF Grid Voltage.......... _ 820 198 210e volts
DC Plate Current .............. _ 96 94 125 ma
DC Grid Current (Approx.). . ... — 40 35 85 ma
Driving Power (Approx.)....... _ 11.5 6.8 6.6 watts
Power Output (Approx.)........ _— 70 53 90 watts

1 For ac filament supply.

& Obtained by grid resistor of value shown. Fixed-bias operation is not recommended for linear modu-
lation. .

® To obtain linear modulation to 100 per cent, the driver stage should be modulated approximately
10 per cent.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony

Natural Cooling Forced-Air Cooling
Maximum Ratings: CCS ICAS CCS ICAS
DC PLATE VOLTAGE . . .o ...cnne 1000 max 1000 mazx 1000 max 1260 max volts
DC GRID VOLTAGE . ... e ovvunnns -600 max -600 max -600 max -600 max volts
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DC PLATE CURRENT. .......... 126 max 140 mazx 125 max 140 max ma
DC GRID CURRENT . ........... 40 max 40 maz 40 max 40 max ma
PLATEINPUT.................. 95 max 130 maz 125 mazx 175 maz watts
PLATE DISSIPATION. . .......... 45 max 55 maz 60 mazx 75 maz watts

Typical Operation:

DC Plate Voltage. . ............ — 1000 1000 1250 volts
DC Grid Voltagets............. — =70 -70 -125 volts

From grid resistor of . . . . . ... — 2000 2000 3600 ohms

From cathode resistor of . . . .. — 425 440 780 ohms
Peak RF Grid Voltage.......... — 183 183 245 volta
DC Piate Current.............. — 130 125 125 ma
DC Grid Current (Approx.). . . .. — 35 35 35 ma
Driving Power (Approx.)....... — 5.8 5.8 7.7 watts
Power Output (Approx.)........ — 90 86 120 watts

# Key-down conditions per tube without amplitude modulation, Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

1 For ac filament supply.

 Obtained from fixed supply, by grid resistor, by cathode resistor, or by combination methods.

OPERATING CONSIDERATIONS o —

Type 826 requires Septar seven-con- | [1vee 826
tact socket and may be mounted in ver- N £r77:370LT3 0C
tical position only, base up or down. QUT- 2
LINE 16, Outlines Section.

For operationat 300 Me, plate voltage
and plate input should be reduced to 80 & 20
per cent of maximum ratings. Plate shows §
an orange-red color when tube is operated 2
at maximum CCS ratings, and shows a 3!
bright orange-red color at maximum ICAS 3
ratings. 2

When the 826 is used in the final '
amplifier or a preceding stage of a trans-
mitter designed for break-in operation
and oscillator keying, a small amount of
fixed bias must be used to maintain the
plate current at a safe value. With plate o
voltage of 1250 volts, a fixed bias of at PLATE OLTS ¥ —
least -22.5 volts should be used.

. AVERAGE PLATE CHARACTERISTICS
> y ::?7,32\1175 ocC
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BEAM POWER TUBE

Forced-air-cooled type having
thoriated-tungsten filament and in-
tegral radiator used as rf power am- 827-R
plifier and oscillator at frequencies up
to 110 Mec. Class C Telegraphy maxi-
mum CCS plate dissipation, 800 watts.

FILAMENT VOLTAGE (AC/DC) . . .o vt vniennenstsnnnneerans 000 7.5 volts
FILAMENT CURRENT. .. .. .0ovvrnrnnnnsosnrsnssasosssss 25 amperes
FILAMENT STARTING CURRENT.. . ........ovnnonaanenenss 60 max amperes
Mu-FACTOR, Grid No.2 to Grid No.1* . ..........ooieennnn.s 16
DIRECT INTERELECTRODE CAPACITANGES (With external shieldin
Grid No.ltoplate. . ..........cooviniiiienannennns 0.22 max pupf
Grid No.1 to filament and grid No.2. . ............. 18.5 puf
Plate to filament and grid No.2...........coviiineenes 11.0 puf

* Plate volts, 2000; grid-No.2 volts, 1100; plate milliamperes, 350.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings: .
DC PLATE VOLTAGE . .+« + e ovvvinneenneanssaseanssas s sssans e es 3500 max volts

DC GRID-NO.2 (SCREEN-GRID) VOLTAGE. . ... .vtnnrnanener e e 1000 max volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE . . . .. ..tourannennrrenennnss -500 max volts
DC PLATE CURRENT . . . ..o oetetrnsnarsnnsnsssasansssssssenansssarss 500 max ma
DC GRID-NO.1 CURRENT . . . .o ovvvineennr s sanarass s s s 150 max ma
PLATEINPUT........oovniininnneans e 1500 max watts
GRID-NOZ INPUT. .. ovtt it ianars s e N 150 max watts
PLATE DISSIPATION . . . ¢ o0oianininnnans s sanaanan s an e eres 800 max watts

AMBIENT TEMPERATURE . . . .. ovtvtvanarsnnnnasassssasennassssssonsors 45 max °C

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 116 per cent of
the carrier conditions.

OPERATING CONSIDERATIONS

Type 827-R requires special mounting and may be mounted in vertical position
only with grid-No.1 and filament terminals up. OUTLINE 76, Oullines Section.

At maximum CCS ratings, 100 cubic feet of forced air per minute from plate
to seal end are required. Also, flow of 10 cubic feet per minute from 1-inch diameter
nozzle should be directed into header. Air flow must start before any voltages are
applied to the 827-R. Maximum temperatures: incoming air, 45°C; radiator, 150°C;
glass, 150°C; filament seals, 175°C.

BEAM POWER TUBE

Thoriated-tungsten-filament type 828
used as af power amplifier and modu-

lator and as rf power amplifier and os-

cillator. May be used with full input

up to 30 Mc. For operation at 50 Me,

plate voltage and plate input should be reduced to 80 per cent of maximum ratings;
at 75 Me, to 65 per cent. Class C Telegraphy maximum plate dissipation, CCS 70
watts, ICAS 80 watts. Requires Small five-contact socket and may be mounted in
vertical position with base down, or in horizontal position with pins 2 and 4 in ver-
tical plane. OUTLINE 48, Outlines Section. Plate shows no color when tube is oper-
ated at maximum CCS ratings, and shows a barely perceptible red color at maxi-
mum ICAS ratings.

FILAMENT VOLTAGE (AC/DC) . . e vt oviennnrnnenonsasnnnans 10 volts
FILAMENT CURRENT. . .. .0vovvannnerssrransssannssss es . 8.25 amperes
TRANSCONDUCTANCE (For plate current of 43 milliamperes) . .... 0 2700 wmhos
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DIRECT INTERELECTRODE CAPACITANCES:

Grid Noltoplate. ..........o.oiiviininvinenenanianann i, 0.07 max pul

Grid No.1 to filament, grid No.3, and grid No.2. . ................... 12 wnl

Plate to filament, grid No.8, and grid No.2 ......... 00000000000060a0 14 uuf

AF POWER AMPLIFIER AND MODULATOR—Class AB1

Maximum Ratings: CcCS ICAS
DC PLATE VOLTAGE . . . .o vvvatiniesineaanannnn.s, 1750 mazx 2000 maz volts
DC GRID-No0.3 (SUPPRESSOR-GRID) VOLTAGE. . . .......... 100 mazx 100 max volts
DC GRID-N0.2 (8CREEN-GRID) VOLTAGE 750 max 750 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT® 0000 150 max 150 maz ma
MAXIMUM-SIGNAL PLATE INPUT®., . ... ... ......... %00a00 225 max 270 mazx watts
MAXIMUM-SIGNAL DC GRID-No0.2 INPUT® 16 max 28 max watts
PLATE DISSIPATION® . . ................iveninennnn, 70 max 80 max watts
Typical Operation (Values are for £ tubes):
DC Plate Voltage. . . ...........oeeeeunnnnnnnn. 1700 2000 volts
DC Grid-No.3 Voltage. .. ..........cooovurornnnnn, 60 60 volts
DC Grid-No.2 Voltage®. . .. .........o.ovnvurnnninin.. 750 750 volts
DC Grid-No.1 (Control-Grid) Voltaget.................. -120 -120 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage............... 240 240 volts
Zero-Signal DC Plate Current.......................... 50 50 ma
Maximum-Signal DC Plate Current.................... 248 270 ma
DC Grid-No.8 Current. ................oouiurnnnn.n. .. 9 9 ma
Zero-Signal DC Grid-No.2 Current. .......... 4 2 ma
Maximum-Signal DC Grid-No.2 Current . . . . .. . 43 60 ma
Effective Load Resistance (Plate to plate) ............... 16200 18500 ohms
Maximum-Signal Driving Power (Approx.)............. o 0 0 watts
Maximum-Signal Power Output (Approx.).............. 5 3004 3856 watts
Maximum Circuit Values {CCS or ICAS conditions):
Grid-No.1-Circuit Resistance:

For fixed-bias operation. ................................ .. ... ... 0.22 max  megohm

For cathode-bias operation..........................c0iuunioni. o Not recommended

® Averaged over any audio-frequency cycle of sine-wave form.

® Zero-signal grid-No.2 voltage must not exceed 775 volts.

1 For ac filament supply.

4 Distortion only one per cent with 20 db of feedback to grid of driver,

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per lube for use with a marimum modulation factor of 1.0

Maximum Ratings: cCcs ICAS
DC PLATE VOLTAGE . . .. ...o.vviiiie e, 1000 mazx 1250 max volts
DC GRID-NO.B VOLTAGE. . . .........0coviuunnnnnnn.n.. 100 max 100 max volts
DC GRID-NO.2 VOLTAGE . . .. ..........cunrunrnnnnnnn. 400 max 400 max volts
DC GRID-NO.1 VOLTAGE . . ... .......c.oivuirnnnnnnnn, =300 max =300 max volts
DCPLATECURRENT . ........o.voitiniinnnennnnnnnn.. 185 maz 160 max ma
DC GRID-NO.1 CURRENT. . .............ooouiennni... 15 max 15 maz ma
PLATEINPUT. . ... ... i, 136 maz 200 mazx watts
GRID-NOBINPUT. .....................ivivnnnn, 5 max 5 max watts
GRID-NO.2Z INPUT...........ouiniiiinnnnn.. ., o 11 max 11 max watts
PLATE DISSIPATION . . .. ... ..., 47 max 70 max watts
Typical Operation:
DCPlate Voltage . .. ...................00oiiuuunnn, 1000 1250 volts
DC Grid-No.3 Voltage. . . .............cvuuerunrenn.n. Kt 7% volts
DC Grid-No.2 Voltages . . ..............coveuuennnnn.. 400 400 volts
From series resistorof . . ............................ 26000 30000 ohms
DC Grid-No.1 Voltagetd . ............coovvuunnnnin.. -140 -140 volts
From grid-No.1 resistor of . . . 14000 11700 ohms
Peak RF Grid-No.1 Voltage. . . . 280 250 volts
DCPlateCurrent. ... ..............ccvuueennnnennnns, 185 160 ma
DC Grid-No.8 Current . .....................ccccuuunn.. 13 15 ma
DC Grid-No.2Current. ........................c...... 23 28 ma
DC Grid-No.1 Current (Approx.)....................... 10 12 ma
Driving Power (Approx.) .. .................ouuiiu... 2.1 2.7 watts
Power Qutput (Approx.) . ..............ouueneunnnnnn.. 100 150 watts

4 Obtained preferably from separate source modulated along with the plate supply, or from the modu-
lated plate supply through series resistor of value shown.

1 For ac filament supply.

4 Obtained from grid-No.1 resistor of value shown or from a combination of grid-No.1 resistor with
either fixed supply or cathode resistor.
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RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: ccs ICAS
DCPLATB VOLTAGE . . . . ¢ttt tiitincoannoanonnsnssones 1250 max 1500 max volts
DC GRID-N0.3 VOLTAGE 100 mazx 100 mazx volts
DC GRID-N0.2 VOLTAGE 400 mazx 400 maz volts
DC GrID-NoO.1 VOLTAGE -300 max -300 max volts
DCPLATE CURRENT . .. .....tietianionnannanonsanenne 160 max 180 max ma
DC GRID-NO.1 CURRENT . . ...u.iverueronronsonoanonnoe 15 max 15 mazx ma
PLATEINPUT. ......iiiiieiiiiiiierisnnnassonnsnnen 200 mazx 270 max watts
GRID-No.3 INPUT 5 maz 5 maz watts
GRrID-No.2 INPUT 16 maz 16 max watts
PLATE DISSIPATION . . .o ivtviit i ianeassnnsreannees 70 max 80 max watts
Typical Operation:
DCPlate Voltage. . . ... ovvreerinirneriensonannsansss 1250 1500 volts
DC Grid-No.8 Voltage. . .........c.ooviiienniinanenes 75 75 volts
DC Grid-No.2 Voltage®. .. ...............coiiinnnnnns 400 400 volts

From series resistor of . . .......... ... 24300 39300 ohms
DC Grid-No.1 Voltaget®. . .......... ... .oiinnnnnns -95 -100 volts

From grid-No.1 resistorof . . ........................ 7900 8300 ohms

From cathoderesistorof . . ......................... 4156 430 ohms
Peak RF Grid-No.1 Voltage. . ..................conunes 195 205 volts
DCPlateCurrent.................. 160 180 ma
DC Grid-No.3 Current 22 14 ma
Grid-No.2 Current. .....coovvvinirrrnnearonsssoesssnne 85 28 ma
Grid-No.1 Current (APProx.) . .........c..ovvevnunnsnnne 12 12 ma
Driving Power (APProx.) .. .........ooooinnnnienienes 2.1 2.2 watts
Power Output (Approx.) .. .........oovurvnrnnnnnnneons 160 200 watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

® Obtained from separate source, from plate-voltage supply with a voltage divider, or through series

resistor of value shown. Grid-No.2 voltage must not exceed 800 volts under key-up conditions.

4 For ac filament supply.

0 Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.
If preceding stage is keyed, partial fixed bias is required.

TYPICAL CHARACTERISTICS

TYPE 828
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o AVERAGE PLATE CHARACTERISTICS
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TWIN BEAM POWER TUBE

Heater-cathode type having mid-

8 29-B tapped heater used as af power ampli-

fier and modulator and as rf power

amplifier and oscillator. May be used

with full input up to 200 Mec. For oper-

ation at 250 Mec, plate voltage and plate input should be reduced to 89 per cent of

maximum ratings. Class C Telegraphy maximum plate dissipation (per tube) with

natural cooling, CCS 30 watts, ICAS 40 watts; with forced-air cooling, CCS 40

watts, ICAS 45 watts. Requires Septar seven-contact socket and may be mounted

in vertical position with base up or down, or in horizontal position with pins 2 and 6

in vertical plane. OUTLINE 22, Outlines Section. Plates show no color when tube is
operated at maximum CCS or ICAS ratings.

HEATER ARRANGEMENT Series Parallel
HEATER VOLTAGE (AC/DC) . .. vvevneennnnnnnnn..... 12.6 = 109, 6.8 =109 volts
HEATER CURRENT. ... ......cooovunnnnnnn .. 1.125 2.25 amperes
"TRANSCONDUCTANCE (Each unit)*. ... ... .. .. . . . .. . . " 8500 umhos
MUuU-FAcTOR, Grid No.2 to Grid No.1 (Each unit)*. .. ....... .. ... 9
DIRECT INTERELECTRODE CAPACITANCES (Each unit):®
Grid No.l toplate.............oouiiieiinnnn i, 0.12 max puf
Grid No.1 to cathode, grid No.3, grid No.2, and heater mid-tap. ... 14.5 puf
Plate to cathode, grid No.8, grid No.2, and heater mid-tap ....... 7 puf

* Plate voits, 250; grid-No.2 voits, 175; plate milliamperes, 60.
** Plate and grid-No.2 voits, 225; plate milliamperes, 60.
" With externai shield up to flange seal.

PUSH-PULL AF POWER AMPLIFIER AND MODULATOR—Class AB)
Values are on a per-tube basis

Maximum CCS Ratings: Natural Cooling
DC PLATE VOLTAGE . .. ...ttt 750 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE . . . . ..................0oooooos, 225 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®™. . .. ........... ..o, 250 max ma
MAXIMUM-SIGNAL PLATE INPUT®. ., . ............ ... .. ... ...~ 100 max watts
MAXIMUM-SIGNAL GRID-NO.2 INPUT™ . . ... .............. 7 mazx watts
PLATE DISSIPATION® . . .. ... o 80 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ........................... 100 max volts

Heater positive with respect to cathode............................. 100 max volts
BULB TEMPERATURE . .o evvtetiaten et e e e eee s e e 235 max °C
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Typical Operation:

DC Plate VOItage. . .. ...viutt ettt e e et et eaieanans 600 volts.
DC Grid-No.2 VOItage s . .. ........oouiiuiniies e eeanens 200 volts
DC Grid-No.1 (Control-Grid) Voltage..................... .. -18 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage 00 36 volts
Zero-Signal DC Plate Current. .................ccuiiiiiriniianinnannn. 40 ma
Maximum-Signal DC Plate Current......................ccoivininnnn. 110 ma
Zero-Signal DC Grid-No.2 Current. . . ..........ouvureniieninnaeannins 4 ma
Maximum-Signal DC Grid-No.2 Current. .. ...............ccouuveuunnns 26 ma
Effective Load Resistance (Platetoplate) . .......................c.c.... 18750 ohms
Maximum-Signal Driving Power 0 watts
Maximum-Signal Power Output 44 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. . ..................c..0iiiiiiiiiiiiniinns 0.1 max  megohm

For cathode-bias operation............................ccuuieiun.. Not recommended

® Averaged over any audio-frequency cycle of sine-wave form.
& Obtained preferably from a separate source, or from the plate-voltage supply with a voltage divider.

PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER—Class C Telephony
Carrier condilions per lube for use with a maximum modulation factor of 1.0

Natural Cooling Forced-Air Cooling
Maximum Ratings: cCs ICAS ccs ICAS
DC PLATE VOLTAGE............ 600 maz 600 max 600 mazx 600 maz volts
DC GRIiD-N0.2 VOLTAGE. ....... 225 mazx 225 max 225 max 250 max volts.
DC GRrip-No.1 VOLTAGE. ....... -176 maz =175 max ~175 maz -175 mazx volts
DC PLATE CURRENT. .......... 212 max 212 max 212 maz 240 mazx ma
DC GRrip-No.1 CURRENT. ... .... 15 mazx 15 max 15 max 20 max ma
PLATEINPUT.................. 67.5 mazx 90 max 90 mazx 120 mazx watts
GRID-NO.2INPUT. . ............ 7 maz 7 mazx 7 maz 8 mazt watts
PLATE DISSIPATION . . . ... ...... 21 max 28 max 28 max 40 maz watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to
cathode................ 100 mazx 100 max 100 mazx 100 max volts.
Heater positive with respect to
cathode................ 100 mazx 100 mazx 100 maz 100 maz volts
BULB TEMPERATURE. . ......... 235 max 235 maz 235 mazx 285 max °C
Typical Operation:
DC Plate Voltage. . ............ 600 425 600 425 600 600 volts
DC Grid-No.2 Voltages ........ 190 200 200 200 200 200 volts
From series resistor of . . . . ... 32000 11000 25000 11000 25000 20000 ohmsa
DC Grid-No.1 Voltaged ......... -60 -60 -60 -60 -60 -70 volts
From grid-No.1 resistor of . ... 15000 4300 8600 4300 8600 5400 ohms
AVERAGE PLATE CHARACTERISTICS
EACH UNIT
T T T T T
TYPE 829-B
| Egsi2.6 vOLTS
SERIES HEATER ARRANGEMENT
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Peak RF Grid-No.1-to-Grid-No.1

Voltage..................... 138 160 144 160 144 180 volts
DC Plate Current............... 112 212 150 212 150 200 ma
DC Grid-No.2 Current . . . ..., .., 13 21 16 21 16 20 ma
DC Grid-No.1 Current (Approx.). . 4 14 7 14 7 13 ma
Driving Power (Approx.)........ 0.3 1 0.5 1 0.5 1.1 watts
Power Output (Approx.)......... 50 63 70 63 70 90 watts

Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Resistance . e e e e e e e, 15000 mazx ohms
* In ICAS sapplications, at frequencies less than 20 Me, where the duty factor does not exceed 0.2,
maximum ‘“‘on” period does not exceed 30 seconds, and average modulation factor does not exceed
0.25, maximum grid-No.2 input of 12 watts is permitted.

& Obtained preferably from separate source modulated along with the plate supply, or from the modu-
lated plate supply through series resistor of value shown.

¢ Obtained from grid-No.1 resistor of value shown or from a combination of grid-No.1 resistor with
-either fixed supply or cathode resistor.

PUSH-PULL RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
PUSH-PULL RF POWER AMPLIFIER—Class C FM Telephony

Values are on a per-tube basis

- Natural Cooling Forced-Air Cooling
Maximum Ratings: CCS ICAS CcCS ICAS
DC PLATE VOLTAGE.......... . 750 max 750 max 750 max 750 mazx volts
DC GRID-N0.2 VOLTAGE . . . . 225 maxr 225 mazx 225 max 250 max volts
DC GRiD-No.1 VOLTAGE . . . . ~1756 maz -175 max ~176 max -175 mazx volts
DC PLATE CURRENT. .......... 240 mar 240 mazx 240 max 240 max ma
DC GRID-No.1 CURRENT. . . ...,. 16 max 15 maz 15 max 20 max ma
PLate INPUT........ ......... 90 max 120 max 120 max 150 max watts
GRID-No.2 INPUT. ............. T max 7 max T max 8 max watts
PLATE DISSIPATION . . ... ....... 80 max 40 mazx 40 mazx 45 mazx watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to
cathode................ 100 max 100 max 100 maz 100 max volts
Heater positive with respect to
cathode................ 100 max 100 max 100 maz 100 mazx volts
BULB TEMPERATURE.. .......... 265 max 265 max 285 max 235 max °C
TYPICAL CHARACTERISTICS TYPICAL CHARACTERISTICS
EACH UNIT EACH UNIT
TYPE 829-8B ) TYPE 829-8
Ef=12.8 VOLTS | E£=12.8 VOLTS ]
SERIES HEATER ARRANGEMENT SERIES HEATER ARRANGEMENT
GRIO~N£2 VOLTS$=200 ] GRID-N22 VOLTS =200 |
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Typical Operation:

DC Plate Voltage. . ............ 750 500 750 500 750 750 volts
DC Grid-No.2 Voltage® ........ 190 200 200 200 200 200 volts
From series resistor of . .. .... 40000 138000 32000 13000 32000 27500 ohms
DC Grid-No.1 Voltage® ........ -50 -46 -50 -45 -50 -50 volts
From grid-No.1 resistor of . . . . 12600 8000 7200 8000 7200 4200 ohms
From cathode resistor of . . . .. 360 170 270 170 270 200 ohms
Peak RF Grid-No.1-to-Grid-No.1
Voltage. . .......oovvnennn- 116 128 124 128 124 134 volts
DC PlateCurrent . .. ........... 120 230 160 230 160 200 ma
DC Grid-No.2 Current. . ....... 14 238 17 23 17 20 ma
DC Grid-No.1 Current (Approx.) 4 15 7 15 7 12 ma
Driving Power (Approx.)....... 0.3 0.9 0.4 0.9 0.4 0.8 watt
Power Output (Approx.)........ 70 83 90 88 90 115 watts
Maximum Circuit Valves (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance..................oiiiiiiiiiiiaeananeenns 15000 maz ohms

# Key-down conditions per tube without amplitide modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

® Obtained preferably from separate source, from plate-voltage supply with a voltage divider, or
through series resistor of value shown. The grid-No.2 voltage must not exceed 600 volts under key-up
conditions.

& Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.

POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplifier and dulator and as rf
power amplifier and oecillator. May be used
with full input up to 15 Mc and with reduced 830 B
input up to 60 Mc. Requires Small four-contact -
socket and may be mounted in vertical position
with base down, or in horizontal position with
pins 1 and 4 in vertical plane. OUTLINE 43, Out-
lines Section. Plate shows no color when tube is
operated at maximum CCS ratings. The 830-B
is used principally for renewal purposes.

FILAMENT VOLTAGE (AC/DC) 10 volts
FILAMENT CURRENT . . ..o vvonrer nnarsossonansesssasascasassssisss 2 amperes
AMPLIFICATION FACTOR ... .. vtieentiinaneaaanssneinineeinnnnns 25
DIRECT INTERELECTRODE CAPACITANCES:
Grid £0 PIBLE. ... o eviiaraa et e 11 fm,
Grid to filament. . . ...c..veiieiiiiiieai e 5 uuf
Plate to filament 1.8 puf
Class B Class C
Maximum CCS Ratings: Modvulator Telegraphy#
DC PLATE VOLTAGE . . .. vt vvnrnninnnssnsnsnasnses 1000 max 1000 maz volts
DC GRID VOLTAGE . . ...t vvvinansannnsssnsssasases _ -300 max volts
DC PLATE CURRENT . .. . oovvnnns sonnanannssananss 160°® mazx 150 maz ma
DC GRID CURRENT . . ..o vooranesannannssassassenns — 80 mazx ma
PLATE INPUT . .. oottt inieiannnasassasaanaasanns 150°® mazx 150 max watts
PLATE DISSIPATION . .. .. c0vieeennaesonosonansaans 60 mazx 60 max watts

# Key-down conditions per tube without amplitude modulation. Amplitude moduiation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

® For maximum-signal conditions.

® Averaged over any audio-frequency cycle of sine-wave form.

TWIN BEAM POWER TUBE

Heater-cathode type having mid-
tapped heater used as rf power ampli- 832- A
fier and oscillator. May be used with
full input up to 200 Mc. For operation

H H at 250 Mec, plate voltage and plate
input should be reduced to 89 per cent of maximum ratings. Class C Telegraphy
maximum plate dissipation (per tube), CCS 15 watts, ICAS 20 watts. Requires
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Septar seven-contact socket and may be mounted in any position. QUTLINE 12,
Oullines Section. Plates show no color when tube is operated at maximum CCS or
ICAS ratings.

HEATER ARRANGEMENT Series Parallel

HEATER VOLTAGE (AC/DC) ...l 12.6 = 109, 6.3 =109, volts
HEATER CURRENT. ........ 000000000 0.8 1.6 amperes
TRANSCONDUCTANCE (Each unit)*. ... L 0o ooo 3500 umhos

MU-FACTOR, Grid No.2 to Grid No.1 (Each unit)*. . . . ..
DIRECT INTERELECTRODE CAPACITANCES (Each unit):0

Grid No.l1 toplate........................... 000000000600 0.07 max puf
Grid No.1 to cathode, grid No.8, grid No.2, and heater
mid-tap. . ... 0000 8.0 upud

Plate to cathode, grid No.3, grid No.2, and heater mid-

tap.
Grid No. 2 to cathode (including internal Gri
Pas8 CAPACILOr) ... ..., . 65 puf
* Plate volts 250; grid-No.2 volts, 135; plate milliamperes, 30.
** Plate and grid-No.2 volts, 250; plate milliamperes, 30,
O With external shield in plane of seal flange,

PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER—Class C Telephany
Carrier conditions per tube for use with a mazimum modulation factor of 1.0

Maximum Ratings: ccs ICcAS
DC PLATE VOLTAGE . ... ......oovennnnn o, 0o 600 max 600 max volis
DC GRriD-No.2 (SCREEN-GRID) VOLTAGE. ... oo 250 max 250 max volts
DC GRID-No0.1 (CONTROL-GRID) VOLTAGE. . . .. 00000000000 =175 mazx -175 maz voits
DC PLATE CURRENT . o0\ vvvvrneesnnnnns 00000000 78 max 95 max ma
DC GRID-NO.1 CURRENT . . .o, 00000 6 max 6 max ma
PLATEINPUT................coovuviiill 00000000000 22 max 36 max watts
GRID-NO.2 INPUT..............oounennn, 0000000060000 3.4 max 5 max watts
PLATE DISSIPATION . . ... ................... 00000000000 10 max 15 maz watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . 000000000000 100 max 100 max volts
Heater positive with respect to cathode. ......... 0000 100 max 100 max volts
Typical Operation:
DC Plate Voltage. .. ... 0500 000000000006606000000000 oo 425 600 600 volts
DC Grid-No.2 Voltages .. 200 200 200 volts
From series resistor of . . 14000 25000 20000 ohms
DC Grid-No.1 Voltages ......... 0000000000066600000 -60 -65 ~70 volts
From grid-No.1 resistor of 25000 25000 23000 ohmis
Peak RF Grid-No.1-to-Grid-No.1 Voltage 140 150 160 volts
DC Plate Current . 52 36 60 ma
DC Grid-No.2 Current 00 16 16 20 ma
DC Grid-No.1 Current (Approx.).. 2.4 2.6 3 ma
Driving Power (Approx.). . ... 0.15 0.18 0.21 watt
Power Output (Approx.) . 16 17 26 watts

Maximum Circuit Values {CCS aor ICAS canditians):

Grid:No.1-Circuit Resistance.............................o 00, 25000 max ohms
& Obtained preferably from separate source modulated along with the plate supply or from the modu-
lated plate supply through series resistor of value shown.

6 Obtained from grid-No.1 resistor of value shown or from a combination of grid-No.1 resistor with
either fixed supply or cathode resistor.

PUSH-PULL RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
PUSH-PULL RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: CCS ICAS
DC PLATE VOLTAGE. ................ 750 max 750 max volts
DC GRriD-N0.2 VOLTAGE. .. .... 250 max 250 max volts
DC GRID-NO.1 VOLTAGE . . ..o e =175 max -175 max volts
DC PLATE CURRENT. . .......... 90 max 115 mazx ma
DC Grip-No.1 CURRENT. . .............. 6 max 6 max ma
PLATEINPUT.......................... 36 max 50 max watts
GRID-NOZ INPUT..................... 5 maz 5 maz watts
PLATE DISSIPATION. . ......... 15 max 20 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ............. 100 maz 100 mazx volts

Heater positive with respect to cathode. . ....... 00000 100 max 100 max volts
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Typical Operation;

DC Plate Voltage......... 500 750 750 volts
DC Grid-No.2 Voltage® ...... 200 200 200 volts
From series resistor of . ........ 21000 37000 25000 ohms
DC Grid-No.1 Voltage®. ........... . -65 -66 -50 volts
From grid-No.1 resistor of . . ... 5000000600000000000 25000 23000 12600 ohms
From cathode resistor of 730 1000 560 ohms
Peak RF Grid-No.1-to-Grid-No.1 Voltage. ....... veeen 150 160 130 volts
DCPlate Current . . .. ccovceeeeaesascececcsassasaces 72 48 65 ma
DC Grid-No.2 Current 14 16 22 ma
DC Grid-No.1 Current (APprox.)........... 2.6 2.8 4.0 ma
Driving Power (APProX.) .. ...ocoeeeecoacnens . 0.18 0.19 0.24 watt
Power Output (APPIOK.) .+ . oo veenecernoonenaencces . 26 26 86 watts
Moximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance............ooeiieieieriiiiianeecnccenens 25000 mazx ohms
# Key-down conditions per tube without litud dulation. Amplitude modulation essentially neg-

ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

® Obtained from separate source, from plate-voltage supply with a voltage divider, or from series
resistor of value shown. The grid-No.2 voltage must not exceed 600 volts under key-up conditions.

4 Obtained from fixed supply, by grid-No. 1 resistor, by cathode resistor, or by combination methods,

TYPICAL CHARACTERISTICS
EACH UNIT

T 1 ] 1 T ] ] L) T
| __TvPE 832°A
€¢=12.6 VOLTS
| SERIES HEATER ARRANGEMENT —
GRID-N®2 VOLTS= 250

"
[t

"
<

3
—

GRID~N21 MILLIAMPERES
G

AVAR -}
(©
‘ 7,
G
\ L vOLTS Eciz41s——1
ANA T
L +10
+5
oL 12 1

(-]

D0 200 300 400
PLATE VOLTS
92CM-4910T2

AVERAGE CHARACTERISTICS
EACH UNIT

250 l" T T T 1
2 | e TYPE B32A
€¢=12.6 VOLTS
2 0 SERIES HEATER ARRANGEMENT
ﬁ | 3 GRID-NE2 VOLTS=250
lu/
3 -l
< =0
: I RO TvoLTS Ecy
2 150 e
3 | 1 -s
o SN B,
H | [
8 —
s 100 l_.,/
% \‘ Lt —15
[
- —
A \(,— -20
L=
g s x — :c.-l-zs
b P RS Iy
@ )—-’Tr =30
=F=F=fF-f=-1=--=-|--]~-&=2s5
o 1 [ 1 | S — <l
100 200 300 400 $00 00 700 800
PLATE VOLTS 02CM-4912T2

151



RCA Transmitting Tubes ————————_

POWER TRIODE

8 3 3 A Thoriated-tungsten-filament type

- used as af power amplifier and modu-

lator and as rf power amplifier and os-

cillator. May be used with full input

up to 30 Mec with natural cooling (20

Mec with forced-air cooling), and with reduced input up to 75 Mc. Class C Teleg

raphy maximum plate dissipation with natural cooling, CCS 300 watts, ICAS 35(
watts; with forced-air cooling, CCS 400 watts, ICAS 450 watts.

FILAMENT VOLTAGE (AC/DO) . ... ..o \oieii it e 10 volt:
FILAMENT CURRENT. ... ...t 10 ampere:
AMPLIFICATION FACTOR® . .. ... ... ... .. .......... ... ... ... 35
DIRECT INTERELECTRODE CAPACITANCES:

Gridtoplate. ...................... ... ... 6.3 Bl

Grid tofilament.............. ... .. ... ... ... ... 12.3 i

Platetofilament............................... ... 8.5 By
* Grid volts, -10; plate milliamperes, 200.

AF POWER AMPLIFIER AND MODULATOR—Class B
Natural Cooling Forced-Air Cooling

Maximum Ratings: CcCs ICAS CCs ICAS
DC PLATE VOLTAGE............ 8000 mazx 3300 max 4000 max 4000 max volta
MAXIMUM-SIGNAL DC PLATE CUR-

RENT®. .. ................. 500 max 500 max 500 max 500 max ma

MAXIMUM-SIGNAL PLATE INPUT® . 1125 maz 1300 mazx 1600 max 1800 maz watts
PLATE DISSIPATION®. . ... ...... 300 max 350 maz 400 max 450 maz watts
Typical Operation (Values are for two tubes):
DC Plate Voltage. ............. 3000 3300 4000 4000 volts
DC Grid Voltaget............. -70 -80 -100 -100 voits
Peak AF Grid-to-Grid Voltage. .. 400 440 480 510 volts
Zero-Signal DC Plate Current. . .. 100 100 100 100 ma
Maximum-Signal DC Plate Cur-

rent. . ..., 750 780 800 900 ma
Effective Load Resistance (Plate

toplate) . ................. 9500 10500 12000 11000 ohms
Maximum-Signal Driving Power

(Approx.) .. ............... 20 30 29 38 watts
Maximum-Signal Power Output

(Approx.) . ............uvnn 1650 1900 2400 2700 watts
® Averaged over any audio-frequency cycle of sine-wave form.

t For ac filament supply.
. AVERAGE PLATE CHARACTERISTICS
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with a marimum modulation factor of 1.0

Natural Cooling Forced-Air Cooling
Maximum Ratings: ccs ICAS ccs ICAS
DC PLATE VOLTAGE 2500 mazx 3000 max 8000 mazx 4000 max volts
DC GRID VOLTAGE. .. ... 00 -500 maz -500 maz -500 mazx -500 maz volts
DC PLATE CURRENT .. 400 max 400 max 450 mazx 450 max ma
DC GRID CURRENT. .. ......... 100 maz 100 maz 100 maz 100 mazx ma
PLATEINPUT. . .........c00vnune 835 max 1000 max 1250 max 1800 mazx watts
PLATE DISSIPATION. . .. ........ 200 mazx 250 mazx 270 max 350 mazx watts
Typical Operation:
DC Plate Voltage. . ............ 2500 3000 3000 4000 volts
DC Grid Voltaged . ............ -300 -240 -300 -325 volts
From grid resistor of 4000 3400 3600 3600 ohms
Peak RF Grid Voltage. . .... .. 460 410 490 520 volts
DC Plate Current.............. 335 335 415 450 ma
DC Grid Current (Approx.)..... 75 70 85 90 ma
Driving Power (Approx.)....... 30 26 37 42 watts
Power Qutput (Approx.)........ 635 800 1000 1500 watts

& Obtained from grid resistor of value shown or from a combination of grid resistor with either fixed
supply or cathode resistor.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony
Natural Cooling Forced-Air Cooling

Maximum Ratings: CCS ICAS CCS ICAS
DC PLATE VOLTAGE .. .......... 3000 max 3300 mazx 4000 mazx 4000 mazx volts
DC GRID VOLTAGE . ............ -500 mazx ~500 max -500 mazx -500 mazx volts
DC PLATE CURRENT. . ......... 500 max 500 max 500 max 500 max ma
DC GRID CURRENT. . . ......... 100 maz 100 maz 100 max 100 max ma
PLATEINPUT. . ........vninnnn 1250 mazx 1500 max 1800 maz 2000 mazx watts
PLATE DISSIPATION . . ... ....... 300 max 850 max 400 max 450 max watts
Typical Operation:
DC Plate Voltage. ............ 2250 3000 3000 4000 4000 volts
DC Grid Voltage® ........... -125 -200 -155 =200 =225 volts

From grid resistor of . . . . ... 1500 3600 2150 2650 2400 ohms

From cathode resistor of . . .. 235 425 270 880 380 ohms
Peak RF Grid Voltage...... ... 300 360 350 875 415 volts
DC Plate Current............. 445 415 500 450 500 ma
DC Grid Current (Approx.). ... 85 55 70 15 95 ma
Driving Power (Approx.)...... 28 20 25 26 35 watts
Power Output (Approx.)....... 780 1000 1150 1440 1600 « watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

8 Qbtained from fixed supply, by grid resistor, by cathode resistor, or by combination methods.

OPERATING CONSIDERATIONS

Type 833-A requires special mounting and may be mounted in vertical position
with filament end up or down, or in horizontal position with all terminals in same
vertical plane. OUTLINE 56, Outlines Section.

For operation with natural cooling at 50 Me, plate voltage and plate input
should be reduced to 90 per cent of maximum ratings; at 75 Mc, to 72 per cent. For
operation with forced-air cooling at 50 Mc, plate voltage and plate input should be
reduced to 83 per cent of maximum ratings; at 75 Mec, to 65 per cent.

With forced-air cooling, an air flow of 40 cubic feet per minute from a 2-inch-
diameter nozzle directed vertically on the bulb between grid and plate seals is re-
quired to limit the temperature between these seals to 145°C.

When the 888-A is used in the final amplifier or a preceding stage of a trans-
mitter designed for break-in operation and oscillator keying, a small amount of
fixed bias must be used to maintain the plate current at a safe value. With a plate
voltage of 4000 volts, a fixed bias of at least 90 volts should be used.
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Plate shows an orange-red color when tube is operated at maximum CCS or
ICAS ratings.

TYPICAL CHARACTERISTICS
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POWER TRIODE

Thoriated-tungsten-filament type

83 4 used as rf power amplifier and oscil-

lator. May be used with full input up

to 100 Mec. For operation at 170 Me,

plate voltage and plate input should

be reduced to 80 per cent of maximum ratings; at 350 Me, to 53 per cent. Class C

Telegraphy maximum CCS plate dissipation, 50 watts. Requires Small four-contact

socket and may be mounted in vertical position only, base up or down. OUTLINE 44,

Outlines Section. Plate shows an orange-red color when tube is operated at maxi-
mum CCS ratings.

FILAMENT VOLTAGE (AC/DC) 7.6 volts
FILAMENT CURRENT. ... .. venteninitinetennnenasnnnnnnnss 3.1 amperes
AMPLIFICATION FACTOR .. . ..ot i ittt tieen et ieeeeeeneeseaannnns 10.5
DIRECT INTERELECTRODE CAPACITANCES:

Gridtoplate. .........oooiiiiiiiiii e 2.4 wuf

Gridtofilament................... ciiiiiieaeai, 2.2 puuf

Plate to filament. ... ... ... . coititiititiniienrenennnrnnnnn, 0.6 wuuf

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings:
DC PLATB VOLTAGE. ..o ttttiteteteeneieeneneeeanennnesannnns 1250 maz volts
DCGRID VOLTAGE . .« oo vt titie ittt ee e eeeananns, 000 -400 mazx volts
DC PLATECURRENT . .......covvn.... 100 mazx ma
DC GRID CURRENT . . .. 0ttitinineien et ineeneenanennnnnnnn 0o 20 max ma
PLATE INPUT .. .ottt e e et 126 max watts
PLATE DISSIPATION . . .o oottt iteee ittt ittt eeee e 50 mazx watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.
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POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplifier and modulator and as rf
power amplifier and oscillator. May be used
with full input up to 20 Mc and with reduced 835
input up to 100 Mec. Requires Jumbo four-
contact socket and may be mounted in vertical
position with base down, or in horizontal posi-
tion with pins 1 and 3 in vertical plane. OUTLINE
49, Outlines Section. Filament volts (ac/dc), 10;
amperes, 3.25. Direct interelectrode capacitances: grid to plate, 9.26 uuf; grid to filament, 6 uuf; plate
to filament, 5 uuf. Plate shows a barely perceptible red color when tube is operated at maximum CCS
ratings. Except for interelectrode capacitances, the 836 is identical with type 211. The 836isa DISCON-
TINUED type listed for reference only.

HALF-WAVE
VACUUM RECTIFIER

Heater-cathode type having two
cathodes used in power supply of 83 6
transmitting and industrial equip-
ment. Maximum peak inverse plate
volts, 5000; maximum average plate
amperes, 0.25. Requires Small four-contact socket and may be mounted in any
position. OUTLINE 40, Outlines Section. The 836 has two separate cathodes, each of
which is connected to its respective heater. Plate-circuit return should be made to
the mid-tap of the heater transformer.

HEATER VOLTAGE (AC)® ¢\ 0 uvorvnrenrnnonrononnconanesncnecarcnences o 2.6 volts
5.0 amperes

Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE. .. ...0ovevrnrcnnrses 5  ©0000O 0OOOOOOC o 5000 mazx volts
PLATE CURRENT:
Peak............. o 1 max ampere
Average 0.2b max ampere
Fault, for duration of 0.1 second maximum. ., .......coccereeceecrres 5 mazx amperes

o Heater voltage should be applied approximately 40 seconds before the application of plate voltage.

BEAM POWER TUBE

Heater-cathode type used as rf
power amplifier and oscillator. May be 8 3 7
used with full input up to 20 Me. For
operation at 40 Mc, plate voltage and
plate input should be reduced to 76
per cent of maximum ratings; at 60 Mc, to 62 per cent. Class C Telegraphy maxi-
mum CCS plate dissipation, 12 watts. Requires Medium seven-contact socket and
may be mounted in any position. OUTLINE 31, Outlines Section, except has no
bayonet pin. Plate shows no color when tube is operated at maximum CCS ratings.

HEATER VOLTAGE (AC/DC) .« vt vivvvivnneuoensnasocnannanesarursnnens 12.6 = 10% volts
HEATER CURRENT . . o oo o0 ouvnnannononsenennesuononneientoorsntetonss 0.7 ampere
TRANSCONDUCTANCE (For plate current of 24 milliamperes) .......... Qoo 3400 umhos
DIRECT INTERELECTRODE CAPACITANCES:
Grid-No.1 to plate (With external shielding) ...........ooooreoeoerns . 0.20 max» puf
Grid No.1 to cathode, grid No.3, grid No.2, internal shield, and heater. .. 16 pul
Plate to cathode, grid No.8, grid No.2, internal shield, and heater...... 10 wud

RF POWER AMPUFIER AND OSCILLATOR—Class C Telegraphyf

aond
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings:
DC PLATE VOLTAGB. . . veaovvanonoe conne ol elolelolelsla vessseveesiimeceae 6500 maz volts.
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DC Grm-No.3 (SUPPRESSOR-GRID) VoLTAGE 200 max volts
DC GRrip-No.2 (SCREEN-GRID) VoLTage...... . [ /""" 200 max volts
DC Grip-No.1 (CONTROL-GRID) VOuTaGE. . ... . [l ~200 max volts
DC PraTE Cugrent. . . .. $100008000000905000506000000900060000 008 aae 80 max ma
DC Grmip-No.1 CuRRENT... ... .. . 11 8 max ma
oy O o O e 82 max watts
o0 an 000t aass et s e 20050 & max watts
Prams ez INevr. s 8 max watts
o T onegomedoconseasuin s e 2a000sa 12 mazx watts
Peak HEATER-CATHODE VoLTaGE:

Heater negative with respect to eathode....,. . . .. . .. e, 100 max volts

Heater positive with respect to eathode. ..., . [T 100 max volts

# Key-down conditions per tube without amplitude modulatioh. Amplitude modulation essentially neg-
ative may be used provided the positive peak of the audio-frequency envelope does not exceed 115 per
cent of the carrier conditions,

POWER TRIODE

Thorinted-tungsben-ﬁlament type used as
af power amplifier and modulator and as rf
power amplifier and oscillator. May be used

838 with full input up to 80 Mec and with reduced
input up to 120 Mec. Requires Jumbo four-
contact socket and may be mounted in vertical
position with base down, or in horizontal posi-
tion with pina 1 and 8 in vertical plane. OUTLINE
49, Outlines Section. Plate shows no color when
tube is operated at maximum CCS ratings. The
838 is used principally for renewal purposes.

FILAMENT VovrtacE (ac/po)....... ... .. .. .. . 10 volts
FiLauenr Cursenr. ... .. " 3.26 amperes
DIRECT INTERELECTRODE CAPACITANCES:
O Bt e 7.8 nul
e TS o coancoucnas noocsbeaobossaam e CR08 6.0 i
Flate to flament. ... LI 4.0 papf
Class B Class C
Maximum CCS Ratings: Modulator Telegraphy#
DCPuate Voutage............ . 1260 max 1250 max volts
DGR Vourage, ... 1111 ~400 max volts
DC Puate Currewr ... (10011 175°® max 175 max ma
DC GRID CumenT. ... [0 (111 —_— 70 max ma
PLATE INPUT. ... 0 [/ [ 1 220°% max 220 max watts
PLATE Disstpation .11 100* max 100 max watts

the carrier conditions.
® For maximum-signal conditions.
® Averaged over any audio-frequency cyele of sine-wave form.

POWER TRIODE

Thoriated-tungsten-ﬁhment type used as
al power amplifier and modulator and as rf
Power amplifier and oscillator. May be used

84" with full input up to 6 Mec and with reduced
input up to 80 Me. Requires Small four-contact
socket and may be mounted in vertical position
with base down, or in horizontal position with
pins 1 and 4 in vertical plane. OuTLINE 29, Out-
ines Section. Plate shows no color when tube is
operated at maximum CCS ratings. The 841 is
used principally for renewal purposes.

ILAMENT VOLTAGE (AS/BO) . .o 7.5 volts
ILAMENT CURRENT. ... . 0 [ 1.25 amperes

JIRECT INTERELECTRODE CAPACITANCES:
Grid to plate i
uuf
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Class B Class C

Maximum CCS Ratings: Modulator Telegraphy#

DCPLATE VOLTAGE . . . .. .o ivvvurennononsaronnnces 425 max 450 max volts
DC GRID VOLTAGE. .. ... cvvvrennannonans —_ -200°mar volts
DC PLATE CURRENT 60°" max 60 max ma
DCGRID CURRENT . . ... otvvtvinnienrnreraraceneas -_ 20 max ma
PLATE INPUT . ..ottt iiiiiiie et iienannvaren o 25°" mazx 27 max watts
PLATE DISSIPATION . . ... ..ottt iin i ee s eans 15® mazx 15 max watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

® For maximum-signal conditions.

® Averaged over any audio-frequency cycle of sine-wave form.

POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplifier and modulator. Reguires
Small four-contact socket and may be mounted
in vertical position with base down, or in hori* 842
zontal position with pins 1 and 4 in vertical
plane. OUTLINE 29, Outlines Section. Filament
volts (ac/dc), 7.5; amperes, 1.25. Direct inter-
electrode capacitances: grid to plate, 6.4 uuf;
grid to filament, 3.2 uuf; plate to filament, 2.6
unf. Maximum CCS ratings as CLASS A AF POWER AMPLIFIER AND MODULATOR: dec plate
volta, 425 mazx ; plate dissipation, 12 max watts. Plate shows no color when tube is operated at maximum
CCS ratings. The 842 is used principally for renewal purposes.

POWER TRIODE

G
o Heater-cathode type used as rf power am-
plifier and oscillator. May be used with full
input up to 6 Mc and with reduced input up to
80 Mec. Requires Small five-contact socket 843
, x and may be mounted in any position. OUTLINE
29, Outlines Section. Heater volts (ac/dc), 2.5;
amperes, 2.5. Direct interelectrode capaci-
o o tances: grid to plate, 3.9 uuf; grid to cathode
M and heater, 4 uuf; plate to cathode and heater,
2.5 upf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: d¢ plate volts,
450 maz; dc grid volts, -200 maz; dc plate milliamperes, 40 mazx; de grid milliamperes, 7.5 maz; plate
input, 18 maxr watts; plate dissipation, 15 max watts, peak heater-cathode volts, = 45 max. Plate shows
no color when tube is operated at maximum CCS ratings. The 843 is a DISCONTINUED type listed
for reference only.

p POWER TRIODE

Thoriated-tungsten-filament type
used as af power amplifier and modu- 845
lator. Class AB, maximum CCS plate

dissipation, 100 watts. Requires Jum-

bo four-contact socket and may be

mounted in vertical position with base down, of in horizontal position with pins 1
and 38 in vertical plane. OUTLINE 49, Outlines Section. Plate shows no color when
tube is operated at maximum CCS ratings.

F

FILAMENT VOLTAGE (AC/DC) 10 volts
FILAMENT CURRENT. .. ... ovvvierinnronsonensonnans 3.25 amperes

AMPLIFICATION FACTOR .. .. ..ottt iiee et 5.8

DIRECT INTERELECTRODE CAPACITANCES:
Grid tOPIALE. .. ..ttt e et e 12.1, ppuf
Grid to AlamMent . . . ..ottt e e e 5.0 puuf
Plateto fillament. . . .. .. .ot tiitiit et it i et 5.0 s

AF POWER AMPLIFIER AND MODULATOR—Class AB)
Maximum CCS Ratings:
DC PLATE VOLTAGE . . . ..+ cveaettneeenenarserannensananscrionssns DooO 1250 mazx volts
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DCGRID VOLTAGE . ... -400 max volts
DC PLATE CURRENT. . . ... ..., .. .. .. .. . e 120 max ms
PLATEINPUT....... ... oo oo oL 160 max watts
PLATE DISSIPATION . . .« 0iueuuyo oo e 100 mazx watts
POWER TRIODE
Thoriated-tungsten-filament type used as G[T|sLade

af power amplifier and modulator and as rf

power amplifier and oscillator. May be used g

with full input up to 8 Mc and with reduced Z

849 input up to 30 Mec. Tube may be mounted in

vertical position with filament end up, or in

horizontal position with plate in vertical plane.

Maximum over-all length, 143§ inches; maxi-

mum diameter, 4l% inches. Filament volts 2
(ac/dc), 11; amperes, 5. Direct interelectrode capacitances: grid to plate, 34 uuf; grid to filament, 17 upuf;
plate to filament, 8 uuf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc
plate volts, 2500 max; de grid volts, ~500 mazx; de plate amperes, 0.35 max; de grid ‘amperes, 0.125 maz;
plate input, 875 maz watts; plate dissipation, 400 maz watts. Plate shows cherry-red color when tube is
operated at maximum CCS ratings. The 849 is a DISCONTINUED type listed for reference only.

POWER TETRODE

Thoriated-tungsten-filament type used as
rf power amplifier and oscillator at frequencies
up to 15 Mec. Requires Jumbo four-contact
socket and may be mounted in vertical position

850 with base up or down, or in horizontal position

with ping 1 and 8 in vertical plane. OUTLINE 51,

Outlines Section. Filament volts (ac/dc), 10;

amperes, 8.25. Direct interelectrode capaci-

tances: grid No.1 to plate (with external shield-

ing), 0.25 max uuf; grid No.1 to filament and grid No.2, 17 uuf; plate to filament and grid No.2, 25 yupuf.

Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: de plate volts, 1250 mazx;

de grid-No.2 volts, 400 maz; dc grid-No. 1 volts, ~400 maz; dc plate milliamperes, 175 max; de grid-

No. 1 milliamperes, 40 maz; plate input, 220 max watts; grid-No.2 input, 10 maz watts; plate dissipa-

tion, 100 mar watts. Plate shows a barely perceptible red color when tube is operated at maximum CC8
ratings. T he 850 is a DISCONTINUED type listed for reference only.

POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplifier and modulator and as # GrjsLane
power amplifier and oscillator. May be used
with full input up to 8 Me. For operation at 7
8 5] Me, plate voltage and plate input should be re-
duced to 75 per cent of maximum ratings; at 15
Mec, to 50 per cent. Tube may be mounted in
vertical poeition with filament end up, or in
horizontal poeition with plate in vertical plane.
OUTLINE 64, Outlines Section. The 851 is used
principally for renewal purposes,

FILAMENT VOLTAGE (AC/DC) 11.0 volts
FiLAMENT CURRENT. .................... 0o 15.5 amperes

AMPLIFICATION FACTOR 20.5
DIRECT INTERELECTRODE CAPACITANCI
Gridtoplate................. 47 puf
Grid to filament . . 0000 25.5 uuf
Plate to filament..........ciiiiiiiiiiiiiiinennnns vt aD00 4.5 uuf
Class 8 Class C
Maximum CCS Rotings: Madutator Telegraphy#
DC PLATE VoLTAGE 83000 max 2500 max volts
DC GRID VOLTARE. ........... — =500 maz volts
DC PLATE CURRENT. . 0000 168 gz 1 max ampere
DC GRID CURRENT. . ......... elelole — 0.2 max ampere
PLATBINPUT. ........... ... i, 22500® max 2500 mazx watts
PLATE DISSIPATION . . .. .....ooiiunenunnennnnnn, 750"  mazx 750 max watts

# Key-down conditions per tube without amplitude modulation, Amplitude modulation essentially neg-
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ative may be used if the positive peak of the audio-freq y envelope does not d 115 per cent of

the carrier conditions.
® For maximum-signal conditions.
= Averaged over any audio-frequency cycle of sine-wave form.

POWER TETRODE

Thoriated-tungsten-filament type used as
rf power amplifier and oscillator. May be used
with full input up to 30 Mc. For operation at
60 Mec, plate voltage and plate input should be

120 Mec, to 50 per cent. Requires Small four-
contact socket and may be mounted in vertical
position only, base down. OUTLINE 66, Outlines
Stetion. Plate shows no color when tube is oper-
ated at maximum CCS ratings. The 860 is used
principally for renewal purposes.

FILAMENT VOLTAGE {AC/DC) « . ot e v vinninnernnorarncnrnsncecnsarnsne o 10
FILAMENT CURRENT. ..« cnvnernrantacsesosansarsnsaneatectnasasenesss 8.26
TRANBCONDUCTANCE (For plate current of 60 milliamperes). . . 1100
AMPLIFICATION FACTOR . . ..o iiiiiiinianininnnnonenes 200
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (With external shielding) . .. .. ....covevecencennns 0.08 max
Grid No.1 to filament and grid No.2. . ......cooeiecenennes 0000 7.75
Plate to filament and grid NO.2. .. .. ..o cvirinciniorirenncaneees 7.5

RF POWER AMPLFIER AND OSCILLATOR—Class C Telegraphyf

and
RE POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE . . . .. vroonrrautoansasnssastensesatannesnesacens 3000 mazx
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE. . ...... 600 max
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE 5 -800 max
DC PLATE CURRENT . . . .. cvcecinnnonssasnnnnnnnns oo 000 150 max
DC GRID-NO.1 CURRENT . .« cccnvveronnntssrcccns 40 max
PLATE INPUT. ... 0iciinvueaneacarannsarenesasanecanasessnenseerecss 800 max
GRID-NOZ INPUT. ... ittt nicinaaaancnns 10 max
PLATE DISSIPATION . . ot evveeneennesannsannssatssastansaasssnneeasess 100 max

reduced to 75 per cent of maximum ratings; at 860

volts
amperes
pmhos

uul

ol

volts
volts
volts
ma
ma
watts
watts
watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of

the carrier conditions.

POWER TETRODE

Thoriated-tungsten-filament type used as
rf power amplifier and oscillator. May be used
with full input up to 20 Mc. For operation at

reduced to 82 per cent of maximum ratings; at
63 Mc, to 53 per cent. Tube may be mounted in
vertical position only, filament end up. OUTLINE
63, Outlines section. Plate shows an orange-red
color when tube is operated at maximum CCS
ratings. The 861 is used principally for renewal

purposes.
FILAMENT VOLTAGE (AC/DC) . . ..o cvveerevnccnencns 11
FILAMENT CURRENT . .« c.ccianntanasasaranans conetseses 600 10
TRANSCONDUCTANCE (For plate current of 130 milliamperes) 2400
AMPLIFICATION FACTOR .. .00 ot eiia et iiiane st enanneeeres 300
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (With external shielding) . . .cooveereennserecnaene o 0.10 mazx
Grid No.1 to filament and grid No2....ouevnen 14
Plate to filament and grid No.2. ... ccoviciniinrnniannnrneens 00000 11

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RE POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
DC PLATE VOLTAGE . . ¢ e v evursonsranse ceveeee 3600 max
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DC GRID-No.2 (SCREEN-GRID) VOLTAGE® .. ............ .. ... ... ... ... 750 max volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE . .. ............ ... .. .. " -1000 max volts
DC PLATE CURRENT 850 max ma
DC GRID-No.1 CURRENT. . 75 max ma
PLATE INPUT... ..., 1200 mazx watts
GRID-NO2ZINPUT. .. ... ... ... oo e 85 max watts
PLATE DISSIPATION . . .. ....... ... ... ... .. ... e 400 max watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

® Grid-No.2 voltage must not exceed 2000 volts under key-up conditions.

POWER TETRODE

Thoriated-tungsten-filament type used as
rf power amplifier and oecillator. May be used
with full input up to 16 Mec. For operation at

865 80 Me, plate voltage and plate input should be
reduced to 78 per cent of maximum ratings; at
60 Mc, to 55 per cent. Requiree Small four-
contact socket and may be mounted in vertical
position only, base up or down. OUTLINE 31,
Outlines Section. Plate shows no color when
tube is operated at maximum CCS ratings.!The
865 is used principally for renewal purposes.

FILAMENT VOLTAGE (AG/DC) . . ... o\ oot 7.5 volts
FILAMENT CURRENT. . .. ...ovtininnine e, 2.0 amperes
TRANSCONDUCTANCE (For plate current of 18 milliamperes) .. 750 umhos
AMPLIFICATION FACTOR (Approx.). .. 150
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (With external shielding) . ..................... .. 0.10 maz puf
Grid No.1 to filament and grid No.2. . ................. ... .. .. 5 8.5 g
Plate to filament and grid No.2. . .................................. 8.0 nuf

RF POWER AMPLIFIER AND OSCILLATOR—Closs C Telegraphy¥
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings:

DC PLATE VOLTAGE 750 max volts
DC GRID-No0.2 (8CREEN-GRID) VOLTAGE e 175 maz yolts
DC GRID-NoO.1 (CONTROL-GRID) VOLTAGE 9000 -200 max volts
DC PLATE CURRENT 60 max ma
DC GRID-No.1 CURRENT . 15 mazx me
PLATBINPUT.. .. ..ot 45 maz watts
GRID-NO2Z INPUT. ..ot 3 max watts
PLATE DISSIPATION . .. . .......0vniniiinennnnnnn.,, 00900 000000000000 0 15 mazx watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

HALF-WAVE MERCURY-
VAPOR RECTIFIER

Coated-filament type used in

866-A power supply of transmitting and in-

dustrial equipment. Maximum peak

inverse anode volts, 10,000; maximum

average anode amperes, 0.25. Requires

Small four-contact socket and may be mounted in vertical position only, base down.
OUTLINE 41, Outlines Section.

FILAMENT VOLTAGE (AC)®. . .. t.iiiiiiii i iieeiiiiiaeaeeee e, 2.5 volts
FILAMENT CURRENT . . . .00t teeesteeeeiieeneenaan i, 5.0 amperes
PEAK TUBE VOLTAGE DROP (APDTOX.). . ...\ vvueinseneeannnnnnnn s, 16 volts

° Filament voltage must be applied at least 15 seconds before the application of anode voltage.
160



RCA Transmitting Tubes

HALF-WAVE RECTIFIER
Maximum Ratings: (For power-supply frequency of @b cps):

—_—

PEAK INVERSE ANODE VOLTAGE.............. 2500 mazx 5000 max

ANODE CURRENT:

10000 maz

1 max amperes
0.25 max ampere

Peak...... 2 maz 1 max
Average* 0.5 max 0.25 max
Fault, for duration of 0.1 second maximum . 20 max 20 max 20 max
CONDENSED-M ERCURY-TEMPERATURE RANGE® . 20 to 80 20 to 70 20 to 60
* Averaged over any interval of 80 seconds maximum.
© Operation at 40° &= 5°C is recommended.
RATE OF RISE OF
CONDENSED~ MERCURY
TEMPERATURE
TYPE 866-A )
Ef |
CURVE VOLTS LOAD
3 | RMS |
— | 1.25 | NO
~ - 375 | FULL [
B PSP I T T
o, LINNLVL W
b MINIMUM _ALLOWABLE
31 [~HEATING TIME BEFORE T
w }+ LOAD APPLICATION
o
g S 6o " p
22 127
o /
5% sof—+
i I
oF b/
o l[
wf o
ag 4ok
g
w3
z<
0
Ky’
1
b<
Z 20
w o 20 40 60
HEATING TIME-MINUTES
92CS -90287T
Operating Values:
Circuit Max. Trans, Approx. DC Mazx. DC
(For circuit figures, refer to Sec. Volis Qutput Volis Quiput
Rectifier Considerations (RMS) o Filter Amperes
Section) Fig. E Eav ITav
In-Phase Operation
7000° 3200 0.25
Half-Wave Single-Phase. .. 54 35004 1600 0.25
1700° 800 0.50
3500° 3200 0.5
Fyll-Wave Single-Phase. . . 55 17004 1600 0.5
800° 800 1.0
7000® 6400 0.5
Series Single-Phase. ...... 56 35004 3200 0.5
1700° 1600 1.0
4000° 4800 0.76
Half-Wave Three-Phase. .. 57 20004 2400 0.76
1000° 1200 1.5
Quadrature Operation
4000° 4800 1.6
Parallel Three-Phase, ..... 58 20004 - 2400 1.5
1000° 1200 3.0
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Circuit Maz. Trans. Approz. DC Mazx. DC Mazx. DC
(For circuit figures, refer to Sec., Volts Qutput Volls Qutput Output KW
Rectifier Considerations (RMS) o Filler Amrna To Filter

Section) Fig, E Eav av Pgce
4000°* 9600 0.76 7.2
Series Three-Phase........ 59 20004 4800 0.75 3.6
1000° 2400 1.6 3.6

3500° 4500 0.91% 1 0% 4.06¢ 4. 5%

Half-Wave Four-Phase. .. 60 17004 2300 0.91¢ 1.0% 2.07¢ 2.3%

800° 1100 1.82¢ 2. 0% 1.98¢ 2 2"

3500 4800 0.95% 1.0%9 4.60% 4. 8"

Half-Wave Six-Phase, . ... 61 17004 2400 0.96¢ 1.0% 2.80% 2 4%

8009 1200 1.90% 2.0° 2.28*% 2 4"

® For maximum peak inverse anode voltage of 10000 volts and maximum average anode current of
0.25 ampere.

4 For maximum peak inverse anode voltage of 5000 volts and maximum average anode current of 0.25
ampere.
9 For maximum peak inverse anode voltage of 2600 volts and maximum average anode current of 0.5

ampere.
* Resistive load. ® Inductive load.

HALF-WAVE MERCURY- .
VAPOR RECTIFIER 2 ne

Coated-filament type wused in

87 2-A power supply of transmitting and in-

dustrial equipment. Maximum peak

inverse anode volts, 10,000; maximum

average anode amperes, 1.25. Requires

Jumbo four-contact socket and may be mounted in vertical position only, base
down. OUTLINE 52, Outlines Section.

FILAMENT VOLTAGE (AC)® ...ttt ininnneenonneeosnnenncennnnnss 5.0 volts
FILAMENT CURRENT . .00t itttitttiittienenesonaeeneaonnannreanennnens 7.5 amperes
PEAK TUBE VOLTAGE DROP (ADPPIOX.) .« vt iiiineeniiinnerannnnana.. 10 volts
° Filament voltage must be applied at least 80 seconds before the application of anode voltage.
HALF-WAVE RECTIFIER
Maximum Ratings (For power-supply frequency of 60 cps):
PEAK INVERSE ANODE VOLTAGE . . ... ..ovueennnnrenans 65000 maz 10000 max volts
ANODE CURRENT:
) =13000000000a0a0000a000000000 000000000300 0000000 5 maz 5 maz amperes
AVEraged ......iviiiiiiiiiitii et tiiteeneaan 1.25 mazx 1.25 max amperes
Fault, for duration of 0.2 second maximum . .... 0000G00 50 max 50 max amperes
CONDENSED-MERCURY-TEMPERATURE RANGE® . .. ......, o 20 to 70 20 to 60 °C
& Averaged over any interval of 16 seconds maximum.
‘® Operation at 40° = 5°C is recommended,
Operating Valves:
. Cireuit Mazx. Trans. Approx. DC Maz. DC Maz. DC
(For cireuit figures, refer to Sec. Volts Output Volts Output Output KW
Rectifier Considerations . (RMS) o Filter Amperes To Filler
Section) Fig. E Eav Iav Pgc
In-Phase Operation
7000® 3200 1.25 4.0
Half-Wave Single-Phase, . . 54 35004 1600 1.26 2.0
3500° 3200 2.6 8.0
Full-Wave Single-Phase,.. 56 17004 1600 2.5 4.0
7000° 6400 2.5 16.0
Series Single-Phase. ...... 56 3500~ 8200 2.6 8.0
4000° 4800 8.75 18.0
Half{-Wave Three-Phase,,., 57 2000 2400 3.76 9.0
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Circuit
(For circuit figures, refer to
Rectifier Considerations
Section)
Parallel Three-Phase. .....
Series Three-Phase.......

Half-Wave Four-Phase. ...

Half-Wave Six-Phase.....

Max. Trans. Approz. DC
See, Volis Output Volis
(RMS) o Filler
Fig. E Eav
Quadrature Operation
4000° 4800
68 20004 2400
4000° 9600
59 20004 4800
3500° 4500
60 17004 2250
3500° 4800
61 17004 2400

RCA Transmitting Tubes

Nowid.  Ouipat KW
pul
Amperes To Filter
Iav de
7.6 36.0
7.5 18.0
8.76 36.0
8.76 18.0
4.6% 5.0° 20.0% 22.6%
4.6% B.0® 10.0* 11.2°%
4.76% 5.0% 22.8% 24.0%
4.76*% 5.0" 11.4% 12, 0%

® For maximum pesk inverse anode voltage of 10000 volts and maximum average anode current of 1.25

amperes.

4 For maximum peak inverse an

amperes.
* Resistive load.

VIEWED FROM SHORT END

TEMPERATURE RISE OF CONDENSED MERCURY ~

ABOVE AMBIENT TEMPERATURE =°C

® Inductive load.

RATE OF RISE OF

CONDENSED - MERGURY

TEMPERATURE

TYPE 872-A

CURVE | Sk | LOAD

-==] sa2s FULL
- 478 NO
L MINIMUM ALLOWASLE

HEATING TIME BEFORE

LOAD APPLICATION
-t

b
~

/

h 2

LS Py

P

~

3

e

] 0 20 30 40 % 60

70

HEATING TIME — MINUTES
92¢5-90297,

MEDIUM-MU TRIODE

Acorn heater-cathode type used
as af amplifier and as rf amplifier and
oscillator at frequencies up to 600 Mc.
Class A, Amplifier maximum CCS
plate dissipation (design-center value),

ode voltage of 5000 volts and maximum average anode current of 1.26

955

1.6 watts. Requires Acorn five-contact socket and may be [mounted in any position.
OUTLINE 2, Outlines Section. Plate shows no color when tube is operated at max-

imum CCS ratings.
HEATER VOLTAGE (AC/DC) ... .eovvuunevnnnens 0000000 6.3 volts
HEATER CURRENT. . ... ...coovuvenonccnane 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. ......cooviviinirirnieinans 1.3 muf
Grid to cathode and heater. .. .......ccccnivnsacorsacscscsscscnsns 1.0 wuf
Plate to cathode and heater.........cc00v0s 0.4 puf
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AF AMPLIFIER—Class A}
Maximum CCS Ratings, Design-Center Values:

C PLATE VOLTAGE . . .. .0ttt it iitiiiiiinneintinnernsonaonnses 250 max
LATE DISSIPATION . . . ...ttt ittt iiiteiiniiineinnaneons 1.6 max
BAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. .. ......................... 80 max
Heater positive with respect tocathode.................covvvnvnnns 80 maz
l'ypical Operation and Characteristics:
CPlateVoltage . .. .............ooovvvenvnnnnn, 90 185 180 250
CGrid Voltage. .. ..........covvvinvnnnnnnnns -2.6 -8.76 -6 -7
mplification Factor. . .......................... 25 25 25 25
late Resistance (Approx.).................cvvuns 14700 13200 12500 11400
Transconductance. . .........coeeverveeennnnsons 1700 1900 2000 2200
DCPlateCurrent. ...........co0venveeennnnennn 2.5 8.5 4.5 6.3
Losd Reistance. .. ..........c.oevvnenenninnnnns — — 20000 —
Second-Harmonic Distortion 0o — —_— 5 —_—
Useful Power Qutput......... —_ — 185 _
Maximum Circuit Valyes:
Grid-Circuit Resistance:
For fixed-bias operation............ 006000006000000000060000500003800 0.1 max
For cathode-biasoperation..............ccoovviiienenienennnnnn.. 0.5 max
RF AMPLIFIER AND OSCILLATOR—Class C
Maximum CCS Ratings, Design-Center Values:
DC PLATE VOLTAGE . . . . .ottt vttntntenenennonoononsoseesoeessnenns 180 max
DC PLATE CURRENT . . .. i.ttiiiittetinntsvnnnennssonnenssonnnssnn 8 max
DC GRID CURRENT . . . ... i0ttetintieeonrursssnnecssossvucssonennsns 2 max
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. .. ........coivvveivinenenes 80 mazx
Heater positive with respect tocathode.............covivvienrnnnens 80 max

MEDIUM-MU TRIODE

Acorn coated-filament type used

9 5 8 A as rf power amplifier and oscillator at
= frequencies up to 350 Me. Class C
Telegraphy maximum CCS plate dis-

volts
watts

volts
volts

volits
volts

ohms
pmhos
ma
ohms
per cent

megohm
megohm

volts

ma

volts
volts

sipation (design-center value), 0.6  vieweo rrom SHORT eno
watt. Requires Acorn five-contact socket and may be mounted in any position.
OUTLINE 2, Outlines Section. Plate shows no color when tube is operated at maxi-

mum CCS ratings.

FILAMENT VOLTAGE (DC) .. ..., . cvuueeiniinneiiniiunrnnneioennnenenins 1.25
gxuusm CURRENT. ......ovvvvnnnnsn S 000000000000000000 05000600000 0.10
IRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. ....... ... ittt iiitinii it iiirtiitarnnenoanns 2.5
Gridtofilament . .. ...... ...t iiiiiaririiie i 0.45
Platetofilament. .. ....... ... .. . ieiiuiermmnnncrenrinerenennnn 0.6

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings, Design-Center Values:

DC PLATE VOLTAGE . . . .. ccoennerrrorsosassasesns 5000 000000000000000 185 max
DC GRID VOLTAGE . . . v ¢ v vns. 000000000600 000000000000 000000T 00000000 -30 max
DC PLATE CURRENT. ....., Caneeierciianusseneuvseteiiasennn 00000000 7 max
DC GRID CURRENT . . . o vuvunnnrneeeencnooncons 0000000000006000080000 1 max
0.95 max
0.6 max
Typical Operation:
DC Plate Voltage....... /a0 ialnlslole nlnle/salo/e nle/n s 0lole eeesseessersrserians oa 135
DC Grid Voltage®. . .. ....v0ctcveeonecssnnnnes evaes -20
From grid resistor of . . ... vvvieerossorscrasencssnancnssase o olaiaislale's 20000
From cathode resistor of .......ccovinnnririnnnrsnoncrenioonansone, 2500

volts
ampere

puf
suf
puf

volts
volts
ma
ma
watt
watt

volts
volts
ohms
ohms
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Peak RF Grid Voltage 40 volts
DCPlate Current. .. . ......c.ooviuninriinneitnneernnnenns .. 7 ma
DC Grid Current . . ... .....uuuenunr e itiiiiisieiaiatiaineianaannnns 1 ma
Driving Power (APPrOX.) .. .. civvniiuiinenrinereerosssenensasnnnaans 0.0385 watt
Power QUtPUL. .. ...ttt iaiit ittt earas et 0.600 watt
Maximum Circuit Values:
Grid-Circuit Resistance:
For fixed-bias operation. . ... ....... ..ottt 0.1 max megohm
For cathode-biasoperation..............civieiriiiieiiiiinennnnnns 0.5 max  megohm

# Key-down conditions per tube without amplitude modulation. Amplitude modulation eesentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

® Obtained from fixed supply, by grid resistor, by cathode resistor, or by combination methods.

POWER TRIODE

Coated-filament type used as af power

P 3)¢ lifier and modulator and as rf power ampli-
fier and oscillator. May be used with full input

up to 46 Mc and with reduced input up to 100

Mec. Requires Small four-contact socket and ]608
may be mounted in vertical position with base
o ‘ o down, or in horizontal position with pins 1 and
F+ F- 4 in vertical plane. OUTLINE 29, Outlines Sec-

tion. Filament volts (ac/dc), 2.5; ampeles, 2.5.
Direct interelectrode capacitances: grid to plate, 9 uuf; grid to filament, 8.5 uuf; plate to filament, 8 ppuf.
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate volts, 426 maz;
de grid volts, =200 mazx; dc plate milliamperes, 95 maz; de grid milliamperes, 25 maz; plate input, 40 max
watts; plate dissipation, 20 max watts. Plate shows no color when tube is operated at maximum CCS
ratings. The 1608 is a DISCONTINUED type listed for reference only.

POWER PENTODE

Coated-filament type used as rf power am-
plifier and oscillator. May be used with full
input up to 20 Mc and with reduced input up
Gz to 110 Mc. Requires Small five-contact socket

and may be mounted in vertical position only, ]6] o
base up or down. OUTLINE 29, Outlines Section.
Filament volts (ac/dc), 2.5; amperes, 1.75.
2 b Direct interelectrode capacitances: grid-No.1

to plate, 1.2 upuf; grid No.1 to fillament mid-tap,

grid No.8, and grid No.2, 8.6 uuf; plate to filament mid-tap, grid No.8, and grid No.2, 18 uuf. Maximum
CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate volts, 400 max; dc grid-No.2
volts, 200 maz; dc grid-No.1 volts, -100 max; dc'plate milliamperes, 30 mazx; dc grid-No.1 milliamperes,
8 maz; plate input, 9 maz watts; grid-No.2 input, 2 mar watts; plate dissipation, 6 max watts. Plate
shows no color when tube is operated at maximum CCS ratings. The 1610 is a DISCONTINUED type
listed for reference only.

Gy

POWER PENTODE

Heater-cathode type having
metal shell used as rf power amplifier 'I 6] 3
and oscillator. May be used with full
input up to 45 Mec. For operation at
60 Mc, plate voltage and plate input
should be reduced to 90 per cent of maximum ratings; at 90 Mc, to 85 per cent.
Class C Telegraphy maximum CCS plate dissipation, 10 watts. Requires Octal
socket and may be mounted in any position. QUTLINE 11, Outlines Section.

HEATER VOLTAGE (AC/DC) 6.8 volts
HEATER CURRENT . . .. o ovvtiensatttonnneonasonoononssssssasaassoens 0.7 ampere
TRANSCONDUCTANCE (For plate current of 831 milliamperes)............... 2600 pmhos
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.d to plate. ... ...ttt ittt iiiararreroronsaaaans 0.26 uuf
Grid No.1 to cathode, grid No.8, grid No.2, shell, and heater.......... 6.5 puuf
Plate to cathode, grid No.8, grid No.2, shell, and heater.......... 0000 18.5 upf
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RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphyf
ond
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE . .« .« .« eoteivsocoorocoimensasestsscostoaneaans g 850 maz volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE . . .. o.outuiontauencrecentnnennn 276 max volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE -100 maz volts
DCPLATECURRENT . .. ..ccvvuuonccnnons 50 maz ma
DC GRID-NO.1 CURRENT . . .. .....ovn-- oo 5 max ma
PLATE INPUT . . ..ot eeiiuieninnneeaancioiooiaasnsans 00 17.6 maz watts
GRID-NO.Z INPUT . . ..o evnetiieenaiataeieienaaatasasacateionnnans 2.5 max watts
PLATE DISSIPATION . . . . .. oooiiuiueeeaennniosioionasaasuocsstotosssns 10 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. .............ooeeeenienn. 100 max volts

Heater positive with respect to cathode. . .....covvueivieuniniennanns 100 maz volts

# Key-down conditions per tube without amplitude modulstion. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope-does not exceed 116 per cent of
the carrier conditions.

BEAM POWER TUBE

Heater-cathode type having

'I 6] 4 metal shell used as af power amplifier

and modulator and as rf power ampli-

fier and oscillator. May be used with

full input up to 80 Mec. For operation

at 120 Me, plate voltage and plate input should be reduced to 75 per cent of maxi-

mum ratings. Class C Telegraphy maximum plate dissipation, CCS 21 watts, ICAS

25 watts. Requires Octal socket and may be mounted in any position. OUTLINE 21,
Qutlines Section.

HEATER VOLTAGE (AC/DC) . ... e.uvuuvuuruanunusoseseanasssocasascnens a 6.8 volts
HEATER CURRENT . . . . oo ttiursnneuosnsusnosssiaosssososasasossaces 0.9 ampere
TRANSCONDUCTANCE (For plate current of 72 milliamperes) .............. a 6050 pmhos
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.l toplate. . ..........couiireiiiineenaanoceeitianaeaaans 0.4 maz puf

Grid No.1 to cathode, grid No.3, grid No.2, shell, and heater.......... 10 pupf

Plate to cathode, grid No.3, grid No.2, shell, and heater.............. 12 puuf

AF POWER AMPLIFIER AND MODULATOR—Class AB1

Maximum Rotings: [o{o1] ICAS
DCPLATB VOLTAGE . .. . i.ovviirierentannonannnnnns . 876 mazx 550 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE 800 max 400 maz volts
DCPLATE CURRENT . .....ovveninnnananes 0o 110 maz 110 maz ma
PLATEINPUT...........iiiiiennnnn 00 o 40 max 60 max watts
GRID-NO.2 INPUT. . ..ottt iiiiieenneccnnenans 00 8.6 maz 8.6 max watts
PLATE DISBIPATION . . .0 .oiitvieienennnnssosaseasanns 21 maz 26 maz watts
PEAX HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ... .c....... a 200 maz 200 max volts

Heater positive with respect to cathode.. ... vo o sieseaale 200 max 200 max volts
Typical Operation (Values are for £ tubes):
DCPlate Voltage . . . .....c.coiviiirnnannnccecceanas 000 860 530 volts
DC Grid-No.2 Voltage. . . ........coiieviinncnncinannnns 270 340 volts
DC Grid-No.1 (Control-Grid) Voltage.................. -22.6 -36 volts
Peak AF Grid-No.-1-to-Grid-No.1 Voltage. ............. 46 72 volta
Zero-Signal DC Plate Current. ..........cco0veeeiinenes 88 60 ma
Maximum-Signal DC Plate Current. . .....c.oviienaenes 132 160 ma
Maximum-Signal DC Grid-No.2 Current. .. 16 20 ma
Effective Load Resistance (Plate to plate) . . 6600 7200 ohms
Total Harmonic Distortion . .. .. ...... . vccenines 2 2.6 per cent
Maximum-Signal Power Qutput. ..... .. .coovneronse .. 26.6 50 watts

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE . 4 ¢ ¢ seseucsesatasatescasossscnnsss 876 max 450 maz voits
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DC GRID-No0.2 VOLTAGE 800 max 300 max volts
DC GrID-No.1 VOLTAGE -125 maz =125 max volts
DC PLATE CURRENT a. . ..ot iivennnrannnnceonns o 110 max 110 max ma
DC GRriD-No.1 CURRENT 5 max 5 max ma
PLATE INPUT. . . ...t iiiiiiiniinininanianenoenoanns 385 max 45 max watts
GRID-NO.Z INPUT. ... ...t iiiiiieiniiiaiiaanann 8.5 max 8.5 max watts
PLATE DISSIPATION . . ... . .tiiinnniiineinarecaeaeann 21 maz 25 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ............. 200 max 200 max volts
Heater positive with respect to cathode.............. 200 maz 200 max volts
Typical Operation:
DC Plate Voltage .. . . . .. ... .. c.iviriiiiiinrrnnennennns 375 450 volts
DC Grid-No.2 Voltage®. ... .........oiinerivinininanns 250 250 volts
From series resistor of . .. .............ccooiiviiiinn 12500 25000 ohms
DC Grid-No.1 Voltages . .. ......ooiivinnnvainnieeianns -40 -45 volts
From grid-No.1 resistorof . . ........................ 20000 22500 ohms
From cathode resistorof . .. ....... 900000000000a0000 425 410 ohms
Peak RF Grid-No.1 Voltage 51 73 volts
DCPlateCurrent . . . ... ....ooiriervinninnnnaneennnans 80 100 ma
DCGrid-No2Current.........co0vvvniiiivinnarannons 10 8 ma
DC Grid-No.1 Current (APProX.)........o.vvvuueernunan 2 2 ma
Driving Power (ApPprox.) . . .......oovvvunneennaaernnns 0.1 0.16 watt
Power Qutput (ApPprox.) . .......coviiivenernaraennnons 21 31 watts

# Key-down conditions per tube without amplitude modulation, Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

® Obtained from separate source, from plate-voltage supply with a voltage divider, or through series
resistor of value shown.

$Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.

HALF-WAVE VACUUM

RECTIFIER

Coated-filament type used in
power supply of transmitting and in- ]6]6
dustrial equipment. Maximum peak

inverse plate volts, 6000; maximum

average plate amperes, 0.13. Requires a

Small four-contact socket and may be mounted in vertical position with base down,
or in horizontal position with pins 1 and 4 in vertical plane. OUTLINE 45, Outlines
Section.

FILAMENT VOLTAGE . . ..o ttininennannnnassasonsasuosnns 90000000 2.6 = 10% volts
FILAMENT CURRENT . . . ..o itnunernronnnstsnoonsosussnonns 000000000 6.0 amperes

HALF-WAVE RECTIFIER
Maximum Ratings:
PEAK INVERSE PLATE VOLTAGE........... 90000000000000000000 00000030 6000 max volts
PLATE CURRENT:
800 max ma
130 max ma
2.5 max amperes

BEAM POWER TUBE

Coated-filament type having metal shell
used as af power amplifier and modulator and
as rf power amplifier and oscillator. May be
used with full input up to 45 Mc. For operation
at 60 Mc, plate voltage and plate input should ] 6] 9
be reduced to 90 per cent of maximum ratings;
at 90 Me, to 77 per cent. Requires Octal socket
and may be mounted in vertical position only,
base down or up. OUTLINE 21, Outlines Section.
The 1619 is used principally for renewal pur-
poses.
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FILAMENT VOLTAGE (AC/DC) . . ... ittt iaianins 0 2.5
FILAMENT CURRENT. .. .00ttt auiiiini ittt 2.0
TRANSCONDUCTANCE (For plate current of 50 milliamperes) .............. 4500
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.ltoplate. . ... ... ... .. .. . . . iiiiiiiiininnnnin, 0.45 max

Grid No.1 to filament, grid No.3, grid No.2, and shell . . . ............. 9.6

Plate to filament, grid No.8, grid No.2, and shell . . ... ............... 12.5

AF POWER AMPLIFIER AND MODULATOR—Class AB1

Maximum CCS Rafings:
DC PLATE VOLTAGE . .. ... oottt it e 400 max
DC GRID-N0.2 (8CREEN-GRID) VOLTAGE . . . . .......ooo\oeee s 800 max
MAXIMUM-SIGNAL DC PLATE CURRENT®. .. ... ... ...........cc.0 oo, 75 maz
MAXIMUM-SIGNAL PLATE INPUT® . . .. ... . . ... i, 80 max
GRID-NO2 INPUT® . .. ... i, 8.5 maz
PLATE DISSIPATION® . . .. e e e 156 max

® Averaged over any audio-frequency cycle of sine-wave form.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE . . . .\ ttiit ittt it it e et e 400 max
DC GRID-N0.2 VOLTAGE 300 max
DC GRID-N0O.1 (CONTROL-GRID) VOLTAGE -125 max
DC PLATE CURRENT. . ... ittt ittt ettt eeaaena 75 max
DC GRID-NoO.1 CURRENT 5 maz
PLATE INPUT ... i e e e s 30 maz
GRID-NO.2 INPUT . .. ..t e s 3.5 max
PLATE DISSIPATION . . . . ittt ittt ittt ettt et e et e eeeeanenns 15 mazx
Maximum Circuit Values:

Grid-No.1-Circuit Resistance................cc.c0iiviiiueininnannnn.. 25000 maz

volts
volts

watts
watts
watts

volts
volts
volts
ma
ma
watts
watts
watts

ohms

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of

the carrier conditions.

POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplifier and modulator and as rf
power amplifier and oscillator. May be used
with full input up to 60 Mc and with reduced

] 62 3 input up to 100 Mc. Requires Small four-
contact socket and may be mounted in vertical
position with base down, or in horizontal posi-
tion with pins 1 and 4 in vertical plane. OUTLINE
40, Outlines Section. Plate does not show color
when tubeis operated at maximum CCS ratings.
The 1628 is used principally for renewal purposes.

FILAMENT VOLTAGE (AC/DC) 6.3
FILAMENT CURRENT. ... .00ttt ieeneeanannnn ., 2.5
AMPLIFICATION FACTOR .. .......... 20
DIRECT INTERELECTRODE CAPACITANCES:

Gridtoplate. ... ... ... ... . i 6.7

Grid to filament. . . ... ... . . i 5.2

Plate to filament............. b e ettt it eeee it e iaattieeaeatannns 0.9

Class B Class C

Maximum CCS Ratings: Modulator Telegraphy#
DC PLATE VOLTAGE. . . .« vvviieinintineeeeannnnnn 750  mazx 750 max
DC GRID VOLTAGE . ...\t tiiiieienesaeainnanns — =200 maz
DCPLATE CURRENT . . .. ....\vueninnnnnnnnnn.n, 100°® max 100 mazx
DC GRID CURRENT . . .« o iiiiieitieiiaanan e, — 25 max
PLATRINPUT. .. ... ... i, 75°% max 75 max
PLATE DISSIPATION . . . ... oot iine i, 26" mazx 25 mazx

volts
amperes

unf

st

volts
volts
ma
ma
watts
watts

f Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
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ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

® For maximum-signal conditions.

8 Averaged over any audio-frequency cycle of sine-wave form.

BEAM POWER TUBE

Coated-filament type used as rf power am-
plifier and oscillator. May be used with full
input up to 60 Mc. For operation at 80 Mc,
plate voltage and plate input should be reduced
to 80 per cent of maximum ratings; at 126 Mc, ]624
to 55 per cent. Requires Small five-contact
socket and may be mounted in vertical position
only, base up or down. OUTLINE 81, Quilines
Section, except has no bayonet pin. Plate shows
no color when tube is operated at maximum CCS ratings. The 1624 is used principally for renewal pur-
poses.

FILAMENT VOLTAGE (AC/DC) . . o v v v itiieiiiiiaienanaanaaaasnaanennn 2.5 volts
FILAMENT CURRENT . . ... ..ttt iniintein s aeanaaaesaanaaennn 2.0 amperes
TRANSCONDUCTANCE (For plate current of 50 milliamperes) ............... 4000 umhos
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (With external shielding) .. ...................... 0.25 maz g
Grid No.1 to filament, grid No.3, and grid No.2. . ... 11 sl
Plate to filament, grid No.3, andgrid No.2. .. ............... e 7.5 g

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE . . . . .t et ttiuininentiiniaiarsnnannsonaonsnnans 600 max volts
DC GRID-NO.2 (SBCREEN-GRID) VOLTAGE . . ., .. ...c.ituiineenacnncnnnnns 300 mazx volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE . . . .......cvuiiunenonnnnonnnnn ~200 maz volts
DC PLATE CURRENT. .. ....... $RAD00a0000a00000 90 max ma
DC GRID-NO.1 CURRENT . . .. .......covivnennnnn 5 maz ma
PLATE INPUT . . .ot itiieiteeiiiaieiearearearaaroarossasasnasnnns 54 maz watts
GRID-NO.2 INPUT. ... ittt niareiaeans 3.5 maz watts
PLATE DISSIPATION . . .. .ottt iiinervinnarernarenrons 0000000000000 25 maz watts

Maximum Circuit Values:
Grid-No.1-Circuit Resistance ... .............coiiiiiiiinreinnricrenons 25000 maz ohms

¢# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

o BEAM POWER TUBE

Heater-cathode type used as af

power amplifier and modulator and as

(©x  rf power amplifier and oscillator. Re- ]625
quires Medium seven-contact socket

W and may be mounted in any position,

OUTLINE 31, Oullines Section, except has no bayonet pin. Heater volts (ac/dc), 12.6
= 109%,; amperes, 0.45. Except for heater rating and base, this type is identical
with type 807.

POWER TRIODE

‘Glass-octal heater-cathode type used as rf
power amplifier and oscillator. May be used with
full input up to 80 Mec. For operation at 60 Mc,
plate voltage and plate input should be reduced .I 626
to 96 per cent of maximum ratings; at 90 Mc,
to 93 per cent. Requires Octal socket and may
be mounted in any position. OUTLINE 19, Out-
lines Section. Plate shows no color when tube is
operated at maximum CCS ratings. The 1626 is
used principally for renewal purposes.
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HEATER VOLTAGE (AC/DC) .. ..oooouiiiuuii i
HEATER CURRENT. . . .....uiuiinniinenn e

Gridtoplate. ... ... .. oottt
Grid to cathode and heater
Plate to cathode and heater..................................... oo

O QO
=N .-X 5 L= -

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

an
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Rotings:
DCPLATE VOLTAGE . .. ... oooiiiiiiut s Doaconooas 250 max

DC GRID VOLTAGE -150 max
DC PLATE CURRENT 26 maz
DC GRriID CURRENT 8 max

PLATEINPUT.. ... ... o 6.25 max

PLATE DissipATION 5 maz
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ........................... 100 max
Heater positive with respect to cathode. .......................... .. 100 max

volts
ampere

volts
volts
ma
ma
watts
watts

volts
volts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of

the carrier conditions.

HIGH-MU TWIN TRIODE

Glass-octal heater-cathode type used as af
power amplifier. Class B AF Power Amplifier
maximum CCS plate dissipation (design-center
value, per plate), 3 watts. Requires Octal socket

1635 and may be ted in any position. OUTLINE
18, Qutlines Section. Plates show no color when
tube is operated at maximum ratings. The 1635
is used principally for renewal purposes.

HEATER VOLTAGE (AC/DC) ... eoivei e, 06000 6.8
HEATER CURRBNT . ..ot tiueeetenninenretneanane e, 0.6

AF POWER AMPUFIER—Closs B
Maximum CCS Rotings:

DC PLATE VOLTAGE . . .. ..ottt et 800 max
PEAK PLATE CURRENT (Per plate) . 90 max
PLATE DiIsSIPATION (Per plate) . . .............oovueiiunninnnnnn. .. . 8 maz
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. ............................ 90 max
Typical Operation (Unless otherwise specified, values are for 2 units):
DC Plate Voltage. . .........o.ovriiiiiiiniieeennnnnn i, 300 300
DCGrid Voltage. . .................cooviinnenn..., ce 0 0
Peak AF Grid-to-Grid Voltage. ................c.....0..0.... 70 108
Zero-Signal DC Plate Current. ..................c.c.ovvoun.... 6.6 6.6
Maximum-Signal DC Plate Current........................... 54 54
Peak Grid Current (Perunit) . ............................... 38 39
Plate-Supply Impedance................................ . 0 1000%
Effective Load Resistance (Plate to plate)............. 12000 12000
Effective Grid-Circuit Impedance (Per unit).................... 0 b16®
Total Harmonic Distortion. .. ............................... 4 5
Maximum-Signal Power Output.............................. 10.4 10.4

@ Includes peak voltage drop through the grid-circuit impedance.
® Practical design value.

volts
watts

volts
volts

® At 400 cycles for class B stage in which the effective resistance per grid circuit is 500 ohms, and the
leakage reactance of the coupling transformer is 50 millihenries. The driver stage should be capable of

supplying the grids of the class B stage with the specified values at low distortion.
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POWER TRIODE

Coated-filament type used as af
power amplifier and modulator and as 5 5 5 6
rf power amplifier and oscillator. May
o‘o be used with full input up to 6 Mec.
F+ F- For operation at 15 Me, plate voltage
and plate input should be reduced to 75 per cent of maximum ratings; at 30 Mc, to
50 per cent. Class C Telegraphy maximum CCS plate dissipation, 10 watts. Re-
quires Small four-contact socket and may be mounted in vertical position with base
up or down, or in horizontal position with pins 1 and 4 in vertical plane. QUTLINE
24, Qutlines Section. Plate shows no color when tube is operated at maximum CCS
ratings.

FILAMENT VOLTAGE (AC/DC) ¢ e oso0agv-isresaracsceeeeesacsesanaasns g 4.5 volts.
FILAMENT CURRENT. ..« .v.0e00ce0ecasc-cssaseesassscasossaascascans 1.1 amperes
AMPLIFICATION FACTORY . ., 0. eversesesaaatussaconscsccascccaconnns 8.5
TRANSCONDUCTANCE . . ....covvvnnnns 000000000J0000000000008000000 a 1830 smhos
DIRECT INTERELECTRODE CAPACITANCES:

Grid toplate. .......oovviveiieinnnnnaanns 6.7 puf

Gridtofilament..............ooiiiiaiennn 2.3 puuf

Platetofllament. .. ........oiiiiiieieinnnereraoasesossnns 2.2 uuf
* Plate volts, 350; grid volts, -20; plate milliamperes, 19.

AF POWER AMPLIFIER AND MODULATOR—Class A

Maximum CCS Ratings:

DC PLATE VOLTAGE . . ¢ oot ciiiitinininnnoenssnsossssssnosssssssnns . 350 max volts
PLATE DISSIPATION. o+ o vvvvvetinoncoioconoersoonnasssasssssacasssans 7.6 maz watta.
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphyf

an
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings:

DC PLATE VOLTAGE . . .ttt et ivenerooiococoanorsssansssscsassssansas a 350 max volts
DC GRID VOLTAGE . . . o+ <o eivnncncennn 0 ~150 max volts
DC PLATE CURRENT . . . ...0vvunnnnannn 40 max ma
DC GRID CURRENT (Approx.) ........ 10 max ma
PLATEINPUT..........ovieiiiiinn, 14 max watts
PLATE DISSIPATION . . .0 i iitnriinininararascscassscocasssnannans 10 maz watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

'HALF-WAVE MERCURY-
VAPOR RECTIFIER

Heater-cathode type used in
power supply of transmitting and in- 5558
dustrial equipment. Maximum peak
inverse anode volts, 5,000; maximum
average anode amperes, 2.5. Requires
Small four-contact socket and may be mounted in vertical position only, base down,
OUTLINE 46, Outlines Section.

HEATER VOLTAGE® . . .. ... .iiiiiiiiienennananaanns 50000000000000000 a 5:0 volts
HEATBR CURRENT . ...t vvieervrnnnesionnnanssannnacanns 4.5 amperes
PEAK TUBE VOLTAGE DROP (ADDPIOX.). ....iiuiriivnninineronnnnsnacans 15 volts
@ Heater voltage must be applied at least 5 mi before application of anode voltage.
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HALF-WAVE RECTIFIER
Maximum Ratings (For power-supply frequency of 60 cps):

PEAK INVERSE ANODE VOLTAGE . . ...............00vun.. 2000 max 5000 max volts
ANODE CURRENT:
Peak .. ..o e, 15 max 15 mazx amperes
AVErBZed . ......ovriiiii s . 2.5 max 2.5 max amperes
Fault, for duration of 0.1 second maximum . 200 mazx 200 max amperes
CONDENSED-MERCURY-TEMPERATURE RANGE . . ........ 80 to 80 30 to 60 °C
& Averaged over any interval of 15 seconds maximum.
Operating Valves:
. Cireuit Mazx. Trans. Approx. DC Maz. DC Maz. DC
(For circuit figures, refer to See. Volts Output Volis Output Output KW
Rectifier Considerations (RMS) o Filter Amperes To Filter
Section) Fig. E Eav Iay Pde
In-Phase Operation
3500 1600 2.5 1.5
Half-Wave Single-Phase, . . 54 14004 600 2.5 4.0
1700* 1600 5.0 8.0
Full-Wave Single-Phase. . , 65 700~ 600 5.0 3.0
3500° 3200 5.0 16.0
Series Single-Phase. ....., 56 1400+ 1300 5.0 6.0
2000° 2400 7.5 18.0
Half-Wave Three-Phase... 67 8004 950 7.5 7.0
Quadrature Operation
2000° 2400 15.0 14.0
Parallel Three-Phase. ... .. 58 8004 950 15.0 86.0
2000® 4800 7.5 36.0
Series Three-Phase. .. .. ... 59 800~ 1900 7.5 14.0
1700 2300 13.5* 15.0% 81.0% 34 5%
Half-Wave Four-Phase. . .. 60 7004 900 13.5* 15.0% 12,.0* 138, 5%
1700 2400 14.2% 15 0% 13.5% 14. 0%
Half-Wave Six-Phase. . . .. 61 700+ 950 14.2% 15.0" 83.1% 34.0"

® For maximum peak inverse anode voltage of 5000 volts and maximum average anode current of 2.5
amperes.
* For maximum peak inverse anode voltage of 2000 voits and maximum average anode current of 2.5
amperes.

* Resistive load. ® Inductive load.
RATE OF RISE OF RATE OF RISE OF
CONDENSED-MERCURY CONDENSED-MERCURY
TEMPERATURE TEMPERATURE
TYPE 5558 TYPE 556!
E4=475 VOLTS RMS L £¢=475 VOLTS
NO LOAD NO LOAD
g —
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HALF-WAVE MERCURY-
VAPOR RECTIFIER

Heater-cathode type used in
power supply of transmitting and in- 556]
- dustrial equipment. Rating I: maxi-
aNobt  mum peak inverse anode volts, 3,000;

maximum average anode amperes, 6.4.

Rating II: maximum peak inverse anode volts, 10,000; maximum average anode
amperes, 4. Requires Super-Jumbo four-contact socket and may be mounted in
vertical position only, base down. OQUTLINE 61, Outlines Section. For curve showing
rate of rise of condensed-mercury temperature see preceding page.

NC

HEATER VOLTAGE® .......... 50000000000000006000000a0000600000000000 5 volts
HEATER CURRENT . . . . oot viivetennre e rannsasennarsssannorsenanisas 10 amperes
PEAK TUBE VOLTAGE DROP (APProX.) . ..vvvvvvvnnnsrranunsrsrnnnnennns 15 volts

® Heater voltage must be applied at least 5 minutes before application of anode voltage.

HALF-WAVE RECTIFIER
Maximum Ratings (For power-supply frequency of 60 cps):

PEAK INVERSE ANODE VOLTAGE. ......... 000000000000 0o 8000 max 10000 max volts
ANODE CURRENT:
Peak......ooviiiiiiii ittt 00000000 40 max 16 max amperes
AVEIBEES . ..o et issararanaas 6.4 max 4 max amperes
Fault, for duration of 0.1 second maximum.......... o 400 max 160 max amperes
CONDENSED-MERCURY-TEMPERATURE RANGE 40 to 80 25 to 50 °C

& Averaged over any interval of 15 seconds maximum.

Operating Values:

. Circuit Mazx. Trans. Approz. DC Mazx. DC Mazx. DC
(For circuit figures, refer to Sec. Volts Output Volts Output Output KW
Rectifier Considerations (RMS) To Filter Amperes To Filter
Section) Fig. E Eav lav Pdc
In-Phase Operation
Half-Wave Single-Phase. . . 54 2100° 950 6.4 6.0
Full-Wave Single-Phase. . . 55 1000°* 950 12.8 12.0
Series Single-Phase. . .. ... 56 2100° 1900 12.8 24.0
Half-Wave Three-Phase. .. 57 1200° 1450 19.2 27.5
Quadrature Operation
Parallel Three-Phase...... 58 1200° 1450 38.4 55.0
Series Three-Phase. ... ... 59 1200° 2850 19.2 55.0
Half-Wave Four-Phase. . .. 60 1000° 1350 36.0* 40.0% 48.5% 54.0°
Half-Wave Six-Phase..... 61 1000° 1450 38.0* 40.0% 54.0* 57.0%

® For maximum peak inverse anode voltage of 3000 volts and maximum average anode current of 6.4
amperes.

* Resistive load. ® Inductive load.

POWER TRIODE

Forced-air-cooled heater-cathode type hav-
ing integral radiator used in cathode-drive cir-
cuits as rf power amplifier and oscillator. May
be used with full input up to 1200 Mc. For oper- 5 5 8 8
ation at 1850 Mc, plate voltage and plate input
should be réduced to 90 per cent of maximum
ratings; at 1500 Mc, to 89 per cent; at 2000 Mc,
to 80 per cent. Type 5588 may be mounted in
vertical position only, radiator up or down.
OUTLINE 71, Outlines Section. A minimum air flow of 10 cubic feet per minute should be directed through
the radiator toward the bulb and grid terminal when the 5588 is operated at maximum rated dissipation.
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Air flow should start before and continue during the application of any voltages to the tube. Maximum
temperatures: incoming air, 45°C; radiator, 180°C; and grid terminal, 140°C, The 5588 is used princi-
pally for renewal purposes. For new equipment design, refer to type 6161.

HEATER VOLTAGE (AC/DC)®. . . 6.8 volts
HEATER CURRENT 2.5 amperes
AMPLIFICATION FACTOR 16
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. ....... ... ... .. ittt 6.0 nuuf
Grid to cathode and heater . 18 suf
Plate to cathode and heater® 0.32 max puf

° Rated heater voltage must be applied for a minimum time of one minute before voltages are applied
to the other electrodes.
9 External shield connected to grid.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:

DCPLATE VOLTAGE. . . ...ttt ititniiiiin et e e 1000 max volts
DC GRID VOLTAGE . . . ......cvuviininnnnnn... ~200 max voits
DC PLATE CURRENT . .. ................. 800 max ma
DC GRID CURRENT. . 100 max ma
PLaTE INPUT........... 250 max watts
PLATE DISSIPATION . . .. oottt it te e et e eaeenns 200 max watts
Typical Operation in Cathode-Drive Circuit at 1000 Mc: Amplifier  Oscillator
Heater Voltage®. . ...................cooiiiiinnnnnnnn.. 4.5 3.0 volts
DC Plate Voltage. ..........oouiuiitiniinininrneennnenns 8356 835 volts
DC Grid VOItaged .. ......ovtieeneenineenenenennnnnnnns -70 -70 volts
Fromgridresistorof ... . .............................. 1750 —_ ohms
From cathode resistor of . . .. ... - 205 ohms
DC Plate Current.............. 300 300 ma
DC Grid Current (Approx.)..... 40 40 ma
Driving Power (Approx.)e ........ 32 — watts
Power Output (ApPpProx.) . ..........ooouurvireenerennennnnns 100 75 watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation esgentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

° Rated heater voltage must be applied for a minimum time of one minute before voltages are applied
to the other electrodes. Heater voltage may then be reduced to the indicated typical operating value.
4 Obtained from fixed supply, by grid resistor, by cathode resistor, or by combination methods.

® Required by tube and input circuit. A portion of this power appears in the load circuit.

POWER PENTODE

Seven-pin miniature type having

56]8 quick-heating, mid-tapped, coated

filament used as af power amplifier

and modulator, rf power amplifier and

oscillator, and frequency multiplier in

mobile and other communications equipment when compactness and low filament-

power consumption are primary requirements. Designed for intermittent operation

only. May be used with full input up to 100 Mc and with reduced input up to
165 Mec. Class C Telegraphy maximum ICAS plate dissipation, 5 watts.

FILAMENT ARRANGEMENT Series Parallel
FILAMENT VOLTAGE (AC/DC) 6.0 =10% 8.0 =109 volts
0.23 0

FILAMENT CURRENT .46 ampere
DIRECT INTERELECTRODE CAPACITAN
Grid No.ltoplate. . ...........c.oiieiiniiiiiiinnnnannnn, 0.24 max mi
Grid No.1 to filament mid-tap, grid No.3, internal shield, and grid No.2 7.0 wut
Plate to filament mid-tap, grid No.3, internal shield, and grid No.2... 5.0 wuf
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AF POWER AMPUFIER AND MODULATOR—Class A1
Maximum ICAS Ratings:

DC PLATE VOLTAGE . . . . ot ot vveeernennnnssssnssntusossssassanenns 300 mazx volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE 125 mazx volts
GRID-NO.2 INPUT . .. .eovvvennnencnnnnes 2 max watts
PLATE DISSIPATION . .« o0 vivvtrnnraoatnssrereassrnoassstronoscnvasns 5 mazx watts
Typical Operation: Series Parallel
DC Plate Voltage . .. .......vcvririrnerrretesrersseiatiatanes 250 250 volts
DC Grid-No.8 (Suppressor-Grid) Voltage. ..........oovioieiiiine 0 0 volts
DC Grid-No.2 Voltage. . .. .. ...oiiiiiiaiieiiiineaan e 75 ki3 volts
DC Grid-No.1 (Control-Grid) Voltage. ............cooviiricinen -8 -8 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage. ............c.ovoiienienn 8 8 volts
Zero-Signal DC Plate Current . . . ... ... c..ooiiiiaietatiannnans 16 19 ma
Maximum-Signal DC Plate Current 17.5 20.5 ma
Zero-Signal DC Grid-No.2 Current . .........oooiiiieriianenen 1.6 2 ma
Maximum-Signal DC Grid-No.2 Current. ..........cooneeieiranenn 3.5 4.5 ma
TranscONAUCLANCE. . .. ... ccoeeeeverrasasreseotrasassarsssssacses 3500 3600 umhos
Effective Load Resistance (Platetoplate) ..........ccoooiiinenenen 12000 12000 ohms
Total Harmonic Distortion..................... 10 10 per cent
Maximum-Signal Power Output . ... ..c..coviiiiieiiiiiiiiiiaans 1.2 1.4 watts
Circvit Valves: D 5

N P . min ohms
Grid-No.1-Circuit Resistance..........cccv ity 100000 maz ohms

RE POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum ICAS Ratings:
DC PLATE VOLTAGE . . .o v« vetiuiinrieaanatessssaasesaanassessssstnsss 300 max volts

DC GRID-N0.2 VOLTAGE 125 mazx volts
DC GRID-No.1 VOLTAGE -125 maz volts
DC PLATE CURRENT . . . ......... 00 30 max ma
DC GRID-NO.1 CURRENT 8 max ma
PLATE INPUT . . ot tieitaear et ainasaaraasccessonsanaasssarosenans 7.5 max watts
GRID-NO.Z2 INPUT . o\t vteenaeinnrnnraneasseennesannassasstoanesunns 2 maz watts
PLATE DISSIPATION . o« oottt ciiiniaranatesasnatnenansscrssssnseees 5 max watts
Typical Operation: 40 Mc 80 Me
DC Plate VOltage . ... ooveiriiiiiiariaae et rantereaenns 300 300 volts
DC Grid-No.8 Voltage. ............ 0 0 volts
DC Grid-No.2 Voltage® 15 5 volts
From series resistor of 82000 32000 ohms
DC Grid-No.1 Voltages -45 -45 volts
From grid-No.1 resistor of . . .. .. .......ooiiiairaniriienns 80000 30000 ohms
From cathode resistor of . . .........ccoiiireeeiiiiiiiiiaaaanes 1400 1400 ohms
Peak RF Grid-No.1 Voltage...........c.ooiimiiiira s 65 65 volts
DC Plate Current. ... ..cooveveiiirrraaraererteererssasaasneonans 25 25 ma
DC Grid-No.2 CUITent . . . .. ..ot raaaireaanatosaens 7 7 ma
DC Grid-No.1 Current (APProX.) . .. ...c.cvvueriinranraaasasatoans 1.5 1.5 ma
Driving Power (APProX.) ... ... cooviuiir ittt eietiannrnanres 0.2 0.3 watt
Power Output (APProX.) . .. ... .ovuentiaentiarraenrancetaeaneanss 5.4 5.2 watts
Useful Power Qutput (Approx.). ........coereeaaas covannnaeaenans 5.0 4.5 watts
Circvit Valves: . o
- : min ohms
Grid-No.1-Circuit Resistance .. .........ooiiriariierrartsiiieiinanens 100000 maz ohms

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

® Obtained from separate source, from plate-voltage supply with a voltage divider, or from series re-
sistor of value shown.

4 Obtained from fixed supply, by grid-No.1 resistor, by cathode resi , or by bination methods.

FREQUENCY MULTIPLIER
Maximum ICAS Ratings:
DC PLATE VOLTAGE . . ¢ < vt vevsenrensssenstonanonansateineroteasoeas 300 mazx volts
DC GRID-NO.2 VOLTAGE . .+« e v savstntnsnraratatniumstasteasasanns 126 mazx volts
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DC GRID-NO.1 VOLTAGE . . .. ... eoieitiiiae e e, ~125 max volts
DC PLATEB CURRENT . . . ..ottt ittt e e 80 max ma
DC GRID-NO.1 CURRENT . . .. .. .viiintiiie e 3 max ma
PLATBINPUT. ... e e, 7.5 max watts
GRID-NO.2Z INPUT. .. ...t e 2 max watts
PLATE DISSIPATION . . .. ...ttt ittt i ieaa 5 max watts
Typical Operation at Frequencies up ta 80 Mc: Doubler  Tripler
DC Plate Voltage. . ...............co0uuiieins e, 300 300 volts
DC Grid-No.3 Voltage........... 0 0 volts
DC Grid-No.2 Voltage® . ......... 75 75 volts
From series resistor of 41000 41000 ohms
DC Grid-No.1 Voltage ¢ -125 -125 voits
From grid-No.1 resistor of 68000 68000 ohms
From cathode resistor of 4100 4100 ohms
Peak RF Grid-No.1 Voltage 160 160 volts
DC PlateCurrent. ...................... 25 25 ma
DC Grid-No.2 Current. . . ........o.uiritieninnannnnn i 5.5 5.5 ma
DC Grid-No.1 Current (Approx.) 1.85 1.85 ma
Driving Power (APProx.) . . ..........oouiiiuuneannnannnnnnn. 0.75 0.75 watt
Power Qutput (APProx.) . ...........c.uiuiiinnininnnnnnnnnnnn. 4.2 8.4 watts
Useful Power Qutput (Approx.). ...........o.ovveurenunrnnnnnn... 3.5 2.7 watts
Circuit Valves: T "
. - . min ohms
Grid-No.1-Circuit Resistance.................couuruunineennnnnnnnnin, 100000 maz ohms

® Obtained from separate source, from plate-voltage supply with a voltage divider, or from series re-
sistor of value shown.
é Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.

OPERATING CONSIDERATIONS

Type 5618 requires Miniature seven-contact socket and may be mounted in
vertical position with base up or down, or in horizontal position with pins 3 and 7
in vertical plane. OQUTLINE 8, Outlines Section.

For operation at 165 Mec, plate input should be reduced to 90 per cent of max-
imum rating.

For series-filament arrangement, filament voltage is applied between pins 1 and
7. For parallel-filament arrangement, filament voltage is applied between pin 5 and
pins 1 and 7 connected together. In series-filament arrangement, grid-No.1 voltage
is referred to pin 1, and pin 4 is connected to pin 1. In parallel-filament arrange-
ment, grid-No.l voltage is referred to pin 5, and pin 4 is connected to pin 5.

Plate shows no color when tube is operated at maximum ICAS ratings.

AVERAGE CHARACTERISTICS
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: MEDIUM-MU TRIODE
Pencil-type tube used in cathode-
G drive circuits as rf power amplifier and 5675

oscillator. Designed for use in coaxial-
cylinder-type circuits, it may also be
used in parallel-line or lumped cir-

cuits. May be used with full input up to 3000 Mec. Class C maximum CCS plate
dissipation, 9 watts. The tube may be mounted in any position. OUTLINE 65, Oul-

lines Section.

HEATER VOLTAGE (AC/DC) . . vt v vtinnevvanensrosennsanssananessccssns 6.3 =10%
HEATBR CURRENT . . .00 vvineerencancanancens 2 0.135
TRANSCONDUCTANCE® . . .. ... .. ecoiinnnnnnnns 6200
AMPLIFICATION FACTOR® . .. .. ...t iiiiiiiiiieneeriaienicaeaenninenns 20
PLATE RESISTANCE (APpProx.)* . ... ... . utiiiioanercnnnscnnnoocnnanns 32256
DIRECT INTERELECTRODE CAPACITANCES:

Grid to Plate . .. .. ... ittt i e e 1.4

Grid to cathodeand heater. .. .......... ..o iviiiiieniiiiiiaiann 2.3

Plate to cathode and heater. .. ..........cooviiviieriiiiriaeniann 0.09 maz

* Plate-supply volts, 135; cathode resistor, 68 ohms; plate milliamperes, 24.

RF POWER AMPLIFIER AND OSCILLATOR—Class C
Maximum CCS Ratings:

DC PLATE VOLTAGE . . . vt ittt iiiviininonennnsrsnsesscasasssnnnsssnns 800 mazx
DC GRID VOLTAGE . . . .\ ot iiviiininnnnnnnns -90 mazx
DC PLATE CURRENT . .. .. \0tetittetinnnineaosnunneroannssesscacsans 80 max
DC GRID CURRENT . . . .ot itittunannnanaaaneneraasssassssacsesnons 8 maz
PLATE INPUT .. ...ttt ittt iinnneraranesaranaaasassscnannns 9 maz
PLATE DISSIPATIONT . . . . ... i iiiiieeninrearesnereatnsensinannn 9 maz
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode.................ociiiinien 90 maz
Heater positive with respect tocathode............ ... ovvcinaen 90 maz
PLATE-SEAL TEMPERATURE . . . ..t c0ivtvnnnetarnnnsraanosronnssassnsns 176 maz
Typicol Operotion as Cathode-Drive Oscillator at 1700 Mc:®
DCPlate Voltage. . ..........civiieiiiiiiiineiaeiascans 120
DCGridVoltage. ... ... ... ..c.ciiiiiiiiiiiiinananes 500 -8
From a grid resistor of 2000
DC Plate CUITENt . . . ..\ttt eieetntieettnnsioranssssnnonsannsssecas 25
DC Grid Current (APProX.) ... ouvnnsietunnssenrosnrascacsnessssnns 4
Power Output (APPrOX.). ... ovuvitivinnrreroenincoarroonaccassssanans 475

volts
ampere
umhos

ohms

uuf
uuf

volts
volts

ma
watts
watts

volts
volts
°C

volts
volts
ohms
ma
ma
mw

® In applications where the plate dissipation exceeds 2.5 watts, it is important that a large area of con-
tact be provided between the plate cylinder and its lead connector to provide adequate heat conduction.
® At 8000 Mc, and with full ratings, a useful output of approximately 50 milliwatts may be obtained.

AVERAGE CHARACTERISTICS

TvPE 5675
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POWER TRIODE 2

Forced-air-cooled heater-cathode
57" 3 type having integral radiator used in
grid-drive circuits and in cathode-
drive circuits up to 220 Me. Class C

Telegraphy maximum CCS plate dis- HLFH
sipation, 250 watts. This type may be mounted in vertical position only, radiator
up or down. OUTLINE 74, Outlines Section. A minimum air flow of 18 cubic feet per

temperatures: incoming air, 45°C; radiator, measured on core at bulb end, 180°C;
glass, 180°C; and grid terminal, 140°C.

HEATER VOLTAGE (AC/DC)®. ... 8.8 0.2 volts
EUBATER CURRBNT . .......... .. .. 111111 111111 11.5 amperes
AMPLIFICATION FacToR®. .. ... . /""" 25
DIRECT INTERELECTRODE CAPACITANCES (Appro
Gridtoplate.............. .. . . " 10.38 uuf
Grid to cathode and heater 26 uul
Plate to cathode and heater 0.5 wul

° Heater voltage must be applied for 2 minimum time of 2 minutes before application of plate voltage.
* Plate volts, 1000; plate milliamperes, 150,

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class CFM Telephony

Maximum CCS Ratings:

DCPLATE VOLTAGE . ... 1500 maz volts
DC Grib Vourace. ... .0 00 11 -250 mazx volts
DC PLATE CukReNT. ..., . . 0 800 mazx ma
DC Grip Current. ..., . .. [/l 60 max ma
PuateINPUT. ..., ... .. .. 00T 450 max watts
PLATE DissiPATION. ... ..... .. . . " 250 max watts

Cathode-

Grid- Drive at

Typical Operation: Drive 220 Mc
DC Plate Voltage. ................................... . 1500 1500 volts
DC Grid Voltage ... . 000011 T -175 -176 volts
From cathode resistor of ... 1]/ 510 510 ohms
Peak RF Grid Voltage....... ... .. 0 . lllliiieee 210 210 volts
DC Plate Current......... . .00/ [ 1 300 300 ma
DC Grid Current (Approx.). ... ... ... . .o ol 40 40 ma
Driving Power (Approx.) . . 8 65° watts
Power Output (Approx.)........ ...l 290 325 watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

4 Obtained from fixed supply or from cathode resistor of value shown.

® Required by tube and input circuit. A portion of this power appears in the load circuit.

MEDIUM-MU TRIODE

Premium subminiature heater-
57" 8 cathode type used as rf amplifier and 3
oscillator. May be used with full input Nc® b3
up to 1000 Mc. Class C maximum

CCS plate dissipation, 3.3 watts. Tube Y *»
may be operated in any position. OUTLINE 3, Outlines Section. The flexible leads
of the 5718 are usually soldered to the circuit elements. Soldering of the leads may
be made close to the glass stem provided care is taken to conduct excessive heat
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away from the lead seal. Otherwise, the heat of the soldering operation will crack
the seals of the leads and damage the tube. Plate shows no color when tube is oper-

ated at maximum CCS ratings.

HEATER VOLTAGE (AC/DC) . .. . e\ vt verrennseneasans
HEATER CURRENT. . .. .vonvnnne
TRANSCONDUCTANCE*. .. ........
AMPLIFICATION FACTOR¥ . .. ... ... .ol iitiinnniennennne
PLATE RESISTANCE (Approx.)*
DiIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. ... ... ...ttt
Grid to cathode and heater
Plate to cathode and heater

* Plate-supply volts, 150; cathode resistor, 180 ohms; plate milliamperes, 13.

RF AMPLFIER AND OSCILLATOR—Class C

Maximum CCS Ratings:
DC PLATE VOLTAGE . . . ..o vvvvreierrenosacnoessesssseceanesscacsasss
DC GRID VOLTAGE . . ottt evvueeeeeeroarsasasssssneeseennasonsosscns
DC PLATE CURRENT . . . .0\evvveerenrerereanorosseseenrenenasoenoncces
DCGRID CURRENT . . . . oovvttieeeerinearansosaceeeenennasesosncneces
PLATE DISSIPATION . . . ..t . 0o et reoossosesceseaseoaasossascaccanse
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode...........coovvieeeiinennes
Heater positive with respect to cathode. ... 00
BULB TEMPERATURE . .. . c.vvvetioneceeosananssesesvnecessoonaosssees

Maximum Circuit Valves:
Grid-Circuit Resistance:

6.3 volts.
0.16 ampere
6500 pmhos

27
4150 ohms.

1.4 nuf

2.2 nuf’

0.7 uuf

165 max volts

~55 max volts.

22 max ma

5.5 max ma

3.8 mazx watts

200 max volts.

200 max volts.

250 mazr °C

1.2 max megohms.
Not recommended

For cathode-bias operation..........covvereniieeeiinreneenenenne
For fixed-bias operation......... 5 50096060060600006000000000
AVERAGE CHARACTERISTICS
TYee 5718

€263 VOLTS
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BEAM POWER TUBE

Nine-pin miniature heater-
cathode type used as rf power ampli-
fier and oscillater and as frequency
multiplier. May be used with full in-
put up to 50 Me. For operation at 175

40
2CM-7848T

5763

Me, plate input should be reduced to 80 per cent of maximum rating. Class C
Telegraphy maximum plate dissipation, CCS 12 watts, ICAS 13.5 watts. Requires
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Noval nine-contact socket and may be mounted in any position. OUTLINE 9, Out-
lines Section. Plate shows no color when tube is operated at maximum CCS or
ICAS ratings.

HEATER VOLTAGE (AC/DC) . .. .\ etie ettt e e ie e ie e, 6.0 =109, volts
HEATER CURRENT . . .............co0vnrnnnnn.. 0.75 amperes
"TRANSCONDUCTANCE* 7000 wmhos
Mu-Facror, Grid No.2 to Grid No.1* 16

Grid Nol toplate............c.oooo i, 0.3
Grid No.1 to cathode, grid No.3, grid No.2, and heater............... 9.5 ppf
Plate to cathode, grid No.8, grid No.2, and heater. .................. 4.5

“* Plate and grid-No.2 volts, 250; grid-No.1 volts, -7.5; plate milliamperes, 45.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with a marimum modulation Jfaclor of 1.0

Maximum Ratings: ccs ICAS
DCPLATE VOLTAGE . . .. ...... ..o, 250 max 800 max volts
DC GRID-N0.3 (SUPPRESSOR-GRID) VOLTAGE. . . .......... 0 max 0 max volts
DC GRID-N0.2 (8CREEN-GRID) VOLTAGE.. . ........ Q000000 250 max 250 max volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE . ............... =125 max -125 max volts
DC PLATE CURRENT 40 max 50 max ma
DC GRID-N0.2 CURRENT bo 15 max 15 max ma
DC GRID-NO.1 CURRENT 5 max 5 max ma
PLATEINPUT. ... ..o 10 max 15 max watts
GRID-NOZ2 INPUT. ....ovi i 1.5 maz 1.5 max watts
PLATE DISSIPATION . . ... . et ienannnnnnss 8 max 12 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ............. 100 max 100 max volts

Heater positive with respect to cathode. ............. 100 max 100 max volts
BuLB TEMPERATURE (At hottest point).................. 250 max 250 max °C
Typical Operation at Frequencies up to 30 Mec:
DC Plate Voltage. ..., 250 800 volts
GridNo.8.............. Connected to cathode at socket
DC Grid-No.2 Voltage ¢ 250 250 volts
DC Grid-No.1 Voltage s -39 -42.5 volts

From grid-No.1 resistorof . .............. ©0000000600 89000 18000 ohms
Peak RF Grid-No.l1 Voltage. . .... 0000680 D060600aD0000 46.5 58.5 volts
DCPlateCurrent.............voiitininiiannnnn. 40 50 ma
DC Grid-No.2 Current. ...............co.oovviuiunnin.. 5.6 6 ma
DC Grid-No.1 Current (Approx.) . ...................... 1 2.4 ma
Driving Power (Approx.).............couivnineenn.... 0.05 0.15 watt
Useful Power Output (Approx.) . ....................... 6.4% 10" watts

Maximum Cirevit Values {CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. . ............... 800000000D0060000000a0 0.1 max  megohm
4 Obtained preferably from separate source modulated along with the plate supply, or from the modu-
lated plate supply through a series resistor. 5

4 Obtained from grid-No.l resistor of value shown or from a combination of grid-No.1 resistor with
either fixed supply or cathode resistor.

8 Measured at load of output circuit.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: ccs ICAS

DC PLATE VOLTAGE . ................ 00600D00000000A00 800 max 350 max volts
DC Gri>-No.3 VOLTAGE. . . .. 0 max 0 max volts
DC GRID-N0.2 VOLTAGE.. . . .. 260 max 250 max volts
DC GRID-No.1 VOLTAGE. . : .. ~125 max =125 max volts
DC PLATE CURRENT. .. .. ' 50 max 50 mazx ma
DC GRID-N0.2 CURRENT. . . 15 max 15 max ma
DC GRID-NO.1 CURRENT. . . 5 max 5 max ma
PLATE INPUT. . .. ittt iiiiinientenneinieanenns 16 max 17 max watts
GRID-NO.2Z INPUT.........covvneennn..n e, 2 max 2 mazx watts
PLATE DISSIPATION. . ........ eressaseriiinertiatana. .. 12 max 18.5 max watts
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PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ............. 100 max 100 max volts

Heater positive with respect to cathode.............. 100 mazx 100 max volts
BuLs TEMPERATURE (At hottest point) . . ..............0. 250 max 250 max °C
Typical Operation: SoMe 50Mc  80Mc
DC Plate Voltage. .... 5000600000000000000 O 0000 800 800 850 volts
GHANO. 8., ... ittt Connected to cathode at socket
DC Grid-No.2 Voltage. . .. ....oooovvneeeeoons 250 250 250 volts
DC Grid-No.1 Voltaged . .......c.oovvvennn o -28.5 -60 -28.5 volts

From grid-No.1 resistor of 18000 22000 18000 ohms
Peak RF Grid-No.1 Voltage. . .............vvn 87.5 80 37 volts
DC Plate Current. ...... 50 50 48.5 ma
DC Grid-No.2 Current 6.6 5 6.2 ma
DC Grid-No.1 Current (Approx.) . .............. 1.6 8 1.6 ma
Driving Power (APProx.).........covcueon 00000 0.1 0.385 0.1 . watt
Useful Power Output (Approx.)............... . 10.3% ™ 12° watts

Maximum Circuit Values [CCS or ICAS conditions):

Grid-No.1-Circult Resistance............cccoctiiiraiiiinrsisnnaseecss 0.1 max megohm
# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used provided the positive peak of the audio-frequency envelope does not exceed 115 per
cent of the carrier conditions.

4Obtained from fixed supply or from grid-No.1 resistor of value shown.

8 Measured at load of output circuit.

FREQUENCY MULTIPLIER

Maximum CCS Ratings:

DC PLATE VOLTAGE . . .. ..... 300 mazx volts
DC GRriD-N0.3 VOLTAGE. . 0 max volts
DC GRID-N0.2 VOLTAGE 250 max volts
DC GRID-NoO.1 VOLTAGE =125 mazx volts

DC PLATE CURRENT . . .o 0vvvvvnnnsosnnatssssnansesssssnassnss 50 mazx ma

DC GRID-N0.2 CURRENT 15 max ma
DC GRID-No0.1 CURRENT 5 max ma
PLATE INPUT .. .. .00t 15 max watts
GriD-N0.2 INPUT. ........ 2 max watts
PLATE DISSIPATION 12 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. ........c.covvveieneneees 100 max volts
Heater positive with respect to cathode. ..........covvveririenenrnes 100 max volts
BuLB TEMPERATURE (At hottest Point). .. ...coviveviiiinnninoenrennns 250 max °C
Typical Operation at Frequencies up to 175 Me: Doubler Tripler
DC Plate VOIAZE. . ... ovvveneaneonnuesesnoneonasrsnnsnnnueees 800 300 volts
e - T R Connected to cathode at socket
DC Grid-No.2 VOItage . . o« oo vvviireeereinnennresnnrsnieonsaes L * volts
AVERAGE CHARACTERISTICS
1 | | |
" o ~n TYPe 5763
v |_\C o4l E§ 6.0 VOLTS DC
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DC Grid-No.1 Voltaged . ......ovvvenninnnenennnennnnnnn.. volts
From grid-No.1 resistor of ohms
Peak RF Grid-No.1 Voltage... volts
DC Plate Current.......... ma
DC Grid-No.2 Current . . . . ........vuueeuneenernannnnsi, ma
DC Grid-No.1 Current (Approx.) ma
Driving Power (APProX.) ... ......oiheueireeeneiennnnnnnnnonns . . watt
Useful Power Output (Approx.) watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance megohm

* Obtained from 300-volt supply with series resistor of 12,500 ohms.
& Obtained from fixed supply or from grid-No.1 resistor of value shown.
® Measured at load of output circuit.

POWER TRIODE

Forced-air-cooled thoriated-tung-

5 7 8 6 sten-filament type having integral ra-

diator used as af power amplifier and

modulator and as Hf power amplifier

and oscillator. May be used with full P

input up to 160 Mec. Class C Telegraphy maximum CCS plate dissipation, 600

watts. May be mounted in vertical position only, filament end up or down. QUTLINE

75, Outlines Section. A minimum air flow of 140 cubic feet per minute should be

directed by a blower to the radiator and seals when the 5786 is operated at maxi-

mum rated dissipation. Air flow should start before and continue during applica-

tion of any woltages to the tube. Filament power, plate power, and air may be

removed simultaneously. Maximum temperatures: incoming air, 45°C; radiator,
at core, 180°C; grid and plate seals, 165°C; and filament seals, 220°C.

£ F

FILAMENT VOLTAGE (AC/DC) .« .ttt ieee s et seneennnnnnns 11 = 0.6 volts
FILAMENT CURRENT 12.5 amperes
FILAMENT STARTING CURRENT 0 50 max amperes
AMPLIFICATION FACTOR* 32
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. .............cc0iiiiiiiiiiiiiannnnns 5.8 upf
Grid to filament mid-tap 4.7 uuf
Plate to filament mid-tap 3.8 puf

* Grid volts, -25; plate milliamperes, 200,

AF POWER AMPLIFIER AND MODULATOR—Class B
Maximum CCS Ratings:

DC PLATE VOLTAGE . . ... ........c.cccuun.... 4000 mazx volts
MAXIMUM-SIGNAL DC PLATE CURRENT®, . . . 500 max ma
MAXIMUM-SIGNAL PLATE INPUT® . ... ... ..ottt 1500 maz watts
PLATE DISSIPATION® . . ... ittt 600 max watts
Typical Operation (Values are for 2 tubes):

DC Plate Voltage. ........................ 0000 3000 volts
DC Grid Voltaget................... -95 voits
Peak AF Grid-to-Grid Voltage. . ...... 470 volts
ZerorSignal DC Plate CUTent . ...........covuneennrunnennsrnnnnnin, 75 ma
Maximum-Signal DC Plate Current 800 ma
Effective Load Resistance (Plate to plate) 8600 ohms
Maximum-Signal Driving Power (Approx.) 30 watts
Maximum-Signal Power Output (Approx.) 1640 watts

® Averaged over any audio-frequency cycle of sine-wave form,
t Grid voltage is given with respect to mid-point of filament operated on ac or de.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with a maximum modulation Jactor of 1.0
Maximum CCS Ratings:

DC PLATE VOLTAGE . . . . ¢ttt iviiiiiaeentoiinneeeneeeeanersensnnnnn. 2500 maz volts
DC GRID VOLTAGE. ...... 000000000 ®essiienteertainiraean ~500 maz volts
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DC PLATE CURRENT. ........ oo 400 mazx
DC GRID CURRENT . . . v vevvvvnnnncannnns 150 maz
PLATE INPUT....... 0 1000 max
PLATE DISSIPATION . . ¢ ¢ tovereesrenesssosansnsssssosssssssovscasoases 400 max

Typical Operation:
DC Plate VOltage. . .. coveveeverisioscsnsnsecssnvencsscnvasssassnnnss 2600

DC Grid Voltaged ...... -850

From grid resistor of . . 2600
Peak RF Grid Voltage.... 620
DC Plate Current......... 400
DC Grid Current (Approx.). 186
Driving Power (Approx.). .. 75

PowerOutput(Approx) 810

ma
watts
watts

volts
volts
ohms
volts
ma

watts
watts

& Obtained preferably from grid resistor of value shown or from a bination of grid r
either fixed supply or cathode resistor.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER-—Class C FM Telephony
Maximum CCS Ratings:
DCPLATE VOLTAGE . . ... cvvevsevncnesvoennervasocsvasncss oo nese 3000 max

DC GRID VOLTAGE. . .. -500 mazx
DC PLATE CURRENT. 6500 max
DC GRID CURRENT. . 150 max
PLATE INPUT 0 1600 maz
PLATE DISSIPATION. .4 vencoecvasnnnsvassanscssvencnnes 600 max
Oascillator
Typical Operation: at 160 Mec
DC Plate Voltage. ... 3000
DC Grid Voltaged .......ccvovvinnnnnne -225
From grid resistor of . . . ....ccvvvvnen 2000
From cathode resistorof .. ........... o 380
Peak RF Grid Voltage. .. 0000 476
DC Plate Current. . . 0000000 5 600
DC Grid Current........ 0000000000000 00006000 0000000 000 90
Driving Power (ApPprox.).......ccceeeevee 0000000 86 —_
Power Qutput (APProX.).......ccoeveeeesoacosaccccsass 000 1000 1000
Useful Power Output (Approx.)-—86-per-cent circuit efficiency — 860

with

volts
volts

ma
watts
watts

volts
volts
ohms
ohms
volts
ma
ma
watts
watts
watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of

the carrier conditions.

4 Obtained from fixed supply, by grid resistor, by cathode r i , or by bination methods,

SELF-RECTIFYING OSCILLATOR OR AMPLIFIER—Class C
Maximum CCS Ratings:

RMS PLATE VOLTAGE . o c0vvvvvveierassesassstassssssssssnanns 4250 max volts
DC GRID VOLTAGE . . . v e v evvenns ~300 mazx volts
DC PLATE CURRENT. ....... 00000 320 max ma
DC GRID CURRENT. . ......... 5 85 max ma
PLATEINPUT.........c0nntnn .. . 1500 maz watts
PLATE DISSIPATION . . o 4 sevestunsvnnsnscesesosscsssssesessesenssasons 600 max watts
Typical Operation:
RMS Plate Voltage......... 4250 volts
DC Grid Voltaged .......... 0 -116 volts

From grid resistorof . . . .......... 000 000000 1600 ohms
DC Plate Current......... 000000000000 000 000 820 ma
DC Grid Current (Approx.)............. v 50000 7 ma
Driving Power (Approx.)®............ 00000000000000 000000000 00000000 46 watts
Power QUtput (APProX.). ... ..ccoeeeeennneeasaranseeononnnccoannneeans 1060 watts
& Obtained preferably from grid resistor of value shown or from a bination of grid r and
fixed supply.
® From a self-rectifying driver.

AMPLIFIER OR OSCILLATOR—Class C
With separale rectified, unfillered, singlo-phase, full-wave plate supply

Maximum CCS Ratings:
DC PLATE VOLTAGE . . st vt evnneesvvnssnvesssssvosssesssssssasassonns 2700 max volts
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=300 mazx

450 max

120 max

PLATE INPUT. . ... oo it e e 1500 mazx

PLATE DISSIPATION . .. ... .ottt ieeinenins 600 maz

Typical Operation:

DC Plate Voltage.. ... ... ...ttt iiianarannnns 2700
DC Grid Voltaged . . ...ttt 00 -180
From a grid resistor of 1530
DC Plate CUITENt . . . . ..ot vutit ittt iee e 450
DC Grid Current (Approx.) 118
Driving Power (Approx.)4 67
Power Qutput (APProX.)........c.o'itire it 1150

volts
ma
ma
watts
watts

volts
volts
ohms
ma
ma
watts
watts

6 Obtained preferably from grid resistor of value shown or from a combination of grid resistor and

fixed supply.
* From a driver having a rectified, unfiltered, single-phase, full-wave plate supply.

TYPICAL CHARACTERISTICS
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FIXED-TUNED OSCILLATOR
TRIODE

Pencil-type tube
having integral resona-
tors used in radiosonde
serviceat 1680 Mc. Fixed- 5 794
Tuned Oscillator maxi-
mum platedissipation, 3.6
watts. May be mounted
in any position. The 5794
is identical with type 6562 except that the 5794 does not have an external connec-
tion between the cathode and one side of the heater. OUTLINE 68, Outlines Section.

HIGH-MU TRIODE

Pencil-type tube used as rf power
amplifier and oscillator at frequencies 5876

XN\ up to 1700 Mec. Designed for use in
A coaxial-cylinder-type circuits, it may
also be used in parallel-line or lumped
circuits. Class C Telegraphy maximum CCS plate dissipation, 6.25 watts. May be
mounted in any position. OUTLINE 65, Outlines Section.

HEATER VOLTAGE (AC/DC) . . . ..ottt e ittt annanananns 6.8 = 10% volts
HEATER CURRENT. ........ . 0.135 ampere
TRANSCONDUCTANCE®. . . . .. . 6500 pmhos
AMPLIFICATION FACTOR®. . . .. ... ........ ... ... 00 56
PLATE RESISTANCE (APProX.)®. . . ... .otitninruniininnarananaoaonnoan 8626 ohms
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. ........ ...t i i i i i i 1.4 uuf
Grid to cathodeand heater. . . ........... ..o ieriririiiereenannnn 2.4 puf
Plate to cathodeand heater. . ...............c.cciiiivriniennnnrnrans 0.085 max nuf

*Plate-supply volts, 250; cathode resistor, 756 ohms; plate milliamperes, 18.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy #

an
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE . . .. o\ vt vtitettitetniinannniraroenaaoasononns 360 max volts
DC GRID VOLTAGE. . ..t tttttettaitatat i onasaaaaoaaonons 0 -100 max volts
DC PLATE CURRENT . . . .. o.titiiniiiii i inaeteaannaeeeeaaaanians . 25 mazx ma
DC GRID CURRENT. . . . o.itttie e innasnnnrasnnaneecannssons ma
PLATE INPUT. ... ittt ittt iertiaseaaansaanassnoransanens watts
PLATE DISSIPATION® . . . . ...ttt tiiiiaieaniarriananaanoanonnanans 0 watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. .. ..................ooies volts

Heater positive with respect to cathode. . volts
PLATE-SEAL TEMPERATURE. . . ... .vviiiunononnoanoasorannasasnerenas °C
Typicél Operation in Cathode-Drive Circvit: 500 Mc 500 Me 1700 Mc
DCPlateVoltage ...........ooiiiiiniinennnanerenn 275 250 250 volts.
DCGrid Voltage. . .....covvvuniniiinnineennnnerans =561 -12 -2 volts.
DCPlateCurrent . ............cooiiiiiinananaoans 23 23 23 ma.
DC Grid Current (Approx.) ........c.coiiiinrnennnn 7 6 3 ma
Driver Power Output (Approx.) .................... 2 _— —_ watts
Useful Power Qutput (Approx.)..............coueus 5 3 0.75 watts

Maximum Circvit Valves:

Grid-Circuit Resistance. ... ...........viiitiiroeernnercarienaccauones 0.1 maz megohm
# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

¢ In applications where the plate dissipation exceeds 2.5 watts, it is important that a large area of con-
tact be provided between the plate cylinder and the connector to provide adequate heat conduction.
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AVERAGE CHARACTERISTICS

TYPE 5876
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MEDIUM-MU TRIODE

Pencil-type tube used as plate-

5 89 3 pulsed oscillator, as rf power amplifier

and oscillator, and as frequency dou-

bler. May be used with full input up to

1000 Mc and with reduced input up to

3300 Mec. Designed for use in coaxial-cylinder-type circuits, it may also be used in

parallel-line and lumped circuits. Class C Telegraphy maximum plate dissipation,

CCS 7 watts, ICAS 8 watts. May be mounted in any position. OUTLINE 66, Outlines
Section,

HEATER VOLTAGE (AC/DC):. ..t ese it et e eeee e 6.0+ 5% volts
-10%
HEATER CURRENT 0.330 ampere
6000 umhos
27
4500 ohms
1.76 upf
2.5 puf
0.07 max g
* Plate-supply volts, 200; cathode resistor, 100 ohms; plate milliamperes, 25,
PLATE-PULSED OSCILLATORA—Class C
Maximum Ratings: For a maximum “on” time® of 5§ microseconds
PEAK POSITIVE-PULSE PLATB-SUPPLY VOLTAGE® . ..............0.000uos.. 1760 max volts
PEAK NEGATIVE-PULSE GRID VOLTAGE . . .. .....uuuvunnnnrnrnnnnnnnn.. 160 mazx volts
PRAK PLATE CURRENT FROM PULSE SUPPLY 3 max amperes
PEAK RECTIFIED GRID CURRENT DO 1.3 maxr amperes
DC PLATE CURRENT 3 max ma
DC GRIp CURRENT DOOD 1.3 max ma
PLATE DiSSIPATION®, . 6 mazx watts
Duty FaCTor®. . 0.001 maz
PULSE DURATION 1.6 max
PLATE-SEAL TEMPERATURE 176 mazx °C

Typical Operation with Rectangular Wave Shape in Cathode-Drive Circuit ot 3300 Mc:
With duty factor® of 0.001

Peak Positive-Pulse Plate-Supply Voltage¢ 1760 volts
Peak' Negative-Pulse Grid-Voltaged ................00v0vvnvnernnnnnn. 110 volts

Fromgrid resistorof . . . .......................... 100 ohmsa
Peak“Plate Current from Pulse Supply................. P50 0000000000000 3.0 amperes
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Peak Rectified Grid Current 1.1 amperes.
DCPlate Current. ........ooveeeascooanrosssseccns 3 ma
DC Grid CUITENt . . oo vvveevnrenearonsonesianrocsscsasanssoscs .. 1.1 ma
Useful Power Output at Peak of Pulseé (APPrOX.) c oo oo eveannnsoonancess 1200 watts.
Pulse DUration . . ...vvvveeeererooanersossoarecasrssascssansesccsoncs 1 usec
Pulse Repetition Rate. ....o.ovnieenriiirarericironaearereereoenneces 1000 Pps

4 In this class of service, the heater should be allowed to warm up for a minimum of 60 seconds before
plate voltage is applied.

© On time for this tube is the sum of the durations of all the individual pulses which occur during any

§000-microsecond interval. Pulse duration is defined as the time interval between the two points on the-
pulse at which the instantaneous value is 70 per cent of the peak value. The peak value is defined as the-
maximum value of a smooth curve through the average of the fluctuations over the top portion of the

pulse.

¢ The magnitude of any spike on the plate voltage pulse should not exceed a value of 2000 volts with
respect to cathode, and its duration hould not d 0.01 micr d ed at the peak-pulse-
value level.

® In applications where the plate dissipation exceeds 2.5 watts, it is important that a large area of con-
tact be provided between the plate cylinder and the connector in order to provide adequate heat con-
duction.

® Duty factor is the product of pulse duration and repetition rate. For variable pulse durations and pulse:
repetition rates, the duty factor for this tube is defined as the ratio of time * on"” to total elapsed time:
in any 5000-microsecond interval.

& Obtained from grid resistor of value shown.

4 This value is determined from the average power output using the duty factor of the peak power-
output pulse. This procedure is y b the power-output-pulse duty factor may be lesa than
the applied-voltage-pulse duty factor because of a delay in the start of rf power output.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with a mazimum modulation factor of 1.0

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE 260 max 820 max volts:
DCGRID VOLTAGE . . . . covneeren cee -100 max -100 max volts
DC PLATE CURRENT 0 83 max 33 max ma
DC GRID CURRENT . . c.vveveanosocnancananenoanenesns 16 mazx 16 maz ma
PLATE INPUT . . . et teenaeronanrosassasrssasecsancncs 8.5 max 10.5 maz watts
PLATE DISSIPATION®. .. ... 0oueeenenarerronnessaononass 5 max 5.6 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater poeitive with respect to cathode.............. 90 max 90 max volte
PLATE-SEAL TEMPERATURE . . .« cvvtooonnasarcsscocsccss 176 maz 176 max °C
Typical Operation in Cathode-Drive Circuit at 500 Mc: cCcs ICAS
DCPlate VOILAZE . . . oo cvrrreoceenrensnocacaesnncans 260 300 volts.
DC Grid VOItaged . .« v covenersenesansrosssacssncooes -386 ~46 volts
DCPlate Current . . . .oooooeenassooonnsasesssaanacsses 30 80 ma
DC Grid Current (APProX.) .. ....coeevoeeeecoccnacees 11 12 ma
Driver Power Output (Approx.)........ 1.8 2.0 watts.
Useful Power Output (APProx.).......coeeereeccccneecs 5.6 6.6 watts.

Maximum Circuit Values (CCS or ICAS conditions):

Grid-Circuit Resistance. .. ......eeeeresenctocneraananececocnsnerenes 0.1 max  megohm
© In applications where the plate dissipation exceeds 2.6 watts, it is important that a large area of con-
tact be provided between the plate cylinder and the connector in order to provide adequate heat con-
duction.

& Obtained from grid resistor.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: cCS ICAS

DC PLATE VOLTAGE 820 max 400 max volts:
DC GRID VOLTAGE . . . .. ccceeeancscccnccs 00 =100 max -100 max volts.
DC PLATE CURRENT 86 mazx 40 max ma
DC GRID CURRENT . . o vvcnarcnonconsosencenancencets 15 mazx 16 mazx ma
PLATEINPUT. . .ot cnennenanronronansonsenanrececcns 11 max .16 . maz watts
PLATE DiISSIPATION® 7 maz -8 maz ‘watts

PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............. 90 max 90 max volts.
Heater positive with respect to cathode. ... 00 90 max 90 maz volts.
PLATE-SEAL TEMPERATURE. ... .. eesssensacsasrusans 176 max 176 maz °C
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Typical Operation as RF Power Amplifier in Cathode-Drive Circvit:
500 Mc 1000 Mc¢ 500 Mc 1000 Me

DC Plate Voltage. ..............c..covvvinenennnan.. 800 300 350 850 volts
DC Grid Voltaged ................oovuvenunnennnn... -47 -30 -51 -88 volts
DC Plate Current. . ..........ovvvniernnennenernnnn.. 83 33 85 85 ma
DC Grid Current (Approx.).......................... 183 12 13 13 ma
Driver Power Qutput (Approx.)...................... 2 1.9 2.5 2.4 watts
Useful Power Output (Approx.)....................... 7.6 5.6 8.5 6.5 watts
Typical Operation as Oscillator in Cathode-Drive Circult at 500 Me:

DC Plate Voltage. ...............ooiviiiiirinnenennn.. 800 850 volts
DC Grid Voltagesd ............couiiiivininnnnnnn.n, -47 -51 volts
DC PlateCurrent. .......................... .. 38 85 ma
DC Grid Current (Approx.) 18 18 ma
Useful Power Qutput (Approx.)’ 5 6 watts

Maximum Circuit Values (CCS or ICAS conditions):
Grid-Circuit Resistance. ................................. 006006000000 0.1 max megohm

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

@ In applications where the plate dissipation exceeds 2.5 watts, it is important that a large area of con-
tact be provided between the plate cylinder and the connector in order to provide adequate heat con-
duction.

6 Obtained from grid resistor.

FREQUENCY DOUBLER

aximum Ratings: CCS ICAS
DC PLATE VOLTAGE . ... .....ovvteninnnnninnennnnnn, 260 max 320 max volts
DC GRID VOLTAGE. . . .. ..ottt snens -100 max =100 max volts
88 mazx 388 max ma
12 max 12 max ma
8.5 max 10.5 max watts
6 max 7.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ............. 90 mazx 90 mazx volts
Heater positive with respect to cathode.............. 90 max 90 max volts
PLATE-SEAL TEMPERATURE . ... .............0vveunn.n.. 176 max 176 max °C

Typical Operation as Doubler to 1000 Mc in Cathode-Drive Circvit:
DCPlate Voltage. . . ...................ccovivrnnnnn.. 250 300 volts
DC Grid Voltaged . ... .................vinieennn.... -40 -50 volts
DCPlateCurrent. ... .................c00vvunvenn. ., 33 33 ma
DC Grid Current (Approx.)........................... 7 8 ma
Driver Power Qutput (Approx.)........................ 3.2 3.5 watts
Useful Power Qutput (Approx.)............c..ovvuun... 2.75 3.0 watts

AVERAGE CHARACTERISTICS

TYPE 5893
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Maximum Circuit Values (CCS or ICAS conditions):
Grid-Circuit Resistance.. ... ©00000000005000000A0000000a0A0D90000DA0A0 0.1 max  megohm

© In applications where the plate dissipation exceeds 2.5 watts it is important that a large area of con-
tact be provided between the plate cylinder and the connector in order to provide adequate heat con-
duction.

& Obtained from grid resistor.

TWIN BEAM POWER TUBE

Small, sturdy, heater-cathode
type used as af power amplifier and 5894
modulator, as rf power amplifier and
oscillator, and as frequency tripler.
May be used with full input up to 250
Me. For operation at 300 Mc, plate voltage and plate input should be reduced to
96 per cent of maximum ratings; at 400 Me, to 90 per cent; at 500 Mc, to 83 per
cent. Class C Telegraphy maximum CCS plate dissipation (per tube), 40 watts.
Requires Septar seven-contact socket and may be mounted in vertical position
with base up or down, or in horizontal position with plate terminals in horizontal
plane. OUTLINE 20, Outlines Section. Plates show no color when tube is operated
at maximum CCS ratings.

HEATER ARRANGEMENT Series Parallel
HEATER VOLTAGE (AC/DC) . ... oovcunrsrrennrccrnes 12.6 = 10% 6.8 = 10% volts
HEATER CURRENT . . ... .. .vnnnocenosnonasscrcans 0.9 1.8 amperes
Mu-FACTOR, Grid No.2 to Grid No.1 (Bachunit)*. ................... 8.2
DIRECT INTERELECTRODE CAPACITANCES (Each unit):

Grid No.1 to plate. . .. ... .ooiueeiieiir e tie it s 0.08 mazx pupf

Grid No.1 to cathode, grid No.3, internal shield, grid No.2, and heater 11 uul

Plate to cathode, grid No.8, internal shield, grid No.2, and heater. ... 8.4 puf
* Plate volts, 600; grid-No.2 volts, 250; plate milliamperes, 40.

PUSH-PULL AF POWER AMPUFIER AND MODULATOR—Class B

Maximum CCS Ratings: Values are on a per-tube basis
DC PLATE VOLTAGE . . .o\ ot e oiiarneaeranstsasananeeesasttisaannsnues 600 max volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE . . . . ... onnnnrnraecnccnsnetnny 250 max volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE . . . .. .oviniinieiiiitnanannn, -175 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. .. ... ... o 200 max ma
MAXIMUM-SIGNAL PLATE INPUT®. . . ... oo 120 max watts
MAXIMUM-SIGNAL GRID-NO.2 INPUT®. ., ... e 7 max watts
PLATE DISSIPATION® . . ... it irsaracc e 40 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . ..........c.ccovnuirennens 100 max volts

Heater positive with respect to cathode. ...........coovvvrriennens 100 max volts
Typical Operation:
DC Plate Voltage. ... .....ovvvirueretiirttraarnnesrienars 450 600 volts
DC Grid-No.2 Voltage® .. .. .. .o ciiriiiiiecriiiiaannes 250 250 volts
DC Grid-No.1 Voltage. . . . .. ..o.ociiiurmiiiiaiiaiasirirarnes -23 -25 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage. ................cone 53 53 volts
Zero-Signal DC Plate Current. ...........ooiciiriiiaarnes 67 35 ma
Maximum-Signal DC Plate Current.............cocevrniinens 200 168 ma
Zero-Signal DC Grid-No.2 Current. ...........cocorernenneres 8 4 ma
Maximum-Signal DC Grid-No.2 Current. ............coveveres 26 27 ma
Maximum-Signal DC Grid-No.1 Current. . .......oovvviinnnens 2.3 1.6 ma
Effective Load Resistance (Plate to plate)...............ovvven 4400 8000 ohms
Maximum-Signal Driving Power (Approx.). ..........coeeveens 0.2 0.2 watt
Maximum-Signal Power Output (Approx.)......ceeu.ccn.- o00oaa €0 70 watts
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance: .

For fixed-bias operation. ... .....ooeeiirreieneacenes terenascaaas. D000 max ohms

For cathode-bias operation. . ........oooviviiiarieniaeaes 0000000060 Not recommended

@ Averaged oversany audio-frequency cycle of sine-wave form.
& Obtained preferably from a separate source or from the plate-voltage supply with a voltage divider.
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PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube with a maximum modulation factor of 1.0
Maximum CCS Ratings:

DC PLATE VOLTAGE. . . . ..... oo 000606 0000 450 max volts
DC GRID-N0O.2 VOLTAGE. ................ 260 maz volts
DC GRID-NO.1 VOLTAGE. .. ......... -175 maz volts
DC PLATE CURRENT 000 160 max ma
DC GRip-No.1 CURRENT 0 10 maz ma
PLATE INPUT. ...........ovnae.., 72 max watts
GRID-No0.2 INPUT. . 4.5 max watts
PLATE D1sSIPATION 27 mazx watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . . ... DO0000000600600000000 3 100 mazx volts

Heaterpoeitivewithrespecttocathode.................... ...... 100 mazx volts
Typical Operation: 250 Mc 470 Mc
DC Plate Voltage. ..................00uuuss 450 380 volts
DC Grid-No.2 Voltage (Approx.)} 260 250 volts

From an adjustable series resistor having a maximum

valueof .......................... 20000 30000 ohms
DC Grid-No.1 Voltaged ........... -100 -60 voltas

From a grid-No.1 resistor of . 20000 15000 ohms
Peak RF Grid-No.1-to-Grid-No.1 Voltage. ... .. e 120 - volts
DCPlateCurrent. . ............c0vvnneennnnns 000000 160 160 ma
DC Grid-No.2 Current (ApPProx.).................... o 16 8 ma
DC Grid-No.1 Current (Approx.)............ 5 4 ma
Driver Power Output (Approx.). . . 0.6 13 watts
Useful Power Output (Approx.)s, ... ..... 0 50 35 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance................... teretiisiieesaeeesiaes 50000 max ohms
1 Obtained preferably from a separate source modulated along with the plate supply, or from the modu-
lated plate supply through a series resistor. It is r ded that this resi be adjustable to permit

obtaining the desired operating plate current after initial tuning adjustments are completed.

4 Obtained from a grid-No.1 resistor of the value shown or from a combination of grid-No.1 resistor
with either fixed supply or cathode resistor.

4 Measured at load of output circuit.

PUSH-PULL RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
PUSH-PULL RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
DC PLATE VOLTAGE. . . ..\ \itiuiintinieieeeaeansiine s, 600 max volts

260 maz volts
DC GRiD-No.1 VOLTAGE ~176 maz volts
DC PLATE CURRENT. .............. 220 max ma
DC GRID-No.1 CURRENT

10 max ma
PLATE INPUT 120 max watts
GRrip-No.2 INPUT 7 maz watts
PLATE DiIsSIPATION 40 max watts
PEAK HEATER-CATHODE VOLTAGE:

100 max volts
100 mazx volts

Typical Operation: 250 Mec 470 Me
DC Plate Voltage. ....... 0000000000 600 400 500 volts
DC Grid-No.2 Voltage (Approx.)®. .. ..................... 250 250 260 volts
From an adjustable series resistor having a maximum valueof 33000 22000 47000 ohms
DC Grid-No.1 Voltages .............ooovunrnnnnnnnnn... -80 -388 ~60 volts
From a grid-No.1 resistor of ........................... 89000 24000 30000 ohms
From cathode resistor of . . ........... 360 180 300 ohms
Peak RF Grid-No.1-to-Grid-No.1 Voltage 200 — — volts
DC PlateCurrent....................... 00000 200 220 200 ma
DC Grid-No.2 Current (Approx.)......... 16 12 8 ma
DC Grid-No.1 Current (Approx.)......... 2 3 4 ma
Driver Power Output (Approx.)......... 4 5 13 watts
Useful Power Output (Approx.)s. . .......... 0000000000000 85 43 55 watts
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Maximum Circuit Valves:
Grid-No.1-Circuit Resistance. . .... 500000000000 50000000000000000000000 50000 max ohms

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

® Obtained preferably from a separate source, or from the plate-supply voltage with a voltage divider,
or through a series resistor. It is r ded that this resi be adjustable to permit obtaining the
desired operating plate current after initial tuning adjustments are completed.

4 Obtained from a fixed supply, by grid-No.1 resistor, by cathode resistor, or by bination method:
4 Measured at load of output circuit.

FREQUENCY TRIPLER—Class C
Values are on a per-tube basis

Maximum CCS Ratings:

DC PLATE VOLTAGE. . . .....en 506000000 006000000000000000000 600 mazx volts
DC GRID-NO.2 VOLTAGE. .. st ovvasssssrnnsns 250 maz volts
DC GRID-NO.1 VOLTAGE. . .... 000 =175 mazx volts
DC PLATE CURRENT. . ......0ne 160 mazx ma
DC GRID-NO.1 CURRENT. . ..... 10 maz ma
PLATEINPUT........ovvennansnnncssns 0o 80 mazx watts
GRID-NO.2 INPUT. .....covnvnnnns 00000 7 maz watts
PLATE DISSIPATION . . . ..o ovveusrnassssassssassssssassssoonssnsssss o 40 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode......... 100 maz volts

Heater positive with respect to cathode. .. 100 mazx volts
Typical Operation as Tripler: 150 Mc 225 Mc 462 Mc
DC Plate Voltage. .......... $000000000000 400 500 400 400 400 volts
DC Grid-No.2 Voltage (Approx.)¢ 250 250 250 220 220 volts

From an adjustable series resistor having

a maximum valueof . ..............00 16000 89000 20000 656000 656000 ohms
DC Grid-No.1 Voltageé . ................ -150 -150 -150 -150 -176 volts

From a grid-No.1 resistorof . .......... 30000 24000 50000 36000 36000 ohms
Peak RF Grid-No.1-to-Grid-No.1 Voltage. . 360 360 360 -_— —_— volts
DC Plate Current. ...........oonenvnonss 146 120 130 130 140 msa
DC Grid-No.2 Current (Approx.)........ o 16 10 20 5 5 ma
DC Grid-No.1 Current (Approx.)......... 5 6 3 4 5 ma
Driver Power Output (Approx.)........ .. 0.9 1 0.5 4 8 watts
Useful Power Output (Approx.)*.......... 18 20 12 13 16 watts
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance. ........ccoeeneescecssnnassasssaascnenne 50000 maz ohms
¢ Obtained preferably from a separate source, or from the plate-supply voltage with a voltage divider,
or through a series resistor. It is r ded that this resistor be adjustable to permit obtaining the

desired operating plate current after initial ing adjust ts are pleted.
4 Obtained from a fixed supply, by grid-No.1 resistor, by cathode resistor, or by bination method
4 Measured at load of output circuit.
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AVERAGE CHARACTERISTICS AVERAGE CHARACTERISTICS
EACH UNIT EACH UNIT
TYPE 5894 N TYPE 5894
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POWER TRIODE
Forced-air-cooled heater-cathode
5946 type used as plate-pulsed oscillator

and amplifier. May be used with full

input up to 1300 Mec. For operation at

2000 Mc, plate voltage and plate input
should be reduced to 75 per cent of maximum ratings. Class C maximum plate dis-
sipation, 250 watts. Tube may be mounted in any position. QUTLINE 71, Outlines
Section. A minimum air flow of 16 cubic feet per minute should be directed through
the radiator toward the bulb and grid terminal when the 5946 is operated at maxi-
mum rated dissipation. Air flow should start before and continue during application
of any voltages to the tube. Heater power, plate power, and air may be removed
simultaneously. Maximum temperatures: radiator (measured on core at end adja-
cent to plate ring), 180°C; grid terminal, 150°C; plate, grid, and cathode seals,
150°C.

HEATER VOLTAGE (AC/DC)®. . .. ... ittt 6.3 = 10% volts
HBATER CURRBNT. . ... . .ottt 8.4 amperes
AMPLIFICATION FACTOR® . .. .. ... ... ... . i, 27
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. . ............ooonii i 6 pupd
Grid to cathode and heater. . ... .................................. 11 puf
Plate to cathode and heater®. ... ....................c.c0cuuuinin.. 0.22 puf

° Heater voltage must be applied for a minimum period of 1 minute before the application of plate
voltage.

* Grid volts, -16; plate milliamperes, 250.

© With external shield connected to grid.

PLATE-PULSED OSCILLATOR AND AMPUFIER—Class C
Maximum Ratings:

Foran “on” time®of . . .................... ... ... 10 mazx 100 max usec
PBAK POSITIVE-PULSE PLATE-SUPPLY VOLTAGES.......... 7500 max 7560 max volts
PBAK NEGATIVE-PULSE GRID VOLTAGE. . . ............... 600 mazx 600 max volts
PEAK PLATE CURRENT FrROM PULSE SUPPLY 4.5 mazx 8.5max  amperes

BAK RECTIFIED GRID CURRENT 1.0 mazx 0.75 max amperes
C PLATE CURRENT. . ., 45 max 250 max ma
C GRID CURRENT . 10 max 70 max ma

TB INPUT. ... ........ 0o 840 max 340 max watts

250 max 250 max watts
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Typical Operation with Rectangular Wave Shape in Cathode-Drive Oscillator Circuit at 1250 Me:
With duty [aclor' of 0.01

Peak Positive-Pulse Plate-Supply Voltaged. .. ........... 5500 7500 volts
Peak Negative-Pulse Grid Voltage..............c00eite. 876 500 volts

From cathode resistor of %, . ... ......cc.iiiiiiiinnen 100 100 ohms
Peak RF Grid Voltage. . .. ............ciieiiieninnnnns 625 850 volts
Peak Plate Current from Pulse Supply.................. 8.5 4.5 amperes
Peak Rectified Grid Current 0 0.26 0.50 amperes
DC Plate Current. . ....... 000 000 85 45 ma
DCGridCurrent. . .........ciiiiiinnenennninennnnnons 2.5 5 ma
Useful Power Output at Peak of Pulseé (Approx.)....... 8000 14000 watts

© “On” time for this tube is defined as the sum of the durations of all the individual pulses which occur
during any 1000-microsecond interval. Pulse duration is defined as the time interval between the two
points on the pulse at which the instantaneous value is 70 per cent of the peak value. The peak value is
defined as the maximum value of a smooth curve through the average of the fluctuations over the top
portion of the pulse.

¢ The magnitude of any spike on the plate-voltage pulse should not exceed a value of 8.5 kilovolts with
respect to cathode, and its duration should not exceed 0.5 microsecond measured at the peak-pulse-
value level.

® Duty factor is the product of pulse duration and repetition rate. For variable pulse durations and pulse
repetition rates, the duty factor for this tube is defined as the ratio of “on” to total elapsed time in any
500-microsecond interval.

4 Obtained preferably from cathode resistor of value shown. In certain applications, partial grid-resistor
bias may be used.

& Determined from the average power output using the duty factor of the peak power output pulse.
This procedure is vy b the power-output-pulse duty factor may be less than the applied-
voltage-pulse duty factor because of a delay in the start of rf power output.

AVERAGE CHARACTERISTICS
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PLATE KILOVOLTS (Ep) 92CM-7398T

OSCILLATOR TRIODE

Subminiature heater-cathode
type used in radiosonde service at 400 6026

Me. Class C Telegraphy maximum

CCS plate dissipation, 3 watts. May

4 be mounted in any position. OUTLINE

4, Outlines Section. The flexible leads of the 6026 are usually soldered to the circuit
elements. Soldering of the leads may be made close to the glass-button base pro-
vided care is taken to conduct excessive heat away from the lead seal. Otherwise,
the heat of the soldering operation will crack the seals of the leads and damage the
tuba. Plate shows no color when tube is operated at maximum CCS ratings.

HEATER VOLTAGE RANGE (AC/DC)®........ 0000600a00 500000000000 00000 5.2 to 6.6 volts
HEATER CURRENT (At 6.3 volts)......... +lelelelslslolelel slololslololelslslelels e slulsls 1o 0.2 ampere
TRANSCONDUCTANCE®. . . ... coiiveerarennancncannnnnns 000000000000C00 5900 pmhos

193



———— RCA Transmitting Tubes

AMPLIFICATION FACTOR®, .. ..... 0000000000000000000300003000000000000
PLATE RESISTANCE (ADDIox.)® . .. . ... .. itiiirennerenrenrerennennnns
DIRECT INTERELECTRODE CAPACITANCES:

Grid to plate

24
4000 ohms
1.8 pupf
2.0 puf
0.42 nuf

° For radiosonde applications in which the heater is supplied from batteries and the equipment-design
requirements of minimum size, light weight, and high efficiency are the primary considerations even
though the average life expectancy of the 6026 in such service is only a few hours.

* Plate-supply volts, 120; cathode resistor, 220 ohms, plate milliamperes 12.

OSCILLATOR—Class C Telegraphy
Maximum CCS Ratings:

PLATE INPUT. ... ittt iinnnnnns
PLATE DISSIPATION . . . ...t itinttitenniranrennnneenenenns
PEAK HEATER-CATHODE VOLTAGE. . . .......oovnnnn.

Typical Operation as an Oscillator at 400 Mes

DC Grid Current (Approx.).................. 000000000
Useful Power Qutput.................covvvnnnn. 000000000060000000000

BEAM POWER TUBE

Small, sturdy, glass-octal heater-
cathode type used as af power ampli-
fier and modulator and as rf power
amplifier and oscillator. May be used
with full input up to 60 Mc and with

6146

150 mazx volts
—60 mazx volts
40 max ma
10 max ma
8.8 max watts
8.0 max watts
0 maz volts
136 volts
1300 ohms
20 ma
9.5 ma
1.25 watts

CakK
is

reduced input up to 175 Mec. Class C Telegraphy maximum plate dissipation,

CCS 20 watts, ICAS 25 watts.

HEATER VOLTAGE (AC/DC)
HEATER CURRENT

DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l toplate. . ... ... ..o ittt iiiinanennnnnnnns
Grid No.1 to cathode, grid No.3, grid No.2, internal shield, base sleeve,
and heater. . ... ... ... ...
Plate to cathode, grid No.3, grid No.2, internal shield, base sleeve, and
Beater . .. e e

* Plate and grid-No.2 volts, 200; plate milliamperes, 100.

AF POWER AMPLIFIER AND MODULATOR—CLASS AB3

Maximum Ratings: CcCS
DC PLATE VOLTAGE. . .. ... viiiitiintiintnnenennanns 600 max
DC GRID-N0.2 (S8CREEN-GRID) VOLTAGE . . ............... 260 max
MAXIMUM-SIGNAL DC PLATE CURRENT®. . .. .. .......... 1256 max
MAXIMUM-SIGNAL PLATE INPUT® ., ... ................. 62.5 max
MAXIMUM-SIGNAL GRID-N0.2 INPUT®, . ... ............ 8 mazx
PLATE DISSIPATION® . . ... . iitiiiiiienareannnnnnes 20 max
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.............. 185 max

Heater positive with respect to cathode.............. 135 mazx
BuLB TEMPERATURE (At hottest point). ................ 220 max
Typical Operation (Values are for £ tubes):
DC Plate Voltage. . ..................... 400 500 600
DC Grid-No.2 Voltage® .......... . 176 176 165
DC Grid-No.1 (Control-Grid) Voltage. . ... -41 44 -4
Peak AF Grid-No.1-to-Grid-No.1 Voltage. . 95 102 97

6.3 =109, volts
1.25 amperes
7000 pmhos

4.6
0.24 maz puf
13.6 puf

8.6 puf

ICAS

750 mazx volts

260 max volts

135 max ma

90 max watts
3 mazx watts
25 max watts

135 max volts

135 max volts

220 max °C

600 750 volts
190 165 volts
-48 -46 volts
109 108 volts
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Zero-Signal DC Plate Current. .. ......... 33 27 22 28 22

ma
Maximum-Signal DC Plate Current. . ..... 232 242 207 270 240 ma
Zero-Signal DC Grid-No.2 Current. ....... 1.1 0.7 0.6 1.2 0.3 ma
Maximum-Signal DC Grid-No.2 Current. .. 18 18 17 20 20 ma
Maximum-Signal DC Grid-No.1 Current. .. 1.6 1.9 1.1 2 2.6 ma
Effective Load Resistance (Plate to plate).. 3700 4600 6800 5000 7400 ohms
Maximum-Signal Driving Power (Approx.). 0.2 0.3 0.2 0.8 0.4 watt
Maximum-Signal Power Output (Approx.).. 62 83 90 113 131 watts

Maximum Circuit Values {CCS or ICAS conditions):

Grid-No.1-Circuit ResiStance. .. .........coeeuererireneussoanacssanes 300001 max ohms
= Averaged over any audio-frequency cycle of sine-wave form.

® Obtained preferably from a separate source or from the plate-voltage supply with a voltage divider,
t For operation at less than maximum ratings, this value may be as high as 1060000 ohms.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with a maximum modulation factor of 1.0

Maximum Ratings: CcCS ICAS
DCPLATE VOLTAGE . .. ..o tvvneeernnacacnnccsascnosnos 480 mazx 600 max volts
DC GRID-NO.2 VOLTAGE. . .. .uuvvevrancoocnanns 250 max 250 maz volts
DC GRID-NO.1 VOLTAGE. .. .. .uvvvvvreraacoaracoannnns -150 maz ~150 maz volts
DCPLATE CURRENT . .. .....oiveivacvnanccncans 000000 5 117 maz 125 max ma
DC GRID-NO.1 CURRENT . . .. tuvivvernunnnoreccansons o 3.5 max 4.0 max ma
PLATEINPUT. . ...oiiiiiiiiiiiiiinaanenn 0000 45 max 67.5 maz watts
GRID-NO.2 INPUT.......ivunenannn 00000 2 max 2 max watts
PLATE DISSIPATION . . .. 0uvveiiiiianaen 600000 5000000000 13.3 max 16.7 maz watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. ........... 185 max 185 maz volts
Heater positive with respect to cathode. .. .. 000000000 135 maz 1385 max volts
BuLs TEMPERATURB (At hottest point). .. .....ccuuveeee 220 max 220 mazx °C
Typical Operation: .
DC Plate Voltage. . ...........occuuns 5000000000000 400 475 600 volts
DC Grid-No.2 Voltageé . ......... 5000000 150 135 150 volts
From series resistor of . .. .... tee.v.. 83000 51000 56000 ohms
DC Grid-No.1 Voltaged . . .........cooeus 0000000 -87 =77 -87 volts
From grid-No.1 resistorof . ...........coevueuanns . 27000 27000 27000 ohms
Peak RF Grid-No.1 Voltage............coeevunn 0000 107 95 107 volts
DCPlate Current. . ............ccieviennnn. 0 112 94 112 ma
DC Grid-No.2 Current 7.8 6.4 7.8 ma
DC Grid-No.1 Current (Approx.). ... .. 3.4 2.8 8.4 ma
Driving Power (Approx.)............eivvioiiiiieann, 0.4 0.3 0.4 watt
Power Qutput (APProX.} . .......ccccuoeeveneananns 50000 32 34 52 watts

Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. . .........ooiieieiiiaiianerrarenanaenes 30000} max ohms
4 Obtained preferably from a separate sour¢e modulated along with the plate supply, or from the modu-
lated plate supply through a series resistor of value shown.

& Obtained from grid-No.1 resistor of value shown or from a combination of grid-No.1 resistor with
either fixed supply or cathode resistor.

$ For operation at less than maximum rated conditions, this value may be as high as 100000 ohms.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: CCS ICAS
DC PLATE VOLTAGE . . .« cvvivunveisoroasecnocaoanes 00 600 max 750 mazx volts
DC GRID-N0.2 VOLTAGE 0o 250 max 250 max volts
DC GRID-NO.1 VOLTAGE. ... ..o vaeteccncanonaes 000000 =150 mazx =150 max volts
DC PrATE CURRENT 140 maz 150 maz ma
DC GRID-No.1 CURRENT 3.5 max 4.0 max ma
PLATE INPUT. . ...t iiiiiiiiieiianaaanns 67.5 max 90 max watts
GRID-NO.2Z INPUT. ... iivievinennnnncrsocacnoanns 00800 3 max 3 mazx watts
PLATE DISSIPATION . . ... ovviiniaaooaoaacanns 00000000 20 maz 25 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ....... 000000 185 max 136 maz volts

Heater positive with respect to cathode. 000000 135 max 135 mazx volts
BuLB TEMPERATURE (At hottest point)........ 000000000 220 maz 220 max °C
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Typical Operation as Amplifier up to 60 Mc:

500 600 600 750 volts

170 150 180 160 volts

36000 51000 43000 56000 ohms

-66 -58 -1 -62 volts

.................... 27000 20000 24000 20000 ohms

From cathode resistorof . . .................... 470 470 430 470 ohms
Peak RF Grid-No.1 Voltage...................... 84 73 91 79 volts
DCPlateCurrent. ...........ocvvnvenrnnnnnnn... 185 112 150 120 ma
DC Grid-No.2 Current. ..........c..0vvuunnnnn. . 9 9 10 11 ma
DC Grid-No.1 Current (APProx.)................. 2.5 2.8 2.8 8.1 ma
Driving Power (Approx.)......... 000000 0000 0.2 0.2 0.3 0.2 watt
Power Output (Approx.)............. sacesesevrss 43 52 66 70 watts

Typical Operation as Amplifier at 175 Ma:
DC Plate Voltage. . ............00vuvunun.. 400 volts

From series resistor of 20000 ohms
DC Grid-No.1 Voltage©} .. .. -54 volts

From grid-No.1 resistor of . 24000 ohms

From cathode resistor of . . ...... 330 ohms
Peak RF Grid-No.1 Voltage........ 68 volts
DC Plate Current. .........covvvuenvnrnnnnn... 150 ma
DC Grid-No.2 Current. ............. 10.4 ma
DC Grid-No.1 Current (APprox.}............. 2.2 ma
Driving Power (Approx.)........ . 3 watts
Power Output (Approx.)........... 000000000000000000000a 25 85 watts

Maximum Circuit Values {CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. .............ovuvvrunennennennnonnnnn., 800001 max ohms
# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

4 Obtained preferably from separate source, from plate-voltage supply with a voltage divider, or
through series resistor of value shown. Grid-No.2 voltage must not exceed 400 volts under key-up con-
ditions.

© Obtained from fixed supply, by grid-No.1 resistor, by cathode resist. , of by bination methodas.
1 For operation at less than maximum rated conditions, this value may be as high as 100000 ohms,

AVERAGE CHARACTERISTICS AVERAGE CHARACTERISTICS
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OPERATING CONSIDERATIONS

Type 6146 requires Octal socket and may be mounted in any position. Simpli-
fied shielding and good performance are facilitated by the base sleeve with separate
base-pin connection and the triple base-pin connection for cathode, grid No.3, and
internal shield. OUTLINE 17, Oullines Section.

For operation at 120 Mec, plate voltage should be reduced to 67 per cent of
maximum rating; plate input to 79 per cent. At 175 Mc, plate voltage should be
reduced to 53 per cent of maximum rating; plate input to 66 per cent.

Plate shows no color when tube is operated at maximum CCS or ICAS ratings.

AVERAGE PLATE CHARACTERISTICS
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AVERAGE PLATE CHARACTERISTICS
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BEAM POWER TUBE

Small, sturdy, glass-octal heater-

6" 59 cathode type used as af power ampli-

fier and modulator and as rf power

amplifier and oscillator. May be used

with full input up to 60 Mc and with

reduced input up to 175 Mec. Class C Telegraphy maximum plate dissipation, CCS

20 watts, ICAS 25 watts. OUTLINE 17, Outlines Section. Heater volts, 26.5 = 10%;
amperes, 0.3. Except for heater rating, this type is identical with type 6146.

POWER TRIODE

Compact forced-air-cooled heater-

6"6" cathode type having integral radiator

used as rf power amplifier and oscilla-

tor and as frequency multiplier. Coax-

ial terminal arrangement facilitates

use in cathode-drive circuits of the coaxial-cylinder type. May be used with full

input up to 900 Me and with reduced input up to 2000 Me. Class C Telegraphy
maximum CCS plate dissipation, 250 watts.

HEATER VOLTAGE (AC/DC):°

Average 6.30 volts

Maximum 6.9 volts
HEATER CURRENT (At 6.3 volts) 3.4 amperes
AMPLIFICATION FACTOR* 27

Grid to plate 6 puf

Grid to cathode and heater 11 nuuf

Plate to cathode and heater® 0.22 uuf

© Because the cathode is subjected to considerable back bombardment as the frequency is increased
with resultant increase in temperature, the heater voltage should be reduced depending on operating
conditions and frequency to prevent overheating the cathode and resultant short life.
{J Average heater voltage must be applied for a minimum period of one minute before the application
of plate voltage.

* Grid volts, —15; plate milliamperes, 250.

2 With external flat shield having minimum diameter of 7 14 inches located in plane of grid terminal
and perpendicular to axis of tube. Shield is connected to grid terminal,
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with ¢ mazimum modulation factor of 1.0
Maximum CCS Ratings:

DCPLATE VOLTAGE . . . ... .vevvenocancancnns 000000000 000000000 000 1300 mazx volts
DC GRID VOLTAGE. . ... ccovverecnnsesssocossannssss 600000000 600 ~300 max volts
DC PLATE CURRENT . . ... .cvcuussnsnanasossssocnonassssscsscsnsansos 210 max ma
DC GRID CURRENTA. .. ... covvrvoncacceroaasanes 50000000000000000000 75 max ma
PLATE INPUT....... Do 5000000000000000D 270 max watts
PLATE DISSIPATION ., ... ...... 0000000000000 167 max watts
Typical Operation in Cathode-Drive Circvit: 600 Mc 900 Me

DC Plate-to-Grid Voltage. .................. 000600000000 00000 1400 1400 volts
DC Cathode-to-Grid Voltage. ...... 150 150 volts
Peak RF Cathode-to-Grid Voltage. . 200 200 volts
DCPlateCurrent. ... ......c.co0ereoes 60 210 210 ma
DC Grid Current (Approx.)..... o heiereesereasaeearsereeraen 70 70 ma
Driver Power Output (Approx.)®...... 5 704 754 watts
Power Output (APPIOX.) . .. .etcveeneronrenasroncsneeroscanns 180 120 watts

4 The maximum negative grid current should never exceed 10 milliamperes.

® In this type of service, the 6161 can be modulated 100 per cent if the rf driver stage is also modulated
100 per cent simultanecousty. Care should be taken to insure that the driver-modulation and amplifier-
modulation voltages are exactly in phase.

a This value includes 18 watts of circuit loss and 40 watts added to plate input.

¢ This value includes 28 watts of circuit loss and 40 watts added to plate input.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE. . . . e v evuneeecesrocoeronaccssosuoaneanas 0000000 1600 max volts
DC GRID VOLTAGE. . . ... cereeeerecraenes ~300 max volts
DC PLATE CURRENT. , .. ..ccveroneccnnns 000 250 max ma
DC GRID CURRENTA. . ... 75 max ma
PLATE INPUT. ... 0. iiivierereerocnoronnccncssnns 000000000000 0000000 400 max watts
PLATE DISSIPATION. . . . «cv.vsoveccrnnnnncnns 500000000000000000 250 max watts
Typical Operation in Cathode-Drive Circvit: 600 Me 900 Me
DC Plate-to-Grid Voltage. ........c.oeireeneeereeeeeneenes 00 1650 1650 volts
DC Cathode-to-Grid Voltage............coooventnns 00000000 00 150 150 volts
From grid resistor of . . . .. ...o.coeieiniieinienn 00D00OA00 . 8000 15000 ohms
Peak RF Cathode-to-Grid Voltage, ..........oiveeeneaeeenenens 200 200 volts
DC Plate Current. ... .....ocoaeesanseraonersnee 250 250 ma
DC Grid Current (Approx.).......c.eoveveenesen 50 10 ma
Driver Power Output (APProx.).......ccoereereeneresneenecens 75° 80° watts
Power OUtput (APProX.) . . .veveeerncreraornarecscresreoacnes 270 180 watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

» The maximum negative grid current should never exceed 10 milliamperes.

o This value includes 18 watts of circuit loss and 45 watts added to plate input.
® This value includes 28 watts of circuit loss and 45 watts added to plate input.

FREQUENCY MULTIPLIER—Class C
Maximum CCS Ratings:

DCPLATE VOLTAGE . . .t v vvraeeeroeroananssrosaaeacnos 50000000000000 1600 max volts
DC GRID VOLTAGE . .« o vvevesresnensarasnenonstctonsnsasnsnsecss o ~-800 max volts
DC PLATE CURRENT . . 4 evnreronnnnassssnsssoacocnoanaaces . 0 250 max ma
DC GRID CURRENTA, .. ..o ciotrienonreeronccrecccones oo 75 max ma
PLATE INPUT. ... .eireranenneaerannresecsocnonnen 5000000000 00000 400 mazx watts
PLATE DISSIPATION . . o oo venearonrersarerarsarseressees 00000000000000 260 max watts
Typical Operation as Doubler in Cathode-Drive Circuit: 600 Me 900 Mec
DC Plate-to-Grid Voltage. ...........oveveennreenenen . 1760 1675 volts
DC Cathode-to-Grid Voltage. . ......coceieiircneanonnes 260 176 volts
From cathode resistor of . . . ....c.ocoeiriroeiieeaaanees 860 645 ohms
Peak RF Cathode-to-Grid Voltage....... 300 300 volts
DCPlateCurrent. .......cccvreeeeeaeee 0 250 250 ma

DC Grid Current (ApProx.)....ceeeeeeeeeess [ 60 21 ma



=————————= RCA Transmitting Tubes

Driver Power Output (APproxX.) @. ... ......coovuvnernnnnnnnnn. 126 100 watts
Power Output (APProx.)..........couierieneinenennennnnnnnns 180 140 watts

¢ The maximum negative grid current should never exceed 10 milliamperes.
& Approximate total driving power required. A portion of this power appears in the plate circuit.

OPERATING CONSIDERATIONS

Type 6161 may be mounted in any position. OUTLINE 71, Outlines Section.

For operation at 1200 Mc, plate voltage and plate input should be reduced to
80 per cent of maximum ratings; at 1400 Mc, to 71 per cent; at 1650 Mec, to 62.5
per cent; at 2000 Mc, to 62.5 per cent.

A minimum air flow of 16 cubic feet per minute should be directed by a blower
through the radiator toward the bulb and the grid terminal when the 6161 is oper-
ated at maximum rated dissipation. Air flow should start before and continue dur-
ing the application of any voltages to the 6161. Maximum temperatures; radiator
(measured on core at end adjacent to plate ring), 180°C; grid terminal, 150°C;
cathode terminal, 150°C; plate, grid, and cathode seals, 150°C.

The 6161 supersedes the 5588 for new equipment design.

AVERAGE CHARACTERISTICS
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MEDIUM-MU TRIODE 2

Pencil-type tube having integral
62 6 3 radiator used as rf power amplifier and G
oscillator in mobile equipment and in
aircraft transmitters at altitudes up to
60,000 feet without pressurized cham- H
bers. May be used with full input up to 500 Mc and with reduced input up to 1700
Mec. Class C Telegraphy maximum plate dissipation, CCS 8 watts, ICAS 13 watts.

HEATER VOLTAGE (AC/DC):

Under transmitting conditions.............c.0ovvinvennrnnnennnn.. 6.0 &= 10%, volts
Under stand-by conditions. . .........couviueinrrennennrennennnnns 6.3 max volts
HEBATER CURRENT (At 6.0 volts) .........0iieevinnnennnnnnnnnnnnnnnn 0.280 ampere
TRANSCONDUCTANGE® . . .. ... iiiiureereruneeennnneeesnnnseanannnenns 7000 umhos
AMPLIFICATION FACTOR. ... .\ttt itiiieeeniennnneenenenneneensnnnnes 27
DIRECT INTERELECTRODE CAPACITANCES:

Gridtoplate .............. 1.7 upf
Grid to cathode and heater . . 0 50 2.9 puf
Plate to cathode and heater 0.08 max puf

* Plate volts, 200; plate milliamperes, 27.
200
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with a marimum fodulation factor of 1.0
Maximum Ratings (For pressures down lo 46 mm of Hg®): CcCS ICAS

DC PLATE VOLTAGB 276 maz 830 max volts
DC GRID VOLTAGE . . . . . .v.cvnuuvnanseossrsssssssontosssss -100 max -100 maz voits
DC PLATE CURRENT 83 max 46 max ma
DC GRID CURRENT 26 max 26 mazx ma
DC CATHODE CURRENT. 60 max 60 max ma
PLATEB INPUT. .. .......c00uun oo 9 max 16 maz watts
PLATE DISSIPATION 5.6 max 9 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode............... 90 max 90 maz volts
Typical Operation in Cathode-Drive Circuit at 500 Mc:
DC Plate Voltage. . .........ooovnne . 0o 276 820 volts
DC Grid Voltaged -42 -62 volts
DC Plate Current R 86 86 ma
DC Grid Current (APProx.)........oeeeveevsscanss b0000QA 13 12 ma
Driver Power Output (APProX.).......coveinvesoesrenes oo 2 2.4 watts
Useful Power Output (Approx.)

—75-per-cent circuit efficiency..........ooiiiienes 00000 6.7 8 watts
Maximum Circuit Values {CCS or ICAS conditions):
Grid-Circuit Resistance. . ..........occoiviiorovninaanes 000660000000 0.1 maz  megohm

® Corresponds to altitude of about 60000 feet.
& Obtained from grid resistor, or from a combination of grid resistor with either fixed supply or cathode
resistor.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPUFIER—Class C FM Telephony

Maximum Ratings (For pressures down to 46mm of Hg®): CCSs ICAS
DCPLATE VOLTAGE . . .. ccovvernnnsssossnaneesassassssss 800 max 400 maz volts
DC GRID VOLTAGE . . .+ o oavvnvassasssssenesssossscsnanns =100 max =100 max volts
DC PLATE CURRENT . . se0vorennssssssonssssasossssssnsne 40 mazx 56 max ma
DC GRID CURRENT. . .o .covvvsscassososseonessssnssssassss 25 mazx 26 maz ma
DC CATHODE CURRENT. . .. scnsaresssnennnasssssassssns 66 max 70 max ma
PLATE INPUT. .. ...oivvivennnenannnnssncoonnsns D 0O00AD 13 maz 22 maz watts
PLATE DISSIPATION 8 max 18 mazx watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 90 mar 90 mazx volts

Heater positive with respect to cathode. .......covenee 90 mazx 90 max volts

Typical Operation in Cathode-Drive Circvit at 500 Mc:

Oscil- Ampli- Oscile Ampli-
lator fier lator fier

DC Plate VOItAE. ..oovvuvvrrenraasorsnsensssoroese 800 800 850 850 voits
DC Grid Voltaged 00 -30 —48 -86 -68 volts
DC Plate CUrrent. . ... ...ocvrersonsssonsossssannnes 86 86 40 40 ma
DC Grid Current (APProX.). . .....ocesveanvseccsvense 11 13 14 16 ma
Driver Power Output (Approx.)...... 500000000000000 - 2.2 - 3 watts
Useful Power Output (Approx.)

—76-per-cent circuit efficieney..........oiiienine b 7 7 10 watts
Maximum Circuit Values (CCS or ICAS conditions):
Grid-Circuit Resistance. .. . .....cociviinrireerivrrnanernencnroencnes 0.1 max  megohm

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 116 per cent of
the carrier conditions.

® Correaponds to altitude of about 60000 feet.

& Obtained from grid resistor, or froma bination of grid resistor with either fixed supply or cathode
resistor.

OPERATING CONSIDERATIONS

Type 6263 may be mounted in any position. OUTLINE 67, OQuilines Section.

In many applications, the 6263 does not require forced-air cooling. The radia-
tor in combination with a connector having adequate heat conduction capability
will generally provide adequate cooling under conditions of free circulation of air.
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The cooling must be sufficient to limit the plate-seal temperature to 175°C. When
conditions do not provide adequate circulation of air, provision should be made to
direct a blast of air from a small blower through the radiator fins. Maximum tem-
peratures: incoming air, 40°C; radiator, 175°C.

AVERAGE CHARACTERISTICS
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Pencil-type tube having integral
62 6 4 radiator used as rf power amplifier and ¢

oscillator and as frequency multiplier

in mobile equipment and in aircraft

transmitters at altitudes up to 60,000
feet without pressurized chambers. May be used with full input up to 500 Mc and
with reduced input up to 1700 Me. Class C Telegraphy maximum plate dissipation,
CCS 8 watts, ICAS 13 watts. May be mounted in any position. OUTLINE 67, Out-
lines Section. Cooling requirements for the 6264 are similar to those of type 6263.

HEATER VOLTAGE (Ac/DC):
Under transmitting conditions. . ..............oo0vivinnininnnin.., 6.0 =109, volts

Under stand-by conditions 6.8 max volts
HEATER CURRENT (at 6.0 volts) . 0.280 ampere
TRANSCONDUCTANCE*. . ................ .. 6800 umhos
AMPLIFICATION Factor............. 40

Gridtoplate. ..................cciiiiiiiiinen.... 1.75 uuf
2.95 puf
0.07 max puf

* Plate volts, 200; plate milliamperes, 18.5.
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy #

and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum Ratings (For pressures down to 46mm of Hge): CCS ICAS
DC PLATE VOLTAGE. . .. ...vivivtieneennenrnnennn 80 880 max 400 max volts

DC GRID VOLTAGE. . .. ..... 80 -100 mazx -100 max volts
DC PLATE CURRENT . . . o0t vttinneinrenrenrnnennnnnnan 40 max 55 max ma
DC GRID CURRENT. . . ...\ i'uieeennnnnnnnnnnnnnannns 25 max 25 max ma
DC CATHODE CURRENT . ... . ...u.vurerennnnnannannnnns 55 max 70 max ma
PLATEINPUT. . ... . ittt iiiiie e, 18 max 22 max watts
PLATE DISSIPATION . . ... ....\i0tiiiiiierannnnnnnns 8 max 18 max watts
PEAX HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode.............. 90 mazx 90 max volts
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Typical Operation in Cathode-Drive Circvit at 500 Mc:

Oseil- Ampli- Oscil- Ampli-

lator fier lator fier
DC Plate Voltage. ........... 0000000000 300 300 360 350 volts
DC Grid Voltaged .... -25 -42 -30 -45 volts
DCPlateCurrent. ...........co0vnvnn 85 35 35 40 ma
DC Grid Current (Approx.) . ............ 11 13 13 15 ma
Driver Power Qutput (Approx.)......... — 2.4 —_ 3 watts
Useful Power Putput (Approx.)-75-per-cent

circuit efficiency........... 000000000 5 7.5 6 10 watts-

Maximum Values Circuit {CCS or ICAS conditions):

Grid-Circuit Resistance. .. ... ... ... ... .. . .0 iiiiiiiiieiiinieiae 0.1 max megohm
# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

® Corresponds to altitude of about 60000 feet.

&Obtained from grid resistor, or from a combination of grid resistor with either fixed supply or cathode
resistor.

FREQUENCY MULTIPLIER

Maximum Ratings (For pressures down to 46mm of Hg®): cCs ICAS
DC PLATE VOLTAGE 300 max 850 max volts
DCGRID VOLTAGE . . . . ... iviieiniiioiioacoocaanaannns -125 max -140 mazx voits
DC PLATE CURRENT 38 max 45 mazx ma
DC GRID CURRENT. . .. .ivtuieinieionranrosnaaonasnnns 25 maz 25 max ma
DC CATHODE CURRENT . . .. ...eivennnnnncnnanoasnnnns 45 mazx 55 max ma
PLATE INPUT. . . ... i iiiiiiiiieiieiiaaecannascnns 9.9 max 15.8 mazx watts
PLATE DISSIPATION . . ... i iititiiieinanonannananncsanns 6 max 9.5 maz watts
PEAK HBATER-CATHODE VOLTAGE:
Heater negative with respect to cathode 600 90 max 90 maz volts
Heater positive with respect to cathode.............. 90 max 90 maz volts
Typical Operation in Cathode-Drive Circvit as Tripler to 510 Mc:
DCPlate Voltage. . . . .. ...oiieiiiiiiiieioconanonannaens 300 3850 volts
DC Grid Voltaged ........ -110 -122 volts
DCPlate Current. . .....coooueuireeroionceriacsccnsans 26 36.5 ma
DC Grid Current (Approx.) 4.1 5.8 ma

Driver Power Output (Approx.).............cooiiivaaa 2.76

.5 watts
Useful Power Output (Approx.)-75-per-cent circuit efficiency 2.1 4

watts

Maximum Circuit Values (CCS or ICAS conditions):
Grid-Circuit Resistance. .. .. 500000600000000000000 50000000000000000000 0 0.1 max megohm

® Corresponds to altitude of about 60000 feet.
&Obtained from grid resistor, or from a combination of grid resistor with either fixed supply or cathode
resistor.

AVERAGE CHARACTERISTICS
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BEAM POWER TUBE

Glass-octal heater-cathode type

6293 used as rectangular-wave pulse mod-

ulator. Rated for service with duty

factors up to 1.0 at a maximum aver-

aging time of 10,000 microseconds.

Rectangular-Wave Modulator maximum plate dissipation, 10 watts. Requires

Octal socket and may be mounted in any position. OUTLINE 17, Ouilines Section.
Plate shows no color when tube is operated at maximum CCS ratings.

HEATER VOLTAGE (AC/DC) . . .. oi it ieineet e e, 6.3 += 109, volts
HEATER CURRENT. . . ... .ottititttan et entaaeie i 1.26 amperes
TRANSCONDUCTANCE® . . . . ...\t ittttnnn e eie et eeaneansanarnnn, 7000 umhos
Muy-FACTOR, Grid No.2 to Grid No.1*. .. ...................c0vivnn.... 4.5
DIRECT INTERELRECTRODE CAPACITANCES:
Grid No.L1 to plate. . .. ..... oottt it 0.24 max pud
Grid No.1 to cathode, grid No.3, grid No.2, internal shield, base sleeve,
and heater. . ....... ... ... 18.5 pul
Plate to cathode, grid No.3, grid No.2, internal shield, base sleeve, and
heater. ... ... . e 8.5 puf

* Plate and grid-No.2 volts, 200; plate milliamperes, 100.

MODULATOR—Rectangular-Wave Modulation
Maximum and Minimum CCS Ratings:

For Duty Factor® up to 0.003
and Mazimum Averaging Time of 10,000 Microseconde in Any Interval

DC PLATE-SUPPLY VOLTAGE®. . . ... .................. 2000 mazx 8500 max volts
INSTANTANEOUS PLATE VOLTAGE®, ... ................ 2300 max 4000 max volts
DC GRiD-N0.2 (S8CREEN-GRID) SUPPLY VOLTAGE®. . . .. .. 500 mazx 200 max volts
a ~800 max -300 max volts
DC GRrID-NO.1 (CONTROL-GRID) SUPPLY VOLTAGE®. . . ... { 250 min ~180 min i
GRID-NO.1 VOLTAGE:
Instantaneous Negative Value.................... 400 maz 400 max volts
Peak Positive Value. . ... ........................ 100 max 100 maz volts
PEAK PLATE CURRENT. . .. ...ottveninnnnnnininnnnnn. 82 max 3% max amperes
PEAK GRID-NO.2 CURRENT. .. .. .........covevunnnn.. 0.75 max 0.76 max ampere
PEAK GRID-NO.1 CURRENT. . . .. .....ovunrnannnn.. 0.5 max 0.5 max ampere
PLATEINPUT. ... ... ..ottt 80 max 80 max watts
GRID-NO.2ZINPUT...................... 1.75 mazx 1.76 max watts
GRID-NO.1 INPUT.................unn.. 0.5 max 0.5 maz watt
PLATE DISSIPATION® . . . ...t 7 max 10 max watts
PeaK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ........... 135 mazx 135 mazx volts
Heater positive with respect to cathode............ 185 mazx 186 maz volts
BuLB TEMPERATURE (At hottest point) . . ............. 175 mazx 175 max °C

® Duty factor is defined as the “‘on” time in microseconds divided by 10,000 microseconds. “On” time
for this tube is defined as the sum of the durations of all the individual pulses which occur during any
10,000-microsecond interval. Pulse duration is defined as the time interval between the two points on
the pulse at which the instantaneous value is 70 per cent of the peak value. The peak value is defined
as the maximum value of a smooth curve through the average of the fluctuations over the top portion
of the pulse.

* For tube protection, it is essential that sufficient resistance be used in the plate-supply circuit, the
rid-No.-2 supply circuit, and the grid-No.1-supply circuit so that the short-circuit current is limited to
.6 ampere in each circuit.

® This value is approximately 115 per cent of the maximum dec plate-supply voltage.
2 For higher duty factors, the peak plate current must be reduced. The maximum rated current for a
duty factor of 1,0 is 0.2 ampere.
¢ Averaged over any interval not exceeding 10,000 micr ds. Care should be used in determining
the plate dissipation. A calculated value based on rectangular pulse can be considerably in error when
the actual pulses have a finite rise and fall time. Plate dissipation should preferably be determined by
measuring the bulb temperature under actual operating conditions; then, with the tube in the same
socket and under the same ambient-temperature conditions, apply to the tube sufficient dec input to
obtain the same bulb temperature. This value of dc input is a measure of the plate dissipation.
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‘ POWER TRIODE
A Compact liquid-and-forced-air-
cooled typehaving heater-cathodeused 6 3 8 3
as af power amplifier and modulator,
. as rf power amplifier and oscillator,

and as frequency multiplier. Coaxial

terminal arrangement facilitates use in cathode-drive circuits of the coaxial-cylin-
der type. This type is also useful in applications where transmitter design factors
of compactness, light weight, and high power output are prime considerations.
May be used with full input up to 2000 Mc. Class C Telegraphy maximum CCS
plate dissipation, 600 watts.

HEATER VOLTAGE (AC/DC):°

6.3* volts
6.9 volts
8.4 amperes

AMPLIFICATION FACTOR 27

DIRECT INTERELECTRODE CAPACITANCES:

Gridtoplate. ...t i s 6 ppl
Grid to cathode and heater. . ... ............ ... ...l 11 upl
Plate to cathode and heater®™. . .................ocoiriiiiiennnas. 0.22 wupl

© Because the cathode is subjected to considerable back bombardment as the frequency is increased with
resultant increase in temperature, the heater voltage should be reduced depending on operating condi-
tions and frequency to prevent overheating of the cathode and resultant short life.
® Average heater voltage must be applied for 8 minimum period of one mi bef
plate voltage.

= With external flat shield having a maximum diameter of 734 inches located in plane of grid terminal
and perpendicular to axis of tube. Shield is connected to grid terminal.

the application of

AF POWER AMPLIFIER AND MODULATOR—Class A
Maximum CCS Ratings:

DCPLATE VOLTAGE . . . . .\ v it eetrrnscaronrosoneronsaneesaranaras 1600 mazx volts
DCGRID VOLTAGE . . . . ... o ritrteririveoornroceoannacassans R -300 max volts
DC PLATE CURRENT ., .. ..\ cevrrarsironscosrorensssonssnaarsarronras 400 mazx ma
DC GRID CURRENT, . . .. tvevuurvrrasssesssssssssssesssnrassaraararan 75 maz ma
T 99 AP0 0800000 00000060000006060000000000000000000000000000B605A0 600 max watts
PLATE DIBSIPATION . . . o\t ereeivseernsssosoosossnssesonnnassaraarsans 600 mazx watts

Typical Operation (Class A):

DCPlate Voltage. .........c.iiiiiiieeriirnneiossasssanres 1000 1500 volts
DCGrid Voltage. . . .. ...ciieereuinnriroerecacaasrorron -25 -40 volts
Peak AF Grid Voltage 20 85 volts
DC PlateCurrent. ............... 200 250 ma
Load Resistance 1860 1660 ohms
Power Output é 20 60 watts

& Values are based on maximum power output disregarding distortion.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per (ube for use with a maximum modulation factor of 1.0
Maximum CCS Ratings:

DC PLATE VOLTAGE ., . . .\ oo ueuuranrarsrraasransoraraeroaraaraaras 1200 maz volts
DC GRID VOLTAGE . . . .« o siaerinssanasrsoasaressarasaasassassassss -300 max volts
DC PLATE CURRENT, 835 max ma
DC GRID CURRENT. . 76* mazx ma
PLATEINPUT.......coc0nennrnnnn 400 maz watts
PLATE DISSIPATION , ., . o0t iiiiir i sarnasaarraasencorsanasrsons 400 mazx watts

Typical Operation in Cathode-Drive Circuit: 600 Mc 1000 Mc 1100 Mc 1500 Mc

Heater Voltage. . .. ...........cocuueinnns 6.7 4.5 4.5 4.6 volts
DC Plate-to-Grid Voltage. ................. 1840 1316 1290 1280 volts
DC Cathode-to-Grid Voltage.. ............. 140 116 90 80 volts

From cathode resistor of*, , .. ........... 880 880 260 285 ohms
Peak RF Cathode-to-Grid Voltage.......... 200 175 146 180 volts
DCPlateCurrent. ..........o0vvveeneronses 885 885 836 885 ma
DC Grid Current (Approx.)...........eee.e 86 15 12 4 ma
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Driver Power Output (Approx.)2. ...... 0000 70 76 80 53 watta
Output-Circuit Efficiency (Approx.)..... 5000 80 60 56 50 per cent
Useful Power Output (Approx.)............. 250° 190°© 160° 100° watts

* For frequencies up to 900 Mc. Above 900 Me, this value must be reduced. At 2000 Mc, rated grid
current is 10 milliamperes.

4 At frequencies below 600 Mec, it is permissible to use a bination of grid resi and cathode re-
sistor, but the use of a grid resistor alone is not r ded. At freq ies above 600 Mc where the
value of grid current may be small, only cathode bias is recommended.

“ In this type of service, the 6383 can be modulated 100 per cent if the rf driver stage is also modulated
100 per cent simultaneously. Care should be taken to insure that the driver-modulation and amplifier-
modulation voltages are exactly in phase.

O Measured at load of output circuit having indicated efficiency.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE. ......... 0 1500 maz volts
DC GRID VOLTAGE -300 maz volta
DC PLATE CURRENT 400 maz ma
DC GRID CURRENT. . . . 75% maz ma
PLATE INPUT. .. .... 600 maz watts
PLATE DISSIPATION . . . .\ttt ieeeannnenernnnnsnsnsnenenseensnnnns 600 mazx watts

600 Mc 1000 Mc 1100 Mc 1500 Mc

Heater Voltage. .. ............00uueennnnn. 5.7 4.5 4.5 4.5 volts
DC Plate-to-Grid Voltage............ . 1640 1615 1590 1580 volts
DC Cathode-to-Grid Voltage. . .. 140 115 90 80 volts

From cathode resistor of*, . . ... 0o 8156 275 220 200 ohms
Peak RF Cathode-to-Grid Voltage. ......... 210 185 156 140 voits
DCPlate Current. ............covvvunnnnen 400 400 400 400 ma
DC Grid Current (Approx.) . . .............. 256 20 15 5 ma
Driver Power Output (Approx.)............ 90 95 80 85 watts
Output-Circuit Efficiency (Approx.)......... 80 60 55 50 per cent
Useful Power Output (Approx.)............. 3800 2860 240° 1509 watts

Typical Operation as Oscillator in Cathode-Drive Circyit:
600 Mc 1000 Mc 1100 Mc 1500 Mc

Heater Voltage. ...............cc.00vununs. 5.7 4.5 4.5 4.5 volts
DC Plate-to-Grid Voltage.............. .. 1640 1615 1590 1580 volts
DC Cathode-to-Grid Voltage 140 116 90 80 volts

From cathode resistor of* 3156 276 220 200 ohms
Peak RF Cathode-to-Grid Voltage.......... 175 140 120 110 volts
DC Plate Current..................... 00 400 400 400 400 ma
DC Grid Current (Approx.)................ 45 20 16 5 ma
Output-Circuit Efficiency (Approx.)......... 80 60 56 50 per cent
Useful Power Output (Approx.)............. 280° 190° 150° 60° watts

# Key-down conditions per tube without amplitude modulation. Modulation essentially negative may
be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of the carrier
conditions.

* For frequencies up to 900 Mc. Above 900 Me, this value must be reduced. At 2000 Mc, rated grid
current is 10 milliamperes.

4 At frequencies below 60C Mc, it is permissible to use a bination of grid resi and cathode re-
sistor, but the use of a grid resistor alone is not recommended. At frequencies above 600 Mc where the
value of grid current may be small, only cathode bias is recommended.

© Measured at load of output circuit having indicated efficiency.

FREQUENCY MULTIPLIER—Class C
Maximum CCS Ratings:

DC PLATE VOLTAGE. ............. o 1500 maz volts
DC GRID VOLTAGE -300 maz volts
DC PLATE CURRENT 400 maz ma
DC GRID CURRENT. . ., 756% mazx ma
PLaTE INPUT. ....... 000 600 mazx watts
PLATE DissIPATION 600 mazx watts
Typical Operation as Doubler in Cathode-Drive Circuit: 600 Mc 900 Mc

DC Plate-to-Grid Voltage. ..... Cresaeaetaseiaasassesssrssanas 00 1760 1676 volta
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DC Cathode-to-Grid Voltage. ..... 50000000000000000000000 260 175 volts

From cathede reslstor of . . .........cootinnieninninieaannnss 570 415 chms
Peak RF Cathode-to-Grid Voltage. .. .......oiniuunnninneneass 300 215 volts
DCPlate CUITent. . ... ..o vvvvrervnsnsassssssssssssananssssns 400 400 ma
DC Grid Current (APProX.). . ....o.ooevernanacsssssensssssasassss 65 25 ma
Driver Power OQutput (APproxX.). .. ....coveessersrcssenssscaanns 195 160 watts
Output-Circuit Efficiency (APpProx.). . ........oooconivienainenesns 80 60 per cent
Useful Power QUtput (APProX.).......oovveeeossnncossosnnsaases 280 225 watts

* For frequencies up to 900 Mc. Above 900 Me, this value must be reduced. At 2000 Mc, rated grid
current is 10 milliamperes.

4 At frequencies below 600 Mec, it is permissible to use a tion of grid and cathode resistor,
but the use of a grid resistor alone is not recommended. At frequencies above 600 Mc, where the value
of grid current may be small, only cathode bias is recommended.

4 IR

AVERAGE CHARACTERISTICS
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OPERATING CONSIDERATIONS

Type 6383 may be mounted in any position. OUTLINE 72, Outlines Section.

Forced-air cooling of the grid terminal, cathode terminal, and glass envelope
is required. The air flow must start with the application of any voltages, and be
adequate to limit the temperature of the grid terminal, cathode terminal, and glass
envelope to their respective maximum values. Maximum temperatures: grid ter-
minal, 200°C; cathode terminal, 200°C; and glass envelope, 175°C. Heater power,
plate power, and air flow may be removed simultaneously.

Liquid cooling of the plate is required. The liquid flow must start before the
application of any voltages. Interlocking of the liquid flow with all power supplies
is recommended to prevent tube damage in case of failure of adequate liquid flow.
Suitable coolants are distilled water and a high-temperature hydraulic fluid such
as Monsanto 0S45. Maximum plate temperature (measured on side of plate flange
opposite the pipes and at junction of flange with tube body), 180°C.

BEAM POWER TUBE

Nine-pin miniature heater-cath- ’
ode type used as rf power amplifier 64]7
and oscillator and as frequency mul-
tiplier. May be used with full input up
to 50 Mec. Class C Telegraphy maxi-
mum plate dissipation, CCS 12 watts, ICAS 13.5 watts. Requires Noval nine-
contact socket and may be mounted in any position. OUTLINE 9, Outlines Section.
Heater volts (ac/dc), 12.6 = 10%; amperes, 0.375. Except for heater ratings, the
6417 is identical with type 5763.
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TWIN BEAM POWER TUBE

Small, sturdy, heater-cathode type

6 5 2 4 used as af power amplifier and modu-

lator, as push-pull rf power amplifier

and oscillator, and as frequency tripler.

May be used with full input up to 100

Mec and with reduced input up to 470 Mec. Class C Telegraphy maximum plate
dissipation (per tube), CCS 20 watts, ICAS 25 watts. .

HEATER VOLTAGE (AC/DC) . ..t vvtttviteetnt et eennnesannnnsnnnnis 6.3 %= 10% volts
HEATER CURRENT. . ... oitttttt ittt atet et it et neneenennenennnn 1.25 amperes
TRANSCONDUCTANCE (Each unit)*. .. ...........c.covitivuinnnnnnnnn., 4500 pmhos
Muy-FAcTOR, Grid No.2 to Grid No.1 (Eachunit)*. .................... 8.5
DiIRECT INTERELECTRODE CAPACITANCES (Each unit):
Grid No.ltoplate. ........ooiuiiiiiii it iiiieeennnnnnas 0.11 max il
Grid No.1 to cathode, grid No.3, internal shield, grid No.2 (pins 1 and 7),
and heater. .. ..... ... ... .. i s 7 uul
Plate to cathode, grid No.3, internal shield, grid No.2 (pins 1 and 7), and
heater ...................................................... 3.4 puf

PUSH-PULL AF POWER AMPLIFIER AND MODULATOR—Class AB2
Values are on a per-tube basis

Maximum Ratings: CCs ICAS
DCPLATE VOLTAGE. .. .. ...t iiiteeiennenninnnnnns, 500 mazx 600 max volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE. . ............. 800 mazx 800 max volts
DC GRID-NO.2 SUPPLY VOLTAGE. .. ......c.vvuunnn... 400 maz 400 maz volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. . .... 0DO0D0D0G 150 maz 150 max ma
MAXIMUM-SIGNAL PLATE INPUT®. . .. ................. 70 maz 85 maz watts
MAXIMUM-SIGNAL GRID-N0.2 INPUT® 0 3 mazx 3 max watts
PLATE DISSIPATION®. . . ..................... 20 max 25 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode..... 0000000 1356 max 135 max volts

Heater positive with respect to cathode............ 135 max 135 mazx volts
BuLB TEMPERATURE (At hottest point) . . ............. 210 max 210 maz °C
Typical Operation:
DC Plate Voltage. . . .............c0vvnnnns 00000 400 500 500 600 volts
DC Grid-No.2 Voltage*.................. Caveass 200 200 200 200 volts
DC Grid-No.1 (Control-Grid) Voltage. .. .. 0000000 —23 -26 —25 -26 volts
Peak AF Grid-No.1-to-Grid-No.l1 Voltage......... 72 70 76 76 volts
Zero-Signal DC Plate Current. .. .......... e 25 20 25 21 ma
Maximum-Signal DC Plate Current. ........ 00000 145 116 145 135 ma
Zero-Signal DC Grid-No.2 Current............... 0.1 0.1 0.1 0.1 ma
Maximum-Signal DC Grid-No.2 Current. ......... 10 10 10 13 ma
Maximum-8ignal DC Grid-No.1 Current. . ...... oo 2.4 2.6 2.9 3.3 ma
Effective Load Resistance (Plate to plate)........ o 7100 11100 8900 11400 ohms
Maximum-Signal Driving Power (Approx.)........ 0.1 0.1 0.1 0.1 watt
Maximum-Signal Power Output (Approx.)...... 00 39 40 50 57 watts

Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance:
For fixed-bias operation. . ............ ... it 30000 max ohms
For cathode-bias operation Not recommended
® Averaged over any audio-frequency cycle of sine-wave form.
* Obtained preferably from a separate source or from the plate-voltage supply with a voltage divider.

PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER—Class C Telephony

Carrier conditions per tube for use with a maximum modulation factor of 1.0
Values are on a per-tube basis

Maximum Ratings: CCs ICAS

DC PLATE VOLTAGE. . . ...t iiivteeeinnneeennnnnnnns 400 maz 500 max volts
DC GRID-NO.2 VOLTAGE. . ... ..e0ovvrvinrnnernnnnnnn 300 max 300 max volts
DC GRID-N0.2 SUPPLY VOLTAGB. .. ............c...... 400 max 400 max volts
DC GRID-NO.1 VOLTAGE. . .. ....covvvuivneeninnnnnnn —200 max —200 maz volts
DC PLATE CURRENT. .... D00000000000000 006000000000 125 max 125 mazx ma
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DC GRID-NO.1 CURRENT. .. .covvvinrnnns 4 max 4 max ma
PLATBINPUT. ... .. iiiiiiiiiiiiiiiiiieniernnnanss 45 mazx 65 max watts
GRID-N 0.2 INPUT. . 2 maz 2 max watts
PLATE DISSIPATION 13.5 max 16.7 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............ 186 mazx 135 max volts

Heater positive with respect to cathode............ 185 mazx 185 max volts
BuLB TEMPERATURE (At hottest point)............... 210 maz 210 max °C
Typical Operation: 100 Mc 462 Mc 100 Mc 462 Mc
DCPlate Voltage. . . .........covviiieviianenns 400 800 500 300 volts
DC Grid-No.2 Voltage (Approx.)®. . .............. 200 200 200 240 volts

From an adjustable series resistor having a maxi-

mumvalueof. ...... ..., 45000 45000 45000t 25000 ohms

DC Grid-No.1 Voltage® -61 -60 -61 -60 volts

From combination employing grid-No.1 resistor ot 6200 15000 6200 15000 ohms

with fixed biasof . ...............coiveieiians -45 —45 -45 -45 volts
DCPlateCurrent. . .....c.coevvieerrerrreroannns 100 15 100 95 ma
DC Grid-No.2 Current (Approx.). . ........cc.... 7 4 7 5.6 ma
DC Grid-No.1 Current (Approx.). ......c.ccveevee. 2.6 1 2.5 1 ma
Driving Power (ApPpProx.)........coveeeeveaovenes 0.2 = 0.2 - watt
Driver Power OQutput (ApPpProx.). ......ceveeeeeens - 7 - 7 watts
Useful Power Qutput (Approx.)” ...........ccuv.. 29 9 36 12 watts
Maximum Circuit Volues (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. . ... ®0000000000000000003300003000000a0a 30000 max ohms

°QObtained preferably from a aepamm source modulated along with the plate supply or from the modu-
lated plate supply through a series resistor. It is recommended that this resistor be ad]uatable to permit
obtaining the desired operating plate current after initial tuning adj ts are
} Connected to a 400-volt tap or suitable voltage divider acroes the plate-supply voltage

@ Obtained from a bination of grid-No.1 resistor with either fixed supply or cathode resistor. The
combination of grid-No.1 resistor and fixed supply has the advantage of not only protecting the tube
from damage through loss of excitation but also of minimizing distortion by bias-supply compensation.
O Measured at load of output circuit.

PUSH-PULL RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
PUSH-PULL RF POWER AMPLIFIER—Class C FM Telephony
Values are on a per-tube basis

Maximum Ratings: CcCs ICAS

DCPLATE VOLTAGE . . . ... vivvreernsceenraceenncnns 500 max 600 mazx volts
DC GRID-NO.2 VOLTAGE. . . ... verevrennnrioeenannnn 300 max 300 max volts
DC GRID-NO.2 SUPPLY VOLTAGE. . .. .cvvvivrnennennnn 400 max 400 max volts
DC GRID-NO.1 VOLTAGE. .. . ...vuvererrrnornrncnonns =200 maz -200 max volts

DC PLATE CURRENT. ....coovvvnnne 150 maz 150 mazx ma
DC GRID-NO.1 CURRENT. .......... 4 max 4 max ma
PLATE INPUT. ... cvvivviennononns 70 max 85 max watts
GRID-NO.2ZINPUT. .. ....vvvvinnnnn 8 max 8 max watts
PLATE DISSIPATION. . ... vttettereneressnosssasssans 20 max 25 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode..... 0000000 135 max 1356 mazx volts

Heater positive with respect to cathode............ 186 maz 186 mazx volts
BuLB TEMPERATURE (At hottest point)............... 210 max 210 mazx °C
Typical Operation: 100 Mc 462 Mc 100 Mc 462 Mc
DCPlate Voltage. . .............00ne 500 300 600 300 volts
DC Grid-No.2 Voltage (Approx.) 4 200 200 200 250 volts

From an adjustable series resistor having a maxi-

mumvalueof. ... ... coiiiiiiiiiiiiane, 400001 60000 400001 20000 ohms

DC Grid-No.l Voltages ....... 000000000000600000 —44 =31 -44 ~38 volts

From grid-No.1 resistor of . ...........c.c0ueen 12000 12000 12000 12000 ohms

From cathode resistorof . . . ............cvvune 330 240 330 240 ohms
DCPlate Current. .......cocovivereeneannn. 000 120 120 120 150 ma
DC Grid-No.2 Current (Approx.)........... ce 8 3 8 6 ma
DC Grid-No.1 Current (AppProx.).......... cee 8.7 2.6 3.7 3.2 ma
Driving Power (APProX.)......ccooeeererecenoonss 0.2 - 0.2 - watt
Driver Power Qutput (Approx.)...... . - 7 = 7 watts
Useful Power Output (Approx.)® ......... 000 43 16¢® 52 20® watts

Moximum Circuit Volues: {CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. ... .............0000e ceressesnssessees 30000 maz ohms
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* Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially nega-
tive may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of the
carrier conditions.

4 Obtained preferably from a separate source, or from the plate-supply voltage with a voltage divider,
or through a series resistor. It is recommended that this resistor be adjustable to permit obtaining the
desired operating plate current after initial tuning adjustments are completed. Grid-No.2 voltage must
not exceed 400 volts under key-up conditions.

t Connected to a 400-volt tap or suitable voltage divider across the plate-supply voltage.

# Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.
O Measured at load of output circuit.

® Amplifier power output. For oscillator service, useful power output is approximately 9 watts CCS
and 13 watts ICAS at 462 Mc.

FREQUENCY TRIPLER—Class C
Values are on a per-tube basis

Maximum Ratings: CCs ICAS
DC PLATE VOLTAGE 400 max 400 mazx volts
DC GRrID-N0.2 VOLTAGE 300 max 300 max volts
DC GRID-N0.2 SUPPLY VOLTAGE 400 max 400 max volts
DC GRID-No.1 VOLTAGE =200 max =200 max volts
DC PLATE CURRENT 100 max 115 max ma
DC GRiD-No.1 CURRENT 4 max 4 max ma
PLATEINPUT. ..............0ouue. 36 max 45 max watts
GRID-NO.2 INPUT. . . .............. 3 max 8 max watts
PLATE DISSIPATION. .. ... iiirrerieiiinnnnnnns 000 20 mazx 25 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............ 135 max 185 max volts

Heater positive with respect to cathode...... coaaoao 135 max 135 max volts
BuLp TEMPERATURE (At hottest point)............... 210 max 210 max °C
Typical Operation at Frequencies up to 462 Mc:
DC Plate Voltage. . ................. 300 800 volts
DC Grid-No.2 Voltage (Approx.) 6 220 250 volts

From an adjustable series resistor having a maximum

value of .. ... .. i i e 80000 20000 ohms

DC Grid-No.1 Voltages .........c.cc.voievvenn.. .. -148 -148 volts

From grid-No.1 resistor of 5 51000 51000 ohms
DCPlate Current. .. ....... ... ...ciiiiieiiinnnnnnnn 90 <110 ma
DC Grid-No.2 Current (Approx.)............ ooooaaa . 5 6.5 ma
DC Grid-No.1 Current (APProXJ......ccoeiiieeeennn. 2.9 2.9 ma
Driver Power Qutput (APProx.). .....cooeerieeeeennnn 4 4 watts
Useful Power Output (APProx.)® .......cciieiunn e o 7 8.6 watts
Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. . .. ... ... ... i ittt iiiiiineennnnnnns 60000 mazx ohms
4 Obtained preferably from a separate source, or from the plate-supply voitage, with a voltage divider,
or through a series resistor. It is ded that this resistor be adjustable to permit obtaining the

AVERAGE PLATE CHARACTERISTICS
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desired operating plate current after initial tuning adjustments are completed. Grid-No.2 voltage must
not exceed 400 volts under key-up conditions.

4 Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.
© Measured at load of output circuit.

OPERATING CONSIDERATIONS

Type 6524 requires Septar seven-contact socket and may be mounted in any
position. OUTLINE 14, Oullines Section.

For operation in Plate-Modulated Push-Pull RF Power Amplifier Service at.
220 Me, plate voltage should be reduced

AVERAGE CHARACTERISTICS - . .
€ACH UNIT to 79 per cent of maximum rating, plate

Trec 6524 input to 80 per cent. At 470 Mc, plate
GRiD-Na2 VOLTS 2 200 voltage should be reduced to 75 per cent,
GRID-N2 | VOLTS SEC) .

slcz plate input to 53 per cent.

———— ey

For operation in Class C Telegraphy
Service at 220 Mc, plate voltage should
be reduced to 79 per cent of maximum

MILLIAMPERES

3
& o rating, plate input to 78 per cent. At 470
2 NG Me, plate voltage should be reduced to 76
§ 12020l V3 per cent, plate input to 51 per cent.
s oy Free circulation of air around the
T ool N tubeis required. In addition, some forced-
£ ThEeig air cooling will generally be required to
: [° prevent exceeding the maximum bulb-
H 4\" i temperature rating.
[ AALS e e Plates show no color when tube is
b T operated at maximum CCS or ICAS rat-

°PLAT:‘%0LTS|Z
92CS-8352T mgs.

FIXED-TUNED OSCILLATOR
TRIODE

Pencil-type tube
having integral resona-
tors used in radiosonde
service at a frequency of
1680 Mc. May be used at
ambient temperatures 6562
ranging from -55°C to
+75°C. Fixed-Tuned Os-
KH R cillator maximum plate

dissipation, 3.6 watts.

INTEGRAL G
COUPLING RESONATORS

HEATER VOLTAGE RANGE® (AG/DC) .. ... .. iviiirinnnnnnieeiannannns 5.2t06.6 volts.
HEATER CURRENT (At 6.0 VOItS) . . .....ooiniivnsinnrnnnninnnnnnnnnnss 0.160 ampere
FREQUENCY (APPIOX.) . ...\ uvnunsunununssnssssoisrnssasnonoinsnnsns 1680 Me
FREQUENCY-ADJUSTMENT RANGE®. . ... .. ... .0 iciiiiveinrsennsisen =12 Me

© This range of heater voltage is for radiosonde applications in which the heater is supplied from bat-
teries and in which the equipment design requirements of minimum size, light weight, and high efficiency
are the primary considerations even though the average life expectancy of the 6562 in such service is
only a few hours.

= As supplied, tubes are adjusted to 1680 &= 4 megacycles.

FIXED-TUNED OSCILLATOR
Maximum Ratings:
DC PLATE VOLTAGE 120 max volts

DC PLATE CURRENT 34 maz ma
DC GRID CURRENT. . . 8 max ma
PLATE INPUT. ...... 4 mazx watts.
PLATE DISSIPATION . . . .. vttt innnntesissunnesossnnnss 3.6 mazx watts.
PEAK HEATER-CATHODE VOLTAGE. . . ... .0ttieinnrnnisnnnsnsssnnnsns 0 maz volts.
AMBIENT-TEMPERATURE RANGE. ... .....iiiiiiiiiiiiiiinnnnnnnnnen -55 to +76 °C
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Operating Frequency Drift:
Maximum Frequency Drift:

For heater-voltage range of 5.2 to 6.6 volts, plate-voltage range of 95
to 117 volts, and ambient-temperature range of 422° to —40°C. . ... +4 to —1 Mc

OPERATING CONSIDERATIONS

Type 6562 may be mounted in any position. QUTLINE 68, Outlines Section.

The flexible heater leads of the 6562 are usually soldered to the circuit elements.
Soldering of these connections should not be made closer than 3{” from the end of
the tube (excluding cathode tab). If this precaution is not followed, the heat of the
soldering operation may crack the glass seals of the leads and damage the tube.
Under no circumstances should any of the electrodes be soldered to the circuit ele-
ments. Connections to the electrodes should be made by spring contact only.

The 6562 should be supported by a suitable clamp around the metal shell
either above or below the frequency-adjustment screw. It is essential, however,
that the pressure exerted on the shell by the clamp be held to a minimum because
excessive pressure can distort the resonators and result in a change of frequency.

The plate connection should have a flexible lead which will accommodate var-
iations in the relative position of the plate terminal in individual tubes.

The 6562 may be mechanically tuned by adjustment of the frequency-adjust-
ment screw located on the metal shell of the tube. A clockwise rotation of the fre-
quency-adjustment screw will decrease the frequency, while a counterclockwise
rotation will increase the frequency. The range of adjustment provided by the
screw is = 12 megacyecles.

TWIN BEAM POWER TUBE

Small, sturdy, heater-cathode
6 8 50 type used as af power amplifier and
modulator, as push-pull rf power am-
plifier and oscillator, and as frequency Q)
tripler. May be used with full input up 2 G2
to 100 Mc and with reduced input up to 470 Mec. Class C Telegraphy maximum
plate dissipation (per tube), CCS 20 watts, ICAS 25 watts, Requires Septar seven-
contact socket and may be mounted in any position. QUTLINE 14, Outlines Section.
Heater volts (ac/dc), 12.6 = 109%; amperes, 0.625. Except for heater rating, the
6850 is identical with type 6524.

BEAM POWER TUBE

Small, sturdy, glass-octal heater-

68 8 3 cathode type used as af power ampli-

fier and modulator and as rf power

amplifier and oscillator. May be used

with full input up to 60 Mc and with

reduced input up to 175 Mec. Class C Telegraphy maximum plate dissipation, CCS

20 watts, ICAS 25 watts. Requires Octal socket and may be mounted in any posi-

tion. OUTLINE 17, Outlines Section. Heater volts (ac/dc), 12.6 = 109,; amperes,
0.625. Except for heater rating, the 6883 is identical with type 6146.

POWER TRIODE

Thoriated-tungsten-filament type

8 ooo used as af power amplifier and modu-

lator and as rf power amplifier and os-

cillator. May be used with full input

up to 30 Mc and with reduced input

up to 100 Mec. Class C Telegraphy maximum plate dissipation, CCS 125 watts,
ICAS 175 watts.
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FILAMENT VOLTAGE (AC/DC) . ... .. 0. .iiiviitiiinnininnnoanaansaees 10 volts
FILAMENT CURRENT, . ... 00 4.5 amperes
AMPLIFICATION FACTOR . . ... ... o itiiiiiiiiiineieirnecaenconnaennnans 16.5
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. . . ... .o ittt ittt ittt e 6.4 uul
Gridtofilament. . ... ........ciitiiieiiiiie it e 5.0 uuf
Platetofilament. ... ....ccc.uuteienieerenreeneireennessaaasasens 3.8 unf
AF POWER AMPLIFIER AND MODULATOR—Class B
Maximum Ratings: cCs ICAS
DCPLATB VOLTAGE . . . o tvtuivveniinnearisreenerans 2500 max 2750 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. ............... 250 max 250 max ma
MAXIMUM-SIGNAL PLATE INPUT® . . . ... ..o iviiennnnnn 425 max 510 max watts
PLATE DISSIPATION® ., . .. ... ... c.viiiiiininnnonnonnnns 126 max 176 max watts
Typical Operation (Values are for 2 tubes): )
DC Plate Voltage. . .................. 2000 2250 volts
DC Grid Voltage. . ................... .. ~120 -130 volts
Peak AF Grid-to-Grid Voltage 520 560 volts
Zero-Signal DC Plate Current. . ...........ccoiveeieenans 60 65 ma
Maximum-Signal DC Plate Current..........c.co00e0e. 425 450 ma
Effective Load Resistance (Platetoplate)............... 10800 12000 ohms
Maximum-Signal Driving Power (Approx.).............. 6.5 7.9 watts
Maximum-Signal Power Output (Approx.)............... 600 725 watts
® Averaged over any audio-frequency cycle of sine-wave form.
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with a maximum modulation factor of 1.0
Maximum Ratings: CcCs ICAS
DC PLATE VOLTAGE 1600 max 2000 max volts
DC GRID VOLTAGE. . .+ . veevervreneenonns e -500 max -500 max volts
DC PLATE CURRENT 210 max 250 max ma
DC GRID CURRENT . . .. .vuvvrurunnnnannooanoneaaeanans 40 max 45 max ma
PLATB INPUT . . ...t viieiieierneiernninaasaeaacnenas 335 max 500 max watts
PLATE DISSIPATION. . ... c0vvrurieconeneinoeesessesnnns 85 maz 126 max watts
Typical Operation:
DCPlate Voltage. . .......ovvviiieiereeanreneaieaainn 1600 2000 volts
DC Grid Voltaged . ... ..c.cvrvrerrerieininiieaaananns -800 -870 volts
Fromgridresistorof . .............. ... ool 15000 10000 volts
Peak RF Grid Voltage. . ..............coooiinniiinenn 470 630 volts
DCPlate Current. . . ....c.oiererrouinneereaenesianes 210 250 ma
DC Grid Current (Approx.)..... 20 37 ma
Driving Power (Approx.)........ 8.5 20 watts
Power Output (APproxX.). . ... ..c..ceieevecnnnesacnannns 250 380 watts

& Obtained from grid resistor of value shown or from a combination of grid reaistor with either fixed
supply or cathode resistor.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphyf

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: CCS ICAS
DCPLATE VOLTAGE . . ..ot vverrenrarsocnarsnaeasssens 2000 max 2500 max volts
DC GRID VOLTAGE. . -500 max -500 max volts
DC PLATE CURRENT 000 250 max 300 maz ma
DC GRID CURRENT . . ..t cuvrrvrnenoeoesscsanssececenes 40 max 45 max ma
PLATE INPUT. . .. i iiitiiineneennanneresssecececees 600 max 750 max watts
PLATE DISSIPATION . ... cctvtvireenaaracnnsrsecencones 125 max 175 mazx watts
Typical Operation:
DCPlate Voltage. . . ......cciiiitiiirirriirecencennnns 2000 2500 volts
DCGrid Voltages . ......vvvveeerrenneerrarecanaenes ~196 ~240 volts

Fromgridresistorof . ............ .00 iiieennnnen 8100 6000 ohms

From cathode resistor of . . . .........coovvieeveaiaeen 710 700 ohms
Peak RF Grid Voltage. . . . .........coieviiiiiiiienins 870 480 volts
DCPlate Current, ... ..oooovuievinieeiosiosaceeceeanns 2560 800 ma
DC Grid Current (ApPProX.). . ....eeieeeececerecaeciees 24 40 ma
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Driving Power (ApPpProX.) . ......covvviiunnennnnnnnne.n.. 8 18 watts
Power Qutput (APProxX.).........c.oovvirvurvnnennnnnn. 375 576 watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

é Obtained from fixed supply, by grid resistor, by cathode resistor, or by combination methods,

SELF-RECTIFYING OSCILLATOR—Class C
With separate, rectified, unfiliered, single-phase, full-wave plate supply
Maximum Ratings:

DC PLATE VOLTAGE. .. .. ..ottt ettt ie et 1800 mazx volts
DCGRID VOLTAGE. . . .. .. ...\ttt iia e e, =300 mazx volts
DC PLATE CURRENT . . . ...\ttt tnen it 225 mazx ma
DC GRID CURRENT. . . ...ttt e e 85 maz ma
PLATE INPUT . . ... e 500 mazx watts
PLATE DISBIPATION . . ... ... it 125 mazx watts.
Typica! Push-Pull Operation at 30 Mc (Values are for 2 tubes):

DC Plate Voltage. . .......... ...t 1800 volts
Grid Resistor. . . ... ... ... i 5000 ohms
DCPlate CUIrent. .. ........ouiiiiinit e 450 ma
DCGrid Current®. . . ... ... ... .. i co. 35 ma
Power Output (APProxX.)................oooiiiiin e, 000 700 watts
Useful Power Qutput (Approx.)-85-per-cent circuit efficiency.. . .......... 600 watts

* For full-load operation. Under no-load operation, grid current and grid voltage should not exceed
maximum ratings.

OPERATING CONSIDERATIONS

Type 8000 requires Jumbo four-contact socket and may be mounted in vertical
position with base down, or in horizontal position with pins 1 and 2 in vertical
plane. OUTLINE 53, Outlines Section.

For operation at 60 Me, plate voltage and plate input should be reduced to 70
per cent of maximum ratings; at 100 Me, to 50 per cent.

When the 8000 is used in the final amplifier or a preceding stage of a transmit-
ter designed for break-in operation and oscillator keying, a small amount of fixed
bias must be used to maintain the plate current at a safe value. With a plate voltage
of 2500 volts, a fixed bias of at least —140 volts should be used.

Plate shows a barely perceptible red color when tube is operated at maximum
CCS ratings and a cherry-red color at maximum ICAS ratings.

TYPICAL CHARACTERISTICS

TYPE 8000
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AVERAGE PLATE CHARACTERISTICS
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BEAM POWER TUBE 8001

See type 4E27/8001,

POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplifier and. modulator and as rf
power amplifier and oscillator. May be used
with full input up to 30 Mc and with reduced
input up to 50 Mec. Requires Jumbo four- 8003
contact socket and may be mounted in vertical
poeition with base down, or in horizontal posi-
tion with pins 1 and 8 in vertical plane. OUTLINE
50, Outlines Section. For operation at 50 Me,
plate voltage and plate input should be reduced to 83 per cent of maximum ratings. Filament volts
(ac/dc), 10; amperes, 3.26. Direct interelectrode capacitances: grid to plate, 11.7 guf; grid to filament,
5.8 uuf; plate to filament, 8.4 yuf. Maximum CCS ratings as AF POWER AMPLIFIER AND MOD-
ULATOR: dec plate volts, 1350 maz; maximum-signal de plate milliamperes, 250 maz; maximum-signal
plate input, 330 max watts; plate dissipation, 100 maz watts. Maximum CCS ratings as RF POWER
AMPLIFIER AND OSCILLATOR: de plate volts, 1350 maz; dec grid volts, ~400 max; dc plate milli-
amperes, 250 maz; de grid milliamperes, 50 maz; plate input, 330 max watts; plate dissipation, 100 maz
watts. Plate shows no color when tube is operated at maximum CCS ratings. The 8003 is used princi-
pally for renewal purposes.

POWER TRIODE

Thoriated-tungsten-filament type
used as af power amplifier and modu-
lator and as rf power amplifier and os- 8005
cillator. May be used with full input
up to 60 Mc and with reduced input
up to 100 Me. Class C Telegraphy maximum plate dissipation, CCS 75 watts,
ICAS 85 watts.

FILAMENT VOLTAGE (AC/DC).......... 00000a00000000000000 0000000CE0 0 10 volts
FILAMENT CURRENT.........¢c.00une. 3.26 amperes
AMPLIFICATION FACTOR*. ............ 20

DIRECT INTERELECTRODE CAPACITANC
Gridtoplate. ...........coiiitiiinertnnnrrnieenroenaanoan 5.0 upd
Grid to filament. . . 6.4 uuf
Plate to filament................... 0000000600060 1.0 |

*Grid volts, 50; plate amperes, 0.5.
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AF POWER AMPLIFIER AND MODULATOR—Class B

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGB. . ... oivviitiinniinrennenonsennnss 1250 maz 1500 maz volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. .. ............. 200 maz 200 maz ma
AXIMUM-SIGNAL PLATE INPUT®. .. 226 maz 260 maz watts
PLATE DISSIPATION® ., . ... ... ittt iniinnnnens 75 maz 85 maz watts
[ypical Operation (Values are for ¢ tubes):
CPlate Voltage. . ........cooiiiiiiniiiiiinenrnannns 1250 1600 volts
CGrid Voltaget. . ..............cooiiiiiiiiiinn., -55 -67.5 volts
eak AF Grid-to-Grid Voltage. . ..................0u.u. 290 330 volts
Zero-Signal DC Plate Current. ..........ccovvvinennnns 40 40 ma
Maximum-Signal DC Plate Current.................... 820 880 ma
flective Load Resistance (Plate to plate)............... 8000 9800 ohms
aximum-Signal Driving Power (Approx.).............. 4 5.5 watts
Maximum-Signal Power Output (APpProx.)............... 260 380 watts

" Averaged over any audio-frequeney eycle of sine-wave form.
| For ac filament supply.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with a maxrimum modulation faclor of 1.0

aximum Ratings: CCSs ICAS

CPLATE VOLTAGE. . . ..ot vvviitnterenrennecanasaanes 1000 maz 1260 maz volts
DC GRID VOLTAGP . . . . eeveeunnnenenenenenenenennnens -200 maz -200 maz volts

C PLATB CURRENT. . ..oivvvvieeereresncsensesesnaans 160 maz 200 max ma

C GRID CURRENT. . . .0vtvtvrrtvenenrannncasannnannnns 45 maz 45 may ma

LATB INPUT. . ... .. iiiieiiianncncnncarsacannnanns 160 maz 240 max watts

LATE DISSIPATION. . . .tviiiituriierunneacsunssonenss 50 maz 76 maz watts

[ypical Operations

C Plate Voltage. .............. 0000000000 00000000000 1000 1250 volts
C Grid Voltaged . .. .. coc vt iiineierseactaaroasesanes -195 -195 volts
From gridresistor of . ...........c0iineiinninnnianan 7000 7000 ohms
Peak RF Grid Voltage. . .......c.oviiiiiieiinnnnaenns 850 850 volts

DC Plate Current. .........ooiiiiiiinneninnnnnss 160 190 ma
DC Grid Current (APProx.)........covoeeeeeenncns 00 28 28 ma
riving Power (APPrex.)......cccvvieeernnnrennncennns 9 9 watts
ower Qutput (APProx.). ......cceveeeevencencncananss 116 170 watts

2.

4 Obtained from grid resistor of value shown or from a

tion of grid resi and fixed supply.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: ccs ICAS

DC PLATE VOLTAGE. ..... wesaen Wiesseeuietevereeaaas 1250 maz 1500 mazx volts

DC GRID VOLTAGE. . ... .vcevervonanee 0000000000000000 =200 maz =200 maz volts
C PLATE CURRENT. ....oc0vsnsnns 0000000 suessevans 0o 200 maz 200 mazx ma

DC GRID CURRENT . . ....covvsescscesosccscsassoocssase 45 maz 45 maz ma

PLATB INPUT............. 240 max 800 max watts

PLATE DISSIPATION. . . cvoveesacesans sesseccssessecsass 76 maz 85 max watts

Typical Operation:

DC Plate Voltage. . .. ..iciivereeesossennnsscncesssses 1260 1500 volts
DC Grid Voltagesd . .......ccievevesassennasas [ -115 -180 volts

From grid resistor of . ... a a 8800 4000 ohms

From cathode resistor of . . .. 520 560 ohms
Peak RF Grid Voltage. ............... 0000000000000 000 240 255 volts
DCPlate Current,......ocovvieieenesonsssosssnanasns 190 200 ma
DC Grid Current (Approx.).......... 0000000000000000 . 30 82 ma
Driving Power (ARQPFOX.) . .. ovvvveineersonnsasasnnsanas 6.6 7.6 watts
Power Output (APProX.). .. ....coeueerereenecencncanas 170 220 watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used provided the positive peak of the audio-frequency envelope does not exceed 115 per
cent of the carrier conditions.

& Obtained from fixed supply, by grid resistor, by cathode resistor, or by combination methods.

216



————u— RCA Transmitting Tubes ————————

SELF-RECTIFYING OSCILLATOR OR AMPLIFIER—Class C

Maximum CCS Ratings:

RMS PLATE VOLTAGE. . ...t vtuivuernnnnnnnoresnonosnsnosoosossnsnns 1750 maz volts
DC GRID VOLTAGE -125 maz volts
DC PLATE CURRENT. .. ..tovvvrvrnrnnnnnnononns 126 mazx ma
DCGRID CURRENT. . .. ..oovvvrrinnnnnocnnnnnss 25 max ma
PLATE INPUT. .. . .ot ivieennnnrnnnnnnunnnnononsioonoonososeosnnn 240 maz watts
PLATE DISSIPATION . . . ..o ovvvvrtineoneeenneonsssnneocasonsosnsosnes 76 mazx watts
Typical Push-Pull Operohon at 50 Mc (Values are for £ tubes):

RMS Plate Voltage. . . .......cooviiviiiivirereereruotosronosnenennens 1750 volts
Grid Resistor. .. ........c0tiiviiirieiieruenoneeroescoaoososnnnoces 2000 ohms
DC Plate Current. .. .......... 00 250 ma
DC Grid Current (At full load)............ 856 ma
Power Output (APProX.).........ccooververenrerrononcnns . 830 watts
Useful Power Output (Approx.)-75-per-cent circuit efficiency........... o 250 watts

AMPLIFIER OR OSCILLATOR—Class C
With eeparate, rectified, unfillered, single-phase, full-wave plate eupply

Maximum CCS Ratings:

DC PLATE VOLTAGE 1125 maz volts
DC GRID VOLTAGE -125 maz volts
DC PLATE CURRENT 180 max ma
DC GRID CURRENT. . 40 mazx ma
PLATE INPUT. ..... 240 mazx watts
PLATE DISSIPATION 75 max watts
Typical Push-Pull Operation at 27 Mc (Values are for £ tubes):

DCPlateVoltage............coiiiieirierieronnciiennes 1100 volts
Grid ReSistor. .. . ..oovvvvrtirieeerinrrsostarooorocrenes 2000 ohms
DC Plate CUurrent. . .. .. ...u.ivieienoonoeinerooosossosoesocooessores 360 ma
DC Grid Current (At full load). . 40 ma
Power Outplit (APPrOX.) ... .. ... vuerereneneronenenereneneoioronsnsns 830 watts
Useful Power Output (Approx.)-85-per-cent circuit efficiency............ g 280 watts

OPERATING CONSIDERATIONS
Type 8005 requires Small four-contact socket and may be mounted in vertical

TYPICAL CHARACTERISTICS

TYPE 8005
|- Ep=10VOLTS OC —
2 | | |
2
(]
w
[ 4
w
2150
2
5 \
NN
2,
e | [\
[
[c]
[+]
PLATE VOLTS
92CM-6280T

position with base down, or in horizontal
position with pins 2 and 3 in vertical
plane. OUTLINE 42, Outlines Section.

For operation at 80 Mec, plate volt-
age and plate input should be reduced to
75 per cent of maximum ratings; at 100
Me, to 60 per cent.

When the 8005 is used in the final
amplifier or a preceding stage of a trans-
mitter designed for break-in operation and
oscillator keying, a small amount of fixed
bias must be used to maintain the plate
current at a safe value. With a plate volt-
age of 1500 volts, a fixed bias of at least
-50 volts should be used.

Plate shows a cherry-red color when
tube is operated at maximum CCS ratings
and an orange-red color at maximum
ICAS ratings.
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AVERAGE PLATE CHARACTERISTICS

TYPE 8005
£§ = I0VOLTS DC

%

N

h\‘o

\&2

N ¥
®

02
/ o0

»

Eerg,

=
.

AN

PLATE AMPERES

14
>

ot 120

A\
AN AR N

AL

L
2

|

12 0
\ PLATE VOLTS(Ey)

HALF-WAVE MERCURY-
VAPOR RECTIFIER

Coated-filament type used in

8008 power supply of transmitting and in-
dustrial equipment. Maximum peak

inverse anode volts, 10,000; maximum

average anode amperes, 1.25. Requires

24

R2CM-6279T

NC

Super-Jumbo four-contact socket and may be mounted in vertical position only,
base down. OUTLINE 54, Outlines Section. Except for physical dimension and base,

the 8008 is identical to type 872-A.

POWER TRIODE

Thoriated-tungsten-filament type having
filament mid-tap used as rf power amplifier and
oscillator. May be used with full input up to
500 Mec. For operation at 600 Me, plate voltage

80] 2-A should be reduced to 70 per cent of maximum
rating. May be mounted in vertical position
only, filament end down or up. OUTLINE 18,
Qutlines Section. Forced-air cooling is required
when plate dissipation exceeds 76 per cent of

FILAMENT VOLTAGE (AC/DC) ... ..o\ ieivintnenerneneenenannnnnnnnnn.
FILAMENT CURRENT. ... 0\ ttttttnineneneneneneneeenunsnsnennnnnnns

Gridtoplate. ........coiiiiiiiiniiiiinrrennannnn.

Grid to filament mid-tap.......... 0o

Plate to filament mid-tap........... o

Class C

Maximum CCS Ratings: Telephony*
DC PLATE VOLTAGE. ...... 50000 0006060606060000000000 800 mazx
DC GRID VOLTAGE . .. o tveervnenenennninennnnnnnnns -200 max
DC PLATE CURRENT . . .. ietuiuennennnnenennnnnennnnns 65 max
DC GRID CURRENT. . . oivveernnnnnnnenenenrnennnenss 20 max

M
the maximum rated value. Plate shows an orange-red color when tube is operated at maximum CCS
ratings. The 8012-A is used principally for renewal purposes.

6.3
1.92
18

Class C
Telegraphy#

volts
amperes

uuf
puf
uul

volts
volts
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PLATE INPUT. .. ... iiitttiionnioninnnaonnorenaasanns 33 mazx 50 mazx watts
PLATE DISSIPATION. . ... ... ...iiiiitioniaciataaanann 27 mazx 40 max watts.

& Carrier conditions per tube for use with a maximum modulation factor of 1.0.

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

POWER TRIODE

Thoriated-tungsten-filament type
having filament mid-tap used as rf -
s { power amplifier and oscillator. May be 8025 A
G CAPS NEARER BASE used with full input up to 500 Mc. For
P CAPS NEARER BULB TP  gperation at 600 Mec, plate voltage
should be reduced to 70 per cent of maximum ratings. Class C Telegraphy maxi-
mum plate dissipation, CCS 40 watts with forced-air cooling, ICAS 30 watts with
natural cooling. Requires Small four-contact socket and may be mounted in ver-
tical position only, base down or up. OUTLINE 27, Oullines Section. When forced-
air cooling is required, an air flow from a fan should be directed on the bulb. Plate
shows an orange-red color when tube is operated at maximum CCS ratings and a
bright orange-red color at maximum ICAS ratings.

FILAMENT VOLTAGE (AC/DC) . .. ov o vvevrrnvsuonssoossssassssssnovunsss 6.3 volts
FILAMENT CURRENT. . ... .00ovetttanaororiosssnnarassesssasnssovsoss . 1.92 amperes
AMPLIFICATION FACTOR . ... .. 0ttt iiieiionnastanasssosesssvoccssansss 18

DIRECT INTERELECTRODE CAPACITANCES:
GHA tO PlaLe. .. ...ttt ittt raaaaa st eaaans 3.0 wuf
Grid to filament mid-tap. . ... .. ¢ttt ireenaearitsiiiiieeiacanen 2.7 uuf

0.4

Plate to filament mid-tap. . .....ciciiiiirnneetiiiiiiireeeiiaaaes puuf
Class C Telephony4 Class C Telegraphy#
Forced-Air Natural Forced-Air Natural
Cooling Cooling Cooling Cooling
Maximum Ratings: CcCS ICAS CcCs ICAS
DC PLATE VOLTAGE...... 800 max 800 max 1000 mazx 1000 maz volts.
DC GRID VOLTAGE. ...... -200 max =200 mazx -200 maz -200 max volts
DC PLATE CURRENT. . . . 65 mazx 65 mazx 80 mazx 80 max ma
DC GRID CURRENT... 20 max 20 max 20 max 20 mazx ma
PLATE INPUT............ 50 mazx 33 max 75 max 50 mazx watts
PLATE DISSIPATION....... 27 max 20 max 40 max 30 mazx watts

s Carrier conditions per tube for use with a maximum modulation factor of 1.0.

# Key-down conditions per tube without amplitude modulation. Amplitude modulation essentially neg-
ative may be used if the positive peak of the audio-frequency envelope does not exceed 115 per cent of
the carrier conditions.

OO}
" . MEDIUM-MU TRIODE
© © Seven-pin miniature heater-cath- 2

N, ode type used as af amplifier and as rf 900
@ ' 9 amplifier and oscillator at frequencies
(N up to 500 Mec. Class A, Amplifier

P maximum CCS plate dissipation (de-
sign-center value), 1.6 watts. Direct interelectrode capacitances: grid to plate,.
1.4 upuf; grid to cathode and heater, 1.2 uuf; plate to cathode and heater, 1.1 puf.
Requires Miniature seven-contact socket and may be mounted in any position.
OUTLINE 5, Outlines Section. Except for interelectrode capacitances, the 9002 is.
electrically identical with type 955.
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OUTLINES 1-10

P21, max.
.25’32. -I I- T '
Q '52 ZVSZ”
-y g ,,
e\ '8 17y, )
r t Va2
'%z_
2he
-
. 400"MAX,
400"MAX. — [ 36e" Min.
| "366"MIN. | )
I /\ — 3" Max p—
3 » 1e” % b . Wy
25 | e e | s | T i
QL 00 . 13 T s, PR
MA: = s
. ' ¥
1a' 050" MAX, "y 050" MAX.,
e UNTINNED e UNTINNED e
L & FLEXIBLE LEADS 3 S FLEXIBLE LEADS
I‘ 017 #9027 pya. I‘ o~ 2902, o
—3 - -4 - —5 -
250" .
% max e f 7 . —{ 3'max.
gl 2507 Prses 'y I
7" .SJL 812"
1% o [ .
2% | . st A S [e=b03t g7av I 2%
Sk i 2% 490" | wray, v M 2% 1o, [**27. "7
23y, Lot ' MAX, 2 ) t¥;;
425" J_

‘-I%Q.MAXJ

-6- _7- -e-
— TeMAX, pe- . i —ol 37
| Lﬁ 28T Psee
—y' . RiSe | l lG-.elz" .
2%, | Te% :-3,2;' el 2y 3 = Lfosonr W2
MAX 2 MAX. 490" MTBY, [k
428"

1%y MAX
-9- =10-

" Including eccentricity.
* Measured from bulb seat to bulb-top line as determined by ring gauge of 0.210”” = 0.001” I.D,
** Measured from base seat to bulb-top line as determined by ring gauge of 7/16" I.D.
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OUTLINES 11-19
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OUTLINES 20-28

.oeo'D:Aoos'
HA. .
1 550"1.0027 o N 002"
. ey 'z 002 —195 S max, — .ose’_'%m-q r——ue"z 002
:tb: Pl .00 1‘?2‘;: - Peaf] Pe 1721y
——
" e
- 3y ” 3%, a%e the”
e Tia e MTI10A MAX, “MAX. e Ay
MAX, e . . = e
INTERNAL AT 4%e +¥q"
________ A SHIELD sy MAX,
;:'z Yo k3
e H1 T
. DU g
L—l'ﬁia MAX 18 t%e l’MI?:__
-20- -2i= 22~

[— Z'Ib'MAXA-——Fsng}’ —-I 15" Max. r—
i |

. 3%, . Ti8 M
3’5_ AT, 4”.: 1%
,@w 4'/2 MAX,
4y, MAX.
MAX.
:
T
. 4
l-—z3/o MAX. 'L—z'/w'mx—q
—23- -24-. -25-
. 3 o 17 2Ygmax.
1%gMAX. e S MAX. e [ g MAX.—
e M
t T .
r i %2
og b 1]
e [, g P M'/:;
O ey sTi8 4%y
38, i - o % MAX,
b Yataz 1 Te Yz : 5%’
\ 19~
[y e Ay KR ‘]l"(' DIA ‘Mzi: MAX.
MAX, 2507
s s 8%
-26-~ ~27~ -28-

¥ Zone where condensed-mercury temperature should be measured,
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OUTLINES 29-37
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.
b 2,8 MAX. ! MEDIUM
© ’1/- cap

Ti8 -
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o
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L
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OUTLINES 38-46

2 hgMAX—+ e
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", ™™
Mg MAx— s Crps
G

| P
]
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6¥y MAX,
82 MAX. STI9 .
2 5 "/'e
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1Vag
b q
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7 -
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2V
silg’
MAX.
-4- -42-

“——2ljg MAX— 00ss” ke 2,6 MAX> e pium
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Y
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MaX Tie e
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* Zone where condensed-mercury temperature should be measured.
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OUTLINES 47-52

LYY
fe=2 V) g MAX: =29/ MAX.—>
s
°l3/|;
2
Tie “ ull 1%
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L, U U .
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— T =
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t
Vo ¥
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* Zone where condensed-mercury temperature should be measured.
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OUTLINES 53-56

29 " max.— SKIRTED 2% MAx.
e 2 Hatax oy
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°
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* Zone where condensed-mercury temperature should be measured.
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OUTLINES 57-61
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OUTLINES 62-64

2
Yol 2
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Y32
| 10V MAX. —
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¢ Zone where condensed-mercury temperature should be measured.
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OUTLINES 65-68

—-1 I‘-.le'r'wxx.

-67-

229

87"MAX.

3ZMAX 312" MAX,
> }+250".003" 1250
I RE soo™] [F200200¥
2043 ass N R 2087 MIN. 400 MAX.
MAX. | £020" ':}M;:é. wax. | 2} =) | “’m
e rss _:1-_.__1';.003‘ e ?—_ Sox
e £ -030" ~81207
785 600" 18120°10038" Pt T ']
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1 il t
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040 MaAX o157+ 040" AT y W:No':ig
018"+002- 00 DA TERMINAL TIPS TERbiNAL NPS
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-65- -66-
1.0107 MAX.
g —
.420°,
8IS MAX, £0D4
- 04 L
20072015 NAL
o O 1 i £00) |§3x '3.
400" 2637:062" T [|l=—2308"2010" i
7T 325"
4 .200°MIN.  MIN,
T e "
1,08~ r -
2188 L A
1.730" >
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; B femr {0
2003 e—.8120"¢.003% : i I
x%‘ %'. oo‘o‘ 400" MAX, z,oglo" —f 270"MAX.
X % -
Mt f+—.250".003" b= — N
i i 200" 040" o"-150
o MAX.  MAX 305" £010"
MAX; 080" MAX. ¥ 0" # 15 " MAX,
WL 020°AT —o UNTINNED 1300~ 329 UNTINNED
260" TERMINAL TIPS »+0027 1750 ) K 018" +002"~.001” DIA.
2% 021" Q2% p1a, 7\ 2 HEATER TERMINALS
= 2 HEATER TERMINALS Gk AR = . .
.010°X 100" 1572040

.—68-

# Applies to type 6662 only. Type 6794 does not have cathode tab.
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OUTLINES 69-72

O
n:‘.‘&1 [“”’4 theq ] [+—1.628".010"—
g *. ADIATOR Yigmax. 4 ] RADIATOR
£.048" Ve MIN. ¥ ofl
{ § 1187 012* - 75
- 469" 388" Vi
ol I T I N
| max FLANGE

-69- 70~
pe— 145t Vg -
RADIATOR-,
1.780°2 010 g LiQuip
PLATE 1 l‘; .‘ 2 3*’-&_ - OUTLE
FLANGE a2 1%y .
CONTAEE Efnn\cs 1 9
NOTE 1) WP
TERM) — OnRO
SRRIFENAL Yoy, 26 >‘ g 2 Yig
g A 25072 010~ = "
1.378 z.?or- X t%e S MAX: S /250" .010"
h,m.-l }’32 l s } Bg MAX.
CATHODE AND 1 /32 MAX:
HEATER TERMINAL _* =[—370"MiN. 72! x I
tore s 77N | —SEE NOTE 2 povatid < —
m'r(cN% %azu,um 089" +002°-.006" DA, I 12%;"
I'/° MAX. pa— I'/‘ T'/w , AT *3/32
- B e | ks
2 T
PLATE 7 Y 32
TACT SURFACE ~" | i N
CONTARD TRy AcE Va'thg [
13782007~ GRID
r JERMINAL 413 °
o2’ e NOTE. 1) -
2l 8000%.0008" CATHODE AND T the
=N H . &5 o »
EL 1 2-1.5600".0005 fgg:{.s':,_ -~ Wiz l
W 1.3950"+.0005" NOTE 1) w3 { i
GAUGE G | ! '_]., & [N
:: e ﬂ&z’ .' —SEE NOTE 2
-08007'£.0008" 0592 506" 01A: —nsnia TERMINAL
GAUGE 63 -2000" £.0008 NOTE 2)
.3810°£.000%
oo L 438”00, -72~
R - N
MIN,

NOTE 1: With the cylindrical surfaces of its grid and cathode terminals clean, smooth, and free of
burrs, the tube will enter a gauge as shown in sketch G, The four cylindrical holes H,, Hy, H;, and H,
have axes coincident within 0.0005", lengths determined from the dimensional outline, and successively
smaller diameters as shown in the sketch. The plate flange will be entirely engaged by hole Hj, and the
contact surface of the plate flange will seat on the shoulder between holes H; and Hs. The plane surface
of this shoulder is 90° = 2’ to the axes of the holes. Seating is determined by failure of a 0.005" thick-
ness gauge, %4 wide, to enter more than 1/16" between the shoulder surface and the plate contact sur-
face. With the tube properly seated as described above, the grid terminal will be entirely engaged by
hole Hs, and the cathode terminal will be engaged by hole Hq to a depth of at least b7 4

NOTE 2: Concentricity of the heater terminal with respect to the cathode terminal is determined by a
gauge as shown in sketch G;, The cylindrical hole Hs and the annular hole Hs have axes coincident
within 0.0005". The cathode terminal and the heater terminal will enter this gauge to a depth of 3¢".
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OUTLINES 73-76
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3% FILAMENT SEALS T
1Y MAX P A
%o }" e GRID Ne2 .
93"
e campLEARs
¥ RS on
CRID SEALS,
2 HOLES - e s
=== Nezi, Dau..n.«’\4 e 2 Yig
2.675 " I 3" i P
e ax £.020° MIN. 4 3,
; - 3
s l 4] - _r‘z_ H'e.
- R ()
L ) WeMax. THTTTT CP |
u. 0 4@’:mu }.—J'Q/E'———J
L
F\ rF 213, o ..
32 3% thse
-‘/3 MIN. 5 1}32"
- ¥ Ve a¥," max
e, 110 “MAX. DIA, 4
—sle—.075"1.005"DIA. the AIATOR
) -75-
NOTE 1: Maximum eccentricity of the axis of the
grid-terminal flange with respect to the axis of the 23,7
plate radiator is 0.040”, measured within 1/82" of A
the bottom of the radiator.
NOTE 2: Maximum eccentricity of the axis of the
heater terminal with respect to the axis of the I— R
cathode-heater terminal is 0.020". Z'mAx 2 MAX,
NOTE 8: Maximum eccentricity of the axis of the ! 4%t Ye -,l t
cathode-heater terminal with respect to the axis of
the grid-terminal flange is 0.020". ~76-

NOTE 4: Surface of annular ares indicated by “A" on bottom of radiator is in the same plane within
0.005”, as determined by a gauge 1/16” wide and 0.005" thick. This gauge will not enter more than
1/16”" with the bottom of the radiator resting on a flat plate.
NOTE 6: Surface of annular area indicated by “B” on the grid-terminal flange is in the same plane
within 0.008”, as determined by the gauge method described in Note 4.
NOTE 6: Surface of annular area indicated by “A" on bottom of radiator is parallel within 0.080” to
the surface of the annular area indicated by “B" on the grid-terminal flange.
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Tube-Part Materials Used in
RCA-813 Beam Power Tube

1. MEDIUM METAL CAP—nickel-plated brass

2. SHORT RIBBON PLATE CONNECTOR—
molybdenum

3. FILAMENT SUPPORT SPRINGS—tungsten

4. MOUNT SPACER—nickel-chromium strip

5. MOUNT SUPPORT—ceramic

6. TOP SHIELD —nickel

7. HEAVY-DUTY FILAMENT —thoriated
tungsten

8. PLATE—zirconium-coated graphite

9. AUGNED-TURN CONTROL GRID (GRID
No. 1) AND SCREEN GRID (GRID No. 2)

232

10.
AR
12,
13.
14,

15.
16.
17.

18.

—molybdenum

BULB OR ENVELOPE—hard glass
BEAM-FORMING ELECTRODE—nickel
PLATE-SUPPORT SPACER—ceramic
BOTTOM SHIELD DISK—nickel

FILAMENT CONNECTOR—nickel-plated

steel
DIRECTIVE-TYPE GETTER
MOLDED-FLARE STEM—hard glass

GIANT BASE—nickel-plated brass with

ceramic insert
TUNGSTEN-TO-GLASS SEAL



Circuits

The circuits presented in the fol-
lowing pages have been included in this
Manual primarily to illustrate the use of
generictubetypesin diversified transmit-
ting and industrial applications. These
circuits have been conservatively de-
signed and are capable of excellent per-
formance. Althiough relatively few ecir-
cuits are given, it is often practical to
use a portion of one circuit in combina-
tion with portions of other circuits to
obtain a design meeting specific require-
ments. In general, almost any circuit
shown using a triode, beam power tube,
or pentode type is equally suitable for
any other tube type in the same generic
group, provided the necessary revisions
are made to meet the ratings of the
tube used.

Electrical specifications are given
for the circuit components to assist those
interested in home construction. Lay-
outs and mechanical details are omitted
because they vary widely with the re-
quirements of individual set builders
and with the sizes and shapes of the
components employed.

The results that may be expected
by those undertaking construction of
any of these circuits depend as much on
the quality of the components selected
and on the care employed in layout,
construction, and adjustment as on the
circuits themselves.

The voltage ratings specified for
capacitors are the minimum de working
voltages required. Where paper, mica,
or ceramic capacitors are called for, there
is no objection to using capacitors hav-
ing higher voltage ratings than those
specified, except insofar as the physical
sizes of such capacitors may affect equip-
ment layout. However, if electrolytic
capacitors having substantially higher
voltage ratings than those specified are
used, they may not “form’’ completely
at the voltages present in these circuits,
with the result that the effective capaci-
tances of such units may be below their
rated values. The wattage ratings speci-
fied for resistors assume methods of con-
struction that provide adequate ventila-
tion; compact installations having poor
ventilation may require resistors of
higher wattage ratings.

Information on the characteristics
and application features of each tube
will be found in the Tube Types Section
of this Manual, or, for the receiving-type
tubes, in the Tube Types Section of the
RCA RECEIVING TUBE MANUAL.
This information, as well as the material
in the early sections of this Manual on
installation, application, and operation
of power and rectifier tubes, will prove
of assistance in understanding and uti-
lizing the circuits. The following circuits
will be found in the subsequent pages:

Circuit No.
Variable-Frequency Oscillator 3.5 -4.0M¢). . . . « . « . - 4-1
Crystal Oscillator for Fundamental Qutput . . « « « « <« .« 4-2
Crystal Oscillator for Harmonic Qutput o 4-3

Triode Amplifier, Class C Telegraphy Service

4-4

Beam Power Tube Amplifier, Class C Telegraphy Service . . . . . 45
Push-Pull Triode Amplifier, Class C Plate-Modulated Service. . . . 46
Push-Pull Beam Power Tube Amoplifier, Class C Plate-Modulated Service 4-T7

Class B Push-Pull Triode Modulator (590 watts) . . . . . . .
Class B Modulator with Type 807 in Special Triode Connection (120 watts) 4-9

4-8

Electronic Bias Supply, 30 to 80 Volts (200 milliamperes) . . . . . 4-10
Two-Meter Transmitter for Fixed or Mobile Operation (10 watts) . . 4-11
Ten-Meter Transmitter for Mobile Operation (11 watts) . . . . . 412

462-Megacycle Transmitter for Fixed or Mobile Operation . . . . 4-13

Oscillator for Dielectric Heating (27 Mc)
Oscillator for Induction Heating (450 ke) a o o O
VHF Oscillator for Dielectric Heating (160 Mc) e s+ e s o @

e e e e . 414
. )
. 4-16
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(4-1)

RCA Transmitting Tubes

e —— | e

VARIABLE-FREQUENCY OSCILLATOR

Frequency =3.5 to 4.0 Mc (80 meters)

Output =3 watts (approx.)

2 S| 2 3
= TYPE TYPE
0A3

Ci1=15 uuf, ceramic, zero
temperature coefficient

C1=100 uuf, ceramic, negative
temperature coefficient
750 PPM .

Cy=6-75_uuf, trimmer, air gap
0.015 inch, Hammarlund
APC-75 or equivalent

Ce=10-75 puf, trimmer, air gap
0.060 inch, Bud GE.2014 o
equivalent

Cgs =0.001 upf, silver mica,

v.

C1=100 uuf, silver mica, 500 v.

Cs Cs Cu Cis Cu=0.01 uf, disk
ceramic, 600 v,

Cuy=15 puf, silver mica, 500 v.

1(C10  6AGY
"N [
R25, !

L7 Ls

Ls
Le

fok T

=  LOW-
IMPEDANCE
LINE

C12=20 uf, electrolytic 450 v.
Cu Cu=38-30 uuf, trimmer, mica
Ji=Closed-circuit jack for key
Jr=Coaxial receptacle for P
L1=28 turns of No. 18 Enam.
spaced over 234 inches on
13{-inch diameter ceramic
form, National XR-18 or
equivalent
L2 L3=2.5 mh, 125 ma, rf choke
L4=8 henries, 80 ma, choke
Ls=No. 26 Enam., close wound
for 18/16 inch on 1-5/16-
inch diameter (B & W Mini-
ductor 8016 or equivalent
be used,

may )
Le=3 turns No. 18 hookup wire
wound on L; at “cold” end
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L7=56 turns No. 26 Enam. ran-
dom wound for approx. 3{
inch on 1 Y-inch-diameter
coil form

Ls=3 turns No. 18 hookup wire
wound over ‘‘ground’’ end
of Lz

P=Coaxial plug for Jx

Ri R3=100000 ohms, 0.5 watt

R1=27000 ohms, 0.5 watt

R4=2000 ohms, 10 watts

Rs=100 ohms, 0.5 watt

Re=15000 ohms, 1 watt

T=Power transformer;
350-0-350 volts rms, 90 ma;
5 volts rms, 2 amperes; 6.3
volts rms, 3.5 amperes



— RCA Transmitting Tubes

(4-2)
CRYSTAL OSCILLATOR FOR FUNDAMENTAL OUTPUT
3y MULTIPLIER
TYPE 5763 OR BUFFER
OR 6417 ‘
c2 Y
: T
i
p{=I10J} R} :/"ch
A YY '__L
E Y Y Ca
[}
= - K= - = T :sE
(L +250 V
17V AC 40 MA (APPROX)
C1 C4=0.005 uf, mica, 600 v. be in range of 10 to 100 uuf), L=Tune to fundamental
Cy=1.0 uuf per meter (approxi- frequency f with Cs
mate value for resonance at C.=3~30 uuf air padder. (Nor- Ri1=27000 ohms, 0.5 watt
frequency f), variable, air gap mally omitted. Use only if it R:=47000 ohms, 0.5 watt
0.015 inch is desired to vary o] ratmg T=Filament transformer
Ca=50 uuf (approx.), mica (may frequency slightly fr X =Crystal
crystal frequency)
(4-3)
CRYSTAL OSCILLATOR FOR HARMONIC OUTPUT
TYPE 5763
OR 6417 Zké'?é
=Ca ouTPUT
89
\ —] 7 (NF)
X C'7é " vy "
XEI(F) ==
X I Y I
Ca = g ]:
=2 o] -
W7V AC 250V
40 MA
(APPROX)
Ci1=38-35 uuf, air trimmer frequency 2f, 3f, or 4f), Ls=2-turn link at rf ground
C1=200 upf, silver mica, 500 v. varmble air gap 0.028 inch end of L
Ca C.=0 01 uf, disk ceramic, Li=2.6 mh, rf choke Ry=100000 ohms, 0.5 watt
L:=Tune to harmonic Ry=22000 ohms, 0.5 watt
C.-l 5 md per meter (approxi- frequency 2f, 31, or 4f with Tw=Filament transformer
mate value for resonance at Cq (See note) X=Crystal

NOTE: For tank-coil design information, refer to Parallel-Tuned Tank Circults in the Power-Tube Circuit-
Design Consideralions Section
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Class C Telegraphy Service

RCA Transmitting Tubes

TRIODE AMPLIFIER

TYPE 8000 L

I Cy €7
Co
lNPUT
Ca’
X X

H7VAC

C1=0.0005 uf, mica, 1600 v.
Cs C:) C4 Cym0.002 uf, mica,

Cs Cs-O 002 uf, mica, 5000 v.
C1=5-10 uuf, neutralizing
upacltor, air gap 0.8 inch

C9=0.75 upf per meter per
section (approximate value
for resonance at frequency f)

F=Fuse, 0.5 amp

L1=2.6 mh 100 ma, rf choke

La=1 mh, 600 ma, rf choke

La=Tune to frequency f with Cy

La=2-turn link at center of La

M= Milliammeter, 0-100 ma, d¢

M= Milliammeter, 0-600 ma, d¢

Ri=6000 ohms, 20 watts

Ra=50 ohms, center-tapped,
wire-wound

T=Filament transformer, 10 v.,
4.5 amp, insulated for 2500 v.

Keying Circuit; Because this circuit is at a high de voltage, a relay-type circuit should be used for keying,

(4-5)

BEAM POWER TUBE AMPLIFIER
Class C Telegraphy Service

N7 VAC

C1=4-50 mtf, trimmer, air gap
0.015 inch
C: Cx C.-O 01, disk ceramic,

Cs-0.005 pf, mica, 1600 v.
v.Yer meter (approx-
ue, includin;
output capacitance, for mo-
nance. For operation above

L2
Ja<
RF
OUTPUT
®
F
- *
630 V
200 MA (APPROX.)

60 Mc use lowest value which
will permit tuning over de-
range) air gap 0.076

inch min

F=TFuse, 0.26 am,

L1=26 mh rf choke

La=Tune to frequency f with Ce

La-fzit,um link at rf ground end
(4}
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M= Milliammeter, 0-10 ma, de¢
M;= Milliammeter, 0-200 ma, de¢
Ri=5100 ohms, 1 watt

R:=390 ohms, 10 watts

Ra= 15000 ohms, 10 watts
R4=26000 ohms, 20 watts
T=Filament transformer,

6.8 v., 1.25 amp



RCA Transmitting Tubes -

(4-6)
PUSH-PULL TRIODE AMPLIFIER
Class C Plate-Modulated Service
TYPE 812-A
L4
RF ! RF
INPUT OUTPUT.
® ®
g
> T2
4460 FROM
OHMS MODULATOR
= 1250V
280 MA
Ci Cs Ce=0.005 uf, mica, 600 v.  Cy=1.5 uuf per meter persection  Le¢=8-turn link at center of Li
Cs=2 uuf per meter per section (approximate value for reso~ M;=Milliammeter, 0-160 ma, dc

(approximate value for
resonance at fret‘:lency f),
air gap 0.026 incl
Cs Ci=4-10 neutnlmng
ca] hr,‘ﬁnmmrlund
NC-75 or equivalent
C1=0.002 uf, mica, 5000 v.

nance at frequency f), air gap
0.170 inch min.
F=Fuse, 0.5 amp
Li=38-turn link nt center of Ls
Ls=Tune to frequency f with Csz
La=2.5 mh, 600 ma, rf choke
Li=Tune to frequency f with Cs

237

Ma:= Milliammeter, 0-500 ma, dec
R=1650 ohms, 20 watts
Tx-l'-‘llnment transformer,
6.3 v., 8 amp
Ty= Modulnnon transformer,
125 watts audio level
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RCA Transmitting Tubes ——————

PUSH-PULL BEAM POWER TUBE AMPLIFIER
Class C Plate-Modulated Service

Ls
- RF
NRUT v SuteUT
(F) O ~ Ce (
Lg
T2
My ¥
XF§X 5000 FROM
OHMS MODULATOR
Ti 4
Iu7 v ACl +2000V
400 MA

C1=0.005 uf, mica, 600 v.

Ci=2 ppf per meter per section
(approximate value for reso-
nance at frequency f), air gap
0.030 inch min.

Cs C4=0.002 uf, mica, 500 v.

Cs Cs=0.003 uf, mica, 5000 v.

C1=1.5 puf per meter per section
(approximate value for reso-
nance at frequency f), air gap

0.175 inch min.
Cs=0.002 uf, mica, 6000 v.
Co=4 uf, electrolytic, 600 v.
F=Fuse, 1 amp
Li=8-turn link at center of Ls
La=Tune to frequency { with Cs
La=6 henries, 160 ma, rf choke
L¢=1 mh, 600 ma, rf choke,
National R-175 or R-1540,
or equivalent
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Ls=Tune to frequency f with C;
Le=38-turn link at center of Ls
M;= Milliammeter, 0-800 ma, de
M;= Milliammeter, 0-50 ma, dc
R=4000 ohms, adjustable,
wire-wound, 25 watts
Ti=Filament transformer,
10 v., 10 amp
Ts= Modulation transformer,
150 watts audio level



RCA Transmitting Tubes

(4-8)
CLASS B PUSH-PULL TRIODE MODULATOR
Power Output 590 Watts (Approx.)
TYPE
Il
AF
INPUT
+£
50V
(NOTE 1)
M (MA)
= - 2000v *
420 MA (MAX. SIG)

M=Milliammeter, 0-500 ma, de¢ rimary to one-half secondary  Ti=Modulation transformer,
Th=Driver, Tnnstormer,oghte- .5 to 1 (Note 2) load impedance 11000 ohms
to-plate impedance 15 Ty=Filament transformer, plate-to-plate; turns ratio

ohms, turns ratio of total 10 v., 9 amp, center-tapped depends on modulating im-~

pedance of modulated stage
NOTES: 1. This voltage should be obtained from a low-impedance source such as a battery or a power
supply having a minimum bleeder current of 100 ma and a minimum filter output capacitance of 150 uf.
2. As the driver for this modulator stage, a circuit having a low output impedance and an output of
:pproximatelg 25 watts is recommended. For this circuit, four 2A8’s in push-pull-parallel Class AB;,
operating with a plate voltage of 300 volts and a fixed bias voltage of -62 volts, with the indicated driver
transformer Ti, may be

(4-9)
CLASS B MODULATOR
WITH TYPE 807 IN SPECIAL TRIODE CONNECTION
Power Output 120 Watts (Approx.)
TYPE
807
T T2
AF Y AF
INPUT OUTPUT
+750 V
7 vVAC 250 MA
Ri R:=20000 ohms, 1 watt, Stancor A4761 or equivalent turns ratio depends on modu-
carbon Ts=Modulation transiormer, lating impedance of modu-
Ty=Driver transformer, turns audio level 120 watts lated stage
ratio of total primary to Enpprox.;, primary 6650 ohms  Ti=Filament transformer,
one-half secondary 1:1.25; approx.), center-tapped; 6.3 volts rms, 1.8 amp

NOTR: As the driver for this modulator stage, a circuit having a low output impedance and an output
of approximately 10 watts is recommended. For this circuit, with the indicated driver transformer Ty,
two 2A8's in push-pull Class ABs operating with a plate voltage of 300 volts and a catBode-bias resistor
of 780 ohms may be used.
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RCA Transmitting Tubes

ELECTRONIC BIAS SUPPLY—30 TO 80 VOLTS
For dc grid-current values to 200 milliamperes

uzv
AC

C1=20 uf, electrolytic, 450 v,

Ca=20 uf, electrolytic, 150 v.

L=8 henries, 50 ma, choke

Ri=Current Balance Control,
5000 ohms, 26 watts, wire-
wound (Adjust for 60 volts
across R4)

R2=24000 ohms, 0.5 watt
Rs=68000 ohms, 0.5 watt
R4=3000 ohms, 5 watts, wire-

wound
Ry=270000 ohms, 0.5 watt
Re=120000 ohms, 0.5 watt

* R1=Bias control, potentiom-

eter, 100000 ohms

240

Rs=27000 ohms, 0.5 watt

S=Switch, single-pole, single-
throw

T=Power transformer,
350-0-350 volts rms, 50 ma;
5 volts rms, 2 amp; 6.3 volts
rms, 3 amp



RCA Transmitting Tubes ——————————

(4-11)

TWO-METER TRANSMITTER FOR FIXED OR MOBILE OPERATION
Power Output 10 Watts (Approx.)

2nd TRIPLER DOUBLER RF AMPLIFIER
©f)  TYPE 5763 (2] TYPE 2£26
Ls
Ls

Ri3 [agey

Cia RF
Ri2 OUTPUT

- - LQ
CLASS B MOD. ..{_1'3

TYPE 1635

OSCILLATOR- R3 R 2
TRIPLER SPEECH o OR 6N7-GT
TYPE 6AKG AMPLIFIER

TYPE 6CG7

X IC3 T2
)
M
<
Y
c2 IC2| A
23 + - +
63V 300V
AC OR DC 200 MA
C1=150 puf, mica, 600 v. lent, slug tuned Rs=38300 ohms, 0.5 watt
C1Cs Ca=0.005 uf, disk Ls=40-inch length of No. 32 R9s=82000 ohms, 1 watt
ceramie, 600 v. Enam. close wound on }{-inch Ri1s=68 ohms, 0.5 watt
Cs Ci Co CiCu Cu=0.004 uf, diameter form, rf choke R1=22000 ohms, 0.5 watt

disk ceramic, part of twin
%pnuwr, 600 v. .
Cul 10=0.005 uf, disk ceramic,

000 v,
Cy=10 ;ad, X
Cus Cu Cie C20=38-25 puf, trim-
mer, air gap 0.016 inch
Ci1s=100 uuf, mica, 600 v.

mica, 600 v.

Cu=4-30 uuf, trimmer, ceramic

C11=47 uuf, mica, 600 v.

Cis=500 uuf, ceramic, feed-
through, 500 v.

Cn=25 uf, electrolytic, 25 v.

J=Coaxial connector

Li=15 turns of No. 18 Enam.
close wound on 34-inch
diameter form, National
XR;gO or equivalent, slug

tun

La=5 turns of No. 14 Enam.
spaced over 11/16 inch on
}4-inch diameter form,
National XR-50 or equiva-

Lu=5 turns of No. 14 Enam. on
-inch diameter, space
etween turns equal to wire

diameter

Le=3 turns of No. 14 Enam. on
34-inch diameter, space be-
tween turns equal to wire
diameter

Ls Ly=40-inch length of No. 32
Enam. wire wound on }4-inch
diameter form, rf choke

Ls=3 turns of No. 10 Enam. on

-inch diameter, winding

ength 114 inches

Le=1 turn of No. 10 Enam. on
l-inch diameter

M= Microphone, single button,
carbon

R1=100000 ohms, 0.5 watt

R2 Ri1 Re Re=1000 ohms,
0.5 watt

Rs R7 Ris R13=47000 ohms,
0.5 watt
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R12=33000 ohms, 1 watt
R13=~20000 ohms, 1 watt
Rla-y°l|3me control,

p , 1
Ru=560 ohms, 0.5 watt
T1=21.25 Mc TV sound if trans-
former, RCA-206K1 or
equivalent
Ta=Microphone-to-grid trans-
former, primary 200 or 70
ohms, secondary 80000 ohms,
Stancor A4705 or equivalent
Ts=Driver transformer, turns
ratio primary to one-half
secondary 5.2:1, Thordarson
T20D76 or equivalent
Ta-lzi'odlulntli% transformer,
audio level watts, primary
10000 ohms, center-tapped,
secondary 4500 ohms, Thor-
darson T21M52 or equivalent
X=Crystal, 8 Mc
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(4-12)

RCA Transmitting Tubes

———ee.

TEN-METER TRANSMITTER FOR MOBILE OPERATION
Power Output 10 Watts (Approx.)

INPUT & PHASE
INVERTER STAGE it

MODULATOR STAGE

= TYPE
(5408

TYPE

6 !
]

T2

[ an? [d C|7'E b
16
= 4 T ]
JE Tkl =+
Rio Ria. S~
Ri3
Rs Ci3
1t
F A}
TO = = Cis
SUPPLY o—
- +0- +
RELAY 63V 300V *SEE NOTE
150 MA

C1=156 uuf, mica, 500 v.

C2=50 uuf, mica, 500 v.

G3 Cy €y G4=0.001 uf, mica,
500 v.

Cu=4-25 puf, variable, air gap
0.030 inch

Cy=50 upf, ceramic

Cy=100 upl, mica, 600 v.

Cn-s-sé‘" {, variable, air gap
0.071 in

Cu=5-100 uuf, variable, air gap
0.015 inch

C1=50 uf, electrolytic, 6 v.

Cu=10 uf, electrolytic, 26 v.

Ciu Cu=0.01 uf, paper, 400 v.

Cu=20 uf, electrolytic, 26 v.

Cir=4 uf, electrolytic, 300 v.

F=Fuse, 3 amp

J1=8-circuit microphone jack

Ja=Closed-circuit jack

Ja=Coaxial connector

Li La=2.5 mh, rf choke

Lz Ls=10 turns on 3;-inch
diameter, winding‘len h 134
inches, made from B & W
Miniductor 8010

Li=21 uh, choke, Ohmite Z28
or equivalent

R: Ry Rio=100000 ohms,
0.5 watt

R:=500 ohms, 1 watt

Ri=66000 ohms, 2 watts

R¢=20000 ohms, 1 watt

Ri=68 ohms, 0.6 watt

Res Riy=10000 ohms, 2 watts

Ri=Potentiometer, 1000 ohms,
wire-wound, 2 watts

Rs=8800 ohms, 0.6 watt

Ru R13=200000 ohma, 0.5 watt

R1=15000 ohms, 0.6 watt

R14=260 ohms, 2 watts

S1=Switch, double-pole single-
throw

Sy=Momentary push-switch,
normally cl

T, = Microphone-to-grid trans-
former, primary 100 ohms,
secondary 60000 ohms,
Stancor A-4706 or equivalent

Ts= Modulation transformer,
audio level 10 watts, primary
10000 ohms center-tapped,
secondary 4500 ohms, Thor-
darson T21M62 or equivalent

X =Crystal 7 Mc (approx.)

NOTE: Neutralizing connection is made to pin 2 of socket. Base pin 2 of 5768 has no internal connection.
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RCA Transmitting Tubes

462-MEGACYCLE TRANSMITTER FOR FIXED OR MOBILE OPERATION
Power Output 20 Watts (Approx.)

L2

RF
INPUT
(1Isamc) S,

Li2

Lo

TYPE

M~

C2

C1 C1=2.2-8.0 uf per section,
variable, butterfly, air gap
0.017 inch, Johnson 9MB11
or equivalent

C3 Cym=2.7-10.8 puf per section,
variable, butterfly, air ga,
0.017 inch, Johnson 11MB11

C orleg\ai %ale?t iable, ai
4=1.5-5. variable, air gap
0.017 inc‘;:‘johmon 5M11 or
equivalent

Cs C7Cs Cy C1o Cn C12 Cra= 1500
E{d' feed-through ceramie,

rie 362-152 or equivalent

Li=1 turn of No. 10 base copper
wire, wound on ¥-inch
diameter

1a Li=134 turns of No. 10 base
copper wire close-wound on
Y-inch diameter. Ls and Ls
are spaced to accommodate La

Ls Ls Ls Le=Silver-plated cop-
per rod 3/16-inch diameter
approximately 3 inches long.

ods of each pair spaced
11/16 inch on centers

Ls Ly=Silver-plated copper rod
8/16-inch diameter approxi-
mately 134 inches long. Rod

spaced 1 inch on centers
Lae=1 turn of No. 8 silver-

plated copper wire approxi-

mntelﬁr 1 inch square

Lu Lis Lis L Lus=RF choke,

Ohmite Z-460 or equivalent
Mi Mi=Milliammeter, 0-5 ma, de
M3z M= Milliammeter, 0-150

ma, de
Ri R2 Rs Re=57 ohms, 1 watt
Rs Ry=25000 ohms, 0.25 watt
R7=51000 ohms, 0.5 watt
Rs Ry=Potentiometer, 20000
ohms, 2 watts

NOTE: Suitable tube sockets are Johnson 122-248 or equivalent mounted 9/16 inch below chassis. For

detailed operating conditions of this circuit, refer to type 6524 in the Tube Types Section where t&piul
i t Commercial and Amateur Service (ICAS) are given for bo

operation val for Inter
tripler and final at 462 Mec.
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4-14)

RCA Transmitting Tubes

OSCILLATOR FOR DIELECTRIC HEATING

;1 Cs C3=0.006 uf, mica, 600 v.

J4=2 plates 3/32-1nch alumi-
num, 6 inches x 7 inches
spaced ?

Je=50 mnx., depends on
work load

?-Fuse 0.5 amp

=5 turns 3/16—inch copper

*
2000

Frequency 27 Mc (Approx.)

LOAD
Cs L_ELECTRODES
X X
T
-
v N7vAC

500 MA

tubing spaced 3 inch on
2Y{-inch I.D.

Le=RF choke, 40 ma

Ls=RF choke, 500 ma

L4=3 turns 5/16-inch copper
tubing spleed 8¢ inch on
83{-inch I,

Lo Lo= 2 turns 8/ 16-inch copper

tubing with adjustable
;;-{;mg between turns on
M=

lllilmmeter, 0-100 ma, dc
M:= Milliammeter, 0-1000 ma, dc
R=5000 ohms, 26 watts
T=Filament transformer, 10
volts rms, 9 amp

NOTE: Adequate shielding should be used to assure compliance with FCC requirements regar ding

purious radiation.

4-15)

OSCILLATOR FOR INDUCTION HEATING
Frequency 450 Kc (Approx.)

]

1 C--o.01 uf, mica, 600 v,

Cy=0.1 uf, paper, 5000 v.,
0.6 amp rms min,
, mica, 8000 volts
nmp rms

El- Smfl rf choke, 1 amp rms,
mslullﬁ ‘florl10000 '
volts, e~layer solenol ,
800 turns No. 18 Enam.,, 12

40 turns Ng. 8 Enam., 8 inches
on 4-inch diameter form.
Ly=Single-turn secondary,
sheet copper
Le=Work coil

L3
2 3Lts
Le, S
Ca
L2
4000 V Cs
1 AMP
inches long on 4-inch Mi=Milliammeter, 0-1000 ma, d¢
diamete M= Milliammeter, 0-160 ma, d¢
Ls=3.56 mh rf choke, 260 ma R=2500 ohms, 50 watts
14-68 uf, choke, 16 amp rms, T=Filament transformer, 10
insulated for 5000 peak volts, volts rms, 10 am;

BaBlower, delnzneg to supply
an air flow of 40 ¢fm from a
2-inch-diameter nozzle
directed vertically on bulb
between grid and plate seals,

NOTE: Adequate shielding should be used to assure compliance with FCC requirements regarding

spurious radiation.
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(4-16)

RCA Transmitting Tubes

VHF OSCILLATOR FOR DIELECTRIC HEATING

Frequency 160 Mc {Approx.)

Ce
<IN\

L
: LOAD
ELECTRODES ~p

C2

CIT

il

K
Elj

U7V

AC

- M2 S
=C3 F
+
2700V
500 MA
3" ol aly" 1" 21" —
|
=]
-}
a
1 g
11 .
L TYPE 8
5786 =] INSULATOR
4" -]
—_—l
c = ——
é MICA i e
R o 2 v s o 2 o s 2 2 7 7
t MOUNTING PLATFOF\’MX
"”
T cs .
6
L2 1 <7
6 '/zll |
C1=250 uuf, mica 0.005 inch 8 inches x 334 inch ted R=2000 ohms, wire-wound,

thick, 3 inches x 33{ inches
copper plate, held to mount-
ing platform by insulated
pressure clamps

C3 C3=0.001 uf, mica, 600 v.

C4=200 uuf, mica 0.005 inch
thick, 4 inches x 5 inches
copper plate, held to mount-
ing platform by insulated

pressure clamps
Cs=10-30 ppuf, variable, con-
sisting of copper plate

on L1 and round disk 8 inches
in diameter, air gap ¥ inch
to 1 inch

Cs C1=100 puf, mica (“postage

"), 600 v.

F=Fuse, 0.5 amp

Li=Copper strap 1-3/16 inches
wide x 1/16 inch thick

La= 34 inch x 1 inch rectangular
waveguide or equivalent

M= Milliammeter, 0-150 ma, dc

M3z=Milliammeter, 0-760 ma, de

50 watts

T=Filament transformer,
11 volts rms, 12.5 amp,
maximum starting surge
50 amp

B=Blower, designed to supply
an air flow of at least 140 cfm
through an outlet area of
6)§ square inches to the
radiator and the filament and
grid seals.

NOTE: Entire oscillator and load assembly is enclosed in metal box having one end open for cooling-air
exit and for ease of loading work, Mounting platform divides box into two compartments. See tube data
for RCA-5786 forced-air-cooling requirements. Tube and circuit must be protected from fumes or
vapors that may come from work. Adequate shielding should be used to assure compliance with FCC
requirements regarding spurious radiation,
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RCA Tube Division
Technical Publications

Copies of the publications listed below
may be obtained from your RCA Tube
Distributor, or direct from Commercial

Engineering, Tube Division, Radio Cor-
poration of America, Harrison. New
Jersey.

Electron Tubes

o RCA TUBE HANDBOOK —HB-3 (734" x
5"). Five deluxe 2-inch-capacity binders
imprinted in gold. The bible of the in-
dustry— contains over 3100 pages of
loose-leaf data and curves on RCA re-
ceiving tubes, picture tubes, cathode-
ray tubes, phototubes, special tubes,
and semiconductor devices. Available
on subscription basis. Price $17.50* in-
cluding service for first year. Write to
Commercial Engineering for descriptive
folder and order form.

o RCA TRANSMITTING TUBES — TT-4
(834’ x 534'')—256 pages. Written for
the engineer, service technician, radio
amateur, student, and experimenter.
Contains basic information on generic
tube types, on tube parts and materials,
on tube installation and application, and
on interpretation of tube data. Includes
maximum ratings, typical operating val-
ues, and characteristics curves for power
tubes having plate-input ratings up to 4
kilowatts, and maximum ratings and
operating values for associated rectifier
tubes. Contains sections on transmitter-
design considerations and on rectifier
circuits and filters. Features classifica-
tion charts for quick, easy selection of
tubes, and circuit diagrams for trans-
mitting and industrial applications. Fea-
tures lie-flat binding. Price $1.00.*

o RCA RECEIVING TUBE MANUAL—RC-17
(834" x 534"")—336 pages. Revised, ex-
panded, and brought up to date. Con-
tains the latest receiving tubes, includ-
ing types for black-and-white and color
television applications. Features tube
theory written for the layman, applica-
tion data, Resistance-Coupled Amplifier
Section, and several new circuits for
high-fidelity audio amplifiers. Features
lie-flat binding. Price 60 cents.*

{Trade Mark Reg. U. S. Pat. Off.

© RADIOTRON? DESIGNER'S HANDBOOK
—4th Edition (8% x 51'')—1500
pages. Comprehensive reference thor-
oughly covering the design of radio and
audio circuits and equipment. Written
for the design engineer, student, and ex-
perimenter. Contains 1000 illustrations,
2500 references, and cross-referenced
index of 7000 entries. Edited by F.
Langford-Smith of Amalgamated Wire-
less Valve Co., Pty., Ltd. in Australia.
Price $7.00.*

¢ RCA POWER AND GAS TUBES—PG-
101C (1074 x 834’')—24 pages. Com-
pletely revised and brought up to date.
Technical information on 174 RCA
vacuum power tubes, rectifier tubes,
thyratrons, ignitrons, magnetrons, and
vacuum-gauge tubes. Includes terminal
connections. Price 20 cents.*

o RECEIVING-TYPE TUBES FOR INDUSTRY
AND COMMUNICATIONS — RT-104
(1074" x 834’')—20 pages. Technical in-
formation on 130 RCA “special red”
tubes, premium tubes, computer tubes,
pencil tubes, glow-discharge tubes, small
thyratrons, low-microphonic amplifier
tubes, and other special types. Includes
socket-connection diagrams. Price 20
cents.*

e RCA RECEIVING TUBES FOR AM, FM,
AND TELEVISION BROADCAST—1275-G
(1074" x 834'")—28 pages. New booklet
contains classification chart, character-
istics chart, and base and envelope con-
nection diagrams on more than 600
entertainment receiving tubes and pie-
ture tubes. Price 25 cents.*

eRCA PHOTOTUBES—PT-20R1 (1078"
x 834")—16 pages. Phototube theory,
data on 15 types, curves and circuits for
light-operated relays, light measure-
ments, and sound reproduction. Single
copy free on request.

*Prices shown apply in U.S.A. and are subject to change without notice.
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®RCA PHOTOSENSITIVE DEVICES AND
CATHODE-RAY TUBES — CRPD-105
(102¢"” x 834/)—24 pages. Contains
technical information on 109 RCA tubes
includingsingle-unit, twin-unit, and mul-
tiplier phototubes; flying spot tubes;
monitor, projection, transcriber, and
view-finder kinescopes; and storage
tubes. Price 20 cents.*

oRCA PICTURE TUBES—KB-106 (1074
x 874’')—16 pages. Contains character-
istics and base-connection diagrams for
RCA’s complete line of picture tubes.
Features an interchangeability directory
on more than 150 types. Price 20 cents.*

® RCA TUBE PICTURE BOOK—TPB-1
(1074" x 834’')—16 pages. Collection of
photographs and cutaway drawings of
representative tube types. Prepared
especially for use by students. A visual
aid for the details of tube construction.
Price 25 cents.*

® RCA POWER-TUBE FITTINGS—PTF-
1012A (1074” x 834’')—24 pages. Lists
39 power-tube fittings designed for sup-
porting and cooling power tubes, and
illustrates their use with power tubes
made by RCA and other manufacturers.
Includes exploded-view assembly draw-
ings as well as detail drawings of all fit-
tings. Price 25 cents.*

® HEADLINERS FOR HAMS—HAM-103B
(1074’ x 834’’)—4 pages. Technical in-
formation and terminal-connection dia-
grams for 48 RCA “HAM” PREFER-
ENCE TYPES: modulators, class C
amplifiers and oscillators, frequency
multipliers, rectifier tubes, thyratrons,
cold-cathode (glow-discharge) tubes, and
cathode-ray tubes. Single copy free on
request.

e TECHNICAL BULLETINS — Complete
authorized information on RCA trans-
mitting tubes and other tubes for com-
munications and industry. Be sure to
mention tube-type bulletin desired. Sin-
gle copy on any type free on request.

® RCA PREFERRED TYPES LIST—PTL-
501-B (1074 x 834’’)—4 pages. Lists
RCA Preferred Tube Types, both re-
ceiving and non-receiving, by function.
An aid to equipment designers in the
selection of tube types for new equip-
ment design. Single copy free on request.

® RCA INTERCHANGEABILITY DIRECTORY
OF INDUSTRIAL-TYPE ELECTRON TUBES—
ID-1020A (1074” x 834")—16 pages.
Lists more than 2000 type designations
of 26 different manufacturers arranged
in alphabetical-numerical sequence;
shows the RCA Direct Replacement
Type or the RCA Similar Type, when
available. Price 20 cents.*

Test and Measuring Equipment

INSTRUCTION BOOKLETS — Illustrated
instruction booklets, containing specifi-
cations,operating and maintenance data,
application information, schematic dia-
grams, and replacement parts lists, are

available for all RCA test instruments.
Booklets for the following popular in-
struments are available at the prices
indicated. Prices for booklets on other
instruments are available on request.

25 cents each*

WO-55A (3" Oscilloscope)
WR-39A (TV Calibrator)
WR-59A (TV Sweep Generator)
WR-67A (Test Oscillator
WV-65A (VoltOhmystt)
WV-75A (VoltOhmystt)

{Trade Mark Reg. U. 8. Pat. Off.

WV-77A (VoltOhmystt)
WV-77B (VoltOhmystt)
WV-84A (Microammeter)
WV-95A (VoltOhmystt)
165 (VoltOhmystt)
165-A  (VoltOhmystt)
195-A  (VoltOhmystt)

*Prices shown apply in U.S.A. and are subject to change without notice. -
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50 cenis each*

WA-44A (Audio Oscillator) WR-40A (UHF Generator)
WO-56A (7’ Oscilloscope) WR-41A (UHF Generator)
WO-57A (8” Oscilloscope) WR-41B (UHF Generator)
WO-57B (8" Oscilloscope) WR-49A (RF Generator)
WO-60C (5" Oscilloscope) WR-59B (TV Sweep Generator)
WO-78A (5’ Oscilloscope) WR-59C (TV Sweep Generator)
WO-79A (8’ Oscilloscope) WR-61A (Color-Bar Generator)
WO-79B (8" Oscilloscope) WR-61B (Color-Bar Generator)
WO-88A (5’ Oscilloscope) WR-86A (UHF Sweep Generator)
WO-91A (5" Oscilloscope) WR-89A (Marker Generator)
WR-36A (Dot-Bar Generator WV-87A (VoltOhmystt)
WR-39B (TV Calibrator) WV-97A (VoltOhmystt)

WR-39C (TV Calibrator)

75 cents each*

WR-46A (Video Dot/Crosshatch Generator) WV-98A (VoltOhmystt)

$1.00 each*

WT-100A (Electron-Tube MicroMhoMeter)

Batteries

@ RCA RADIO BATTERIES FOR FLASHLIGHT,  industrial applications. Includes inter-
RADIO, AND INDUSTRIAL APPLICATIONS changeability directory, and a battery
—BAT-184B (107%” x 834'')—8 pages. replacement guide for 1948 to 1954 in-
Contains characteristics, terminal con- clusive for portable radios. Single copy
nections, and socket patterns of 82 RCA  free on request.

dry batteries for radio, flashlight, and

tTrade Mark Reg. U. S. Pat. off.
*Prices shown apply in U.S.A. and are subject to change without notice.
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Reading List

The publications listed represent both elementary and advanced treatments of
power and rectifier tube theory, applications, and circuit design. The list, obviously,
is not inclusive, but additional references are given in the publications listed.

ARRL Antenna Book. American Radio Relay League.

BENEDICT, R. R. Indusirial Elecironics. Prentice-Hall, Inc.

CHUTE, G. M. Electronics in Indusiry. McGraw-Hill Book Co., Inc.

DAvID AND WEED. I'ndusirial Elecironic Engineering. Prentice-Hall, Inc.
DoME, R. B. Television Principles. McGraw-Hill Book Co., Inc.

EVERITT, W. L. Communication Engineering. McGraw-Hill Book Co., Inc.
FINk, D. G. Engineering Electronics. McGraw-Hill Book Co., Inc.

GRrAY, T. S. Applied Elecironics. John Wiley & Sons, Inc.

KLOEFFLER, R. G. Industrial Electronics and Conirol. John Wiley & Sons, Inc.
KOLLER, L. R. Physgics of Electron Tubes. McGraw-Hill Book Co., Inc.

MARKUS AND ZELUFF. Elecironics for Communication Engineers. McGraw-Hill Book
Co., Inc.

MARKUS AND ZELUFF. Handbook of Industrial Electronic Circuits. McGraw-Hill
Book Co., Inec.

PENDER, DELMAR, AND McILWAIN. Handbook for Electrical Engineering— Com-
municalions and Electronics. John Wiley & Sons, Inc.

PRrEISMAN, A. Graphical Constructions for Vacuum Tube Circuits. McGraw-Hill
Book Co., Inc.

PRINCIPLES OF ELECTRICAL ENGINEERING SERIES. Applied Electronics. John Wiley
& Sons, Inc.

RADIATION LABORATORY SERIES. Vol. 18—Vacuum-Tube Amplifiers; Vol. 19—
Wave-forms. McGraw-Hill Book Co., Inc.

RADIO RESEARCH LABORATORY, HARVARD UNIVERSITY. Very-High-Frequency Téch-
niques. McGraw-Hill Book Co., Inc.

REcH, H. J. Theory and Applications of Electron Tubes. McGraw-Hill Book Co.,
Inec.

RICHTER, WALTHER. Fundamenials of Indusirial Elecironic Circuits. McGraw-Hill
Book Co., Inc.

Single Sideband for the Radio Amateur. American Radio Relay League.
SPANGENBERG, K. R. Vacuum Tubes. McGraw-Hill Book Co., Inec.
TERMAN, F. E. Electronic and Radio Engineering. McGraw-Hill Book Co., Inc.
TERMAN, F. E. Radio Engineers Handbook. McGraw-Hill Book Co., Inc.
TERMAN AND PETTIT. Elecironic Measuremenis. McGraw-Hill Book Co., Inc.
The Radio Amateurs Handbook. American Radio Relay League.
The Radio Handbook. Editors & Engineers, Ltd.
FEDERAL COMMUNICATIONS COMMISSION

Part 12: Rules Governing Amateur Radio Service.

Part 18: Rules and Regulations Relating to Industrial, Scientific,
and Medical Service.
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