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RCA Transmifting 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
circuit-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 ampHh-
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-



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

voltage.

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
(Ep) 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 cireuit currents by means of elec-
tric fields can be extended to include
amplification, oscillation, and other fune-
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 Kkinetic 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
negativespace 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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FILAMENT CATHODE HEATER
HALF-WAVE FULL-WAVE
TYPE TYPE

Fig. 3

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 circuit, such as that shown in Fig. 5,
the energy required to attract electrons
to the plate is obtained from a high-
voltage de 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

c
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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-
sirable 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 can 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 dc 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 medhanical 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
corresponding risein 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 considerable
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-
voltage swing 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
to prevent 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 muchlesssignal power
for full modulation of the tube output.
In addition, the shielding action of the
scereen 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 the screen grid, a sub-
stantial portion of the electron energy
that would otherwise be absorbed by
the sereen 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

CATHODE - . -SPACE CHARGE

PLATE

CONTROL GRI

Fig. 9

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
the same 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
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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, as shown 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 difficulties involved
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 directly heated cathode, or fila-
mentary cathode, is a metallic conduc-
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



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, rather
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-
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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 drop in its associated cathode,
all points of the emitting surface are at
the same de¢ 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
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SLEEVE

FILAMENT CATHODE

COATING

Fig. 11

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-
atetemperatures becauseit canbeformed
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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
(a) is a eylindrical type consisting of in-
dividual parallel wires welded to side-
rods. The grid at (b) is a cylindrieal
type consisting of a single wire wound
in spiral form and swaged to the side-
rods. The “cage” grid structures shown
at (¢) may be formed from single eylin-
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,

(a}

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 toliberate 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 the envelope. 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 a 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-
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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 1nsulation.
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 duectility, which readily permits
the fabrication of special shapes.

In several metal-glass tubes, the
plate sections of the envelopes are fitted

14
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with special radiators which make it
possible to obtainsubstantially 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 In 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.lin a
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 excus-
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, elass
AB, is also used. In this class of oper-
ation, the operating point is in the lower
portion of region A se 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
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(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 eontrolled 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
(860-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 belimited
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 characteristicg, the maximum plate-
current swing available 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 mechaniecally, 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 Circuit-De-
stgn Constderations Section are observed.

A push-pull stage requires a driv-
ing cireuit 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-
ever, 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
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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 occur 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 cancelied by push-pull
operation and, because of its steep wave-

form, may cause spurious oscillations in
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the output transformer. The amplitude
of this harmonic can be minimized by
moving the operating point toward the
linear region of the tube characteristic,
i.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 ampilifiers 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
power and channel space, it is employed
in standard radio broadeasting 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-
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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 characteristie, 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 AB1 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 ABg 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



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 acci-
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 amplifiers which arenot‘‘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. 23.
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The output circuit or ‘“plate tank” is
tuned to the excitation frequenecy, 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, theload 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
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“key” (a manually or automatically
operated switch) is inserted in the plate,
sereen-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 dc
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 dec plate input is even smaller.
Maximum de¢ 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-
ciency and linearity is plate modulation.
In this method, the modulating volt-
age is connected in series with the de
plate supply for the elass 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
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de inputs to the plate and screen-grid
circuits. ‘

A circuit in which modulation power
is applied only to the plate of a beam
power tube is shown in Fig. 25(c).There-
actance of the af choke at the lowest
modulating frequency should be at least
equal to the dc screen-grid voltage di-
vided by the dc sereen-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 de 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 occur 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 a separate supply, the modu-
lating voltage may be connected directly
in series with the supply circuit, asshown
in Fig.26(a). When screen-grid voltage is
obtained by the series-resistor method,
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Fig.

itisgenerally necessary 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
one-half those obtained in class C teleg-
raphy service with zero voltage on the
suppressor grid. Under these conditions,
the modulator is required to supply only
a peak voltage equal to the suppressor-
grid 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 dc 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
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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 properimpedance 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 de 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 v/ZI/E, where I and E are the aver-
age current and dc 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 dc 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 harmonie. 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 harmonies 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
theexcitation voltage. Becausethe plates
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-frequency
(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 circuit, 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 the 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 Ri, 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 escillate
and, therefore, does not require neu-
tralization, regardless of the operating
frequency.
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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,
unauthorized radiations, distortion, or
other undesirable effects.

In af equipment, all stages usually
operate into non-resonant loads and
have substantially the same frequency-
response characteristics. The de¢ input
to the tubes is constant, and power out-
put is controllied by attenuation of the
signal at a relatively low-level point in
the system and /or by the use of remote-
cutoff tubes. Input, interstage, and out-
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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 cireuits. 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 cireuit 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
muitiplier, 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-Tube 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

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
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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
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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-
nomiecally and permits the use of simple

DRIVER \
1
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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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OUTPUT

SUPPLY -

L—“O PLATE

SUPPLY
VOLTAGE

1l
]

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

supply regulation should be within 10
per cent, screen-grid-supply regulation
within 5 per cent, and grid-bias-supply
regulation within 8 per cent.

Class B and class AB2 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 harmonic
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 watts in
the modulated circuit is equal to EI, and
the effective resistance, Rs, is equal to
E/I, where E is the de 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

N_ [R,
N. VR
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.)

W0=Vga (1250) (22>< 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

R.=35 X 0.140
or approximately 4500 ohms.
Consequently, the turns ratio (pri-
mary to secondary) required for the
modulation transformer is

N, _ 5100 _

N: \/ 4500
Example (2): Determine the amount of
af power, Wo, required for 100-per-cent
simultaneous plate and sereen-grid mod-
ulation of a single 813 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 813 is obtained through a series
voltage-dropping resistor from the plate
supply, as shown in Fig. 25(c).

+
=‘_g‘_a= (2000) (0.2200 0.040) —240watts

= 4464

l—il (approx.)

Wo

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-
lent resistance of the 813 plate and screen-
grid circuit is
2000
R = 5.500+0.040

or approximately 8400 ohms.

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

N;_ [7400_0.94
N, "\ 800 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 de¢ 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 harmonics 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
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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 change
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,

()

Fig. 32

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 Considerqiioné

Because class B rf amplifiers are
used almost exclusively as output ampli-
fiers in radiotelephone transmitters em~
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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-

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 dc 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 chms) 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 de grid current. In a beam power
tube or tetrode, de 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 variation in 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 screen-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-
regulator tubes 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 harmonies 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 means of 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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necessary to use regulated plate and
screen supplies for such oscillators, or
to isolate them from varying loads by
means of buffer stages. When extremely
high stability is required, however, (e.g.,
in frequency standards and commercial
transmitters), it is usually necessary to
employ all of the stabilizing measures
described above and to maintain the
crystal at a constant temperature in a
thermostatically controlled oven.

Crystals, particularly those which
are ground, ‘“‘grown,” or otherwise di-
mensioned for the higher radio frequen-
cies, are extremely fragile and may be
destroyed by overloading or the use of
excessive feedback. Triodes used in erys-
tal oscillators should, therefore, be low-
power types, or be operated at substan-
tially reduced plate voltages to minimize
crystal loading and limit the amplitude
of oscillation. Beam power tubes, pen-
todes, and tetrodes cause relatively little
crystal loading because of their small
driving-power requirements, and pro-
vide limited feedback even when oper-
ated at full plate voltage because of their
internal shielding. Consequently, these
types are especially suitable for use in
crystal oscillators. They can also deliver
substantially higher power outputs than
triodes of comparable size, and thus per-
mit the use of fewer stages in achieving
a desired final power output.

When multigrid tubes having very
good internal shielding are used in crys-
tal-oscillator circuits, it may be neeces-
sary to use external capacitive feedback
to obtain oscillation. This feedback may
be provided by a small adjustable capa-
citor (usually not more than 2 or 3 micro-
microfarads) connected betweenthegrid-~
No.1 terminal and the plate terminal of
the tube. Under no circumstances should
the external feedback capacitance be
larger than necessary for oscillation, be-~
cause even small excess values may pro-
vide sufficient feedback to destroy the
crystal.

To obtain good frequency stability
in a variable-frequency oscillator, it is
usually necessary to use all the stabiliz-
ing measures described above. It is par-
ticularly important to employ good com-
ponents and sturdy mechanical construe-
tion, and generally desirable to enclose
the 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 cireuit, 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. 34. The resonant

PLATE
SUPPLY
VOLTAGE

Fig. 34

frequency, f, of such a circuit in mega-
eycles per second is given by
P
2vvLC (1)
where L is inductance in microhenries,
andCis capacitancein micromicrofarads.
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.



Exceptin circuits operating atultra-
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 usually 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)

~7300 X In

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 tothetank
inductance and inversely proportional
to the tank capacitance and the tank-
coil resistance. The approximate value
Req in ohms is given by

_ L 3

_ Req = Cr

where L is the tank inductance in mjcro-
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 results in
a distorted waveform containing 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 results in
large circulating currents and, therefore,
in substantial 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=300XQXIb
f X Ep

Fig. 85 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 caleulated 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. 86 (c), each section should have
one-half the capacitance indicated by
Fig. 35 or Equation (4).

A push-pull stage operating at the
same dc plate voltage and total de plate
current as a single-ended stage also re-
quires one-fourth the tank-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 have*the capacitance indicated
in Fig. 35 and in Equation (4).
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‘When the required tank-cireuit 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-
fayer 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= R2 X N2
~ 9R X 10B

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
belarger 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-
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tank circuit for the lowest Q wvalue
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;

(8) 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 C;.

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
dc 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. 89 (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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of the relatively high impedances on
both sides of the coupling capacitor, the
driver and the driven stage should be in
close proximity. Capacitive coupling
tends to increase the transfer of har-
monics because the reactance of the
coupling capacitor decreases as the fre-
quency increases.

Direct inductive coupling, shown
in Fig. 40, is very efficient, but also in-
volves high coupling impedances and,
therefore, requires that the driver and
driven stage be in close proximity. The
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coupling between the plate and grid
windings may be fixed or adjustable.
Adjustable coupling provides a conven-
ient means for controlling loading and
excitation. The grid winding may be
either tuned or untuned. Although the
tuned type provides maximum efficiency,
theadditional control complicates tuning
and is rather critical of adjustment.

Indirect inductive coupling or
“link” coupling is used extensively
in rf power equipment. Although it does
not provide the high efficiency obtain-
able with direct inductive coupling, it
allows considerable flexibility in equip-
ment design because it does not require
close physical proximity between the
coupled stages. ‘“‘Link” coupling is espe-
cially useful for equipment which is fre-
quently modified or which must be de-
signed to permit concentration of prin-
cipal control functions in a particular
stage or unit of the equipment.

In this method of coupling, shown
in Fig. 41, substantially identical “link”
windings of a few turns each are induc-
tively coupled to the plate-tank coil of
the driver and to the grid-tank coil of
the following stage. Because of their low
impedance, 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 circuits, the transmission lines are
not required to carry dec and, therefore,
may begrounded.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 correct loca-
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 cireuit be completely insulated
from the ac and dc 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 indue-
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 Eb 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 ecircuits. 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-
plate capacitance of the tube, or through
external capacitive or inductive cou-
pling between plateand 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
circuits 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 so the grid
in the proper phase and amplitude to
cancel the regenerative feedback. This
technique, known as “neutralization,”
can also be employed with multigrid
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tubes to improve their stability at the
higher radio frequencies.

The method of neutralization most
frequently used, plate neutralization,
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, Cn. Although
the theoretical value of Cn is exactly
equal to the grid-plate capacitance of
the tube, the value actually required
may vary because of stray capacitances.

Consequently, Cp 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 circuit which
provides the neutralizing voltage is lo-
cated in the grid circuit.

Parasitic Osciliations

Parasitic oscillations are oscillations
which oceur in a circuit at frequencies
other than the desired signal frequency,
its harmonies, 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’” osciliator, 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) voit-
age and checked for oscillations.

When the presence of parasities 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
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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 reduce its 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 ochms
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. Cqp 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-circuit 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

L

Fig. 43

non-inductive resistor having a value of
25 ohms or less isinstalled in the cathode-
return lead directly at the tube socket.

(3) 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-induective resistor having a
value between 5000 and 50000 ohms.

Besides the measures shown in the
circuit, the screen-grid voltage is reduced
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-
sities. 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-
supply filter circuits.

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

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

(5) The use of parallel feed in both
the 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-
ment may require shielding of individual
tubes 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
such measures.

Power-Supply Considerations

Because class B and class C rf am-
plifiers may be operated without plate,
screen-grid, or bias voltages (or at volt-
ages substantially below normal values)
during certain tuning adjustments, they
should 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-
plifier stages be adjustable up to the
maximum values for the tubes employed
so that maximum operating efficiency is
attainable at a particular power output
or frequency.

Calculation of Operating
Conditions

The only restrictions on tube oper-
ating values are those imposed by the
published maximum ratings. When it is
necessary or desirable to operate tubes
under conditions other than those shown
under “Typical Operation’ in published
data, suitable values may be approxi-
mated by simple calculations. These ap-
proximate values may then be used in a
tentative operating setup, and adjust-
ments made, if necessary, to assure that
desired output and efficiency areobtained
without any of the maximum ratings for
the tube being exceeded.
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Simple caleulations 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 dec 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 K Ks Ky K

180 3.14 0.785 — — 0.250
160 3.50 0.825 0.210 1.210 0.224
150 3.75 0.844 0.350 1.350 0.2138
140 4.00 0.862 0.520 1.520 0.200
130 4.25 0.880 0.732 1.732 0.187
120 4.60 0.897 1.000 2.000 0.174
110 5.00 0.913 1.345 2.345 0.160
100 5.50 0.927 1.800 2.800 0.145

90 6.10 0.9406 2.410 3.410 0.130

Table I also gives four other con-
version factors or constants (K,, K;, K,
and K;) used in these caleulations. 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,, Kj;, K4 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-
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putand power gainin‘‘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 1l
Eei/Eg1 Ks Eeci/Eq Ks

0.25 4.67 0.65 6.95
0.30 4.84 0.70 7.52
0.35 5.04 0.75 8.25
0.40 5.26 0.80 9.25
0.45 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 T'ube 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 calcu-
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 to bedetermined
graphiecally.

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 values shown 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 de plate current (Ip) which pro-
vide a plate input (P1) 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:

ibmax = Ki X Ip

(3) Determine the effective mini-
mum Dplate voltage (ebm,) 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 €cypax Should be as small as
possible. Because of other considerations,
however, epmi, should be slightly above
and to the right of the ‘““*knee” in the ap-
propriate grid-No.1 voltage curve. The
use of epmip and ecmay 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 = K2 X (Ep ~€bmin) X Ip

(5) Plate dissipation or plate loss

(Pp) is then given by

Pp=EpXIp) — P
If this value exceeds the maximum plate-
dissipation rating for the tube, it will be
necessary torecalculatesteps (1) through
(5) using a smaller conduction angle.



(6) Using the values of K; and K,
given in Table I, calculate the dc grid-
No.i voltage or bias (E) as follows:
Ki X Eo

HMgag
where ug.g, 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

Egi = ~Ee + ecimax

(8) Determine peak grid-No.1 cur-
rent (icmax) from the grid-current char-
acteristics curves for the appropriate
value of E.,. (Like peak plate current,
peak grid-No.1 current flows at the in-
stant that plate voltage is equal to eppp
and grid-No. 1 voltage is equal to ee;yax)-
Then, using the value of K; given in
Table II for the calculated values of
Ec, and Eg, determine the de grid
current (I ) as follows:

ch = iclmax/KS

(9) The approximate driving power
(Pq) required by the grid-cathode cir-
cuit of the tube is then given by

Pg= 09X Eg X Ig
(It should be noted that this value of Pa
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 deseribed
previously.)

(10) It is now necessary to calculate
the dc grid-No.2 current (1) and grid-
No.2 input (We,). First determine the
peak grid-No.2 current (icymsy) from the
screen-grid-current characteristics curves
for the appropriate value of E.. (The
value of ieymay is determined at the in-
tersection of the plate-voltage coordinate
corresponding to ebyi, with the grid-
No.1 voltage ecoordinate corresponding
to ecimax)- Then, using the value of K;
given in Table I for the conduction an-
gle employed, calculate the de grid-No.2
current (Ie,) as follows:

102 = K5 X ic2max
Grid-No.2 input (W¢,) is then given by
Wcz = Ecz X Icz
If this value of W, 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

Eo=-(KsX ecimax) —
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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; I,=112 milliamperes, E.=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 condue-
tion angle of 140 degrees is 4. Therefore,
peak plate current (ipmay)=0.112 am-
pere X 4 =0.448 ampere, or 448 milli-
amperes.

(3) From the plate family for the
6146 given in Fig. 44 (E¢,=150 volts),
a suitable value for effective minimum
plate voltage (ebyn) to the right of the
“knee” 1s 70 volts. The corresponding
peak positive grid-No.1 voltage (ec;mayx,
determined from E¢, 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 dcgrid-No.1 or bias voltage
(Ec,) and peak rf grid-No.1 voltage
(Eg,) are calculated next. (Note that
bias voltage E,, is not the E;, shown in
the characteristics curves, which repre-
sents total grid voltage, i.e., the alge-
braic sum of the bias E, and peak rf
grid-No.1 voltage ec;ma).- From table
I, K; and K for a conduction 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,

Eoi = —(0.520 X 16)—920X150_ g5 .

50.6=-58.9, or approximat'ely ~59 volts.
(7) Peak rf grid-No.1 voltage (BEg,)
= ~(-59) + 16 = 75 volts.
(8) The next step is to determine de
grid-No.1 current (I;,). From the grid-
No.i average characteristics curves
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shown in the tube data (E., = 150 C{g}gg- hIZ; ’;L’;i
volts), for eppm of 70 YOltS and ecimax  DC Plate Voltage (Eb). .. 600 600 volts
of 416 volts, peak grid-No.l current DC Grid-No.2
i = 28 milliamperes. Voltage (Ec2)..........0 150 150  volts
(eimax) p . DC Grid-No.1
From Table 1I, X; for the ratio Voltage (Eot) .. .ovvvnnn. 59 -58 volts
B¢ /Eg=59/75 = 0.787 is between the Pe{\,klRF Grid-Noil
: s oltage (egimax) ....... 75 73  volts
vahugs given for ratios S;)f 8'75 and 0'21;0’ DC Plate Curreat (Ib)... .. 112 112 ma
and is approximately 9. Consequently, pC Grid-No.2 Current (Ie) 11.8 9  ma
1,,=0.028/9=0.0031 ampere, or approx- DC Grid-No.1
imately 3 milliamperes. Current (Tet). ..« .vvenne 3 2.8 ma
.. . Driving Power
(?) The driving power required by (ApProx., Pd) ......... 0.2 0.2 watt
the grid (Pq)= 0.9 X 75 X 0.003 = 0.203, FPower Output
(Approx.,Po) .......... 51 52 watts

or approximately 0.2 watt.

(10) From the grid-No.2 character-
istics curves shown in the tube data
(Eg = 150 volts), for Ey= 70 volts and
E.;=+416 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, dc grid-No.2 current (Ig,) =
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 Mec:

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 (epnm) and peak positive
grid voltage (ecmqax), 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
(lbmax) as follows:

ibmax = In X Ky

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

The maximum permissible value of
€cmax and the minimum permissible
value of epy, are determined at the
point where the horizontal coordinate
representing the peak current intersects
the “E. = Ep” line (sometimes called
“Diode Line”). It is generally desirable
that epyi, be slightly more positive than
€emax- 1T €bmin 18 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 X, given in
Table I, calculate the power output
(P,) as follows:

Po= Ki X (Eb — €omin) X Ip

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

Pp= (Eb X Ib) - Po
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
(Eo) as follows:

Ee= —[Ks X (€cmax + €omin/r) + Eb/ul

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

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

Eg= —E¢ + ecpax

(8) Determine peak grid current
(iemax) from the grid-current character-
istics curves. (The value of igyyy iS
shown at the intersection of the plate~
voltage coordinate corresponding to
€bmin With the grid-voltage curve corre-
sponding to ecn.). Then, using the
value of K given in Table II for the
calculated values of E; and Ejg, deter-
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mine the dec grid current (I¢) as follows:
Ic = iCmnx/ 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 epmip.

(9) The approximate driving power
(Pa) required by the tube is then given
by Pa=09 X 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 dc plate current (Ip)
required to provide this input at a plate
voltage, (Ep) of 1500 volts is I
260/1500 = 0.173 ampere, or 173 milli-
amperes.

(2) From Table 1, K, for a conduc-
tion angle of 140 degrees is 4. Therefore,
peak plate current (ipg,,) = 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
(€cmayx) Of 118 volts and an effective min-~
imum plate voltage (epyuin) of 140 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 (1506
—140) X 0.178 = 208 watts (approx.).

(5) Plate dissipation (Py) = (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
# 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 4+ 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 eep,, of
+ 118 volts and epp,;, 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 de grid cur-
rent (Ie) = 0.195/5.78 = 0.0337 ampere,
or 34 milliamperes (approx.).

(9) The driving power required at
the grid (Pd) = 0.9 X 234 % 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:

Caleu- 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) ..... 178 178 ma
DC Grid Current,
(Approx.,Ig)............ 34 30 ma
Driving Power (Approx., Pd) 7.2 6.5 watts
Power Output (Approx., Po) 203 190 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

above. As mentioned previously, how-
ever, dec plate-voltage and de 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 dec 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, K4, 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:

K
c= (Ks X Egmax) +2—;44 (3 Eb—ebmin)

Table 11l
K K: Ka K Ky
Doubler 4.60 0.63 1.00 2.00 0.174
Tripler 6.90 0.63 3.27 4.27 0.116
Quadrupler 9.00 0.63 6.46 7.46 0.089
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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 assumptionis 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 de 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 (Iy,) and the maximum-
signal plate current (Ipp,,). The maxi-
mum-signal value should not be con-
fused with the peak plate current (ipyax),
which is the highest instantaneous value
and, at the assumed conduction angle of
180 degrees, is equal to 8.14 X Ipgay-

Class AB2 Amplifiers
Multigrid Tubes

(1) Choose a plate voltage (Ep), a
-de grid-No.2 (screen-grid) voltage (Eg,),
and a maximum-signal dc plate current
(Lomax) 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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(lbmax) Per tube as follows:
ibmax = Ki X Tomax = 3.14 Topax

(3) Determine peak positive grid-
No.1 voltage (€cmax) and effective mini-
mum plate voltage (epnm) from the
plate-family curves for the tube for the
calculated value of ipy,y 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 epy,, 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 (Ep — epmin) X Tomax
= 1.57 X (Ep — epmin) X Ibmax

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

PD= (Eb X Ibmax) e P0/2
If this value exceeds the maximum plate
dissipation rating per tube for class AB-
service, it wili be necessary to recalcu-
late steps (1) through (5) using either a
smaller peak plate current (and, conse-
quently, a smaller maximum-signal de
plate current), or a lower value of eppy;n,

(6) The zero-signal de plate current
(In,) per tube is selected to provide a
combination of high power output with
low odd-harmonie distortion. A small
value of I, 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
In, is one which results in a zero-gsignal
plate dissipation per tube of one-third
to one-half the maximum rated value
(Ppunay)- For one-third maximum dissi-
pation, the zero-signal plate current
(In,) per tube is given by

Iny = Ppmax/@ X Eb)

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

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

Egi = —Eo; + €cimax
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The total driving voltage (Eg.g) re-
quired for the stage, therefore, is given
by

Egiei= 2 X (Bg;) = 2 X (-E¢; + €cimax)

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

RLD—D = 1.27 X (Eb - ebmin)/]:bma,x
This value is four times the resistance
represented by a load line drawn on the
appropriate plate-family curves for the
tube from the ipgay, €bmig Point to the
intersection of the plate-voltage (Ep)
coordinate with the Ip = 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;y,, is shown at the in-
tersection of the epmin coordinate with
the eeymax curve.

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

Pd = iclmax X Egl/2

{12 )The peak grid-No.2 current
per tube (ieymax) 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 (Ic;m.y) per tube as
tollows:

Teomax = Ks X ic2max = 0.25 icomax

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

Wcz = Ecz X IC2max
If this value of W,, exceeds the maxi-
mum rating for the tube, it will be neces-
sary to reduce either epyp or Eg,.

The zero-signal grid-No.2 current
(Igyo) is usually a small fraction of the
maximum-signal current (Icyynay). 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 Ipp,,= 185 milliamperes
per tube.
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(1) Plate input per tube (P;) = 600
X 0.135 = 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) = 3.14 X 0.1835 = 0 424 ampere,
or 424 milliamperes.

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

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

(5) Plate dissipation per tube (Pp)
= (600 X 0.135) - 118.5/2 = 24.2 watts.

(6) For one-third maximum rated
plate dissipation, zero-signal de plate
current (Ino) = 25/(3 X 600) = 0.0139
ampere, or 14 milliamperes (approx.)
per tube.

(7) From the plate-family curves
for E,, = 200 volts, the de 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.1 curves
given in the data section for Eq = 200
volts, peak grid-No.1 current (icimay) is
8 milliamperes (approx.) for ec,pmax =
+5 volts and eppip, = 65.

(11) The driving power required to
produce maximum power output (Pq) =
(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 epp;, =65 volts,
peak grid-No.2 current per tube (fegmax)
= 45 milliamperes.

(13) The de maximum-signal grid-
No.2 current per tube (I may) = 0.25 X
45 = 11.2 milliamperes.
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(14) Maximum-signal grid-No.2 in-
put per tube (We,) = 200 X 0.0112 =
2.24 watts. This value is well within the
maximum rating for the 6146 (8 watts
per tube).

These calculated values are com-
pared below with the nearest ‘“Typical
Operation” shown in the published data
for the 6146 in Class AB, Operation,
ICAS conditions.

Values are for two tubes %‘gg' lgﬁz&
DC Plate Voltage (Eb).. 600 600 volts
DC Grid-No.2

Voltage (Eez)........ 200 190 volts
DC Grid-No.1 Voltage

(Fixed Bias, E¢))..... -51 -48 volts
Peak AF Grid-No.1-to-

Grid-No.1 Voltage

(Egi-g) . . .. ..., 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 (2Ic). .. - 1.0 ma
Maximum-SignalDCGrid-

No.2 Current (2I¢2max) 22.4 20 ma
Effective Load Resistance

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

Power, (Approx., Pad). 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 caleu-
lations for grid-No.2 voltage, current,
input, 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 (Ep) is 1500
volts, and the maximum-signal de plate
current (Ippmay) pPer tube is 155 milli-
amperes.

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

(2) For a conduction angle of 180

degrees, the peak plate current per tube
(ibmax) = 8.14 X 0.155 = 0.487 ampere,
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or 487 milliamperes.

(3) From the average plate charac-
teristics curves shown in Fig. 45, for
ibmax = 487 milliamperes, the peak posi-
tive grid voltage (eemax) = + 90 volts
(approx.) and the effective minimum
plate voltage (epmin) = 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) -840/2 = 62.5 watts.
This value is within the maximum rating
for the 812-A (85 watts).

(6) For one-third maximum rated
dissipation, zero-signal dc plate current
per tube (Ino) = 65/(3 X 1500) = 0.0145
ampere = 14.5 milliamperes.

(7) From the plate characteristics
curves given in Fig, 45, dc 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 (Eg.g) = 2E; = 2[—(-45) 490}
=270 volts.

(9) The effective plate-to-plate load

. 1.27 X (1500-100)
resistance (Rpp-p) = 0155
= 11500 ohms (approx.).

(10) From the grid-current curves
shown in Fig. 45, peak grid current
(iemax) TOT €cmax = + 90 volts and eppy
=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 “T'ypical 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 Cigfgg' l{'::ig;i
DC Plate Voltage (Ep). . 1500 1500 volts
DC Grid Voltage (E¢) .. -45 -48 volts
Peak AF Grid-to-Grid

Voltage (Eg-g)....... 270 270 volts

Zero-Signal DC Plate

Current (2Ibo)....... 29 28 ma
Maximum-Signal DC Plate

Current (2Ibmax) . ... 310 310 ma
Effective Load Resistance

(Plate-to-plate, RLp-p) 11506 18200 ma
Mazximum-Signal Driving

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

Output (Approx., Po).. 340 340 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 (Fy),
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 (Eges), and the pub-
lished or original value of that voltage
(Epw). The relations shown are appli-
cable to triodes and multigrid types in
all classes of service.
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To use the nomograph, simply
place a straight-edge across the page so
that it intersects the scales for Eges and
Epup at the desired values. The desired
conversion factor may then be read di-
rectly or estimated at the point where
the straight-edge intersects the Fj, Fy,
Fr, or Fgm scale.

For example, the dashed lines on
the nomograph show that for a ratio
Edes/Epub of 2/2.5 (all electrode volt-
ages reduced 20 per cent), Fj is approxi-
mately 0.72, F, is approximately 0.57,
F; 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 deseribed 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 dc plate current I, 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 E¢, for which curves
are available (i.e., 150 volts). For this
calculation, the chosen values of Ey and
I» must be converted to the correspond-
ing values for Eg, = 150. The plate volt-
750 X 150, .
~—eg — ©°F approxi-
mately 703 volts. Using conversion-fac-
tor values obtained from the nomograph
for the voltage ratio 150/160, the plate
current (Iy) = Fy X Iy = 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 Ee, 150 volts shown in the
tube data, the effective minimum plate
voltage (€pmin) = 75 volts and the peak
positive grid voltage (ec;may) = +15
volts.

From the corresponding grid-No.1
and grid-No.2 curve families, peak grid-
No.l current (icymayx) = 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 Eec, of
160 volts. For the voltage ratio 160/150,
or 1.066, epp;y = 75 X 1.066, or approxi-
mately 80 volts, and ey = +15 X
1.066, or approximately 16 volts.

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

age (Ev) becomes
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icomax=239.5X 1.1, 0r approximately 43.5
miliiamperes.

The remaining operating values can
then be calculated: Power output (Po)
=K, X (Eb-ebmm) X Ip = 0.862 (750—
80) X 0.120 = 69.3 watts.

Thedecgrid-No.1 voltageor bias (E,)

= (K, X eomay) - 21X Be_ (g5

8221
X 16) —1.52 (160/4.5), o approximate-
ly —62 volts.

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

From Table II, the constant K; =
9.15 (approx.) for an E¢ /Eg ratio of
62,78, or 0.795. Consequently, the de
grid-No.1 current (I;) = 27/9.15, or
approximately 3 milliamperes.

The dc grid-No.2 current (Ie,) =
Ks X iesmax = 0.2 X 43.5, or 8.7 milli-
amperes. The de grid-No.2 input (We,)
= 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:

Caleu- Pub-

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

Voltage (Ee2)........ 160 160 volts
DC Grid-No.1

Voltage (E¢1)........ —62 —62 volts
Peak RF grid-No.1

Voltage (Eg1)........ 78 79  voits
DC Plate Current (Ib).. 120 120 ma
DC Grid-No.2 R

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

Current (Ie1)......... 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 (Pd)... 21 20 watts
Grid-No.2 Input (Wez).. 1.89 1.76 watts

Because this method for conversion
of characteristics is necessarily an ap-
proximation, the acecuracy of the nomo-
graph decreases progressively as the
ratio Eges/Epup departs from unity. In
general, results are substantially correct
when the value of the ratio Eges/Epup
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 oceur 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
tubesareoperated 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. Subsequent operating 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, dc 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 sue-
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-



fier has a tuned grid cireuit, 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

i
r—RESONANCE

DC PLATE CURRENT(Ip

TANK TUNING CAPACITANCE
Fig. 47
followed after a change is made in
coupling or loading 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
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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, or improper 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
cireuit 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 de plate
current) exceed the maximum value
given in the tube ratings for the type of
service involved.

Because the de 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
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 circuit 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-curient
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
mechanical shock 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
s0 that envelope temperatures will not
become high enough to damage the tubes
or their associated eircuit components.

Most of the tubes listed in this
Manual are designed for operation at
maximum ratings with natural convec-
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
thesoftening 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 circuit
wiring limit operating efficiencies and
may produce undesirable heat. These
losses may be caused by conductor re-
sistance (I2R 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, connecting leads. 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 conduc-
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

58



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 eause 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 the fact
that very high peak-signal voltages may
be developed in circuits operating at
relatively low dec 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.

Stray 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 currents in 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 cireuits 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 circnit 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 de 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 voitage equal to about one-
half the filament voltage. The polarity
and value of this drop must be considered
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in determining the point to be used for
de circuit returns.

When de filament voltage is applied
to a filamentary;cathode tube, all dec
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, dc 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
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 dc 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 de 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
cireuit to minimize hum.

The use of separate ac and dc 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
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Fig. 49

filament ecircuit. 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-charge and 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 voltagefromrectifiers provided
with suitable filter circuits, although
batteries or local dc 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 dc 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
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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 sereen-
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 resistanceis conhected 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
occur in 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 a rise in
screen-grid voltage under key-up condi-
tions, the maximum permissible sereen-
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



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 proteec-
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
voitages 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-returnlead orthe 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
de 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 to be exiremely dangerous fo the
user, care should be taken during mainte-
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nance of power-tube equipment to insure
that all primary power is disconnected
and all exposed circuit parts are effectively
grounded. When circuit adjustments are
made on “live”’ equipment, very great care
should be taken to avoid contact with any
circuit parls which are not at ground po-
tential. Such adjustments should never be
made unless another person capable of ap-
plying treatment for eleciric shock is pres-
ent.

In the design of equipment, personal-
safety considerations require the ground-
ing of all operating controls and exposed
surfaces, enclosure of all live circuit ele-
ments, and the incorporation of ‘‘inter-
lock” switches at all points of access to the
interior of the equipment. These swilches
should automatically open the primary
circuits of all high-vollage power supplies
when access is required.



Rectifier Considerations

Rectifier-type power supplies em-
ploying electron tubes are used as sources
of plate, screen-grid (grid-No.2), and
other dc 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

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 occurs 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 filamend voltage of a power-rectifier
tube may involve serious personal-safety
hazards because the filament is usually a
high-voliage terminal of the rectifier cir-
cuit. When continuous measurements are
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required, suifable voltmeters should be
permanently incorporated in the equip-
ment. These meters must be insulated to
withstand the maximum peak inverse voll-
age applied to the tubes, and should be re-
cessed in the equipment and protected by
glass or plastic viewing panels to prevent
any possibility of injury through acci-
dental bodily contact. Portable instruments
should not be used for the measurement of
rectifier-filament voltages unless adequate
personal-safety precautions are taken 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-vapor rectifier 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 Outlines 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



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-T'ube 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
developmeht 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 s 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



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-shield 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 used in connectionwithrectifiers.

Forward veltage 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 voltage is
voltage applied between the anode and
cathodein the direction opposite to that
in which the tubeis 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 voltage 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 conduc-
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

RCA Transmitting Tubes

type of rectifier circuit in which the tube
is employed.

Average anode current is 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 dec 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 arc-back in an asso-
ciated tube. A maximum fault-current
rating indicates the highest current that
should be permitted to fiow 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 cireuits 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.

Circuits

The most suitable type of rectifier
circuit for a particular application de-
pends on the dc 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 prineipally in low-volt-
age, high-current applications (e.g., in
power supplies for ac/dc receivers) and
inlow-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,
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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
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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. §9, 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
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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-
guency, 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 0.854 0.854 0.427 G.785 0.74
Ebmi/E 1.41 2.83 1.41 2.45 2.45 2.45 2.83 2.83
Ebmi/Eav 3.14 3.14 1.57 2.09 2.09 1.05 2.22 2.09
Em/Eav 3.14 1.57 1.57 1.21 1.05 1.05 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/t 1 2 2 3 6 6 4 6
Current Ratios
In/lav 1 0.5 0.5 0.33 0.167 0.33 0.25 0.167
Resistive Load
Ip/lav 1.57 0.785 0.785 0.587 0.294 0.587 0.503 0.408
Ipm/Iay 3.14 1.57 1.57 1.21 0.52 1.05 1.11 1.05
Ipm/Ib 3.14 3.14 3.14 3.63 3.14 3.14 4.5 6.3
Inductive Load®
Ip/Iav - 0,707 0.707 0.577 0.289 0,577 0.500 0.408
Ipm/Kav - 1 1 1 0.5 1 1 1
Power Ratios
Resistive Load
Pag/Pdc 3.49 1.74 1.24 - - - -
Pap/Pde 2.69 1.23 1.24 - - - - -
Pal/Pdc 2.69 1.23 1.24 - - - - -
Induetive Load®
Pas/Pde - 1.57 1.11 1.7 1.48 1.05 1.57 1.81
Pap/Pac - 1.i1 1.11 1.21 1.05 1.05 1.11 1.29
Pail/Pdec - 1.11 1.11 1.21 1.05 1.05 1.11 1.05

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

avoid 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

Ip=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
Pas=transformer secondary volt-

amperes

Pde=dec power (Eav X Iav)

NOTE: Conditions assumed include sine-wave supply, zero voltage drop in tubes, no
losses in transformer and circuit, no back emf in the load circuit, and no phase-back.
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liver a dc voltage (E.v) of 2500 volts at
an average de current (Iny) 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 (Epm,;) 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 (Ip) in each tube. From Table
IV, I in a full-wave single-phase circuit
is one-half the total de output current.

I = 0.5 X 500 = 250 milliamperes.

(38) 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 + 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-

RCA Transmitting Tubes

73

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 voltage 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-vapororinert-gasrec-
tifier tubes or vacuum types having close
anode-cathode spacing, and choke-input
filters employing “swinging’’ chokes of
the proper value. Inaddition, 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 this resistor 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 a verylargebypass capaci-
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
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associated equipment when the supply than when a choke-input filter is used.

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 a capacitor-input
type. Careful considerationmustbegiven
to the selection and design of the filter
if the maximum ratings of the tubes are
not to be exceeded.

Oneof themostimportant considera-
tions in the choice and design of a filter
is its effect on the peak current in the
rectifier circuit, 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 circuit.
If 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,
make it 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 circuit 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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‘When a 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, R, required to limit the
surge current to a safe value, including
the effective resistance of the power-
transformer secondary (or one half of
thesecondary of a full-wavetransformer)
is a function of the dc output voltage
(Eav) and the rated peak anode current
(Ipw) of the tube.

R, K X Eav

Ipm
The factor K is equal to 3.14 for the cir-
cuit shown in Fig. 54, 1.57 for the circuits
shown in Figs. 55 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 capacitancevaluesindicated by these
charts should be multiplied by the ratio
60 /f, wherefisthesupplyfrequency used.

The chart shown in Fig. 62 is used
todetermine component valuesforsingle-
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 (Rr) in ohms is equal to the
dc output voltage (E,y) of the rectifier
in volts divided by the load current (In)
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in amperes. A de output voltage equal
to 90 per cent of the rms voltage (E) per
rectifier-tube anode is used in this calcu-
lation (from Table IV, E/Esy = 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 induc-
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
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used at its maximum peak-inverse-an-
ode-voltage rating and maximum peak-
anode-current rating simultaneously, 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 Ry, 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
R;, 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
phonetransmittersgenerallyshould 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 should always be greater than

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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TUBES Cl (RD)
L L2
= E&r, :E ER,
Q) l c2 l ‘)
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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83X (C, 4+ Cy)
2 X (G X Cy)

For applications in which the load
resistance (Ry) 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 Rj,. 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 dc output voltage of 3200 volts.
Design a single-section choke-input filter
which will () 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 (6 amperes).

Procedure: Ry, = 3200,/2.5 = 1280
ohms. The value K = 3200/5 = 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



suitable combination.

Two-Section Filter

Problem: A 60-cycle full-wave rec-
tifier employing two 866-A mercury-
vapor tubes delivers 2500 volts de at
full load to the input terminals of the
filter. Design a two-section filter which
will (a) limit the output ripple to 0.5
per cent at a load current equal to the
combined maximum dec¢ 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, Rj,
= 2500/0.5 = 5000 ohms. K = (2500 X
1.11)/1.0 = 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 Ry,
(minimum Ry,) 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 maximum inductance of
the swinging choke should be as high as
practical. If a maximum value of 25 hen-

RCA Transmitting Tubes

ries is chosen, the minimum-load value
of Ry, (maximum Ry) 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 (I.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 37. If C, is chosen to be
2 microfarads, then Ls 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 (1+2) /{2X (1 X2)1=9/4
= 2.25. Because the value of 18.5 henries
selected for L, is considerably greater
than2.25, thefilter design is satisfactory.
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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 Commercialand Ama-
teur Service (ICAS) covers applications
in which high tube output is 2 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
are followed 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
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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 de 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, 1756 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 Maximum® 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
averageperformancein 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,
andrectifieroutput 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 dissipationsever exceed themaxi-
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 dc, 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 a resistor shunt-
ing the filament) is taken as the datum
point. For typeshaving 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 (Ep) and the direct
current flowing in the plate circuit (Ip).

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) Input
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 (or Grid-No.1) Driving Power
is the actual signal-power input to the
control grid plusthe powerlost in the bias
supply.Itis given by the formulaWg=0.9
EglI., where Wy is the grid driving power
in watts, E, is the peak signal voltage
applied to the grid in volts, and I is the
average grid current in amperes. This
value doesnotincludesignal-powerlosses
that occur 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.



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

ccs JICAS Volts and Input
Dissi~ Dissi- for Indicated
Type pation bC input pation DC Input Frequencies Typ
No. Woatts Volts Watts Watts Volts Watts % Mc No.
TRIODES:
958-A 0.6" 135%  0.95® - - - - - 958-A
_3AS 1 135 2 - - - 100 40 3A5
6F4 28 150 - - - - - - 6F4
6026 3 150 3.3 - - - 100 400 6026
5876 6.25 360 9 - - - 100 1700 5876
5893 7 320 11 8 400 16 100 1000 5893
6263 8 300 13 13 400 22 100 500 6263
6264 8 330 13 13 400 22 100 500 6264
5556 10 350 14 - - - 100 8 5556
75 15
50 30
809 25 750 75 30 1000 100 100 60 809
88 70
50 120
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 60 { 812-A
70 8
55 100
826 45 1000 95 55 1000 130 100 250 826
80 300
808 50 1500 200 75 2000 300 100 30 808
7% 60
190 100
834 50 1250 125 - - - 1
9 10 834
53 350
8264 60 1006 125 75 1250 175 100 250 8264
80 300
8005 75 1250 240 85 1500 300 192 go 8005
60 100
2C39-A 100 1000 - - - - 100 2500 2C39-A
810 500 175 2500 750 100 810
8000} 125 2000 9 28 { VN
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
62.5 2000
833-A 300 3000 1250 350 3300 1500 183 30 833.A
50
72 75
833-A4 400 4000 1800 450 4000 2000 100 20 833.A4
83 50
65 75
5786 600 3000 1500 - - - 100 160 5786
63834 600 1500 600 - - - 100 2000 63834

Charts

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#

Maximum Plate Ratings (per tube)

Absolute Values Except as Noted

Per Cent of
Maximum Plate

tRatings apply also for Class C FM Telephony Service.

Design-Center Value.
4 With forced-air cooling.
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1. Power Tubes for Class C Telegraphy Service (cont.)#

Moximum Plate Rati {per tube)
Absolute Value Except as Noted
ccs ICAS.
T Dissi- Dissi-
r);ge pation DC Input pation DC Input
) Watts Volts Watts Watts Volts Watts
PENTODES:
5618 - - - 5 300 -
802 10 500 25 13 600
7.5
1613 10 350 17.5 - - 33
BEAM PO WER TUBES:
2E24 10 500 30 13.6 600 -
2E26
837 12 500 32 - - 40
5763 12 300 15 13.5 350 17
&7
832-A° 15 750 36 20 750 50
6146 20 600 67 5 25 750 90
6159
6883
65240 20 500 70 25 600 85
46850
815° 20 400 60 25 500 5
807 25 600 60 30 750 5
1625
829-B° 30 750 90 40 750 120
829-BU4 40 750 120 45 750 150
58940 40 600 120 - - -
814 50 1250 180 65 1500 225
4-65A 65 3000 - - - -
828 70 1250 200 80 1500 270
AE27/ % 4000 300 - - -
8001
813 100 2000 360 126 2250 500
4E27A/ 125 4000 - - - -
5-1258
4-125A/ 125 3000 - - - -
4021
4X150A4 - - - -
aNsoas} 1o 1280
4-250A/ 250 4000 - - - -
5D22
AXS00A+ 500 4000 - - - -
827:R* 800 3500 1500 - - -

§ 94 ¢ 40 See preceding page.

Per Cent of
Maximum Plate
Volts and Input

for indicated

Frequencies

T9¢ 67°
664 53®
100
784 79
514 76
100

100

Mc

100
165
30
55
100

120
110

—— —s,

Type
No.
5618
802

1613

2E24
2E26

829-B0a
58940

814

4-65A
828

4€27/
8001

813

AE27A/
51258

4-125A/
4p21

4X150A%

4X150D4

4-250A/
5D22

4X500A4
827-R4
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I. Power Tubes for Plate-Modulated Class C Telephony Service

Type
No.

TRIODES:
5893
6263
8025-A

811-A
812-A

826
8264
8005
2C39-A

sboo }

61614
833-A
833-As
57864
63834

BEAM POWER TUBES:

Se2e )

s |

832-AC
6146
6159
6883

65240
68500

815°

125§

829-8°
829-804
58940
4-65A
828

813

41254/
4D21

4X150A
4X150D

4-250A/
§D22

Absolute Values

Maximum Plate Ratings (per tube)

Maximum
CCs iICAS req Y

Dissi- Dissi- For Full

potion DC Input pation DC Input Input®
Wotts Volts Waotts Watts Volts Watts Mc

5 260 8.5 5.5 320 10.5 1000
5.5 275 9 9 330 15 500
274 8004 50+ 20 800 33 500
30 1000 115 45 1250 175 30
30 800 60 45 1000 95 250
40 800 75 60 1000 125 250
50 1000 160 75 1250 240 60
70 600 -~ - - - 2500
85 1600 335 125 2000 500 30
167 1300 270 -~ - - 900
200 2500 835 250 3000 1000 30
270 3000 1250 350 4000 1800 20
400 2500 1000 ~ - - 160
400 1200 400 - - - 2000
6.7 400 20 9 500 27 125
8 250 10 12 300 15 50
10 600 22 15 600 36 200
13.3 480 45 16.7 600 67.5 60
13.5 400 45 16.7 500 55 100
13.5 325 40 20 400 60 125
16.5 475 40 25 600 60 60
21 600 67.5 28 600 90 200
28 600 90 40 600 120 200
27 450 72 - - - 250
45 2500 - - - - 50
47 1000 135 70 1250 200 30
67 1600 240 100 2000 400 30
85 2500 -~ -~ ~ ~ 120
100 1000 - -~ - - 500
165 3200 - - - ~ 110

-

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

phy Service.
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A With forced-air cooling.
B Push-pull type.

Type
No.

5893
6263
8025-A

81-A
812-A

826
826%
8005
2C39-A

810
8000

61614
833-A
833-A4
57864
63834

2E24
2E26

{ei7

832-A7
6146
6159
6883

652472
68507

8159

{1625

829-87

829-B74

5894°

4-65A

828

813
4-125A/

4D21

4X150A
4X150D

4-250A/
5D22



lil. Power Tubes for AF Power Amplifier and Modulator Service

Maximum Plate Ratings (per tube)
Absolute Values

ccs ICAS
Dissi- Dissi-
pation DC Input pation DC Input Class
Type of Type
No. Watts Volts Watts Watts Volts Wotts Service No.
TRIODES :
5556 7.5 350 - - - - A 5556
811-A 81-A
vy 45 1250 165 65 1500 235 B {85A
8005 75 1250 225 85 1500 250 B 8005
845 100 1250 150 - - - AB: 845
810 810
HO 125 2500 425 175 2750 510 B {890
805 125 1500 315 - - - B 805
300 3500 1125 350 3300 1300

833-A% { 400 1000 1600 450 4000 1800 } B 833-A
57864 600 4000 1500 - - - B 5786
43834 600 1500 600 - - - A 6383
PENTODES:
5618 - - - 5 300 - A 5618
802 15 500 15 18 600 18 A 802
BEAM POWER TUBES:
2E26 10 400 30 12.5 500 37.5 AB: 2626
2E24 10 400 30 3.5 500 37.5 AB:  2E24
8146 5146
8159 20 600  62.5 25 750 90 AB: {6159
6883 4883
65240 6524
s3%8a} 20 500 70 25 600 8  AB: {$3%00
8159 20 400 60 25 500 7% AB: 8159
1614 21 375 40 25 550 60 AB: 1614
807 807
807} 25 600 60 30 750 90 aB. {397,
829-8° 30 750 100 - - - AB1  829-80
58940 40 600 120 - - - B 58940
4-65A0 65 3000 - - - - AB:  4-65A°
828 70 1750 225 80 2000 270 AB: 828
813 100 2250 360 125 2600 450 AB: 813
4-125A _ 4-125A/

o 125 3000 - - - AB: 41
4X150A AX150A
X1 500} 150 1250 - - - - AB: { 4X150D
4-250A/ _ _ _ _ AB:  4-250A/

5D22 250 400 AB:  5D22

4 With forced-air cooling. S Push-pull type.
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Type
No.

3C33

3E29

4C33

5618

5763

5794

5893

5946

6026

6161

6264

6293

6383

6417

6524

6562

6850

RCA Transmitting Tubes

IV. Power Tubes for Special Applications

Description
Twin Power Triode

Twin Beam Power
Tube

Power Triode

Power Pentode

Beam Power Tube

Fixed-Tuned
Osecillator 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-Puised Oscil~
lator and Ampli-
fier

Radiosonde Service

Frequency Multi-
plier

Frequency Multi-
plier

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 625 Me.

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

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

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

Pencil type used as oscillator up to
%200 Me and as doubler up to 1000
c.

Compact, forced-air-cooled radiator
type used with full input up to 1300
Mecand with reduced input up to 2000Me.

Subminiature type for use at 400 Mec.

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

Pencil type used as tripler up to 510
Me 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 Mec.

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 Mec.

Pencil type having integral 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 ralings are absolute values

Maximum Maximum Temper-
Anode or Plate Peak Inverse ature Filament {F)
Amperes Anode or Range ¢ or Heater {H)
Averoge Peak Plate Volts °C Volts Amperes Type No.
Holf-Wave Mercury-Vapor Types:
0.125 0.5 7500 20 to 60 25F 2.0 816
- 10000 25 to 60
0.25 1.0 5000 25 to 70 2.5F 5.0 866-A
0.5 2.0 2500 25 to 70
. 10000 20 to 60 872-A
1.2 5.0 9000 S0tt 50F 75 {53
17 6'8 Toose 38 o (5;8 575
1.7 7. 10000 to -A
2 508 100 15000% 26 to 50 50F 10.0 {673
: . 10000% 20 to 60
" 5000 30 to 60 =
2.50 15.0 2000 30 to 80 50H 4.5 5558
4.0 16.0 10000 25 to 50
64 40.0 3000 40 to 80 5.0 H 10.0 5561
Half-Wave Gas Types:
05 e 10000, 75to-+90 25 F 5.0 3828
0.50° 2.0° 4500 -75 to 490 2.5F 5.0 3825
Half-WaveVacuum Types:
0.130 0.800 6000 - 25F 5.0 1616
0.25 1.0 5000 - 2.5 H 5.0 836
Full-Wave Vacuum Types:
0.150> 2800
0,175~ 0.650 2400 - 50F 290 5R4-GY §
0.250 2100

4 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. 4 With capacitor input to filter.

* For frequency of power supply of 1000 eps max- & 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

DC DC DC DC Grid- Plate  Frequency Grid No.2
DC Grid-  Grid- DC Grid-  Grid- No.2  Dissi- for Full to Type
Sz"':u'; Plate No.2 Nol Plate No.2 Nol Input pation Input Grid No.l No.
(Approx.} Volts  Volts  Volts*  Mc Ma Ma Watts  Watts Mc
4.0 875 250  -100 15 4.0 3.0 1.0 3.5 60 9.5 6AK6
5.5 350 - -100 25 - 8.0 - 5.0 60 18% 6C4
7.6 375 250 -75 30 9.0 5.0 1.5 8.0 30 22 6AG7
11.0 350 250 -100 47 7.0 5.0 2.0 8.0 60 10 SAQS
11.0 350 250 -100 47 7.0 5.0 2.0 8.0 30 9 &v6
14.0 400 275  -100 50 11.0 5.0 3.0 12.5 30 7 6F6
28.0 400 300 -125 100 120 5.0 3.5 21.0 30 8 6L6

4 Grid-No.l-circuit resistance must not exceed 0.1 megohm.
® For triode, this value is the amplification factor.
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RCA Tube Types

This section contains technical descriptions of RCA tubes used indransmitting,
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

G Forced-air-cooled type used as rf
power amplifier, oscillator, and fre-
quency multiplier. May be used at full 2C39-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.

K
H H

HEATER VOLTAGE (AC/DC)C. . .ttt tteneronnnernonsrcancnoanncnasoans 6.3 = 109, volts
HEATER CURRENT. . .. .0t ttentianntrsaeronesnesnssaonaesneaesnenns 1.0 ampere
TRANSCONDUCTANCE! . . .. .ttt ittt eeiianensaranneenanns 22000 pmhos
AMPLIFICATION FACTOR. . . . ... i i it it ciiennenienaans 100
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. . .. ..o e i e 1.95 nuf
Grid to cathodeand heater. . .......... ... ... .. .. i 6.5 upf
Plate to cathodeand heater . ......... ... ... i, 0.035 max ppf

© 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 AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with a maximum modulation factor of 1.0
Maximum CCS Ratings:

DC PLATE VOLTAGE. . ... ttvvtnt s iasiaessossatonseosaasnianasnans 600®max volts
GRID VOLTAGE:
D

.......................................................... -150 max volts

Peak Negative RF . . .. ... ... ittt iiiaiiaannan 400 mazx volts
Peak Positive RF . . .. ... .. i i it i i 30 mazx volts
DC GRID CURRENT. . . ..ttt iitniiirianranoenenreananasnrnnnenss 50 max ma
DC CATHODE CURRENT. ... i\ ottinninertnanrnnnrcnnanetneonannrens 100 max ma
GRID INPUT. . . ..ottt it it it et ranaaacnaann 2 max watts
PLATE DISSIPATION . . . ot vttt it et i iisaaan e ersiaananonns T0 max watts

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

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

DC PLATE VOLTAGE. . ... Cerasaes P 1000 max volts
GRID VOLTAGE:
DO it ittt ere st [N heees ~150 maz volts
Peak Negative RF........ erereassaeeaeans Cererareereartans .. 400 max volts
Peak Pogitive RF......cioievrteeecrreersnnosconnaccsnsassrsnen 30 max volts
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50 max ma
125 max ma
2 max watts
100 mazx watts

Typical Operation as Amplifier in Cathode-Drive Circuit at 500 Mc:
DC Plate Voltage. . . ... ... o i it e 800 volts
DC Grid Voltage. . . .. ... ... e —45 volts
DC Plate Current. ... ...t i e 80 ma
DC Grid Current (APDPrOX.) . . ottt ettt e e a5 ma
Driver Power OQutput (APProX.}. . . ... oot ven i tiienneeenaiieneen 6 watts
Useful Power Output (ADPDrOX.) . ... .viueitiiiiie ettt eereanrenns 27 watts

Typical Operation as Oscillator at 2500 Mc:

DC Plate Voltage. . .. ...ttt e et et . 900 volts
DC Grid Voltage (APProx.). . ...ttt iiiic o —22 volts
DC Plate Current. . .. ... .. i e 90 ma
DC Grid Current (APProxX.). .. ..o, 27 ma
Useful Power Output (Minimum). ., .......... ... ............cviuen. 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, Outlines 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 Mc. 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 puf; grid to cathode,

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

and heater, (with shield having diameter of 234

inches in plane of grid-disk terminal), 0.03 max puf; cathode to shell, 70 uuf. Maximum CCS ratings as RF

POWER AMPLIFIER AND OSCILLATOR, CLASS C TELEGRAPHY : dc plate volts, 500 maz; d¢

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

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

amperes, 17.5; transconductance, 5000 umhos; amplification factor, 36; plate resistance (approx.), 7200
ohms, The 2C40 is used principally for renewal purposes.

LIGHTHOUSE TRIODE

Disk-seal type used as rf amplifier and cw

oscillator at frequencies up to 1500 Mc. OUTLINE

10, Qutlines Section. Requires Octal socket and

may be mounted in any position. Heater volts

(ae/dc), 6.3; amperes, 0.9. Direct interelectrode

2c43 capacitances: grid to plate, 1.7 uuf; grid to
cathode, shell, and heater, 2.8 unf; plate to

cathode, shell, and heater (with shield having

diameter of 234 inches in plane of grid-disk
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terminal), 0.05 maz uuf; cathode to shell, 70 yuf. Maximum CCS ratings as RF POWER AMPLIFIER
AND OSCILLATOR, CLASS C TELEGRAPHY: dec plate volts, 500 max; dc plate milliamperes, 40
maz; plate dissipation, 12 max watts; peak heater-cathode volts, = 90 max. Characteristics as CLASS
A1 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-
er amplifier and modulator and as rf
power amplifier and oscillator in mo-
bile- and emergency-communications

2E24

equipment. May be used with full input up to 125 Mc and with reduced input up
to 175 Mec. Class C Telegraphy maximum plate dissipation, CCS 10 watts, ICAS

13.5 watts.

FILAMENT VOLTAGE (AC/DC) . . .ttt ittt it e it e,
FILAMENT CURRENT. . .. .. ..ttt e iee e an e ns

DIRECT INTERELECTRODE CAPACITANCES:
Grid No.ltoplate. ... ... .. .
Grid No.1 to filament mid-tap, grid No.8, internal shield, grid No.2, and
base sleeve. . .. ... e
Plate to filament mid-tap, grid No.3, internal shield, grid No.2, and base
Sleeve. L L e

* 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: cecs

DC PLATE VOLTAGE . . . .. .o vttt ieieaas 400 max
DC GRID-N0.2 (8CREEN-GRID) VOLTAGE. ... ............ 200 max
MAXIMUM-SIGNAL DC PLATE CURRENTE. . .. .. .......... 75 max
MAXIMUM-SIGNAL PLATE INPUTS. .. .................... 30 max
MAXIMUM-SIGNAL GRID-NO.2 INPUTE. .. ................ 2.5 max
PLATE DISSIPATION®. . . ..ottt it iiieiaeeiannnanons 10 max

Typical Operation (Values are for 2 tubes):

DC Plate Voltage. . . ... ivii it ciiinaass 400
DC Grid-No.2 Voltage. ... ... ... it iiiiiiiiiniaas 125
DC Grid-No.1 (Control-Grid) Voltaget.. ... ........... -15
Peak AF Grid-No.1-to-Grid-No.1 Voltage . . ............. 82
Zero-Signal DC Plate Current. . ....................... 18
Maximum-Signal DC Plate Current. . .................. 150
Zero-Signal DC Grid-No.2 Current. .................. .. 0.6
Maximum-Signal DC Grid-No.2 Current................ 26
Effective Load Resistance (Plate to plate) ... ............ 7000
Maximum-Signal Driving Power (Approx.}.............. 0.43
Maximum-Signal Power Output (Approx.).............. 42

Maximum Circuit Values {CCS or ICAS conditions}:

Grid-No.1-Circuit Resistance. ... ........ ... . it
m Averaged over any audio-frequency ecycle of sine-wave form.

% For ac filament supply.

1 For operation at less than maximum ratings, this value may be as high as 100000 ochms,

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

Maximum Ratings: CCS
DC PLATE VOLTAGE. .......0tunn. et 400 mazx

6.3 = 10% volts
0.65 ampere
less than 2 seconds
3200 pmhos
7.5
0.11 max puf
8.5 uuf
6.5 puf
210 max °C
1CAS
500 max volts
200 mazx volts
75 mazx ma
37.5 max watts
2.5 max watts
13.5 max watts
500 volts
125 volts
-15 volts
82 volts
20 ma
150 ma
0.6 ma
28 ma
9000 ohms
0.48 watt
54 watts
300001 max ohms
ICAS
500 maz volts
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DC GRID-NO.2 VOLTAGE. . ... .iivttetininiennnnennennn 200 max 200 mazx
DC GRID-NO.1 VOLTAGE. . ... ootinnneenineinaennnnns -175 max -175 maz
DCPLATE CURRENT. . . . ..0iviiininenetnnnnnannnsnnns 60 max 70 max
DC GRID-NO.1 CURRENT. . ...\ 0ivirenaruronnnninonncnn 3.5 mazx 3.5 mazx
PLATEINPUT. . .. ... i iiciintineananannans 20 max 27 max
GRID-NO.2Z INPUT. . ... .ottt einineenneniannens 1.7 max 2.3 max
PLATE DISSIPATION. . o, vt vttinrennanrinonnrennns Ve 6.7 max 9 max

Typical Operation:

DC Plate Voltage. . ... ......ccoiiiiienerreinnnn, e 400
DC Grid-No.2 Voltage® . ...........civiiiiiininnnnn., 180

Fromaseries resistor of . ... ...........oininiiinn., 27500
DC Grid-No.l Voltagetd',..........oviiiiiiiinnnn, —45

From a grid-No.lresistorof . . ...................... 18000
Peak RF Grid-No.l Voltage................... ... 61
DCPlate Current. . ............urteriirererinnnensn 50
DC Grid-No.2 Current. .. ... ...ttt iiiannenn 8
DC Grid-No.1 Current (Approx.). ........ovvvvuvnenin. 2.5
Driving Power (ADPProX.). .. ... inenireriniiaeinnnnas 0.15
Power OQutput (APProX.) ... ..vvieeniernininiineennnnes 13.5

Maximum Circvit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. . .............c..oviviiinnnenn,

...... 30000} 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.

o Obtained preferably from grid-No.l 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 AMPLIFIER—Class C FM Telephony
Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE. . ...\ttt tttitiiiieieanenennenns . 500 max 600 max
DC GRID-NO.2Z VOLTAGE. . . 0eviriirneennnnrnnnnnnns 200 max 200 max
DC GRID-NO.1 VOLTAGE. . . ... oiinet e nainennnnns -175 max =175 max
DC PLATE CURRENT. . . ...ttt iiiiineanrianninna,s 75 max 85 max
DC GRID-NO.1 CURRENT. ... ooietiiiniinnenenanenianas 3.5 max 3.5 max
PLATE INPUT. . ... i i i e i 30 max 40 max
GRID-NO.2Z INPUT. . ...ttt it i i 2.6 max 2.5 max
PLATE DISSIPATION. . .. i i tineinieesienrinernnrnnnnns 10 max 13.5 max
Typical CCS Operation: 125 Me 160 Me¢
DC Plate Voltage. . . ...oovvnineine e eiinneennnnns 400 500 850
DC Grid-No2Voltage®. ............c..ovirrvirinnnns 200 190 170
From a series resistor of . . ......................... 20000 29000 18000
DC Grid-No.1 Voltaget®.............. Ve ... —45 -45 -50
From a grid-No.l resistorof . .. ..................... 15000 15000 16500
Peak RF Grid-No.1 Voltage. .......................... 62 65 70
DCPlate Current. . ..........oiiiiiiiinniennenennnn. 75 60 85
DC Grid-No.2 Current. ... .....ooiiiiianiien e, 10 10.5 10
DC Grid-No.1 Current, . .............. e 3 3 3
Driving Power (ADPProX.). . ..couutivenrnineinnnenunans 0.19 0.2 2
Power Qutput (APProX.). . ..u.vveiirieeernennnennnnnn 20 20 16.5
Typical ICAS Operation: 125 Me
DC Plate VOIaZe. « .o ..tttit ittt it r et 600
DC Grid-No.2 Voltage®. . ..........covieiiininn.n.. e 195
From a seriesresistorof .. ................ ... il 40500
DC Grid-No.1 Voltaget ® ... .. ...t iiiiiniiieeeannnn, -50
From a grid-No.l resistorof .. ............. ... .. i i, 16700
Peak RF Grid-No.d Voltage. ..............oiiiiiiiin i, 1
DC Plate CUurrent. ...ttt ettt iviine i 66
DC Grid-No.2 Current. . ........covevevinn.. PO P 10
DC Grid-No.1 Current. . . ... .ottt nnninns 3
Driving Power (APDroX.) . ..t viite et etntnranoneanreeeneersannnns 0.21
Power OutPUt (APProX.) . .. oveeutenreiiiineeeneereereneerreaeenns . a7
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Maximum Circuit Valves {CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. . ... ......c.uviiiitiniiiiiinnnneennnen 30000} mazx chms

# 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.

@ 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.

¥ For ac filament supply.

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

AVERAGE CHARACTERISTICS OPERATING CONSIDERATIONS
TYPE 2E24 i
| Ef=6.3VOLTS DC Type 2E24 requires Octal socket and
Tor—f SRETEE VaLTSIS0 — may be mounted in vertical position with
‘ base up or down, or in horizontal position
60 { with pins 3 and 7 in vertical plane. Effec-
w tive rf grounding and simplified shielding
20 I of input from output are facilitated by
‘3‘ X\I ; the base sleeve with separate base-pin
= \ N2RID-N2i VOLTS Ecye +50, connection and the single base-pin con-
3| nection for filament mid-tap, grid No.3,
i \ and internal shield. OUTLINE 15, Outlines
3% 1IN Section.
z = +40 For operation at 150 Mec, plate volt-
20 \ ¢ age and plate input should be reduced to
; +30 83 per cent of maximum ratings; at 160
|0—Q,—,L—;441—1#‘—;20 Me, to 75 per cent; at 175 Me, to 68 per
R SR —_1+19] cent. Plate shows no color when the tube
L 17 | is operated at maximum CCS or ICAS
0 100 200 300 400 500 .
PLATE VOLTS ratings.
92CM -BE6ITI

AVERAGE CHARACTERISTICS

TYPE 2E24
E¢= 6.3 VOLTS DC
o GRID-N22 VOLTS =160
&
[}
;4 +50
00| -
H =480
3 To_L et
o A0
3 2
—
a /] |t
L 300 - +30
o | e e
N e
o 1
g / Ecy=+20
e 4 Io
& 200
Q / <
& AN +10,
2
2 —
e /\‘ Tl | ECizesg
w 100 Y < T GRID-N#I VOLTS EC|=0
« = ey ==p—y
g W s Ico EC) =+ a0l 0
=S\ o
= +i0 720
100 200 300 400 500 600
° ° PLATE VOLTS 92CM-6560TI
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BEAM POWER TUBE G2

Glass-octal heater-cathode type Gak
2E2 6 used as af power amplifier and modu- e
lator and as rf power amplifier and H
oscillator. May be used with full input GakK Bc
up to 125 Mc and with reduced input [
up to 175 Mc. Class C Telegraphy maximum plate dissipation, CCS 10 watts,
ICAS 13.5 watts.

HEATER VOLTAGE (AC/DC) . . ottt ittt et ee e e i e iiaee s 6.3 109 volts
HEATER CURRENT . . .. ..\ttt ettt e e e 0.8 ampere
TRANSCONDUCTANCE® , | . . .. . . .. i i 3500 wpmhos
Mu-FaAcToR, Grid No.2 to Grid No. I®. . . ... ... ... . ........... 6.5
DiIRECT INTERELECTRODE CAPACITANCES:®
Grid Nol toplate. .. ... ... . .. ... ... ... . . . . 0.20 max puf
Grid No.1 to cathode, grid-No.3, internal shield, grid-No.2, and heater. 13 it
Plate to cathode, grid-No.3, internal shield, grid-No.2, and heater. . ... 7 s
BuLB TEMPERATURE (At hottest point). . ............................. 210 mazx °C

* 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 1cas
DC PLATE VOLTAGE ., . ... ..ttt ttiiiiineeinianannns 400 max 500 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE .. ............. 200 max 200 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. . ... ........... 75 mazx 75 max ma
MAXIMUM-SIGNAL PLATE INPUT®. . . ... ... ........... 30 mazx 37.5 max watts
MAXIMUM-SIGNAL GRID-NO.2 INPUT® .. .. ............... 2.5 max 2.5 max watts
PLATE DIsSIPATION®™. . ... ... .. e, 10 max 12.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode.............. 100 mazx 100 max volts
Typical Operation (Values are for 2 tubes):
DCPlate Voltage. . . ........ ... ... ittt 400 500 volts
DC Grid-No.2 Voltage*t. . ............................ 125 125 volts
DC Grid-No.1 (Controi-Grid) Voltage =. ................ -15 -15 volts
Peak AF Grid-No.l-to-Grid No.l Voltage. .............. 60 60 volts
Zero-Signal DC Plate Current. . . .. .................... 20 22 ma
Maximum-Signal DC Plate Current. . .................. 150 150 ma
Maximum-Signal DC Grid-No.2 Current. . .............. 32 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

Maximum Circuit Valves {CCS or ICAS conditions):
Grid-No.1-Circuit Resistance:
For fixed-bias operation. ................ . ... ... . o, 30000f max ohms
For cathode-bias operation. .. ............................c.iuu.. Not recommended
® Averaged over any audio-frequency cycle of sine-wave form.
4 Preferably obtained from a separate source or from the plate-supply voltage with a voltage divider.
1 In applications requiring the use of grid-No.2 voltages above 135 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.
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: CGS I1CAS

DC PLATE VOLTAGE. . ... ..ottt iie it 400 mazx 500 max volts
DC GRID-NO.2 VOLTAGE. . .. ... iiiiiiinaiaaa .. 200 maz 200 mazx volts
DC GRID-NO.1 VOLTAGE. .. ..o it tiiitiiiiieinnnn.n, ~175 maz ~175 max volts
DC PLATE CURRENT. . . .t ettt iiiiinieeneeiannnnnnns 60 max 70 max ma
DC GRID-NO.1 CURRENT. . . .t evovevivinrnennnnnns, 3.5 maz 3.5 max ma
PLATEINPUT. ..ottt iniie e et 20 max 27 max watts
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GRINOZINPUT. . ....... oo i 1.7 max 2.3 maz watts
PLATE DISSIPATION . . .0ttt iiteeevienneannannns 6.7 max 9 max watts
PEAXx HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.,........... 100 max 100 mazx volts
Heater positive with respect to cathode. ............. 100 max 100 mazx volts

Typical Operation:

DC Plate Voltage. . . .....c.oouiteitiiiiiiiineenannn 400 500 volts
DC Grid-No.2 Voltage® . ........c.ooiiviivnnn e e, 160 180 volts

From series resistor of . . .. .................. ... ..., 32000 35500 ohms
DC Grid-No.l Voltaged .. ......ociiiii e, -50 -50 volts

From grid-No.l resistorof. . . ...................... 20000 20000 ohms
Peak RF Grid-No.1 Voltage. .......................... 60 60 volts
DC Plate Current............... e e 50 54 ma
DC Grid-No2 Current. ..........ivrnnnnannnnn, 7.5 9 ma
DC Grid-No.1 Current (Approx.). . ... .........ouuun... 2.5 2.5 ma
Driving Power (ApPDroX.) . ccuvu e ieaeonnornarunannn. Q.15 0.15 watt
Power Output (APProX.). v vuuveeun oo neenneennan 13.5 18 watts

Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. . .. ..ovuiiiiiiinnetireneenrennninnn, 300001 max ohms
© Obtained preferably from separate source modulated along with plate supply, or from the modulated
plate supply through series resisto: of value shown.

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

1 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 AMPLIFIER —Class C FM Telephony

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE . . ...ttt ittt eiae i 500 mazx 600 max volts
DC GRID-NO.2 VOLTAGE. . ..., .ottt 200 max 200 max volts
DC GRID-NO.1 VOLTAGE. .. ... ot -175 max -175 max volts
DC PLATE CURRENT. . .\t v oottt ie i 75 max 85 max ma
DC GRID-NO.L CURRENT. .. ..o otoiinieie i 3.5 mazx 3.5 max ma
PLATEINPUT. .. ... e 30 max 40 max watts
GRID-NO.ZINPUT. . ... ... .. .. ... .. ..., 2.5 max 2.5 max watts
PLATE DISSIPATION. . . ... .ttt 10 mazx 13.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ............ 100 mazx 100 maz volts

Heater positive with respect to cathode. . ............ 100 max 100 maz volts
Typical CCS Operation: 125 Mec 160 Mc¢
DCPlate Voltage. .. ...............ciiivirnennnnnn. 400 500 300 volts
DC Grid-No.2 Voltage®. . ... ... .................... 190 185 170 volts

Fromseriesresistor of . . .. ....... ... .. ... ......... 19000 28500 21500 ohms
DC Grid-No.l Voltages$ . ............................ -30 —40 75 volts

From grid-No.l resistorof. . ... .................,.. 10000 13500 80000 ohms
Peak RF Grid-No.1 Voltage. ., ........................ 41 50 85 volts
DCPlate Current. ..........oviiiiiiiiiiinneen 75 60 7% ma
DCGrid-No.2Current. ........ ... viiiiinvnnnnen... 11 11 6 ma
DC Grid-No.1 Current (ApPprox.)............counns.. 3 ] 2.5 ma
Driving Power (APProX.). ... ...covtirevrannaannnonsen 0.12 0.15 1.5 watts
Power Output (APProx.). .. .......iiiiiieiarneennenns, 20 20 13 watts
Typical ICAS Operation: 125 Me 160 Me
DCPlate Voltage. . .. ....... ... .. i, . 600 350 volts
DC Grid-No.2 Voltage®. . ............. .. ............. 185 200 volts

Fromseriesresistorof . . .. ... .. ... ... ... ... .. .. .. 41500 21500 ohms
DC Grid-No1 Voltageé . ............................. —-45 -90 volts

From grid-No.l resistorof. . . ...................... 15000 30000 ohms
Peak RF Grid-No.1 Voltage . . ......................... 57 105 volts
DCPlate Current. ... ... ...t 66 85 ma
DC Grid-No.2 Current. .. .......ovviiiniannnnnnnn., 10 7 ma
DC Grid-No.1 Current (AppProx.). . .........ccuovunin.n 3 3 ma
Driving Power (APProxX.}. .. ... oveiiniiinneannn... 0.17 2 watts
Power Output (ADProX.). ..o vvvreriinnnnnrvnnneenunnnes 27 16.5 watts
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Maximum Circuit Values {CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. ... ....... ..., 300000 mazxt ohms
# 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 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.

& 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 2626 | |
" Ef=6.3VOLTS T
Type 2E26 requires Octal socket and GRID-N2 2 VOLTS=160

may be mounted in any position. Effec-
tive rf grounding and simplified shielding

are facilitated by the base sleeve with 160
separate base-pin connection and the sin-
gle base-pin connection for cathode, grid
No.3, and internal shield. OUTLINE 15, 120

Outlines Section.

For operation at 150 Mg, plate volt-
age and plate input should be reduced to
83 per cent of maximum ratings; at 160
Me, to 75 per cent; at 175 Me, to 68 per
cent. Plate shows no color when the tube
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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). v ivvvvsvevasnesnnnnannns evrerereeaas 2.8 1.4 volts
FILAMENT CURRENT. . . .. ... tvitrnunrnersornsonocssasannssnssnns 0.1 0.2 ampere
TRANSCONDUCTANCEX . . ., .. it eiraeennanrrenaaenansnnarons 2250 umhos
PLATE RESISTANCE (APProX.)¥. . ..ottt iiaaeiaennaanen 80000 ohms
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.L to plate. . .. ... i i i i 0.34 max wuf
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-Center Values:

DC PLATE VOLTAGE. . ..ottt it ii et ie it e na s 150 max volts
DC GRID-NO0.2 (SCREEN-GRID) VOLTAGE ., . . .. et vtvrnivnieeninnneaenns 135 max volts
DC GRID-NO.1 (CONTROL-GRID)} VOLTAGE. . . ...t tiiieitnainnnines -30 max volts
DC PLATE CURRENT. . . . o tiieit it ia et aaaaat e 20 max ma
DC GRID-NO.L CURRENT . . ..\ o ia it et tniaiiia e aeeiinnes 0.25 max ma
TOTAL DC CATHODE CURRENTE. . . ...\ttt tininaninearanannnaenns 25 max ma
PLATE INPUT. . .. . i e i e e 3 max watts
GRID-NO.2 INPUT. . .ottt ittt e e eeas 0.9 max watt
PLATE DISSIPATION . . . o\ttt it ittt iie e ia e iinen e anaenns 2 mazx watts

Typical Operation at 10 Mc (with Parallel Filament Arrangement):

DC Plate Voltage . . . .. ov ittt it e i e 150 volts
DC Grd-No0.2 VOltage. . ..ottt i i tiie e e e et 135 volts
Grid-No.l Resistor. . ... .ot e 0.2 megohm
DC Plate CUITEnt. . . .. ...ttt t i ciascria e 18.3 ma
DC Grid-No.2 CUurrent. . . ... ouvriitin it ivv e 6.5 ma
DC Grid-No.l Currernt. 0.13 ma
Power Qutput (APProX.) . .« .. uvriuriieerrnieennnroasrecernnsaararsns 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. OUTLINE 6, Outlines Section.

The filament power supply may be obtained from dry-cell batteries, from
storage batteries, or from a power line. With dry-cell battery supply, the filament
may be connected either directly across a battery rated at a terminal potential of
1.5 volts, or in series with the filaments of similar tubes across a power supply con-
sisting of dry cells in series. In 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 tubes in 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 pins 1and 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.1
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 Mc. Class C Telegraphy maximum CCS plate dissipation (each

unit), 1 watt. Requires miniature seven-contact socket and may be mounted in any

position. OUTLINE 6, Ouflines 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 VOLTAGE (DC). . . . it tvtiviiioi e e eeaaaanns 2.8 1.4 volts
FILAMENT CURRENT. . v oe ittt e rinenenneanennens 0.11 0.22 ampere
TRANSCONDUCTANCEX, . ... ... ... it 1800 pmbos
AMPLIFICATION FACTOR*, . . ... ... ... . i 15
PLATE RESISTANCE (ADProX.)¥. ... ittt iiiaieennnns 8300 ohms
DIRECT INTERELECTRODE CAPACITANCES (Each unit):
Gridtoplate. ... ... iiiii i i e, 3.2 puf
Grid to filament mid-tap. .. .......c.. .. i, 0.9 puf
Plate to filament mid-tap. ............ ... .. . ol 1.0 puf
Platetoplate. ... ... ... .. it i i, 0.32 puf

* Plate volts, 90; grid volts, —2.5; plate milliamperes, 3.7.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings, Design-Center Values for each unit:

DC PLATE VOLTAGE. . .\ ¢ttt ittt ittt ennaetiiainanianainnanas 135 max voltg
DOC GRID VOLTAGE . . <\ ittt ie e it ittt iineen e -30 max volts
DC PLATE CURRENT. . ...\ttt it e ihin et inin et 15 max ma
DC GRID CURRENT. . ..\t ittt ettt it e e 2.5 max ma
PLATE INPUT. . .o i i e i e e e aes 2 max watts
PLATE DISSIPATION. & o ot o ittt ettt et iiancaonias . 1 max watt

Typical Push-Pull Operation (Values are for both units):

DC Plate Voltage. .. .ottt ittt et i aanaaan 135 volts
DC Grid Voltage®. . ... ittt et e e e -20 volts

Fromgrid resistor of . . . ... ... . i e 4000 ohms

From cathode resistor of . . .. ... .. ... ... . i 570 ohms
Peak RF Grid-to-Grid Voltage. ......... ... ..o i i iiiinian 90 volts
DCPlate Current. . ... ...ttt i it i 30 ma
DC Grid Current (APProX.). ... ... iiiiiitiiiiiniiinineninnnan ey 5 ma
Driving Power (APProX.). ..t tiin ettt iinie e naas 0.2 watt
Power Qutput (ADPProR.) . . ..ottt ittt i et e 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 G

Xenon-filled rectifier of the coated-
382 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. QUTLINE 36, Outlines Section.
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FILAMENT VOLTAGE (AC)%. .ttt ittt ittt ni i 2.5 volts
FILAMENT CURRBENT . . .ottt ttt ittt eie it e et ae e e 5.0 amperes
PEAk TUBE VOLTAGE DROP (Approx.) 10 volts
° Filament voltage must be applied at least 30 seconds before application of anode voltage.
HALF-WAVE RECT!FIER

Maximum Ratings:
PEAK INVERSE ANODE VOLTAGE. . .. o« ovtrnte s iniaeeasieanannnns 4500 mazx volts
ANODE CURRENT:

Peak. . e e 2.0 max amperes

AVerage(d. .. e e 0.5 max ampere

Fault, for duration of 0.1 second maximum......................... 20 max amperes
FREQUENCY OF POWER SUPPLY . ..\ .ttt titetitteiiin e iaiaennennns cps
AMBIENT-TEMPERATURE RANGE °C
3 Averaged over any period of 30 seconds maximum.
Operating Yalves:

Circuit Mazx. Trans. Approz. DC Mazx. DC Max. DC
(For circuit figures, refer to Sec. Volts Output Volts Output Qutput KW
Rectifier Considerations (RMS) To Filter Amperes To Filter
Section) Fig. E Eav Iav Pdc
In-Phase Operation
Half-Wave Single-Phase. ... 54 3100 1400 0.5 0.7
Full-Wave Single-Phase . ... 55 1500 1400 1.0 1.4
Series Single-Phase . .... ... 56 3100 2850 1.0 2.8
Half-Wave Three-Phase. ... 57 1800 2150 1.5 3.2
Quadrature Operation

Parallel Three-Phase ...... 58 1800 2150 3.0 6.4
Series Three-Phase ....... 59 1800 4300 1.5 6.4
Half-Wave Four-Phase . . .. 60 1500 2000 1.8% 2.0m 3.6% 4.0um
Half-Wave Six-Phase ..... 61 1500 2150 1.9% 2.0m 4.1% 4.3=
* Resistive Load ® Inductive Load

wm _0° .  HALF-WAVE GAS RECTIFIER

Xenon-filled rectifier of the coated- 3 B2 8

filament type. May be used in equip-~
ment subject to wide range of ambient
e, temperature (—75° to +90°C). Rating
sHEL  T: maximum peak inverse anode volts,
10,000; maximum average anode amperes, 0.25. Rating I1: 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. OQOUTLINE 33, Outlines Section.

FILAMENT VOLTAGE (AC)°. .. ... e 2.5 volts
FILAMENT CURRENT . .. ... ittt tia et ie i ini i v 6.0 amperes
PEAK TUBE VOLTAGE DROP (APProX.) . . oo ivitiin it iienennannaans 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. . . ... ..\ viiiiinnn.n 5000 max 10000 max volts
ANODE CURRENT:
Peak. . .. e e 2 mazx 1 maxr amperes
Average . . 0.5 mazx 0.25 max ampere
Fault, for duration of 0.1 second maximum............ 20 mazx 20 maxr  amperes
FREQUENCY OF POWER SUPPLY. . ........cviieninnvenan . 500 max 60 max eps
AMBIENT-TEMPERATURE RANGE. . . ... .................. —75 to +90 75 to 490 °C

J Averaged over any period of 30 seconds maximum,
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Operating Values:

Circuit Mazx. Trans. Approzx. DC Mazx. DC Mazx. DC
(For circuit figures, refer to Sec. Volts Outpui Volts Output Output KW
Rectifier Considerations (RMS) To Filter Amperes To Filter
Section) Fig. E Eav Iav Pde
In-Phase Operation
7000° 3200 0.25 0.8
Half-Wave Single-Phase. , 54 35004 1600 0.5 0.8
3500 3200 0.5 1.6
Full-Wave Single-Phase. .. 55 17004 1600 1.0 1.6
7000* 6400 6.5 3.2
Series Single-Phase. ..... 56 85004 3200 1.0 3.2
4000* 4800 0.75 3.6
Half-Wave Three-Phase. .. 57 20004 2400 1.5 3.6
Quadrature Operation
4000 4800 1.5 7.2
Parallel Three-Phase..... 58 20004 2400 3.0 7.2
4000® 9600 4.75 7.2
Series Three-Phase. ..... . 59 20004 4800 1.5 7.2
3500® 4500 0.9% 1.0" 4.0% 4.5%
Half-Wave Four-Phase. ... 60 17004 2250 1.8% 2,09 4.0% 4.5%
3500* 4800 0.95* 1.0% 4.5% 4 8"
Hali-Wave Six-Phase. . ... 61 17004 2400 1.9% 2. 0% 4.5% 4.88%
® For maximum peak inverse anode voltage of 10000 volts. * Resistive load.
4 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) . . ottt ittt teiiienitie e ciia e 12,6 = 109, volts
HEATER CURRENT. . ..ottt it it ittt a e e 1.125 amperes
AMPLIFICATION FACTOR (BEach unit)*. . ........... ... .. ciiivaiinn, 11
DIRECT INTERELECTRODE CAPACITANCES (Fach unit):
Grid to plate. . .. ... e e it e i 5.4 puf
Grid to cathode and heater. .. ........... T 7.8 upf
Plate to cathode and heater. . . ............. .. iiiviiiioiriniannnas 4.2 uuf

* Grid volts, ~200; plate milliamperes, 90.

CONTROL AMPLIFIER SERVICE
Values are for each unit
Maximum CCS Ratings:

PEAK PLATE VOLTAGE . . . .ttt vvtretarenaeseneetoaacenceeaneanas vene. %2000 max volts
DC GRID VOLTAGE. . . 0 ittt tiettnineeataieeraianeernianscsnonans ‘e ~200 max volts
PEAK CATHODE CURRENT. . . .0ttt tnnieerinenestnrnsnessoassnessnaaa 600 max ma
AVERAGE PLATE CURRENT. . .. .o0vivtvinnnien e ann e .. 120 maz ma
AVERAGE GRID CURRENT. o ¢4t vtvvetrnirernunseanaensrersnnonnsss .. 7.5 max ma
PLATE DISSIPATION. . ottt tt ittt ittt is s anaerraansosnnonnconnsas . 15 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode................ ..ot . 100 maz volts

Heater positive with respect tocathode..............covveeivinann .. 100 max volts
BuLs TEMPERATURE (At hottest point)........... Cereseanns PN reeen 250 max °C

Maximum Circuit Valves:

Grid-Circuit Resistance:
‘When grid potential is always negative......... et e, . 0.5 max megohm
‘When grid potential swings positive.............o i iiii i 0.03 mar megohm
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TWIN BEAM POWER TUBE

Glass-octal heater-cathode type wused as
push-pull rf power amplifier and oscillator in

be used with full input up to 15 Mec. OUTLINE
25, Qutlines Section. Heater volts (ac/de),
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 puf; grid No.1 to cathode, grid

intermittent mobile-service applications. May 3E2 2

No.3, internal shield, grid No.2, and heater, 14 puf; 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): dec plate volts, 600 mazx; de grid-No.2 volits, 225 maz;
dc grid-No.1 volts, -175 max; de plate milliamperes, 175 max; dec grid-No.l milliamperes, 11 maz; plate
input, 100 max watts; grid-No.2 input, 6 max watts; plate dissipation, 35 max watts; peak heater-
cathode volts, = 100 maz. Plates show no color when the tube is operated at maximum IMS ratings
during the normal eycle of 15 seconds on, 1 minute off. The 3E22 is used principally for renewal purposes.

TWIN BEAM POWER TUBE

Heater-cathode type containing

tangular-wave pulse modulator. Mod-
ulator Service maximum CCS plate
dissipation (per tube), 15 watts. Re-

two high-perveance units used as rec- 3E29

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, Outlines Section. Plates show no color when the tube is operated at

maximum CCS ratings.

HEATER ARRANGEMENT Series Parallel
HEATER VOLTAGE (AC/DC)............. e 12.6° 6.3°
HEATER CURRENT. . . ...ttt tttieietetnaneatnnaroensnenns 1.125 2.25

TRANSCONDUCTANCE {Each unit, approx.)* 8500
MU-FACTOR, Grid No.2 to Grid No.1 (Each unit)** 9
DIRECT INTERELECTRODE CAPACITANCES (Each unit):
Grid No.1 to plate (with external shield).................
Grid No.1 to cathode, grid No.3, grid No.2, and heater mid- 0.12 max
171« O 14.0
Plate to cathode, grid No.3, grid No.2, and heater mid-tap. 7.0

© Should not deviate more than +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® . . . . ... .. ittt iiiiiieiinanann 5000 max
INSTANTANEOUS PLATE VOLTAGE. . . ... ..t iieiiiein i ianncnnenins 5750 max
DC GRID-N0.2 (SCREEN-GRID) SUPPLY VOLTAGE*. ., . .. .........cuuvun. 850 max
DC GRID-NO.1 (CONTROL-GRID) SUPPLY VOLTAGE*. . . ... ......c..cocns.. -225 max
INSTANTANEOUS GRID-NO.1 VOLTAGE. . ... ... titiiiiiitrnnnnsnnnnnons —600 max
PBAK POSITIVE GRID-NO.1 VOLTAGE. . . ...t iviiirein s e 250 mazx
PEAK PLATE CURRENT. . . .0ttt tinvenrnsrotoeoraonionrnsonesasaans Smax
PEAK GRID-NO.2 CURRENT. .. ...tvuvecnunvrennaennns PN e 8.5 max
PEAK GRID-NO.L CURRENT, . ... ot rrinnsranosanconroces PR 4 max
PLATE INPUT. .. ......... et ee e et e P 85 max
GRID-NO.2 INPUT. . ......evurnenn e ieereeaaas J N 3 maz
GRID-NO.LINPUT. . .. oottt iiinie i iinnncnnnsan 1 mazx
PLATE DISSIPATION. . .. ......... Cerer e eeiaees I [ 15 maz
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode e 100 max

Heater positive with respect to cathode. . .... Chevees 100 max

volts
amperes
pmhos

nuf
apf
uuf

volts
volts
volts
volts
volts
volts
amperes
amperes
amperes
watts
watts
watt
watts

volts
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 cireuit.

& 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 0.3 ampere approx.

BEAM POWER TUBE

Small, thoriated-tungsten-fila-

4_6 5 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 Mec and with reduced

input up to 250 Me. 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. QUTLINE 23, Outlines Section. Plate shows an orange-red color
when the tube is operated at maximum CCS ratings.

FILAMENT VOLTAGE (AC/DC) . ottt it it en e iieen it einearanes 6.0 volts
FILAMENT CURRENT . . ..\ttt et te e en et ee i in i 3.5 amperes
TRANSCONDUCTANCE® .. . ... it 4000 pmhos
MU-FACTOR, Grid No.2to Grid No.1. ......... .. ... i iiiiiais 5
DIRECT INTERELECTRODE CAPACITANCES:
Grid Nol to plate. . . . ..o e e 0.12 mazx uuf
Grid No.1 to filamentand grid No.2. . . . ... ... ... ... cvtirirnn. 8 puf
Plate to filament and grid No.2. ....... ... ... ... . iiiiinrennn 2.1 upf

* Plate volts, 500; grid-No.2 volts, 250; plate milliamperes, 125.

AF POWER AMPLIFIER AND MODULATOR—Class AB2
Maximum CCS Ratings:

DC PLATE VOLTAGE. &« . oot ittt eini s iaa it ianaaeeans 3000 mazx volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE. . .\ . .. ..titerirnaananannen 600 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®® ., .., . ... .. .............. 150 max ‘ma
MAXIMUM-SIGNAL DC GRID-NO.2 INPUT®* | ., ... ... ... ae. 10 max watts
PLATE DISSIPATION® . | . . i 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 a maximum modulation factor of 1.0
Maximum CCS Ratings:

DC PLATE VOLTAGE. « « ottt i ittt ittt 2500 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE. . ... ...t itnneinnninnnnnn 400 max volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE. . ... ...\ uertniineennnans -500 max volts
DOC PLATE CURRENT. & 4 o 4ot ittttetteintiiine s ieeetanannanennans 120 mazx ma
GRID-NO.2 INPUT. . .......vonnn.s e e e e 10 mazx watts
GRID-NO.LINPUT. . oottt e 5 maxz watts
PLATE DISSIPATION. « ¢ ot vvvvrennrnnsssnsesnrsonsssuansonnsoeinnnnns 45 max watts
Typical Operation:

DC Plate Voltage............ PN 600 1000 1500 2000 2500 volts
DC Grid-No.2 Voltage®.......... 250 250 250 250 250 volts
DC Grid-No.1 Voltage® ........... -120 ~125 -1256 -130 -185 volts
Peak AF Grid-No.2 Voltage®...... 250 250 250 250 250 volts
Peak RF Grid-No.l1 Voltage........ 215 220 220 225 215 volts
DC Plate Current. . .............. 120 120 120 120 110 ma
DC Grid-No.2 Current (Approx.). ... 40 40 40 40 25 ma
DC Grid-No.l1 Current (Approx.).... 15 16 16 16 12 ma
Driving Power (Approx.}.......... 3.2 3.5 3.5 3.6 2.6 watts
Power Output. ................... 45 90 140 195 230 watts

© Obtained from unmodulated plate supply through a series resistor, by the use of an af reactor in the
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 in
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. . . ...t o ittt e e e
DC GRID-N0.2 VOLTAGE
DC GRID-No.1 VOLTAGE. . . .
DC PLATE CURRENT
GrID-No.2 INPUT
GRip-No.1 INPUT

Typical Operation:

DC Plate Voltage. . ................ .. 600 1000 1500 2000
DC Grid-No.2 Voltage. . ............. 250 250 250 250
DC Grid-No.1 Voltage. ... ........... -75 -80 -85 ~90
Peak RF Grid-No.l Voltage. .......... 170 175 180 190
DC Plate Current. .. ................ 150 150 150 140
DC Grid-No.2 Current (Approx.)....... 40 40 40 40
DC Grid-No.1 Current {Approx.)....... 18 17 18 11
Driving Power (Approx.)............. 3.1 3.0 3.2 2.1
Power Qutput............ .. ... ...... 45 95 165 215

3000 max
400 mazx
=500 max
150 max
10 maz

5 max

65 max

3000
250
-100
170
115
22
10
1.7
280

volts
volts
volts
ma
watts
watts
watts

volts
volts
volts
volts
ma
ma
ma
watts
watts

# Key-down conditions per tube without amplitude modulation. Amplitude modulation esgentially
negative 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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BEAM POWER TUBE

4-] 25A/ Foreed-air-cooled, thoriated-

tungsten-filament type used as af

4D2] power amplifier and modulator and as

rf power amplifier and oscillator. May

be used with full input up to 120 Mc

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 . « . ..ottt vnne ettt ennase it sennaiecsennenennanon 6.5 amperes
TRANSCONDUCTANCEX . . ... .. i tauneeineatioiiioiiineianinaaas 2450 upmhos
MU-FACTOR, Grid No.2 to Grid No.1. .. ..o viiiii e n e 5.9
DIRECT INTERELECTRODE CAPACITANCES:
Grid-No.l to plate (Base shell connected to ground). . .................. G.05 pul
Grid No.1 to filament, grid No.2, and baseshell. . ..................... 10.8 upf
Plate to filament, grid No.2, and baseshell.......................co0us 3.1 upf

* Plate volts, 2500; grid-No.2 volts, 400; plate milliamperes, 50.

AF POWER AMPLIFIER AND MODULATOR—Class AB2
Maximum CCS Ratings:

DC PLATE VOLTAGE. . ..ottt ittt ettt iiiieiaiiaei e aianaas 3000 mazx volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE. . .. ...t treteinariecniennnecnnnn 400 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT™. . ...t 225 max ma
GRID-NO.2 INPUT™. ... i e e et e caes 20 max  watts
PLATE DISSIPATIONM. ... . i it i 125 maz  watts
Typical Operation (Values are for 2 tubes):

DCPlate Voltage. . . . .....i vttt itenaneannnna 1500 2000 2500 volts
DC Grid-No.2 Voltage 350 350 350 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. .. .............covvunn... 87 72 93 ma
Maximum-Signal DC Plate Current..................... 400 300 260 ma
Zero-Signal DC Grid-No.2 Current, . .................... [ 0 0 ma
Maximum-Signal DC Grid-No.2 Current................. 34 5 6 ma
Effective Load Resistance (Plate toplate)................ 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 Harmonie Distortion. . ........................... 2.5 1 2.2 per cent
Maximum-Signal Power Qutput (Approx.)............... 350 350 400 watts

Maximum Circuit Values:
Grid-No.1-Circuit Resistance. . .. ... .. ...ttt iisenranes 0,26 maxr 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 a maximum modulation factor of 1.0
Maximum CCS Ratings:

DC PLATE VOLTAGE. . ...ttt t i titiiitiiaie it ineenreneanes 2500 max volts
DC GRID-NO.2 VOLTAGE. . . ..t tttitititniettee et naeeenninuneniannanns 400 max volts
DC GRID-NO.1 VOLTAGE . . ...\ttt etie e nannenennan ~500 max volts
DC PLATE CURRENT. .« & oottt ttttttitiienee s i aae e nentetunenennns 200 max ma
GRID-NO.2 INPUT. . .o ottt e et e et 20 max  watts
GRID-NO.L INPUT. . .t tet it ettt et et e et 5 mar  watts
PLATE DISSIPATION . 4t oottt ittt ettt ettt et enecinatnenannaassseneas 85 max watts
Typical Operation:

DC Plate Voltage. . ... ovvee it iiiireeiinerernanrenanearionn 2000 2500 volts
DC Grid-No.2 VoltageO . . ... ....ittuitiiiiiiiininiannennns 350 350 volts
DC Grid-No.1 Voltage o . ... . ittt iiiiiiieiinrennne e —220 -210 volts
Peak AF Grid-No.2 Voltage. . . .......coiiiiiiiiniiiiienennninn 210 210 volts
Peak RF Grid-No.1 Voltage (APProx.)......c.ooviviinierinnnenennn 375 360 volts
DC Plate Current. . .......uuuuiniinre et riirerennenes 150 152 ma
DC Grid-No.2 Current. . . .....ouiiiiiiii ittt iiin et 33 30 ma
DC Grid-No.l Current. . . ...... ... veiiiiiiiiiiiiiiiinnanas 10 9 ma
Driving Power (Approx.)....... e e e 3.8 3.3 watts
Power Output (Approx.)........ U 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 CCS5 Ratings:

DC PLATE VOLTAGE., ...ttt vttt inn i tnaa i ensansannsns e . 3000 max volts
DC GRID-NO.2 VOLTAGE. . .t vttv ettt iin ittt iiaenirnreiracennns 400 max volts
DC GRID-NO.L1 VOLTAGE. . ..\ ttttittiniin et neseteniniianeroneees . —500 max volts
DC PLATE CURRENT. 4 0+ v 4 e vvertitiinanniorrasesesonrannannreeroesnns 225 mazx ma
GRID-NO.2 INPUT, . .10t tttrtteonieriiesesiasoansansaninasanssenenns 20 max  watts
GRID-NO.L INPUT, &« v et nuenatiennsinssassesennsnnstnsiensessersannas 5 max  watts
PLATE DISSIPATION. ... v vt vivnnans Ceraneaaas it earee e oo 125 max watts

Typical Operation:

DC Plate Voltage. . .....cvvvnennann e e . 2000 2500 3000 volts
DC Grid-No.2 Voltage. . ......ovviiiiviiienanns e 350 350 350 volts
DC Grid-No.1 Voltage. . .............. PN -100 -150 -150 volts
Peak RF Grid-No.l1 Voltage (Approx) ..... e e 230 320 280 volts
DC Plate Current. ...........cooivunnnns PN 200 200 167 ma
DC Grid-No.2 Current. . ... ovviririvienenrrvneneeaans 50 40 30 ma
DC Grid-No.l Current. . . ... v ovviiiniirinennrannanss 12 12 9 ma
Driving Power (APProX.) ... .. vveivrrienievinnernniaes 2.8 3.8 2.5 watts
Power Output (APProX.). ... .ooivivrreerueriansroeerans 275 875 375 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 80, Outlines Section.

TYPICAL CHARACTERISTICS For operation at 150 Me, plate volt-

TYPE 4-125A /4D2] . age should be reduced to 80 per cent of

|-Ef =SVOLTS GRIDN VOLTS=EC) maximum rating; at 200 Mec, to 64 per

o Tl e 250 cent; at 250 Mc, to 56 per cent. Plate

- ‘\B - shows an orange-red color when the tube
g [y A & is operated at maximum CCS ratings.

5 8ol “E 4 50 2005 Adequate cooling must be provided

¢ Ly u for the seals and envelope of the 4-125A.

< T P g In CCS applications, the temperature of

<6 VN ; 150 < the plate seal, as measured on the top of

R R NRAL NI oS 2 the plate cap, should not exceed 170°C.

o e\ oas oo @ Use of a heat-radiating connector such as

a PN oy iy %  Eimac HR-6, or equivalent, on the plate

& MO N el 2 cap is required when the ambient temper-

¢ }J L S o0 _- s0 ature exceeds 30°C. At frequencies above

0‘,‘“ ot 140 ] 80 Mc, special attention should be given

f\w N N S N O F 2 to adequate cooling of the bulb and plate

L= L seal. A small fan directed toward the up-

OpLATE >3°"'szcu-1mn per part of the bulb will generally provide
sufficient cooling.
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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 Mc and

with reduced input up to 150 Mec. Class C Telegraphy maximum CCS plate dlSSI-
pation, 250 watts.

FILAMENT VOLTAGE (AC/DC) . i vttt et ittt ie ettt e iieaanennnas 5.0 volts
FILAMENT CURRBENT. . ...ttt ittt eeaanas 14.5 amperes
TRANSCONDUCTANCEX. . ... ...ttt ittnt ittt i eiaenn 4000 umhos
MU-FACTOR, Grid No.2to Grid No.1. .. ....... .. ..., 5.1
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (Base shell connected to ground}. . .................. 0.14 maz puf
Grid No.1 to filament, grid No.2, and baseshell. . ..................... 12.7 nof
Plate to filament, grid No.2, and baseshell. . .......................... 4.5 ppf

* Plate volts, 2500; grid-No.2 volts, 500; plate milliamperes, 100.

AF POWER AMPLIFIER AND MODULATOR—Class ABy
Maximum Ratings:

DC PLATE VOLTAGE. . .. ...\ttt iaiaananeninsennens 4000 max volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE. . . . .c. o vvvuunnnenn.. . ns 600 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT® 350 maz ma
GRID-NO.2 INPUT®. . . . .ttt ereeeaaasan 35 max  watts
GRID-NO.1 (CONTROL-GRID) INPUT® 10 maxr  watts
PLATE DISSIPATION®. . .. o i ittt e it 250 maxr  watts
Typical Operation (Values are for £ tubes):

DC Plate Voltage. ..........................c . 1500 2000 2500 3000 volts
DC Grid-No.2 Voltage®, .. ....................... 600 600 600 600 volts
DC Grid-No.1 Voltage®. .. .................. . -95 -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 1290 120 ma
Maximum-Signal DC Plate Current, . 400 405 430 417 ma
Zero-Signal DC Grid-No.2 Current, . . .. -0.4 0.3 -0.3 ~0.2 ma
Maximum-Signal DC Grid-No.2 Current. . e 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. .. ............ cee 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.
4 Obtained from a source having good regulation.
@ Total effective grid-No.1-circuit resistance should not exceed 0.25 megohm.
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AF POWER AMPLIFIER AND MODULATOR—Class AB2
Maximum Ratings: .
DC PLATE VOLTAGE . . ...ttt ittt it ittt it e e et e eaenas 4000 max volts

DC GRID-N0.2 VOLTAGE. , .............. 600 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT® 350 max ma
GRID-No0.2 INPUT® 35 mar  watts
GRID-NO.1 INPUT® 10 max watts
PLATE DISSIPATION®. . ..ttt et i 250 max  watts

Typical Operation (Values are for 2 tubes):

DC Plate Voltage. .. ...........c.oiiiiiineen.s 1500 2000 2500 3000 volts
DC Grid-No.2 Voltage*. .. ...................... 300 300 300 300 volts
DC Grid-No.1 Voltage o . .. ..ovuiviinneninnns —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 . ............. 485 510 500 473 ma
Zero-Signal DC Grid-No.2 Current. . .............. 0 0 0 0 ma
Maximum~Signal DC Grid-No.2 Current.......... 34 26 23 33 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. ............ ... ..... 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.
oObtained 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 maximum modulation factor of 1.0
Maximum CCS Ratings:

DO PLATE VOLTAGE. . .. oottt ittt ite e ittt et iren o aeniaeeins 3200 max volts
DC GRID-NO.2 VOLTAGE . . ..\ttt ttin ittt euee e eanenns . 600 max volts
DC GRID-NO.L VOLTAGE. . ..ttt ittt iee e et -500 max volts
DC PLATE CURRENT. . . ..\ ittt e ien s et niiaaaaaaanannas 275 mazx ma
GRID-NO.Z INPUT. . ..o it e it it i iian e e 35 max watts
GRID-NO.I INPUT. . ottt it i ian e ittt caasanns 103 mazx watts
PLATE DISSIPATION . . . 4 oot otv vt sunos teinnaransssaeeeenssonnessnn 165 mazx watts

Typical Operation:

DC Plate Voltage . .. .......... P 2500 3000 volts
DC Grid-No.2 Voltage® . . ... ..ottt ie e e 400 400 volts
DC Grid-No.1 Voltage o . . ... ueurieitiinen e -200 ~310 volts
Peak AF Grid-No.2 Voltage. .. ...t 350 350 volts
Peak RF Grid-No.1 Voltage (Approx.). .. .....coiiuit i unennn 255 365 volts
DC Plate Current. . ....ovi vt isirintiiirnininns i eaeanan 200 225 ma
DC Grid-No.2 Current. . ......covi ittt 30 30 ma
DC Grid-No.1 Current (APProX.}. . ... ..ovuienneiniannannaennan 9 9 ma
Driving Power (APProX.) . . v cuutin ittt et nannan.s 2.2 3.2 watts
Power Qutput (ADPProX.). ... vei it it it 375 510 watts

OO0btained 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.l resistor 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 CCS Ratings:

DO PLATE VOLTAGE. . ... ittt tininrinnneasnsssenersnrnssoseoasroonsns . 4000 max volts
DC GRID-NO.2 VOLTAGE . . ¢t et vttt eiannsasnanennnsaraserrarrnensins 600 max volts
DC GRID-NO.L1 VOLTAGE. . . ..\t cit ittt eioiniinanensannoanennaans . ~500 max volts
DC PLATE CURRENT. . .. .t tviusicnneencsesnoceseinsesasaroseceansnnes 350 max ma
GRID-NO.2 INPUT. . ot ei ittt i itnaneitintoranranaaroasneersrans 35 mazx watts
GRID-NO.L INPUT. . .o ittt ittt e iiaa e isunannnansaneraeas . 10 max  watts
PLATE DISSIPATION. . o ot oot icneensoneueesasrensannssosasansasnanns . 250 max watts

Typical Operation:

DCPlate Voltage. . .. ....ooiiriniiriincnans PR 2500 3000 4000 volts
DC Grid-No2 Voltage. ........oiiiiiiiiennmiainaenas 500 500 500 volts
DC Grid-No.l Voltage. .. .. ooviniiiniranniiniiinenns -150 -180 —225 volts
Peak RF Grid-No.1 Voltage (Approx.).......... eieeaaas 220 265 308 volts
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DCPlate Current. . ....covvviineiirevtenesennanrensans 300 345 312 ma
DC Grid-No.2 Current. . ... . ...ttt 60 60 45 ma
DC Grid-No.1 Current (ADPProX.) . ... vvirinnneennnnans 9 10 9 ma
Driving Power (APDProX.)# .. ..ot vivierereininenvinnn 1.7 2.6 2.5 watts
Power Output (ADPProx.). .. ..o e 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-frequency envelope does not exceed 115 per cent
of the carrier conditions.

¢ Increased driving power is required at frequencies above 40 Mec,

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 387, Outlines Section.

For operation at 125 Me, plate voltage should be reduced to 85 per cent of
maximum rating; at 150 Me, 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-tungaten-fila-
ment type used as af power amplifier and modu-
lator and as rf power amplifier and oscillator at

4_" OOO A frequencies up to 110 Mc. OUTLINE 58, Outlines
Section. Filament volts (ac/de), 7.5; amperes,
21. Direct interelectrode capacitances: grid
No.l to plate (with base shell connected to
ground), 0.24 upf; 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): de plate volts, 6000 maz; dec grid-No.2 (screen-grid) volts, 1000 mazx; de grid-
No.l (control-grid) volts, -500 mazx; de plate milliamperes, 700 maz; grid-No.2 input, 75 max watts;
grid-No.1 input, 25 max watts plate dissipation, 1000 max watts. Characteristics as CLASS A AMPLI-
FIER; plate volts, 2800; grid-No.2 volts, 500; plate milliamperes, 300; transconductance, 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 Me. Class C maximum CCS wtll

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) 0. & ottt ettt e iaannns 5.0 volts
HEATER CURRENT. ... ....0otiinniinnnnnnannnns e e 9.1 amperes
HEATER STARTING CURRENT. . ...ttt iitntiiitreitnereeaneenrenenns 16 max amperes

13 uuf
34 uuf
0.7 upf

© Heater voltage must be applied for a minimum time of 2 minutes before application of plate voltage.

PLATE-PULSED OSCILLATOR—Class C
Maximum CCS Ratings:

PEAK PLATE-PULSE SUPPLY VOLTAGE. .. ...\ vuterassanannninnnnnneeones 13000 max volts
PEAK GRID VOLTAGE. . vttt ittt ittt it et eniaeanenneninreanneansss ~2000 max volts
PEAK PLATE CURRENT FROM PULSE SUPPLY ., .0 ovvtvieineenneeennnns e 30 max amperes
PEAK RECTIFIED GRID CURRENT. . ..... et ien et st i e eana . 4 mar amperes
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DC PLATE CURRENT. . . ottt itiiitie et it iae it anenisansns 30 max ma
DC GRID CURRENT . « .ottt et et et it e tne e ia e iaan e ennes 4 max ma
PeAK PLATE INPUT. .. ... . i i i 390000 max watts
PLATE DISSIPATION . . . 0ttt ittt ittt it e et ittt e in s 250 mazx watts
PULSE LENGTH. « o ittt ittt etai ettt eniantee it eneanaraanonns . 5 mazx usec
BEAM POWER TUBE
See type 4-125A /4D21. 4D2.|
BEAM POWER TUBE
Thoriated-tungsten-filament type 4E2 7 /
used as af power amplifier and modu-
lator and as rf power amplifier and 800]

oscillator. May be used with full in-

put up to 75 Mc. For operation at 120

Me, plate voltage and plate input should be reduced to 75 per cent of maximum
ratings; at 150 Me, 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, Qutlines Section. Plate shows an or-
ange-red color when the tube is operated at maximum CCS ratings.

FILAMENT VOLTAGE (AC/DC) .+ ot ve et itesincanainnaeeannnnsn 5.0 volts
FILAMENT CURRENT. . . .\« ovotr e an i sie oot nusnearasnsasnsanans 7.5 amperes
TRANSCONDUCTANCE (For plate current of 75 milliamperes). .. .............. 2800 umhos
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate (Base shell connected to ground) . ........................ 0.06 uuf
Grid No.1 to filament, grid No.3, grid No.2, internal shield, and base shell. . . 12 wuf
Plate to filament, grid No.3, grid No.2, internal shield, and base shell. . ... 6.5 puf

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

DC PLATE VOLTAGE . . .. ottt vttt e et a e ettt i iiniiannans 4000 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE. . ... .. ... ttviniiiiiinnannananns 750 mazx volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE. . .« ..t cviviiieiininvnenannnn, —500 mazx volts
DC PLATE CURRENT. . . .ttt eertren ettt et ereeensanas 150 mazx ma
DC GRID-NO.2 CURRENT. . . - ¢ vt eetitectrnianeaanetaeuraninenansans 30 mazx ma
DC GRID-NO.L CURRENT. . . oot tetttriat et iae s 25 mazx ma
PLATE INPUT . . . ittt ettt e it et it e naaeans 300 mazx watts
GRID-NO.2 INPUT . . oo oottt i e e et e i e aaaas 25 max watts
PLATE DISSIPATION . L . .ttt vttt tat i a e ioen et ananeeennoa 5 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.

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. OUTLINE 35, Outlines Section. Plate shows a
cherry-red color when the tube is operated at maximum CCS ratings.

FILAMENT VOLTAGE (AC/DC). v oot itinreieinenrninensnnnaans [N 5.0 volts
FILAMENT CURRENT. . . ot vttt eetonneeanssssansuanseaeenaersonnnns 7.5 amperes
TRANSCONDUCTANCE*. , . . .. .. . 2150 upmhos
MU-FACTOR, Grid No.2to Grid No.1............... 5
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (Base shell connected to ground). ... ... 0.1 max puf
Grid No.1 to filament, grid No.3, grid No.2, and base shell. s 10.5 puf
Plate to filament, grid No.3, grid No.2, and baseshell. . . ............... 4.7 oy

* Plate volts, 2500; grid-No.2 volts, 500; grid-No.3 volts, 0; plate milliamperes, 50,
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RF POWER AMPLIFER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER-—Class C FM Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE. . ..ottt it ittt ie it et it i iaeein s 4000 max volts
DC GRID-NO0.2 (SCREEN-GRID) VOLTAGE., . . . .-« tvottununannnannananns s 750 maz volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE. . . ...\ .0otineinnnnntnaeanns -500 max volts
DC PLATE CURRENT. . < .ttt e ttie ettt iaa e 200 max ma
GRID-N0.3 (SUPPRESSOR-GRID) INPUT. . ........ ... ... 0 .o 20 maxr  watts
GRID-NO.2 INPUT. . ... . i e s 20 max watts
GRID-NO.L INPUT. . ..ot e i e e 5 max watts
PLATE DISSIPATION . . . oottt ittt ettt i i 125 max watts

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

RADIATOR
P

BEAM POWER TUBE

4x.l 50A Forced-air-cooled heater-cathode
4X'I 5 OD 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.

N 4X150A 4X150D

HEATER VOLTAGE (AC/DC) . . v ittt i ieiiiei e 6.0 =109, 26.5 = 109, volts
HEATER CURRENT . . ..t ittt e et iae i 2.6 0.58 amperes
HEATING TIME (Minimum) . ... ... i 30 seconds
MU-FACTOR, Grid No.2 to Grid No.1*, .., . ... ... ... .. ... ... ...... 5
DIRECT INTERELECTRODE CAPACITANCES:

Grid Nodtoplate. ... ... . i i 0.06 max unf

Grid No.1 to cathode, grid No.2, and heater. . ...... ............... 15.7 puf

Plate to cathode, grid No.2, and heater. ... ...................... . 4.3 ppf
#* Grid-No.2 volts, 300; grid-No.2 milliamperes, 50.

AF POWER AMPLIFIER AND MODULATOR—Class AB2

Maximum CCS Ratings:
DC PLATE VOLTAGE. . .o\ttt ittt it 1250 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE. . . ... .. .........couiunian.enn. 400 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT#. . . ... oottt 250 mazx ma
GRID-NO.2 INPUT® .. .......... T 12 max watts
GRID-NO.1 (CONTROL-GRID) INPUT. . .......0...oiiii i 2 mazx watts
PLATE DISSIPATION®. . oo v ittt ittt it ii it 150 max watts
PeAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ........................ ... 150 max volts

Heater positive with respect to cathode. ............................ 150 max volts
Typical Operation (Values are for 2 tubes):
DC Plate Voltage. .. ... PO 600 800 1000 1250 volts
DC Grid-No.2 Voltage. .. 300 300 300 300 volts
DC Grid-No.l Voltage. ........covvvniiviinenn, ~41 —43 —43 -44 volts
Peak AF Grid-No.1-to-Grid-No.l1 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. . .............. 4] 4] 0 0 ma
Maximum-Signal DC Grid-No.2 Current........... 80 75 70 65 ma
Effective Load Resistance (Plate to plate).......... 2600 3500 4600 5600 ohms
Maximum-Signal Driving Power (Approx.}......... 0.15 0.15 0.15 0.15 watt
Maximum-Signal Power OQutput (Approx.)......... 170 240 315 425 watts

4 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
Maximum CCS Ratings:
DC PLATE VOLTAGE. . .. .cvvnrenunn. i iieias e Cereean 1000 maz volts
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DC GRID-NO.Z VOLTAGE. . .. itvitt ittt inniaanananeeteininianenan 300 mazx volts
DC GRID-NO.1 VOLTAGE. . ...ttt itnne ittt it ia it -250 max volts
DC PLATE CURRENT . . ..\ vt ittt ettt it iineennn 200 max ma
GRID-NO.2 INPUT. . ... . i i e ettt ia s 12 max watts
GRID-NO.L INPUT. . ..ottt e 2 mazx watts
PLATE DISSIPATION . . . o ottt ittt it s tia e it aaas 100 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. .. ........... .. ... ... ..., 150 max volts

Heater positive with respect to cathode. .. ........... ... ... ... ... 150 max volts

Typical Operation at 165 Mc:

DC Plate Voltage. . ........ .. .. ... i iy 400 600 800 1000 volts
DC Grid-No. 2 Voltage

(Modulated approximately 55 per cent) © ............ 250 250 2560 250 volts
DC Grid-No.1 Voltage. . ... ......... ... ivnn, 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.l1 Voltage. . ........................ 110 120 120 125 volts
DCPlate Current. . .......... .. ... 200 200 200 200 ma
DC Grid-No.2 Current. . .. ......oovieinnennananninn 40 35 25 20 ma
DC Grid-No.1 Current (Approx.). .. ... ..ccevvvvnnen.. 7 8 10 15 ma
Driving Power (APDProX.). .. ..ot iviniiainnninnnnn 1 1 1.5 2 watts
Power Output (ApproX.) . ... ....vvitiinin e nes 55 80 100 140 watts

Maximum Circuit Values: .

Grid-No.1-Circuit Resistance. . . .........ovitiiiuitiniiinninaveeaenn. 25000 max ohms
O 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 4X 1504 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 Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings:

DO PLATE VOLTAGE. . ..ottt inie it iv et iae e iin e cenns 1250 mazx volts
DC GRID-NOZ2 VOLTAGE. . .ot ote it tite e et ear et iaie et eaan 300 max volts
DC GRID-NO.1 VOLTAGE. . .. ..ttt ittt ittt -250 max volts
DC PLATE CURRENT. .\ ot ttitta it ettt it it n e 250 max ma
GRID-NO.Z2 INPUT. . . . o i i e e e 12 max watts
Grip-No.1 INPUT. ... .. e e b e e e e 2 max watts
PLATE DISSIPATION . . .. vttt ot ottt et it it i ie i e eie e 150 max watts
PeAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. .. ......................... 150 max volts

Heater positive with respect to cathode. .. ................ ... ... ... 150 max volts

Typical Operation at 165 Mc:

DC Plate Voltage. . . .......... ... ... .o ciiien. 600 750 1000 1250 volts
DC Grid-No2 Voltage. ......................... 250 250 250 250 volts
DC Grid-No.1 Voltage. . ................... ... .. =75 -80 -80 -90 volts
Peak RF Grid-No.l Voltage. . .................... 91 96 95 106 volts
DCPlate Current. . ............otiiiininnnnnnns 200 200 200 200 ma
DCGrid-No2 Current. .. .......oovivinineniinen 37 37 31 20 ma
DC Grid-No.1 Current (ApproxX...........oovvuns 11 11 10 11 ma
Driving Power (APprox.). . .......cocvvuoen . 1 1.1 1 1.2 watts
Power Qutput (APProx.) . ........coeeiuisenenannn 85 110 150 195 watts
Typical Operation at 500 Mc with Coaxial Cavity:

DCPlate Voltage. . ........vvriiriinrnnernnencn 600 800 1000 1250 volts
DC Grid-No.2 Voltage. .. .......coiviviiiniiienen 250 250 250 280 volts
DC Grid-No.l Voltage. ................ ... e -110 -110 -110 -115 volts
DC Plate Current. ........ e, 170 200 200 200 ma
DC Grid-No2 Current. . ..........cvieviennnae. 6 7 7 5 ma
DC Grid-No.1 Current (Approx.}. .. .........v.uus 6 10 10 10 ma
Driver Power Output (Approx.)..............» [ 15 20 25 30 watts
Useful Power Qutput (APProx.)......veveveevennnn 50 95 120 140 watts

Maximum Circuit Valves:

Grid-No.1-Circuit Resistance. . ... ......iviitiiiiinereononsrroneaennny 25000 max ohms
¢ Key-down conditions 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.
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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.

AVERAGE PLATE CHARACTERISTICS
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B2CM-T7950T

BEAM POWER TUBE

Forced-air-cooled type having in-

tegral plate radiator and thoriated-

4x5 OOA 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) .« oottt ettt st it ae i an e eeann 50 volts
FILAMENT CURRENT. . . ..ttt it attattanaareas e eaeas 13.5 amperes
TRANSCONDUCTANCE® . | | . . ittt 5200 pmhos
Mu-FACTOR, Grid No.2 to Grid No.1. . ... ..ot iinneinn, 6.2
DIRECT INTERELECTRODE CAPACITANCES:
Grid Nol to plate. ... ... .. i e e 0.05 puf
Grid No.1 to filament and grid No.2. . .. ................iiiiiinann.. 12.8 frma
Plate to filament and grid No.2. .. ... ... ... ittt 5.6 upf

* Plate volts, 2500; grid-No.2 volts, 500; plate milliamperes, 200.
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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, . ...\ s iititievannnnssnsneaernisnasnrocansennsnnns 4000 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE. . . .ottt vrieunnnnerenrnnrnnnnssn 500 max volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE . . s .0 s v vvvernnnernrronnsnnanes =500 max volts
DC PLATE CURRENT . . ...\t tvtiriitiaesinnnsannanssassasssarnnsnnsss 350 max ma
GRrID-No.2 INPUT. . . .. 30 max watts
GRID-NoO.1 INPUT. . . 10 max watts
PLATE DISSIPATION 500 max watts
Typical Operation at 110 Mc:

DC Plate Voltage. . . ... iiiiivinincnnsronierannenas 2500 3000 4000 volts
DC Grid-No.2 Voltage. . ...... ... iiiviiiinenninn 500 500 500 volts
DC Grid-No.1 Voltage. .......... ..., -150 -150 ~150 volts
DCPlate Current. ... ..c.oviuiiiniinieraerannranraanns 310 310 315 ma
DC Grid-No.2 Current 26 24 22 ma
DC Grid-No.1 Current 15 16 16 ma
Driving Power (Approx.). .. ... ooviviuiiiiirnennnns 5 5 5 watts
Useful Power Qutput (AppProx.)..........oovvvnveunn.. 475 600 835 watts

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

OPERATING CONSIDERATIONS

Type 4X500A may be mounted in vertical position only, base up or down.
QUTLINE 78, Outlines 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
Sece type 4E27A /5-125B. 5"] 258

BEAM POWER TUBE 5D22
See type 4-250A/56D22,

FULL-WAVE VACUUM

2() ) RECTIFIER
O o Coated-filament type used in pow-
5R4-GY

er supply of transmitting and indus-

O, N\ 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. OUTLINE 28, Qutlines Section.

FILAMENT VOLTAGE (AC/DC) . . .. orivivennecionconrservansanne cesrssens 1 volts
FILAMENT CURRENT, . . .., tunrnrooneoneenrassarcaasnsssasessasssass . 2 amperes
TuBE VOLTAGE DROP (Approx.):

Measured with applied dc at 250 milliamperes per plate. .......c00e0. 67 volts

FULL-WAVE RECTIFIER
For Altitudes For Altitudes

Maximum Ratings, Design-Center Values: up o 40000 Feet up to 20000 Feet
PEAK INVERSE PLATE VOLTAGE (No load)... 2100 max 2400 max 2800 max volts
PeAK PLATE CURRENT (Per plate) . ........ 650 max 650 max 650 mazx ma
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DC OurpuT CURRENT:

‘With capacitor input to filter. . . ............... 250 maxz 175 max 150 mazx ma

With choke input to filter. .. .................. 250 max 250® maxr 1754 max ma
Typical Operation with Capacitor-input Filter:
RMS Plate-to-Plate Supply Voltage: R

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
DCOutput Current. . . ...ooviniviineneniennennn 250 150 150 ma
DC Output Voltage at Input to Filter (Approx.):

AtHalf Load. . ...oo ettt ciiiinninnns 790 900 1060 volts

AtFullLoad........ocoiiiviiiiiiiiiannnn, 700 810 950 volts
Voltage Regulation, Half-Load to Full-Load Current

(APPIOK.) oot enin et e ininiiinnnnoasaeranns 90 90 110 volts
Typical Operation with Choke-Input Filter:
RMS Plate-to-Plate Supply Voltage:

FullLoad. .. ..coviiiriniiiniiiiirincannes . 1500 1900 volts

NoLoad.....ooiiiriiiiiiiiiiieiaannnnn . 1700 2000 volts
Filter Input Choke. . .....cooiiviiiiineiiass . 5 10 henries
DCOutput Current. .. ......... ... ... ol unne . 250 175 ma
DC Output Voltage at Input to Filter (Approx.):

AtHalf Load............... ..ot . 590 810 volts

AtFull Load. .......ooiniioi i 550 750 volts
Voltage Regulation, Half-Load to Full-Load Current

(APDIOX.) oo ivir it it inine iy 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-ail P

length, 8-23/32 inches; maximum diameter, 1-

29/32 inches. Filament volts (ac/dc¢), 11.0; am-

peres, 12.1; starting current, 24 maz amperes.

Direct interelectrode capacitances; grid to plate, F

4.4 ppf; grid to filament, 4.6 uuf; plate to fila- M
ment, 3.2 puf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate
volts, 3000 max; de grid volts, -500 mazx; de plate milliamperes, 500 mazx; de grid milliamperes, 150 max;
plate input, 1500 maz 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

6F4 used as rf power ampilfier and oscilla-

tor at frequencies up to 1200 Me. Class

C Telegraphy maximum plate dissipa-

tion (design-center value), 2 watts. viewep rnom 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 (AG/DC) .. v vvvniuunens Chaeees TP 6.3 volta
HEATER CURRENT. . ......covruvnnnss et e e 0.225 ampere
TRANSCONDUCTANCE®. . . .\ttiiiiiiiiiinienennniaanreraninroinsnnins 5800 umhes
AMPLIFICATION FACTOR. .......... e N 17

PLATE RESISTANCE (ADProX.)*. ..o onrsrriiiienriniroeranunssonnonens 2900 ohms



RCA Transmitting Tubes

DIRECT INTERELECTRODE CAPACITANCES:

Gridtoplate. . ... ... . .. . i e 1.8 puf

Grid to cathode and heater. .............ooiiiiiiiiinninniniane, 1.9 puf

Plate to cathode and heater. .................... ..o i, 0.6 puf
* Plate-supply volts, 80; cathode resistor, 150 ohms; plate milliamperes, 18.

RF POWER AMPLIFIER AND OSCILLATOR=-Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings, Design-Center Values:
DO PLATE VOLTAGE. . ..o v ittt ittt iiieiina e eneiaiinnnan 150 maz volts
DC PLATE SUPPLY VOLTAGE. . ...ttt ittt iiiiiiiaan e aetnnnas 300 max volts
DC GRID VOLTAGE ., . .o .ottt it tae et e ittt i et et eanenann —50 maz volts
DC PLATE CURRENT. .« .\ ottt tii ettt ittt eie i iee i ieianasnn 20 max ma
DC GRID CURRENT. . .\t it iiieinat i et iiian it etinrnens 8 maz ma
PLATE DISSIPATION . . . o 0ot vttt ittt inanaasersnsesenrsensoenenan 2 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. .................... ... ... 80 max volts

Heater positive with respect to cathode. .................. et 80 max volts
Typical Operation ot Moderate Frequencies:¢
DCPlate Voltage. .. ....... .. i i i i e 150 volts
DC Grid Voltagem, . .. ... ... it et et e -15 volts

Fromagridresistor of . .. ... ... .. ... . i i i e, 550 ohms

From a cathoderesistor of . . .. ... .. ... . i it 2000 ohms
DO Plate CUrTent. . ..o .ouiatt ittt iae s et iaiiaaeaaenes 20 ma
DC Grid Current (APProX.). ... ...t irinion it iracrenanieann . 7.5 ma
Driving Power (APProX.) . ..ottt iaiiincanannrnenn . 0.2 watt
Power Output (APPIoX.). o v irtiiin i iiae i iianese i einreanannnns 1.8 watts

Maximum Circuit Values:

Grid-Circuit Resistance. .. .........oiiniiiiiiiiiii i ieiiiininarana, 0.5 maxr 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 ohma.

# 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
PR ok rf power amplifier and oscillator. May be used
with full input up to 8 Me. Requires Small four-
contact socket and may be mounted in vertical ]o _Y
position only, base down. OUTLINE 29, Quilines
Section. Filament volts (ac/de), 7.5; amperes,
o‘o 1.25. Direct interelectrode capacitances; grid to
4 Fe plate, 7 uuf; grid to filament, 4 uuf; plate to fila-
ment, 3 puf. Maximum CCS ratings as RF
POWER AMPLIFIER AND OSCILLATOR, CLASS C TELEGRAPHY: dc plate volts, 450 maz;
de grid volts, -200 max; dc plate milliamperes, 60 max; de grid milliamperes, 15 maz; plate input, 27 max
watts; plate dissipation, 15 mux watts. Characteristics as CLASS A1 AMPLIFIER: plate volts, 425;
grid volts, -35; 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 Mec. 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/de), 10; amperes, 8.25. Direct
interelectrode capacitancea: grid to plate, 14 uuf; grid to filament, 5.7 uuf; plate to filament, 4.4 uuf.
Mazximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR, CLASS CTELEGRAPHY:
de plate volts, 1250 maz; dc grid volts, -400 maz; de plate milliamperes, 175 maz; dc grid milliamperes,
60 maz; plate input, 220 max watts; plate dissipation, 100 max watts. Plate shows no color when
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= RCA Transmitting Tubes

tube is operated at maximum CCS ratings. The 203-A is a DISCONTINUED type listed for reference
only. As a replacement, the 8005 is a similar type although not directly interchangeable because of either
electrical and/or mechanical differences.

POWER TRIODE

Thoriated-tungsten-filament type used as G[]BLADE
af power amplifier and modulator and as rf
power amplifier and oscillator. May be used

204_ A with full input up to 8 Mc and with reduced in-
put up to 30 Mc. 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, 3.85. Direct interelectrode capacitances: grid to
plate, 15 upf; grid to filament, 12.5 uuf; plate to filament, 2.3 puf. Maximum CCS ratings as RF POWER
AMPLIFIER AND OSCILLATOR, CLASS C TELEGRAPHY: dc plate volts, 2500 maz; dec grid
volts, -500 max; dc plate milliamperes, 275 max; dc grid milliamperes, 80 max; rf grid amperes, 10 max;
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 2 DISCONTINUED type listed for
reference only.

POWER TRIODE

Thoriated-tungsten-filament type used as r
af power amplifier and modulator and as rf e
power amplifier and oscillator. May be used

yAll with full input up to 15 Me 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) . .. ovvvivvrnrnrnssscs P 10 volts
FILAMENT CURRENT. . . ...t tiitittenreasroinntonsensossonssnsonanses 3.25 amperes
AMPLIFICATION FACTOR. . . .. ..t vt it iiievnnsnrannernunnascnonncsansans 12
DIRECT INTERELECTRODE CAPACITANCES!
Gridtoplate. . ... ... ... i i i i i i e e e e 14 puf
Gridto fillament . ... ... ... i ittt i i it i i i i e 5.4 puuf
Plate to filament. ... ... .. ... i i i e e 4.8 puf
Class B Class C
Maximum CCS Ratings: Modvlator Telegraphy#
DC PLATE VOLTAGE. . ........... et 1250 max 1250 max volts
DC GRID VOLTAGE. . ...........n e s — —400 max volts
DC PLATE CURRENT. . ..., ....... e 175%® mazx 176 mazx ma
DC GRID CURRENT. . . .t cvvvvininaneonnnaennanosnn — 50 max ma
PLATEINPUT. .. ..o ittt i e e 220°" max 220 max watts
PLATE DISSIPATION. . . . o0 heienninininnananannnes 100® maz 100 mazx 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.

HALF-WAVE VACUUM
RECTIFIER 0% 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
down, or in horizontal position with pins 1 and NC 0
8 in vertieal plane. OUTLINE 51, Outlines Sec-
tion. Filament volts (ac), 10; amperes, 3.25.
Maximum ratings: peak inverse plate volts, 7500 max; peak plate amperes, 0.6 max; average plate
amperes, 0.15 maz. 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- 57 S-A
trial equipment. Maximum peak in-

et O 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.
OQUTLINE 60, OQutlines Section.

FILAMENT VOLTAGE (AC)®. . . i\ttt ittt it tie c it ie e aaarnrnnns 5.0 volts
FILAMENT CURRENT. .\ oo\t iti ettt et a i e ettt et e eaninans 10.0 amperes
PEAK TUBE VOLTAGE DROP (APPIox.). ..o\ttt iiinr i, 10 volts

° 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+ o v vveireieenanns 10000 mazx 15000 mazx volts
ANODE CURRENT:
Peak. . .. e e 7 max 6 mar  amperes
Average S . . ... 1.75 max 1.5 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

HALF-WAVE RECTIFIER— Quadrature Operation
For supply frequency of 60 cps
Maximum Ratings:

PEAK INVERSE ANODE VOLTAGE. . ... ..oinivinivnnnnn. 10000 max 15000 mazx volts
ANODE CURRENT:
Peak. .o e e 10 mazx 10 max amperes
Average(J. ... i e e 2.5 max 2.5 max amperes
Fault, for duration of 0.1 second maximum......... . 100 max 100 maxr amperes
CONDENSED-MERCURY-TEMPERATURE RANGE. ... ....... 20 to 60 20 to 50 °C

O Averaged over any interval of 20 seconds maximum.

Operating Values:

Cireuit Mazx. Trans. Approx. DC Maz. DC Max. DC
(For circuit figures, refer to Sec. Volts Oulput Volts Output Qutput KW
Rectifier Considerations (RMS) To Filter Amperes To Filter
Section) Fig. E Eav ITav Pgae
In-Phase Operation
10600° 4800 1.50 7.1
Half-Wave Single-Phase. .. 54 70004 3200 1.75 5.5
5300* 4800 3.00 14.2
Full-Wave Single-Phase. . . 55 35004 3200 3.50 11.0
10600® 9600 3.00 28.4
Series Single-Phase. .. .... 56 70004 6400 3.50 22.0
6100® T200 4.50 32.2
Half-Wave Three-Phase. . . 57 40004 4800 5.25 25.0
Quadrature Operation
6100* 7200 15.0 108
Parallel Three-Phase. .. ... 58 40004 4800 15.0 72
6100° 14300 7.5 108
Series Three-Phase. ... ... 59 40004 9600 7.5 72
5300* 6750 9.0% 10.0" 60.8* 67 5™
Half-Wave Four-Phase. ... 60 35004 4500 9.0* 10.0® 40.5% 45 0=
5300 7200 9.5% 10.0%® 68 .4% 72 0%
Half-Wave Six-Phase. .. .. 61 3500+ 4800 9.5% 10, 0% 45.6% 48 0%

® For maximum peak inverse anode voltage of 15000 volts and condensed-mercury-temperature range
of 20° to 50°C.

4 For maximum peak inverse anode voltage of 10000 volts and condensed-mercury-temperature range
of 20° to 66°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

TEMPERATURE RISE OF CONDENSED MERCURY
ABOVE AMBIENT TEMPERATURE—°C
=

Super-Jumbo four-contact socket and may be mounted in vertical position only,
base down. OUTLINE 62, Qutlines Section. The 673 is electrically identical with the

575-A.

800

POWER TRIODE

Thoriated-tungsten-filtament type used as
af power amplifier and modulator and as rf
power amplifier and oscillator. May be used
with full input up to 60 Me. Requires Small four-
contact socket and may be mounted in vertical
position only, base up or down. OUTLINE 38,
Outlines Section. Filament volts (ac/de), 7.5;
amperes, 3.1. Direct interelectrode capacitances:
grid to plate, 2.5 uuf; grid to filament, 2.8 uuf;

plate to filament, 2.8 uuf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR:
de plate volts, 1250 mazx; de grid volts, -400 mazx; dc plate milliamperes, 80 max; de grid milliamperes, 25
mazx; plate input, 100 max watts; plate dissipation, 35 max 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 Mec. 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. QUTLINE 29, Out-~
lines Section. The 801-A is used principally for
renewal purposes.

116

P c,

O >0

Fr Fe



RCA Transmitting Tubes

FILAMENT VOLTAGE (AC/DC) . <« ittt it ettt it e e it e e e eiaeiann 7.5 volts
FILAMENT CURRENT. . . ..ottt ittt rine ettt it et 1.25 amperes
AMPLIFICATION FACTOR 8
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. .. ... ... 6 puf
Grid to filament. . ... ... .. .. 4.5 unf
Platetofilament. . ... ... .. .. i e 1.5 uuf
Class B Class C
Maximum CCS Ratings: Modulator Telegraphy#
DC PLATE VOLTAGE. .. ..ottt ittt 600 max 600 max volts
DC GRID VOLTAGE. . . .ot vt ie it it - -200 max volts
DC PLATE CURRENT. . .. ..\t tieeetine e, 70%® mazx 70 max ma
DCGRID CURRENT. . . . oot tooi it ie e - 15 max ma
PLATE INPUT. . ..o 42°% max 42 mazx watts
PLATE DISSIPATION. . . ... .. oot 20" max 20 max watts

# XKey-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 80 Me.
For operation at 55 Mec, plate voltage
and plate input should be reduced to 77 per cent of maximum ratings; at 100 Mec,
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, Outlines Section. Plate shows no color when the tube is operated
at maximum CCS or ICAS ratings.

HEATER VOLTAGE (AC/DC) .« vt v vt tao ettt ine et et 6.3 volts
HEATER QURRENT. .. ..o\ttt ittt 0.9 ampere
TRANSCONDUCTANCE (For plate current of 20 milliamperes)............... 2250 pmhos
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.1 to plate (With external shielding) . . ........... .. ... ... ... 0.15 max ppf

Grid No.l to cathode, grid No.3, grid No.2, internal shield, and heater. . 11 put

Plate to cathode, grid No.3, grid. No.2, internal shield, and heater . .... 6.8 ppf

AF POWER AMPLIFIER AND MODULATOR-~Class A

Maximum Ratings: ccs ICAS
DCPLATE VOLTAGE. . ...ttt iiii i 500 max 600 mazx volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE. . . ........ 250 max 250 max volts
PLATE INPUT. . . ... it ieiean s 15 maz 18 mazx watts
GRID-No0.2 INPUT 3 max 3 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. ........ 100 max 100 max volts
Typical Operation:®
DC Plate Voltage. .. ...................... 400 500 500 600 volts
DC Grid-No.3 (Suppressor-Grid) Voltage. . ... 0% 0* o* 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 resistor of . . .. ............. 450 325 530 490 ohms

Peak AF Grid-No.l Voltage. ............... 18 10 17 18.5 volts
DCPlateCurrent. ................ ... ... 30 25 25 30 ma
DC Grid-No.2 Current 10 6 7 8 ma
Load Resistanece. . . ....................... 10000 18000 16000 13200 ohms
Total Harmonie Distortion. ................ 8 4 10 9 per cent
Power Output. . .ovvevecnenenenennnnueinns 5.5 4 6.5 7.6 watts
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Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance:
For fixed-bias operation. ... ...... ... i i . 0.01 maz megohm
For cathode-bias operation. ... ......... .. .. ... .. . . iiiiirininnss . 0.5 mar megohm
8 Internal shield connected to cathode at socket.
* Connected to cathode at socket.
® Obtained from fized supply or by cathode resistor of value shown.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

ond
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: ces * 1cas
DC PLATE VOLTAGE. .. . ...t tieinreinnnenannnn 500 max 600 mazx volts
DC GRID-NOB3 VOLTAGE. .. ... .. oiieiiiee e 200 max 200 max volts
DC GRID-NO.2Z VOLTAGE. . . ....0evveviinnnnn... 250 max 250 maz volts
DC GRID-NO.I VOLTAGE. . ...\ it iiernnennn —200 max —200 max volts
DC PLATE CURRENT. . .. .. tinnnivinnennna, 60 mazx 60 max ma
DC GRID-NOG.1 CURRENT. . . .. viiiiiinnnnnnnn 7.5 max 7.5 max ma
PLATEINPUT. ... ... .. i, 25 max 33 maz watts
GRID-NO.BINPUT, . . ... i, 2 max 2 max watts
GRID-NO.2Z INPUT. . ...ttt iaes 6 max 6 max watts
PLATE DISSIPATION. . . ... oottt e 10 max 13 mazx watts
PeAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode......... 100 max 1060 max volts
Typical Operation:®
DC Plate Voltage. .. ........ooovunn.nn 400 500 500 600 volts
DC Grid-No.3 Voltage. . ............... 0 [} 40 40 volts
DC Grid-No.2 Voltage®. .. ............ 200 200 250 250 volts

From series resistor of . . . ........... 8000 13600 20800 22000 ohms
DC Grid-No.1 Voltage®................ -100 -100 -100 -120 volts

From grid resistorof . . .. ........... 14000 17000 50000 50000 chms

From cathode resistor of. . .. ........ 1300 1370 1700 1620 ohms
Peak RF Grid-No.1 Voltage. ... ........ 155 155 155 1656 volts
DCPlateCurrent. . ................... 45 45 45 55 ma
DC Grid-No.2 Current. .. ............. 25 22 12 16 ma
DC Grid-No.1 Current (Approx.)....... 7 6 2 2.4 ma
Driving Power (Approx.).............. 11 0.9 0.25 0.3 watt
Power Output (Approx.)............... 10 14 16 23 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. .

= Internal shield connected to cathode at socket.

© 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 Mec and with reduced

803 input up to 60 Mc. Requires Giant five-contact
socket and may be mounted in vertical position
with base up or down, or in horizontal position
with pins 2 and 5 in vertical plane. OUTLINE 57,
Qutlines Section. Plate shows a barely per-
ceptible red color when tube is operated at
maximum CCS ratings. The 803 is used princi-
pally for renewal purposes.

FILAMENT VOLTAGE (AC/DC) . o i v tettieeetiernnnnrennenoennenennenenn . 10 volts
FILAMENT CURRENT. . . ..ottt ittt n e eie e iainannenas . 5 amperes
TRANSCONDUCTANCE (For plate current of 62.5 milliamperes)............. 4000 umhos
DiRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (With external shielding)......................... 0.15 max puf
Grid No.l to filament, grid No.3,and grid No.2. ... ..........0cov0u. 17 nuf
Plate to filament, grid No.3, and grid No.2. . ....................... . 29 puf
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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. . ..t i ttieretintinitntsar i aniessinsesacsnnansnannn 2000 mazx
DC GRID-N0.8 (SUPPRESSOR-GRID) VOLTAGE. ... ...t ivivinnrrivenaerians 500 max
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE . . . ...t v ivivrinnennecnnnarsanna 600 max
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE. . .. .. i ivtviiin i ernaisennes ~500 mazx
DC PLATE CURRENT. . .0 v vvvenrvrannennnnarernvsannanns e 175 max
DC GRID-NO.L CURRENT . 4 v vt e et et catsarinienrenssiansenaanans 50 max
2 7 0ol N N 350 max
GRID-NO.8 INPUT. . ot o tii e tneterinae o natrinaretaannersans 10 max
GRID-NO.2 INPUT. . . i iiiiivnnnt it iitiaasiaaeisneranansnnsnes 30 mazx

PLATE DISSIPATION, ., o s ot ittt it iie i inaasa s eonrnansarenns 125 max

volts
volts
volts
volta
ma
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

of the carrier conditions.

POWER PENTODE

Thoriated-tungsten-filament type used as
rf power amplifier and oscillator. May be used
with full input up to 15 Mc and with reduced
input up to 80 Mc. Requires Small five-contact

with base down, or in horizontal position with
pins 2 and 4 in vertical plane. OUTLINE 48,
Outlines Section. Plate shows no color when
tube is operated at maximum CCS or ICAS rat-
ings. The 804 is used principally for renewal

purposes.

FILAMENT VOUTAGE (AC/DC) e tvvtnrtivnnininnneerunnerensosnnacnneens . 7.5
FILAMENT CURRENT . ...ttt tvtan ittt ennvnan 3.0
TRANSCONDUCTANCE (For plate current of 32 milliamperes) .............. 3250
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.1 to plate (With external shielding) . ............... ... .... 0.03 max

Grid No.1 to filament, grid No.3, and grid No.2. .. .. .. ... .. ..o, 13

Plate to filament, grid No.3, and grid No.2 .. .. ............... ... PN 14

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony

Moximum Ratings: ccs ICAS

DCPLATE VOLTAGE . . . .. .. vttt iviasctnensaansans 1250 max 1500 max
DC GRID-NO.3 (SUPPRESSOR-GRID) VOLTAGE. . . . ......... 200 mazx 200 maz
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE. . ......c...0nv.n 300 max 300 mazx
DC GRID-NO.1 (CONTROL~-GRID) VOLTAGE . . ............0. =300 maz —300 maz
DC PLATE CURBENT. . ... iiitinirnnninnronsaincnenenes 95 max 100 mazx
DC GRID-NO. 1 CURRENT. . . . .. oviieiieiinneannnaninns 15 max 15 maz
PLATE INPUT. . .. ......... e e i ey 120 max 150 max
GRID-NO. 3 INPUT. . .ot iii ittt iian s riaennansoes 5 max 5 max
GRID-NO. 2INPUT. .. o0ttt iiiie i iiae e iinnvenansinnn 15 mazx 15 maz
PLATE DISSIPATION. . . .. ottt iii ettt i 40 max 50 max

gsocket and may be mounted in vertical position 804

volts
amperes
pmhos

puf
puf
pf

volts
volts
volts
volts
ma
ma
wattls
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.

0% "Nc POWER TRIODE
Thoriated-tungsten-filament type
used as af power amplifier and modu- 805
k lator and as rf power amplifier and
G 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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with base down, or in horizontal position with pins 1 and 3 in vertical plane. OUT-
LINE 51, Outlines Section. Plate shows no color when tube is operated at maximum

CCS ratings.

FILAMENT VOLTAGE (AC/DC) . . .\ o ittt iiiiiiiiiiiiiieneaeneen e 10 volts
FILAMENT CURRENT . ..ottt tie et eneantan et eeiinenannses 3.25 amperes
DIRECT INTERELECTRODE CAPACITANCES:

Grid to plate. . .. ..ot i e e 6.0

Grid tofilament. . .. ... i e 7.6 pupf

Plate to filament. . ... ... ... i i e e 9.0

AF POWER AMPUFIER AND MODULATOR—Class B
Maximum CCS Ratings:

DC PLATE VOLTAGE. . . . . ittt ittt iia v iae e ainaseanan 1500 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. ... ... ... it 210 mazx ma
MAXIMUM-SIGNAL PLATE INPUT™. . .. . .. . i 315 max watts
PLATE DISSIPATION®. . .. . i it et i acinerrann 125 max watts
Typical Operation (Values are for 2 tubes):

DC Plate Voltage. ... ...ttt 1250 1500 volts
DCGrid Voltage. . . .. ...t 0 -16 volts
Peak AF Grid-to-Grid Voltage. . ... ........ ... ... ... ..., 235 280 volts
Zero-Signal DC Plate Current. . ............cooviiiiiienn.. 148 84 ma
Maximum-Signal DC Plate Current. .. ...................... 400 400 ma
Effective Load Resistance (Plate to plate) . ............... ... 6700 8200 ohms
Maximum-Signal Driving Power (Approx.).................. 6 7 watts
Maximum-Signal Power Qutput (Approx.). . ...........c..... 3001t 370¢ watts

® Averaged over any audio-frequency cycle of sine-wave form.
+t With 4 per cent harmonic distortion.
+ With 8 per cent harmonie distortion.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings:

DO PLATE VOLTAGE. . . . .ottt ittt ittt itaaenaanaeanaaass 1500 mazx volts
DC GRID VOLTAGE . . . .. .o ittt ittt iian e iannnernneraenanns -500 max volts
DC PLATE CURRENT . . . .ot ttttmt ittt tiaain ettt iaenanans 210 max ma
DC GRID CURRENT . . . .\ttt ttt ittt et e ennernerrrnnanenans 70 mazx ma
PLATE INPUT . (.. i i it i eean s 315 max watts
PLATE DISSIPATION . . . . . et tttitein et et aanse s sioannons 125 max watts
Typical Operation:

DCPlate Voltage. ... ... ..ot iiiiiiiinanns 1000 1250 1500 volts
DC Grid Voltage. . . . .........iiiiiiinnn . -95 -100 -105 volts
Peak RF Grid Voltage. . . . .. ... ... . ciiiiiiins 225 230 235 volts
DCPlate Current. . . ... . ...vuiriinerrneenninns 200 200 200 ma
DC Grid Current (Approx.)................. o uvs 40 40 40 ma
Driving Power (Approx.). . ...............c..v..un 8.5 8.5 8.5 watts
Power Output (APProx.)........c.ooevvunnnrnnnnn. 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 F
af power amplifier and modulator and as rf
power amplifier and oscillator. May be used
806 with full input up to 30 Mc and with reduced in- I

put up to 100 Mec. Requires Jumbo four-contact

pocket and may be mounted in vertical position

only, base down. OUTLINE 59, Outlines Section. NC

Filament volts (ac/de), 5; amperes, 9.5. Direct

interelectrode capacitances: grid to plate, 4 uuf;
grid to filament, 5.6 uuf; plate to filament, 0.4 puf. Maximum CCS ratings as AF POWER AMPLIFIER
AND MODULATOR: dec plate volts, 3000 max (ICAS, 3800 max); maximum-signal d¢ plate milli-
amperes, 200 max (ICAS, 250 max) ; maximum-signal plate input, 500 max watts (ICAS, 825 max watts);
plate dissipation, 150 max watts (ICAS, 225 mar watts). Maximum CCS ratings as RF POWER
AMPLIFIER AND OSCILLATOR: de plate volts, 3000 max (ICAS, 3300 max); de grid volts, —1000
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maz; de plate milliamperes, 200 max (ICAS, 305 max); dc grid milliamperes, 50 maz; plate input, 600
mazx watts (ICAS, 1000 max watts); plate dissipation, 150 maz watts (ICAS, 225 mazr watts). Plate
ghows 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
power armplifier and modulator and as 807

rf power amplifier and oscillator. May

be used with full input up to 60 Me.

For operation at 80 Mec, plate voltage

and plate input should be reduced to 80 per cent of maximum ratings; at 125 Mec,
to 55 per eent. 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, Outlines Section, except has no bayonet pin. Plate shows no color
when tube is operated at maximum CCS or ICAS ratings.

HEATER VOLTAGE (AC/DC) .. it tiiieiiiariiets avriiiaiaaneannns 6.3 +0.6 volts
HEATER CURRENT . . .. ... \vtbeerannrnsnreetaeseattananenseneeeesns 0.9 ampere
TRANSCONDUCTANCE (APProX.)¥ . . .o it iia i 6000 pmhos
Mu-FACTOR, Grid No.2 to Grid No.1¥ . .. .. ... ... . ..o 8
DirECT INTERELECTRODE CAPACITANCES:
Grid No.l to plate (With external shielding). . ..................... 0.2 mazx puf
Grid No.1 to cathode, grid No.3, grid No.2, and heater . . . .......... 12 puf
Plate to cathode, grid No.3, grid No.2, and heater.............. e i wnf

* 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: ccs ICAS

DC PLATE VOLTAGE . . .« . cc vt vanrenianeiaaaannnaes 600 max 750 max volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE. . . .............. 300 mazx 300 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. . . ... ... ....... 120 max 120 max ma
MAXIMUM-SIGNAL PLATE INPUT®. . . . ...... ...t 60 mazx 90 max watts
MAXIMUM-SIGNAL GRID-NO.2 INPUT®. . .. ... .......... 3.5 max 3.5 max watts
PLATE DISSIPATION®. . .. 25 max 30 max watts

PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. .. 135 max 135 mazx volts

Heater positive with respect to cathode. .. ........... 135 max 135 max volts
Typical Operation (Values are for 2 tubes):
DCPlate Voltage. . ..........ioviiiiiriiianiaes 400 500 600 750 volts
DC Grid-No.2 Voltagef. ... .................. ... 300 300 300 300 voltg
DC Grid-No.1 (Control-Grid) Voltage. . . .......... -28 ~30 -32 -35 volts
Peak AF Grid-No.l-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 Output (Approx.)* ....... 55 5 80 120 watts
Maximum Circuit Valves {CCS or ICAS conditions):
Grid-No.1-Circuit Resistance

For fixed-biag operation. . . ........ ... .o, reer e 30000 max ohms

For cathode-bias operation. ... ...... ... . ittt iiiinnienans Not recommended

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

f Preferably obtained from a separate source, or from the plate-voltage supply with a voltage divider.
4 With zero-impedance driver and perfect regulation, plate-circuit distortion does not exceed 2 per cent.
In practice, regulation of plate voltage, grid-No.2 voltage, and grid-No.1 voltage should not be greater
than b per cent, 5 per cent, and 3 per cent, respectively.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per lube for use with a maximum modulation factor of 1.0

Maximum Ratings: ccS ICAS
DC PLATE VOLTAGE . . . . . c.vtiiiicnincnarnnncanonnnnsa . 475 mazx 600 mazx volts
DC GRID-NO.2 VOLTAGE . .. ... cvevrvnnennse e . 300 max 300 maz volts.

121



RCA Transmitting Tubes s=——e—erere—

DC GRID-NO.LVOLTAGE. .. .. ..iiiietennunnnonansanne ~200 max —200 max volts
DC PLATE CURRENT. ... ... tciiinnnnriinnennnnannnnnssse 83 max 100 max ma
DC GRID-NO.1 CURRENT. . .. ...iviiieiiinniennannnanns 5 max 5 max ma
PLATE INPUT. . .. .o i ittt aaeiennens 40 max 60 max watts
GRID-NO.2 INPUT. . ..o ot it iiiiiiia it iiaaiasoanns 2.5 max 2.5 max watts
PLATE DISSIPATION. . . ... . it iiiir e anianeannores 16.5 max 25 mazx watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . ............ 135 mazx 135 mazx volts
Heater positive with respect to cathode.............. 135 max 135 mazx volts
Typical Operation:
DCPlate Voltage. . .. ... .o viiieusnninnansnn 325 400 475 600 volts
DC Grid-No.2 Voltage$ . . .. ........ ... ... 250 250 250 300 volts
From series resistorof . . . ................... 12500 25000 28000 37500 ohms
DC Grid-No.l1 Voltaged . ... ....coiviiiiiiians =75 =75 ~85 ~85 volts
From grid-No.l resistorof . . . ............... 21400 21400 21200 21200 ohms
Peak RF Grid-No.1 Voltage. ................... 95 95 108 107 volts
DCPlateCurrent. ... ...ooviieriinnraneennnns 80 80 83 100 ma
DC Grid-No.2 Current. .. ..........covvvnunnn, [ [ 8 8 ma
DC Grid-No.1 Current (Approx.)............... 3.5 3.5 4 4 ma
Driving Power (ApPprox.). ... ......coveeainienn. 0.3 0.3 0.4 0.4 watt
Power OQutput (APProX.). .....ooovvvniieinnnnnns 17 22 28 44 watts
Maximum Circuit Values {(CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. ............ov ittt iinarennans 30000 max ohms

é Obtained preferably from separate source modulated along with the plate supply, or from the
modulated 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.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: cCs ICAS
DCPLATE VOLTAGE . . . . .o tiiieiitinnanennnnannnnns 600 max 750 max volts
DC GRID-NO.2 VOLTAGE . . . . . . ...t iiinii e 300 max 300 max volts
DC GRID-NO.1 VOLTAGE . . . . ..ttt iiennannennn —200 max -200 max volts
DC PLATE CURRENT. . ... vtitiinainrisiniantinnnannns 100 mazx 100 max ma
DC GRID-NO.LI CURRENT. . ... iitiiviiiiniinenieinanes 5 max 5 mazx ma
PLATE INPUT. . ... ittt 60 max 75 max watts
GRID-NOZ INPUT. ..ot v iiiit i iiinin i ean e 3.5 max 3.5 max watts
PLATE DISSIPATION 25 max 30 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . ............ 135 max 135 mazx volts

Heater positive with respect to cathode.............. 135 max 135 mazx volts

AVERAGE PLATE CHARACTERISTICS

T 1
TYPE 807
E£=63 VOLTS
. GRID-Ng2 VOLTS=250

|

T SO N
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2 GRID-N2t YOLTS §C1Z0
+

PLATE? MILLIAMPERES
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0 ~ 200 00 o e v 1000
E vou Q2CM 4876T3
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Typical Operation:

DCPlate Voltage. .. ... ... .. cciviiiiirviinnne

DC Grid-No.2 Voltage®

From series resistor of . .. .............. ... ...
DC Grid-No.1 Voltages . . .......................
From grid-No.1 resistor of . . .. . ...............
From cathode resistor of . . . ...................
Peak RF Grid-No.1 Voltage. .............ccc.ouunn
DCPlate Current. ..........ovovrunneirnnernnnns
DC Grid-No.2 Current. . . .. ... ... .vvevennnn
DC Grid-No.1 Current (Approx.). ................

Driving Power (Approx.)

PowerOutput(Approx).,...4.......:.'.......‘..,......

Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Cireuit Resistanee .... ... .. ... it

400
250
19000
45
11200
400
65
100

8

4

0.3
25

== RCA Transmitting Tubes =

500 600 750 volts.
250 250 250 volts
31000 44000 62000 ohms
—45 —-45 -45 volts
11200 11200 11200 ohms
400 400 400 ohms
65 65 65 volts
100 100 100 ma

8 8 8 ma

4 4 4 ma

0.3 0.3 0.3 watt
32 40 54 watts
30000 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.

¢ Obtained from fixed supply, by grid-No.l resistor, by cathode resistor, or by combination methods.

TYPICAL CHARACTERISTICS

TYPe 807
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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
30 Mc and with reduced input up to
130 Me. Class C Telegraphy maximum

F 4 plate dissipation, CCS 50 watts, ICAS
75 watts.

FILAMENT VOLTAGE (AC/DC) . . o v ei et ve et vonvansssnssonareannsnaasons .5
FILAMENT CURRENT . . . - o oot teitan it innsesssseensassnanssnnssanense 4.0
AMPLIFICATION FACTOR . . . ... ittt it cnsesneassceasaanssrannss 47
DIRECT INTERELECTRODE CAPACITANCES:

Grid to plate. . ... e et 2.8

Grid to fIlAMENt. . . .o o et it e et ittt et 5.8

Plate to filament. . .o uoueeiiiiiiariirraainearastaasastcasaannns aen 0.25

808

volts
amperes

puf
puf
ppf



RCA Transmitting Tubes

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: cCS ICAS
DC PLATE VOLTAGE . . .« o e tve it ce i 1500 mazx 2000 mazx volts
DC GRID VOLTAGE . . .« ¢t oie et aae e —400 maz ~400 max volts
DC PLATE CURRENT. . ... .ottt 150 max 150 max ma
DC GRID CUBRENT. . . c.otvvtiiinnniannnennns P 35 max 40 max ma
PLATE INPUT. . . . .ot 200 max 300 max watts
PLATE DISSIPATION 50 max 15 max watts
Typical Operation:
DCPlate Voltage . . . ......coiiiiitiinieiinn s 1250 1500 2000 volts
DC Grid Voltaged . . ... ... v civnn -150 -150 -150 volts

Fromgridresistorof . . . .. ......... .. .. ... ... .. 4300 4300 4200 ohms

From cathode resistor of . . . .......... R 880 940 800 ohms
Peak RF Grid Voltage. ...................... ...... 290 300 280 volts
DC Plate Current. . ....... ... ... ... .. ... ...l 135 125 150 ma
DC Grid Current (Approx.). ......... e e e 35 35 36 ma
Driving Power (Approx.). . ......... ... 9 9.5 9 watts
Power Output (Approx.) . ................ . ....... 125 140 225 watts

# Key-down conditions per tube without amphtude modulation. Amplltude 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.

OPERATING CONSIDERATIONS

Type 808 requires Small four-contact socket ard may be mounted in vertical
position only, base down. OUTLINE 32, Outlines Section.

For operation at 60 Mec, plate voltage and plate input should be reduced to 75
per cent of maximum ratings; at 130 Me, to 50 per cent. Plate shows cherry-red
color when tube is operated at maximum CCS ratings, and orange-red color at
maximum ICAS ratmgs.

When the 808 is used in the final amphﬁer 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
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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- 809
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) . « . o e ot ettt ittt 6.3 volts
FILAMENT CURRENT . . . . o ot ttte e et it i ia s 2.5 amperes
AMPLIFICATION FACTOR. . .. ..ot e s 50
DIRECT INTERELECTRODE CAPACITANCES:
Grid 60 PLREE . . . . ottt 6.7 puf
Grid to fillament . . ... ... oo e 6.7 puf
Plate t0 fllament. . .. oottt it e e, 0.9 pauf
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum Ratings: CCS8 ICAS
DCPLATE VOLTAGE. . . . .. coiihitianitiiin s 750 maz 1000 mazx volts
DCGRID VOLTAGE . . .. .. c.ii it nnnnnnron s —200 max —200 mazx volts
DC PLATE CURRENT. . ..o ottt vinnnivinnetnenancnnns 100 max 100 max ma
DC GRID CURRENT. . ..ty 35 max 35 max ma
PLATEINPUT. . . ... ittt 76 max 100 max watts
PLATE DISSIPATION . .. ............" e e 25 mazx 30 max watts
Typical Operation:
DCPlate Voltage. . . .coviviie i 500 750 1000 volts
DCGrid Voltaged ... .. v oviiertininene -50 -60 =75 volts
From grid resistor of . . . ...... ... .. ... i 2500 3000 3000 chme
From cathode resistorof . . . ....................... 420 500 600 ohms
Peak RF Grid Voltage. ........ ..o iiiiiiiiiannnnnnn 135 140 160 volte
DCPlate CUITent. . .. ... ..o ieiiiiinnenininaaeenens 100 100 100 ma
DC Grid Current (APProx.). .. .. ....o.ovveiivoenoie 20 20 25 ma
Driving Power (ADProX.). ... ...cvviviirennirenen  ns 2.5 2.5 3.8 watts
Power Qutput (APProX.). . .o.vinvrvererneerooenennnes 35 55 75 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,
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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 Mg, 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 oseillator 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 F NC
Thoriated-tungsten-filament type
8] 0 used as af power amplifier and modu- G
lator and as rf power amplifier and os-

cillator. May be used with full input e W
up to 80 Mec and with reduced input
up to 100 Mc. Class C Telegraphy maximum plate dissipation, CCS 125 watts,
ICAS 175 watts.

FILAMENT VOLTAGE (AC/DC) . . . ..t ittt tittiitiiiiiinannanriaraereeeans 10 volts
FILAMENT CURRENT. . . . .t ittt tet it vt cnaneetesaancneanaaansnnearanns 4.5 amperes
AMPLIFICATION FACTOR. . . ... ittt ettt it e 36
DIRECT INTERELECTRODE CAPACITANCES!
Grid to plate. ... ... e e 4.8 uuf
Grid to filament. . . ... ... i i e e e 8.7 uuf
Plate to filament. . . . .. ... . e e e e 12 upf
AF POWER AMPLIFIER AND MODULATOR—Class B
Maximum Ratings: cC8 ICAS
DC PLATE VOLTAGE . . .. ..ttt 2500 max 2750 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT™. ... . ........... 250 mazx 250 max ma
MAXIMUM-SIGNAL PLATE INPUT®. . . . ... . ... ... ..o, 425 mazx 510 max watts
PLATE DISSIPATION™. . . .. ... ... . . i, 125 max 175 max watts
Typical Operation (Values are for 2 tubes):
DC Plate Voltage. . . . ... ...ttt ittt 2000 2250 volts
DC Grid Voltaget. .. ... it i iiaiieinann -50 —60 volts
Peak AF Grid-to-Grid Voltage. . . ...................... 345 380 volts
Zero-Signal DC Plate Current. . ..................con.. 60 70 ma
Maximum-S8ignal DC Plate Current. . ... ............... 420 450 ma
Effective Load Resistance (Plate toplate) ... ............ 11000 11600 ohms
Maximum-Signal Driving Power (Approx.).............. 10 13 watts
Maximum-Signal Power OQutput (Approx.}............... 590 725 watts

® Averaged over any audio-frequency cycle of sine-wave form.
1 For ac filament supply.

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 1cas

DC PLATE VOLTAGE . . . . o ittt inan e ieenranan s 1600 max 2000 max volts
DC GRID VOLTAGE . . . .. tiiiiiiiinae e, —500 max ~500 mazx volts
DC PLATE CURRENT. . ..t iivniiinnnrinnneninnnaeranans 210 max 250 mazx ma
DC GRID CURRENT. . . otitivneinieneeretnnearennannnas 70 max 75 max ma
PLATE INPUT. . ..ottt iiiieeieinnnrtnasnennanas 335 mazx 500 mazx watts
PLATE DISSIPATION. . ....... e e 85 max 125 max watts

Typical Operation:

DCPlate Voltage. . ....vvvnriiiiinreervninennennnn 1250 1600 2000 volts
DC Grid Voltaged ........ocvevvcunnn -200 -200 -350 volts

From grid resistor of. ... .... eteieenean e 4000 4000 5000 ohms
Peak RF Grid Voltage . 376 370 560 volts
DC Plate Current............. taerereenans eeneeras . 2106 210 250 ma
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RCA Transmitting Tubes

DC Grid Current (Approx.). . .....ccvivrvunrinreaenss 50 50 70 ma
Driving Power (APProx.) . . ... vviireinrinnenannaen 17 17 35 watts
Power Output (APDProX.) . . .. vovvtit i tianaanannnenns 180 250 380 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. . . ... tvitiiiiiiiiaiananaenonn 2000 max 2500 max volts
DC GRID VOLTAGE . . . .. iititneriniiennneranneennns ~500 mazx —500 max volts
DCPLATE CURRENT . . . ...ttt niennnnnn 250 max 300 max ma
DCGRID CURRENT . . . ...vtiiiiintennnannnncenen ns 70 mazx 75 mazx ma
PLATEINPUT. . ... it iii i 500 max 750 max watts
PLATE DISSIPATION . . . ... tiiriiiiiiieine e anenns 125 max 175 max watts
Typical Operation:
DCPlate Voltage. . ......oiviinnnerinneiniincenansnnes 1500 2000 2500 volts
DCGrid Voltage# . .........ccoiviiiiiniinenennneians -120 -160 -180 volts

From grid resistorof . . . . ........... il 3000 4000 3000 ohms

From cathode resistor of . . . ................. ... . 415 550 500 ohms
Peak RF Grid Voltage. ............coiivivinnvnenniinnns 280 330 350 volts
DCPlateCurrent...........covvuniiinenernnneeunrens 250 250 300 ma
DC Grid Current (APProX.) . . . .....couuerienicnneavenns 40 40 60 ma
Driving Power (Approx.). ... .....cieiiineniiannannnn 10 12 19 watts
Power Output (APProX.). .. ....ouviiiverunnecnnnernnnss 275 3875 575 watty

# 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.

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.
QUTLINE 53, Qutlines Section.

For operation at 60 Me, plate voltage and plate input should be reduced to 70
per cent of maximum ratings; at 100 Mc, 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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RCA Transmitting Tubes

TYPICAL CHARACTERISTICS
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POWER TRIODE

Thoriated-tungsten-filament type
lator and as rf power amplifier and os-

cillator. May be used with full input
up to 30 Me. For operation at 60 Me,

FILAMENT VOLTAGE (AC/DC) . .« .t ittt ettt et et ey 6.3
FILAMENT CURRENT. . . ..ottt ettt e tiiiiae e naeeanieniannns 4
AMPLIFICATION FACTOR®. . . ... .. . it iiianan e in s 160
DiIRECT INTERELECTRODE CAPACITANCES:
...................................................... 5.6
Grid tofillament. . ... ... .. .. e e 5.9
Plate tofilament. . . . ... ... .. i i i e e 0.7
* Grid volts,~1; plate milliamperes, 20.
AF POWER AMPLIFIER AND MODULATOR—Class B
Maximum Ratings: cCcs ICAS
DCPLATE VOLTAGE . . .. ......c.covunnnennn 1250 max 1500 mazx
MaxiMUM-SIGNAL DC PLATE CURRENT® . . .. 175 maz 175 max
MAXIMUM-SIGNAL PLATE INPUT®. ... ... ... 165 mazx 235 max
PLATE DIsSIPATION®™. .. ................... 45 max 65 max
Typical Operation (Values are for 2 tubes):
DCPlate Voltage. ...............c...... 760 1250 1000 1250 1500
DC Grid Voltaget. ... .................. 0 0 0 0 4.5
Peak AF Grid-to-Grid Voltage............ 197 145 185 175 170
Zero-Signal DC Plate Current............ 32 50 44 b4 32
Maximum-Signal DC Plate Current. . .. ... 350 260 350 850 313
Effective Load Resistance (Plate to plate).. 5100 12400 7400 9200 12400
Maximum-Signal Driving Power (Approx.). 9.7 3.8 7.5 6 4.4
Maximum-Signal Power Qutput (Approx.).. : 178 235 248 310 340

W Averaged over any audio-frequency cycle of sine-wave form.
+ For ac filament supply.
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plate voltage and plate input should be reduced to 89 per cent of maximum ratings;
at 80 Mg, to 70 per cent; at 100 Me, 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. QUTLINE 39, Outlines Section. Plate shows no
color when tube is operated at maximum CCS ratings, and shows a barely percep-
tible red color at maximum ICAS ratings.
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RCA Transmitting Tubes

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
DC PLATE VOLTAGE . . . ..o\ttt iiiieeen e ineennns 1000 max
DC GRID VOLTAGE . . ¢« .ot iei et .. —200 max
DC PLATE CURRENT. . . .. ..t iiet et . 125 max
DC GRID CURRENT. . . ... iiiiiniee e cneees 50 max
PLATE INPUT. ... ... i 115 max
PLATE DISSIPATION . . . ...ttt ttieeiin e enanannns 30 mazx
Typical Operation:
DCPlate Voltage. . ... ... ... i 1000
DC Grid Voltaged . ... ...t ~55
Fromgridresistorof . . ............................. 1200
Peak RF Grid Voltage. . .. . ........ ... ... 150
DCPlate Current. . .. ... ..ottt iiannnennns 115
DC Grid Current (APpProx.). . . . ..o iueieii i 45
Driving Power (APpProx.). . ........oiiiuiiiinninannan. 6.1
Power Qutput (Approx.). ... ... ... eiiinnnnennen.. 88

ICAS

1250 mazx
—-200 mazx
150 mazx
50 mazx
175 max

45 maz

1250
-120
2700
250
140
45
10
135

volts
volts
ma
ma
watts
watts

volts
volts
ohms
volts
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.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: cCS
DCPLATE VOLTAGE . . .. ...ttt iiinnnennns 1250 max
DCGRIDVOLTAGE. . . .. .ottt it cnana s ~200 mazx
DC PLATE CURRENT . . ...ttt 175 max
DC GRID CURRENT. . . ot ein ittt iniae e iianeeie s 50 max
PLATE INPUT. . . .. i 175 mazx
PLATE DISSIPATION . . .. ... i it iiancanaan 45 max
Typical Operation:
DCPlate Voltage. . . ... ... .ot iiaian.s 1250
DCGridVoltagesd - ... ... vt -50

From grid resistor of . . ............. ... ... ool 1100

From cathode resistor of . . . . .. ........ ... ... .. .... 270
Peak RF Grid Voltage. . . . . ....... ... .. ... 140
DCPlate Current. . . . ... .ottty 140
DC Grid Current (ApproxX.}. . .. ... .. veeiiiieanna. 45
Driving Power (Approx.). . . .......... oo 5.7
Power OQutput (Approx.)...... ... ... vy 135

ICAS
1500 max
—200 max

175 maz

50 max

260 max

65 max

1500
-70
1750
330
175
173
40
7.1
200

volts
volts
ma
ma
watts
watts

volts
volts
ohms
ohms
volts
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.

SELF-RECTIFYING AMPLIFIER®*—Class C

Maximum CCS Ratings:

RMS PLATE VOLTAGE . . .ot ttt it ettt iine e inaan e eniaeesnanns
DC GRID VOLTAGE . - - < .« o ittt ittt e an it e an ctiae e snann
DC PLATE CURRENT . . . .ottt ittt it e e en e e e it asann
DC GRID CURRENT. . . . .ottt ittt et cia it i ia e aanans

Typical Push-Pull Operation at 27 Mc (Values are for 2 tubes):

RMS Plate Voltage. . . ... ..iei it e e e i
DO Grid Volbae & .. oot ettt e et et e et et e

From grid resistor of . .. . ... .. . e
DC Plate CUITENt. . . . .ottt ittt et e e
DC Grid Current (APPrOX.) . .. u e ee ettt aiaaann
Driving Power (Approx.)®
Power OutPUt (APProX.) ...\ vttt vttt et c it e
Useful Power Output (Approx.)—75-per-cent circuit efficiency ... .........

1750 mazx
-125 mazx
65 max
25 maz
125 max
45 max

1750
=70
1500
130
46
12
175
130

volts
volts
ma
ma
watts
watts

volts
volts
ohms
ma
ma
watts
watts
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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= = RCA Transmitting Tubes

AMPLIFIER® —Class C
With separate, reciified, unfiltered, single-phase, full-wave plate supply
Maximum CCS Ratings:

DO PLATE VOLTAGE . . . . . it itiir i inenteinnetriosanacvrnansossones 1125 maz
PO GRID VOLTAGE . . . .. oottt ittt iiiniiaiiiasreeereeearannnnns ~125 mazx
IDC PLATE CURRENT . . . oot ttierttnienenrtareraanesasserannensas 160 maz
IO GRID CURRENT. . . . .t irine st eanesnnansesonasnansnes 45 maz
PLATE INPUT™ . . it it ittt i iaannanen 175 max
PLATE DISSIPATION . . . .ttt tiivierinrasianiesnesesionoesasnoonsasas 45 max

Typical Operation:

PO Plate Voltage. . ... ..ottt ittt iieintertesrasnoeracnanancces 1125
PDC Grid Voltaged . . . ..ottt ittt it iie it ieniaieaaria s -35

Fromgridresistor of . .. . ... .. .. i i e 1400
DCPlate Current. .. ... .. . ittt it ireenrrrrareannanrs 125
DC Grid Current (Approx.).............c..c... 25
Driving Power (Approx.)**... . ... ... ....... 3
Power QULPUL (APDIOXK.) .« o vttt reaanire i ieneeineeenenriannensenns 135

4 Power input is 1.23 times the product of dec plate voltage and de plate current.

volts
volts

ma
watts
watts

volts
volts
ohms
ma
mna
watts
watts

& Obtained from grid resistor of value shown or from a combination of grid resistor with either fixed

supply or cathode resistor.
4AFrom a driver having a rectified, unfiltered, single-phase, full-wave plate supply.

®The 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 oseil-

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

up to 100 Mec. Class C Telegraphy maximum plate dissipation, CCS 45 watts, ICAS

65 watts.

FILAMENT VOLTAGE (AC/DC) ........ PN . 6.
FrLaMENT CURRENT. e
AMPLIFICATION FACTOR*
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate . .. ... .. it i e et e e, . 5.
Grid to fillament. . . ... ... ...t i et it iaae [
Plate tofilament. . . ... ... ... i i it i et e ves 0.7

*Grid volts, -30; plate milliamperes, 30.
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RCA Transmitting Tubes =

AF POWER AMPLIFIER AND MODULATOR—Class B

Maximum Ratings: cts ICAS

DC PLATE VOLTAGE . . . .. o\\iitteattsineennnnnnnnnn .e 1250 maz 1500 maz volts
MAXIMUM-SIGNAL DC PLATE CURRENT®, .. ...... erenae 175 mazx 175 max ma
MAXIMUM-SIGNAL PLATE INpUTS. .. ... ..., Ceeeseaes e 165 max 235 max watts
PLATE DISSIPATION®. . . .................... eteieneans 45 mazx 65 max watts

Typical Operation (Values are for 2 tubes):

DCPlate Voltage. . . .. ......cooiirruerieeerunnennns .. 1250 1500 volts
DC Grid Voltaget. . ............cciiiiiiiieinaannns .. -40 -48 volts
Peak AF Grid-to-Grid Voltage . .. .................... .. 225 270 volts
Zero-Signal DC Plate Current. ..............cc0vveanns, 22 28 ma
Maximum-Signal DC Plate Current. P 260 310 ma
Effective Load Resistance (Plate to plate) ............... 12200 13200 ohms
Maximum-Signal Driving Power (Approx.).............. 3.5 5 watts
Maximum-Signal Power Output (Approx.). .............. 235 340 watts

® Averaged over any audio-frequency cycle of sine-wave form.
1 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. . . ..o vttitetnennnnnneannanennas .. 1000 maz 1250 mazx volts
DC GRID VOLTAGE. . . ... coiiittintiiiieineinennennns ~200 max -200 mgzx volts
DC PLATE CURRENT. ... 0vvuuurenncnnanneeseneenanns ve 125 max 150 mazx ma
DC GRID CURRENT. . ... otttaeneennanniaerenesnonnnns 35 mazx 35 maz ma
PLATE INPUT. . .. . it iininnicercrnnaaaaan, 115 max 175 max watts
PLATE DISSIPATION. . .....c....... vt . 30 mazx 45 max watts

Typical Operation:

DC Plate Voltage. . . ... ..cciiiiirineernaniinnnnens 1000 1250 volts
DC Grid Voltaged .. ... ....cviinniiiieeniiinnnenenan -110 -115 volts

rom grid resistor of . . ... .. ... .. ... e 3400 3300 ohms
Peak RF Grid Voltage. . . . ... ..covniiiinriinnnnnnnn 220 240 volts
DC Plate Current. . .. .......cuiiiiiiennneennnnannnn. 115 140 ma
DC Grid Current (ApPpProxX.). ... ......cvieeiunenunnvann 33 35 ma
Driving Power (ADProx.) . . ... oiiiirvriininnnnnens 6.6 7.6 watts
Power Output (Approx.). . ... .. .oveitineiinnniinnnnn. 85 130 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 OSCHELATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: ccs ICAS

DC PLATE VOLTAGE. . ............. e, 1250 mazx 1500 max voltg
DC GRID VOLTAGE. . . .. .oveevunnss e it —200 max —200 max volts
DC PLATE CURRENT. .t ittnransnornanenenronanensanns 175 max 175 max ma
DC GRID CURRENT. . . .citvuvareunrunnnnnosocannannan .. 35 max 35 mazx ma
PLATE INPUT............. Ceessersanaceteresasnnanna .. 175 maz 260 mazx watts
PLATE DISSIPATION . ~. . ..vvuuens eseentasesnans aeene 45 mazx 65 max watts

Typical Operation:

DC Plate Voltage. . ....... . 1250 1500 volts
DC Grid Voltaged .. ............ e -90 -120 volts

From grid resistor of . . . .. ............ ... R 3000 4000 ohms

From cathode resistor of 530 590 ohms
Peak RF Grid Voltage. . 200 240 volts
DC Plate Current. e 140 173 ma
DC Grid Current (Approx.) ........................... 30 30 ma
Driving Power (APProX.). . . ocveuveinnernnneernnnnaeens 5.4 6.5 watts
Power Output (APProx.). . . ..o viieriieiinnrnnnnnenns 130 190 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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SELF-RECTIFYING OSCILLATOR OR AMPLIFIER—Class C
Maximum CCS Ratings:

RMS PLATE VOLTAGE . . ..o\ttt ittt atneatee et aiieranananas 1750 max

DC GRID VOLTAGE . . . o\ ottt ® et ettt i ettt i aeie e -125 max

15 maz

20 mazx

145 max

45 max

Typiceal Push-Pull Operation at 27 Mc (Values are for 2 tubes):

RMS Plate Voltage. . . ... ...ttt 1740
DC Grid Voltaged . . ...ttt e e e -100
From grid resistor of . . . . ... ... ... . . . 3500
DC Plate Current. . .. ........uuiuniiat it 150
DC Grid Current (At fullload).............oooiiiier .. 29
Driving Power (ADProx.)® . ... ..ottt i 12
Power Output (APDIoX.). .. ... oior ittt e 200
Useful Power Output (Approx.)-75-per-cent circuit efficiency . e 150

& Obtained from grid resistor of value shown or from.a combmatmn of grid resistor with
supply or eathode resistor.
® From a self-rectified driver.

AMPLIFIER OR OSCILLATOR—Class C
With separate, rectified, unfillered, single-phase, full-wave plate supply

Maximum CCS Ratings:

DO PLATE VOLTAGE . . . . .ottt ittt ittt ettt tian eeiieenaanenns 1125 max
DC GRID VOLTAGE . . ...\ttt it i e e aaas —-125 max
DC PLATE CURRENT. . . <o \titteeinnee et e e 160 max
DO GRID CURRENT. . . ... ttttttteataiite et et e e 32 max
PLATE INPUT . it e 175 max
PLATE DISSIPATION . . . 0ot ne ittt ietee it aaneaeeaiteenaeeanennns 45 max

Typical Operation:

DC Plate VOltage. ... .. c.ovuuuiiin ittt s et raerantiesie e 1125
DC Grid Voltaged . ...ttt i e —65

From grid resistor of . . . ... ... ... 2200
DC Plate Current. ... ... ottt 125
DC Grid Current (APDProX.) . ......ooviininurini i 30
Driving Power (ApProx.)%%. . . .. ... .. . 5
Power QUtput (APDrOX.) . . ..ottt e e 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
watts

either fixed

volts
volts
ma
ma
watts
watts

volts
volts
ohms
ma
ma
watts
watts

6 Obtained from grid resistor of value shown or from a combination of grid resistor with either fixed

supply or cathode resistor.
44 From a driver having a rectified, unfiltered, single-phase, full-wave plate supply.
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OPERATING CONSIDERATIONS

Type 812-A requires Small four-eontact socket and may be mounted in vertical
position with base down, or in horizontal position with pins 1 and 4 in vertical plane.
OUTLINE 89, Outlines Section.

For operation at 60 Mc, plate voltage and plate input should be reduced to 89
per cent of maximum ratings; at 80 Mc, 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 Mec. For operation at 45 Mc,
plate voltage and plate input should be reduced to 87 per cent of maximum ratings;
at 60 Mc, 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. OUTLINE 47, Outlines Section.
Plate shows no color when tube is operated at maximum CCS or ICAS ratings.

FILAMENT VOLTAGE (AC/DC) . . . ..ottt vttt e i e e 10 volts
FILAMENT CURRENT. . ...ttt ittt ittt ee e e e et 5 amperes
TRANSCONDUCTANCE® . . . . . . . o\ttt et ieee et et aaenaanraeanes 3750 pmhos
MU-FACTOR, Grid No.2 to Grid No.1*. .. ... ... oiiieiiiiiiaan, 8.5
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l toplate. . . ... it ittt e i et 0.25 max uuf
Grid No.1 to filament, grid No.3, internal shield, grid No.2, and base shell 16.3 wuif
Plate to filament, grid No.3, internal shield, grid No.2, and base shell. .. 14 puf

* Plate volts, 2000; grid-No.2 volts, 400; plate milliamperes, 50.

AF POWER AMPLIFIER AND MODULATOR—Class AB1

Maximum Ratings: ccs ICAS
DCPLATEVOLTAGE . .. .. ........0oviiiiininnnnnnnnnn. 2250 mazx 2500 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE . . .. ... .......... 1100 mazx 1100 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. . .. .. .......... 180 mazx 225 mazx ma
MAXIMUM-SIGNAL PLATE INPUT®. . .. ................... 360 max 450 max watts
MAXIMUM-SIGNAL DC GRID-No.2 INPUT®. . ... .......... 22 max 22 max watts
PLATE DISSIPATION™. . . ... ... .. . i 100 max 125 max watts
Typical Operation (Values are for 2 tubes):

DC Plate Voltage. . ............oiivnununnn. 1500 2000 2250 2500 volts
DC Grid-No.3 (Suppressor-Grid) Voltage*. . ..... 0 o o o volts
DC Grid-No.2 Voltagef. . ...................... 750 750 750 750 volts
DC Grid-No.1 {Control-Grid) Voltaget.......... ~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. . ......... . 305 265 255 290 ma
Zero-Signal DC Grid-No.2 Current. ........, .. 2 2 2 2 ma
Maximum-Signal DC Grid-No.2 Current. .. .. o 45 43 53 54 ma
Effective Load Resistance (Plate to plate) 9300 16000 20000 19000 ohms
Maximum-Signal Driving Power (Approx.)....... o 0 0 0 watts
Maximum-Signal Power Output (Approx.)....... 260 335 380 490 watts
Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. . .............coviiiivinannrearenenronnnss 30000 max ohms



RCA Transmitting Tubes

® Averaged over any audio-frequency cycle of sine-wave form.
4 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.

1 For ac filament supply.

PLATE-MODULATED PUSH-PULL 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. ...... et as ittt aeraans . 1600 max 2000 max volts
DC GRID-NO.2 VOLTAGE . . . . .. veivteanrnnannenannnnns . 400 mazx 400 mazx volts
DC GRID-NO.L VOLTAGE . .. . oot v iiiiitenianrannnnnsnn -300 max —300 max volts
DO PLATE CURRENT. . .. .. ... iunitninnnnnannnn, 150 mazx 200 max ma
DC GRID-NO.1 CURRENT . . . c\vooteerearnannnnannns 25 maz 30 mazx ma
240 mazx 400 mazx watts
15 max 20 max watts
67 mazx 100 maz watts

Typical Operation:
DC Plate Voltage. . ..............coiiiiiinanin... 1250 1600 2000 volts
DC Grid-No.8 Voltage*. . ........................... 0 [} 0 volts
DC Grid-No.2 Voltages . .............oovuiiiiooi.. 300 300 350 volts
From series resistor of . . .......................... 27000 43000 41000 ohms
DC Grid-No.1 Voltaged ... ............ooouiin.. -160 -160 -175 volts
From grid-No.l resistorof. ... .................... 12500 13500 11000 ohms
Peak RF Grid-No.1 Voltage. .. ...................... 250 250 300 volts
DCPlate Current. . . .....................oui.n. .. 150 150 200 ma
DC Grid-No.2 Current. . ............................ 35 30 40 ma
DC Grid-No.1 Current (Approx.). .........c.c.covevvunn. 138 12 16 ma
Driving Power (ApPDrox.). .. .......ccvvuvivaiiinn.. 2.9 2.7 4.3 watts
Power Qutput (Approx.).......... PR 140 180 300 watts

Maximum Circuit Values {CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. ........ ... ... ... . ... .0iiiuiiviinnnn. 30000 max ohms
* 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.

6 Obtained from a 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
DCPLATE VOLTAGE . . . . ..ottt 2000 max 2250 max volts
DC GRID-NO.2 VOLTAGE . . . 1o otvteviteenineanrannns.s 400 mazx 400 max volts
DC GRID-NO.L VOLTAGE. . ... ... ..ot ~300 mazx -300 max voits
DC PLATE CURRENT . . .« vtoiiieieenenereriinnnnnnn 180 max 225 max ma
DC GRID-NO.1 CURRENT. . ... ..ot eiinnnnennns 25 max 30 mazx ma
PLATE INPUT. . . .. .. i i i 360 max 500 max watts
GRID-NO.2ZINPUT. . ...ttt iianniaennn 22 max 22 max watts
PLATE DISSIPATION . . . ouittttttiiiin e r et annennnns 100 max 125 max watts
Typical Operation:
DCPlate Voltage. ......c.cvvvvniieennnnnnnn 1250 1500 2000 2250 volts
DC Grid-No.3 Voltage*. . ................... 0 0 0 0 volte
DC Grid-No.2 Voltage$ . .................. . 300 300 400 400 volts

From series resistor of . . ................. . 27000 40000 36000 46000 ohms
DC Grid-No.1 Voltaget® ................... ~75 -90 -120 -155 volts

From grid-No.l resistor of . . ... .......... 6000 7500 12000 10000 ohms

From cathode resistorof . ................ . 330 400 520 565 ohms
Pesk RF Grid-No.1 Voltage e 160 175 205 275 volts
DC Plate Current. 180 180 180 220 ma
DC Grid-No.2 Current ..................... . 35 30 45 40 ma
DC Grid-No.1 Current (Approx.). ........... . 12 12 10 15 ma
Driving Power (Approx.). . ......covveninein. 1.7 1.9 1.9 4.0 ‘watts
Power Output (APProx.)......ccvvevneeennnns 170 210 275 375 watts
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Maximum Circuit Values:

Grid-No.1-Cireuit Resistance. ... ....... ... . .. ittt 30000 max ohms
# Key-down conditions per tube without amplitude modulation. Amplitqde 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-transforner secondary winding or to
the negative end of a filament operated on de.

é 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 AMPLFIER—Class C
Maximum CCS Ratings:

RMS PLATE VOLTAGE . . ... ...ttt 2800 max volts
RMS GRrRID-N0.2 VOLTAGE . 550 max volts
DC GRID-NO.1 VOLTAGE . . . ... ... it -100 mazx volts
DC PLATE CURRENT. . . ..\ttt it e ettt et ettt e ee e 95 max ma
DC GRID-NO.1 CURRENT. . .. ...... 10 max ma
PLATE INPUT® . ... ... ... . 295 max watts
GRID-NOZ INPUT® . .. ittt it iae s 22 max watts
PLATE DISSIPATION . . . . ... i it ca et a e 100 max watts
Typical Operation:
RMS Plate Voltage. . . . ... .ttt ittt it et it eeiaannnn 2800 volts
DC Grid-No.3 Voltage*. . ... ...... e 0 volts
RMS Grid-No.2 Voltage? ......... .. NP 530 volts
DC Grid-No.1 Voltaged . ... ..... -37 volts
From grid-No.1 resistor of . . . 37000 ohms
DC Plate CUrrent. . . .. ... u. ittt et et 95 ma
DC Grid-No.2 Current. . . ... ...t i ittt 12 ma
DC Grid-No.1 Current (Approx.}. .. 1 ma
Driving Power (APProxX)#. . . . . oottt i 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 de¢ 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 de.

0 Obtained from a separate ac supply in phase with the plate supply or from a low-voltage tap on the
plate transformer. Use of a 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.

AMPLFIER OR OSCILLATOR—Class C
With separaie, rectified, unfillered, single-phase, full-wave plate and grid-No.2 supply

Maximum CCS Ratings:

DC PLATE VOLTAGE. . .. ....... 1800 max volts
DC GRID-N0.2 VOLTAGE 360 max volts
DC GriD-No.1 VOLTAGE —200 max volts
DC PLATE CURRENT . . . . .t tit ittt ttinn et siee e 190 max ma

DC GrID-No0.1 CURRENT 22 mazx ma
PLATE INPUT® ... ....... 360 max watts
GRrID-No0.2 INPUT® 22 mazx watts
PLATE DISSIPATION 100 max watts
Typical Operation:
DC Plate Voltage. . ... .ooitiiiiit ittt ittt et ie e taeerneenraannns 1800 volts
DC Grid-No.3 Voltage* e 0 volts
DC Grid-No.2 Voltage® . ... .. ... ittt iieneaenns 250 volts
DC Grid-No.1 Voltaged . ... . .ottt ittt acrnensaenn -120 volts
From grid-No.1 resistor of . . . . 10000 ohms
DC Plate Current. .. ........ . 160 ma
DCGrid-No2 Current. .. ..........o ittt 37 ma
DC Grid-No.1 Current (APProX.) . .. c.vvernriiiieneeneeerenenanneenens 12 ma
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Driving Power (Approx.)2%. .. ... .. ... . .. 2 watts
Useful Power Output (Approx.)-75-per-cent circuit efficiency............ 210 watts

® Power input is 1.23 times the produect of dc plate voltage and de 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.

6Obtained 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.
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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. OUTLINE 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 ittt iee i 10 volts
FILAMENT CURRENT. . ...\ttt ettt e e e e 3.25 amperes
TRANSCONDUCTANCE (For plate current of 39 milliamperes). ...... ........ 3300 pmhos
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l toplate. . ... .. ... . ... . ... . 0.15 max uuf
Grid No.1 to filament, grid No.3,and grid No.2. . . . ................. 13.5 uuf
Plate to filament, grid No.3, and grid No.2. . ....................... 13.5 puf

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: CCS ICAS

DC PLATE VOLTAGE . . .. ..ottt i iee it 1250 max 1500 maz volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE . . . ... ........... 400 mazx 400 max volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE . . .............. -300 max -300 max volts
DC PLATE CURRENT. . ... otttininne e 150 max 150 max ma
DC GRID-NO.1 CURRENT. . . ..o\ tittttaanennannnnnn.. 15 mazx 15 mazx ma
PLATE INPUT. . . . . .. i 180 max 225 mazx watts
GRID-NO.2 INPUT. ... ... . i 10 mazx 10 max watts
PLATE DISSIPATION . . ... ... ittt iianannnns, 50 mazx 65 max watts

Typical Operation:

DC Plate Voltage. . ...................... 1000 1250 1500 volts
DC Grid-No.3 (Suppressor-Gnd) VoltageN . 0 0 0 volts
DC Grid-No.2 Voltage®. ... .. . 300 300 300 volts

From seriesresistorof . . . ......................... 40000 42000 50000 ohms
DC Grid-No.1 Voltage +6 . ... .. ..., -70 -80 -90 volts

From grid-No.l resistor of . . . ... .................. 7000 8000 9000 ohms

From cathode resistor of . . . ....................... 395 455 490 ohms
Peak RF Grid-No.1 Voltage. ......................... 150 165 170 volts
DCPlate Current. .. ......covvuirne e, 150 144 150 ma
DC Grid-No.2 Current. . . ... .......... ... .. ..., 17.5 22.5 24 ma
DC Grid-No.1 Current (Approx.). .................... 10 10 10 ma
Driving Power (ADPProX.). . .. ..o, 1.35 1.5 1.5 watts
Power Output (Approx.). . ........................... 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.

2 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.

1 For ac filament supply.

6 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 Mec.

For operation at 175 Me, plate voltage

and plate 1nput should be reduced to 80 per cent of maximum ratings; at 200 Me,
to 70 per cent. Class C Telegraphy maximum plate dissipation (per tube), CCS 20
watts, ICAS 25 watts. Requires Octal socket and may be mounted 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) . .. .ivvrneernans et eeenaans 12.6 = 109, 6.3 = 109, volts
HEATER CURRENT. ... .0t cietrins st inneronsannen 0.8 1.6 amperes
"TRANSCONDUCTANCE (Each unit, for plate current

of 25 MAHAPEres.) . .......otrerri i e e 4000 unthos
Mu-Facror, Grid N0.2 to Grid No.1., (Bachunit)................. 6.5
DIRECT INTERELECTRODE CAPACITANCES (Each unit) :

Grid No.l toplate. ... ..ottt it e 0.22 max uuf

Grid No.1 to cathode, grid No.3, internal shield,

grid No.2, and heater mid-tap. .. ......................... 14.0 nuf
Plate to cathode, grid No.3, internal shield,
grid No.2, and heater mid-tap.............coviviiniennnnnn 8.5 wnf
PUSH-PULL AF POWER AMPLIFIER AND MODULATOR—Class AB2
Values are on a per-tube basis

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE . . . .t ttttitiiiine e eeinanennn 400 mazx 500 max volts
D€ GRID-NO.2 (SCREEN-GRID) VOLTAGE. . .. ............. 225 max 225 max volts
MaxIMUM-SIGNAL DC PLATE CURRENT™. .. ... .......... 150 max 150 max ma
MAXIMUM-SIGNAL PLATE INPUT®. . . . ... ... ... ....... 60 max 75 max watts
MAXIMUM-SIGNAL GRID-NO.2 INPUT®. .. .. .............. 4.5 max 4.5 max watts
PLATE DISSIPATION®. . . ... ... .. i 20 max 25 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:
DCPlate Voltage. . . . ... ..ottt 400 500 volts
DC Grid-No2Voltage#sé . . . .........cooivinininn.n 125 125 volts
DC Grid-No.1 (Control-Grid) Voltage. .. ............... -15 -15 volts
Peak AF Grid-No.1l-to-Grid-No.1 Voltage. .. ............ 60 60 volts
Zero-Signal DC Plate Current. . .................0vvuunn 20 22 ma
Maximum-Signal DC Plate Current. ... ................ 150 150 ma
Maximum-Signal DC Grid-No.2 Current. . .............. 32 32 ma
Effective Load Resistance (Plate toplate). .. ............ 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-frequeney cycle of sine~-wave form.

4 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 maximum modulation factor of 1.0

Maximum Ratings: CcCS ICAS
DC PLATE VOLTAGE. . . .. ittt iineiieneinneeannnes 325 max 400 mazx volts
225 max 225 max volts
=175 max -175 max velts
125 max 150 max ma
7 max T max ma
40 max 60 max watts
4 max 4 max watts
13.5 max 20 max watts
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ............. 100 maz 100 max volts
Heater positive with respect to cathode.............. 100 mazx 100 max volts
Typical Operation:
DC Plate Voltage. .. ... ....uviiireniieennnrnnans 325 400 volts
DC Grid-No.2 Voltage g ¢ . . .........coveniiivinnnnnn, 165 175 volts
From series resistorof . ................... ... ..... 10000 15000 ohms
DC Grid-No.l Voltage & . .. ....ciiiniiiiiniiiennnns -45 —45 volts
From grid-No.1 registorof . . ........................ 11250 15000 ohms
‘Peak RF Grid-No.1-to-Grid-No.1 Voltage. . ............. 112 116 volts
DCPlate Current. ... ........i e 123 150 ma
DC Grid-NoZ2 Current. . .........oivriiiiinereinnnnnns 16 15 ma
DC Grid-No.l Current (ApPProx.).......covvnureeennn..nn 4 3 ma
Driving Power (APDProX.). . ..vuieiiieeneveeneenrnrnnnn 0.2 0.16 watt
Power OUtput (APProX.) . .. vvriiereneerennnrnnennnns 30 45 watts
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Maximum Circuit Values:

Grid-No1-Circuit Resistance. ....s.....o ittt iiiiiiiieeennans 15000 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.

¢ 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 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.

6 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 . . . .ottt iiiir e e iaannnnannnn 400 mazx 500 max volts
DC GRID-NO.2 VOLTAGE . . .+« « tvieient et enrannnnnnnann 225 mazx 225 max volts
DC GRID-NO.1 VOLTAGE. . . . .. oveiteeeinniiecnannn., ~175 max -175 mazx volts
DC PLATE CURRENT . . ... ittiieeunnenennnrannrennnsan 150 max 150 max ma
DC GRID-NO.1 CURRENT. . ...\ ttttttniiiaiaienaneanes 7 mazx 7 maz ma
PLATEINPUT . . ... .. i 60 max 75 max watts
GRID-NO.2Z INPUT. . ... oottt e i iiie i eiee i 4.5 max 4.5 max watts
PLATE DISSIPATION . . . ...\ttt itiieiieiiarenanennanns 20 max 25 mazx watts
PeEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to eathode............. . 100 mazx 100 max volts
Typical Operation:
DCPlate Voltage. . . ..........ovuiineenenennnnn . 400 500 volts
DC Grid-No.2 Voltage ®¢ . ... .............oovirein... 145 200 volts

From a series resistor of . . . ............. ... .. ... ... 15000 17500 ohms
DC Grid-No.1 Voltage® . ... ... .. ... ..., —45 -45 volts

From grid-No.lresistor of . . . ............. ... ..... 10000 13000 ohms

From cathode resistorof . . . . ... ................ ..., 260 265 ohms
Peak RF Grid-No.1-to-Grid-No.1 Voltage. . .. ........... 116 112 volts
DCPlate Current. . . .. ... . i itrniiniiaanrinnn 150 150 ma
DC Grid-No.2 Current. . .........coiiviiiniiannennaas 17 17 ma
DC Grid-No.1 Current (AppProx.) . .........cu.ivuenvevnenn 4.5 3.5 ma
Driving Power (ADPProx.). . .........tuiiuiiiueinnennnn 0.23 0.18 watt
Power Output (APProX.). ... .o oiuiiiinineeenneaneaanns 44 56 watts.

AVERAGE CHARACTERISTICS

EACH UNIT
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Maximum Circuit Values:

Grid-No.1-Circuit Resistance. ...................oovvun. 15000 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 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 135 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.

4 Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.

AVERAGE CHARACTERISTICS
EACH UNIT

T T T 7 t T T
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E£=12.6 VOLTS:SERIES
HEATER ARRANGEMENT_|
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HALF-WAVE
MERCURY-VAPOR RECTIFIER - . __ o .
Coated-filament type used in
8"6 power supply of transmitting and in-
dustrial equipment. Maximum peak
inverse anode volts, 7500; maximum r :Am
average anode amperes, 125. Requires SHIELD

Small four-contact socket and may be mounted in vertical position only, base
down. OUTLINE 26, Outlines Section.

FILAMENT VOLTAGE (AC)° 2.5 = 109, voits
FILAMENT CURRENT. . ................... 2.0 amperes
TUBE VOLTAGE DROP (ApPpProx.) .. ...............cuv... 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 cps):

PEAK INVERSE ANODE VOLTAGE v 7500 max volts
ANODE CURRENT:
Peak .. ... .. 500 max ma
AVEraZOH . . oottt e e .. 125 max ma
Fault, for duration of 0.1 second maximum .. 5 mar amperes
CONDENSED-MERCURY-TEMPERATURE RANGE . . . .............oinnnn., . 20 to 60 °C

& Averaged over any interval of 30 seconds maximum.
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Operating Valves:

Circuit Mazx. Trans. Approx. DC Max. 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 Iav Pde
In-Phase Operation
Half-Wave Single-Phase. . . 54 5300 2400 0.125 0.3
Full-Wave Single-Phase. . . 55 2600 2400 0.250 0.6
Series Single-Phase. . . . ... 56 5300 4800 0.250 1.2
Hailf-Wave Three-Phase. . . 57 3000 3600 0.750 2.7
Quadrature Operation
Parallel Three-Phase. ... .. 58 3000 3600 1.5 5.4
Series Three-Phase........ 59 3000 7200 0.75 5.4
Half-Wave Four-Phase. ... 60 2600 3500 0.45% 0.5° 1.55*% 1,752
Half-Wave Six-Phase. .. .. 61 2600 3600 0.47¢ 0.5° 1.70*% 1.80°
* Resistive load. 9 Inductive load.
Fm
POWER TRIODE
Thoriated-tungsten-filament type
used as rf power amplifier and oscil- 8 26

lator. May be used with full input up
to 250 Mc and with reduced input up
to 300 Me. 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
FILAMENT CURRENT................ 4
AMPLIFICATION FACTOR .. . .. ... it i 31
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. .. .. ... . 3
Grid to filament mid-tap . . ... ... ... . 3
Plate to filament mid-tap . . .......... ... .. .. ... ... ... .. ... .. ... 1.1

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Carrier conditions per tube for use with a maximum modulation factor of 1.0

Natural Cooling Forced-Air Cooling

Maximum Ratings: ccs ICAS CcCS ICAS
DC PLATE VOLTAGE . . . ......... 800 mazx 1000 max 800 mazx 1000 max
DC GRID VOLTAGE . .. .......... —600 max ~600 max -600 max -600 max
DC PLATE CURRENT . . ......... 95 max 125 maz 95 mazx 125 max
DC GRID CURRENT . . . .. ....... 40 maxr 40 max 40 max 40 mazx
PLATE INPUT. .. ............... 60 max 95 max 75 max 125 max
PLATE DISSIPATION. . . ......... 30 max 45 mazx 40 max 60 max
Typical Operation:
DC Plate Voltage. . ............ — 1000 800 1000
DC Grid Voltagets . ........... — -160 ~100 -100

From grid resistorof . . .. .. .. — 4000 2800 2800
Peak RF Grid Voltage.......... — 320 198 210e
DC Plate Current .. ............ — 95 94 125
DC Grid Current (Approx.)..... — 40 35 35
Driving Power (Approx.)....... —_ 11.5 6.3 6.6
Power Output (Approx.) . ....... —_ 70 53 90

% For ac filament supply.

volts
amperes

puf
puf
puf

volts
volts

ma
watts
watts

volts
volts
ohms
volts
ma
ma
watts
watts

& Obtained by grid resistor of value shown. Fixed-bias operation is not recommended for linear modu-

volts

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: CcCS I1CAS ccs ICAS
DC PLATE VOLTAGE . . .......... 1000 max 1000 mazx 1000 mazx 1250 mazx
DC GRID VOLTAGE. ............ -600 max -600 max —600 max ~600 max
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DC PLATE CUBRRENT. ... ....... 125 mazx 140 mazx 125 max 140 max ma
DC GRID CURRENT. . .......... 40 max 40 mazx 40 max 40 max ma
PLATEINPUT.................. 95 max 130 max 125 max 175 mazx watts
PLATE DISSIPATION. . .. ........ 45 max 55 max 60 max 75 max watts

Typical Operation:

DC Plate Voltage. . ............ -— 1000 1000 1250 volts
DC Grid Voltaget®............. —_ -70 -70 -125 volts

From grid resistor of . . . ... .. — 2000 2000 8660 ohms

From cathode resistor of . . . .. — 425 440 780 ohms
Peak RF Grid Voltage.......... — 183 183 245 volts
DC Plate 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.

t For ac filament supply.

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

OPERATING CONSIDERATIONS TYPICAL craRaCTERISTICS

Type 826 requires Septar seven-con- \ TYPE 826
tact socket and may be mounted in ver- N EE 772 0LTs be
tical position only, base up or down. QuT- 250
LINE 16, Outlines Section. \

>
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For operationat 300 Me, plate voltage \
and plate input should be reduced to 80
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at maximum CCS ratings, and shows a
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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 Me. Class C Telegraphy maxi-
mum CCSplate dissipation, 800 watts.

FILAMENT VOLTAGE (AC/DC) 7.5 volts
FILAMENT CURRENT. . . ...ttt ttt ittt ettt e et ea i e 25 amperes
FILAMENT STARTING CURRENT 50 max amperes
MU-FACTOR, Grid No.2 to Grid No,1* 16
DIRECT INTERELECTRODE CAPACITANCES (With external shielding):
Grid No.L toplate. . ... ... .. . ittt 0.22 max pul
Grid No.1 to filamentand grid No.2. . .. ........................... 18.5 upf
Plate to filamentand grid No.2. ... ....... ... ... ... ... ... iiiin. 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 . . . . o ittt ettt ittt ittt 3500 maz volts
DC GRID-N0.2 (S8CREEN-GRID) VOLTAGE . . . . o\ i\ iieieet i, 1000 max volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE . . . .. ....innreinns ~500 max volts
500 max ma

150 max ma

1500 max watts

150 max watts

800 mazx watts

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 115 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, Outlines 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.

Gi

{ P BEAM POWER TUBE
Gz G Thoriated-tungsten-filament type
@) (+) used as af power amplifier and modu- 828
‘ lator and as rf power amplifier and os-
r e cillator. May be used with full input

up to 30 Mec. For operation at 50 Mec,

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) . . ..ottt titiiiiiet e nanneanns 10 volts
FILAMENT CURRENT. . .. ...t tttttttan e taattieennrenenennnnnnn 3.25 amperes
TRANSCONDUCTANCE (For plate current of 43 milliamperes) .............. 2700 pmhos
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DIRECT INTERELECTRODE CAPACITANCES:

Grid No.L toplate. . ... ..o i et 0.07 maxr puf

Grid No.1 to filament, grid No.3, and grid No.2. ... ................. 12 wuf

Plate to filament, grid No.3, and grid No.2 .. .. ... ...c.cvevrrnnnun.. 14 puf

AF POWER AMPLIFIER AND MODULATOR—Class AB1

Maximum Ratings: ccs ICAS
DCPLATE VOLTAGE . . .. ...ttt iiiiennn., 1750 max 2000 max volts
DC GRID-N0.3 (SUPPRESSOR-GRID) VOLTAGE . . .. ......... 100 max 100 max volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE . . ............... 750 mar 750 mazx volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. .. ... .. ........ 150 mar 150 mazx ma
MAXIMUM-SIGNAL PLATE INPUT®. . ... ... ... ... ........ 225 mazx 270 max watts
MAXIMUM-SIGNAL DC GRID-NO.2 INPUT®. . . ... ......... 16 mar 28 max watts
PLATE DISSIPATION® . . ... ... .. i, 70 maxr 80 max watts
Typical Operation (Values are for 2 tubes):
DCPlate Voltage. ... .. c.oviviiiun i, 1700 2000 volts
DC Grid-No.3 Voltage. .. ...................civunu... 60 60 volts
DC Grid-No.2 Voltage®. . .. ... ..........cc0oiivvienn... 750 750 volts
DC Grid-No.l1 (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-No3 Current. ............................... 9 9 ma
Zero-Signal DC Grid-No.2 Current . . ... ................ 4 2 ma .
Maximum-Signal DC Grid-No.2 Current. ... ............ 43 60 ma
Effective Lead Resistance (Plate to plate) ... ............ 16200 18500 ohms
Maximum-Signal Driving Power (Approx.).............. 0 0 watts
Maximum-Signal Power Output (Approx.)............... 3004 385 watts

Maximum Circuit Valves {(CCS or ICAS conditions):

Grid-No.1-Circuit Resistance:
For fixed-bias operation. . ........ . ... ... ... ... . ... . .. 0.22 max megohm
For cathode-bias operation.................... ... ... . .cccceuiin. . Not recommended

® Averaged over any audio-frequency eycle 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 tube for use with a maximum modulation factor of 1.0

Maximum Ratings: cCS ICAS
DC PLATE VOLTAGE . . .. ..ot iin et iiiae 1000 max 1250 mazx volts
DC GRID-NO.3 VOLTAGE . . . . . ... . iiiiennnnnn.., 100 mazx 100 max volts
DC GRID-NO.2 VOLTAGE . . .. . ..... ..o 400 max 400 max volts
DC GRID-NO.1 VOLTAGE . .. .. ...t -300 max -300 max volts
DCPLATE CURRENT . .. ...ttt iinaeeannnann, 135 mazx 160 maz ma
DC GRID-NO.1 CURRENT . . ...ttt 15 max 15 maz ma
PLATEINPUT . . ... i i, 135 mazx 200 max watts
5 max 5 mazx watts
11 max 11 maz watts
47 max 70 maz watts

Typical Operation:

DCPlate Voltage. . . ... ... ... ... vt eirnnenn, 1000 1250 volts
DC Grid-No3 Voltage. . . .....................c.ovun.. 75 75 volts
DC Grid-No.2 Voltage$ .. ............ccoiiiiniiinn. 400 400 volts
From seriesresistorof. .. ........................... 26000 30000 ohms
DC Grid-No.1 Voltagetd . ............ .. coviiiuinn.. ~140 -140 volts
From grid-No.lresistorof . . ........................ 14000 11700 ohms
Peak RF Grid-No.1 Voltage. . ......................... 230 250 volts
DCPlateCurrent. ... ..............ooiuuiuiniiouna... 135 160 ma
DC Grid-No3 Current. .........c.oiiiiiiininnnn 13 15 ma
DC Grid-No.2 Current. ...........ooiiiiiieiinnennnan 23 28 ma
DC Grid-No.1 Current (Approx.)..................c.... 10 12 ma
Driving Power (AppProx.) .. ...........iiiiiinenoi.. 2.1 2.7 watts
Power Output (Approx.) . ........c.oinininen. ., 100 159 watts

# 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.l 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

DC PLATE VOLTAGE . . . .ot viitt it ine e 1250 mazx
DC GRID-NO3 VOLTAGE . ... ...t viviiviiinnnneannn. 100 max
DC GRID-NO.2 VOLTAGE . . . o vet it einrviennn s 400 max
DC GRID-NO.1 VOLTAGE . . ... .......ioiitiinennnn., -300 max
DC PLATE CURRENT . .. .. ..ottt 160 max
DC GRID-NO.1 CURRENT . . .. ..ottt iaeaeee s 15 max
PLATEINPUT . ... .ot i 200 max
GRID-NO3 INPUT. . ...ttt 5 mazx
GRID-NO.2 INPUT. . ... .ottt 16 max
PLATE DISSIPATION . & oottt ettt tiiiaiiae e enennas 70 max

Typical Operation:

DCPlate Voltage. . .. ........viviiiiiinnn e, 1250
DCGrid-No3 Voltage . . .................iviuunn... 75
DC Grid-No.2 Voltage®. ... ................ ........... 400

From series resistor of . .. .............. ............ 24300
DC Grid-No.1 Voltaget®. . ... ... ... ... ... ........... -95

From grid-No.l resistor of . . ........... .. ... ........ 7900

From cathode resistorof . . . ... ... .................. 415
Peak RF Grid-No.1 Voltage. . ... ...................... 195
DCPlate Current . . ... ......... ... . ..c.iiviunninnn. 160
DCGrid-No83 Current. ... ........................... 22
Grid-No2 Current. ...ttt i, 35
Grid-No.1 Current (Approx.) . ..............covveunn..u. 12
Driving Power (APproX.) . . ........oviieininnaninns 2.1
Power Qutput (Approx.) . ........ ... iiiivinaiinn 150

ICAS
1500 mazx
100 mazx
400 mazx
~300 mazx
180 max
15 max
270 mazx
5 max
16 max
80 mazx

1500
75
400
39300
-100
8300
430
205
180
14
28
12
2.2
200

volts
volts
volts
voits

ma
watts
watts
watts
watts

voits
volts
volts
ohms
volts
ohms
ohms
volts

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 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.

+ For ac filament supply.

2 Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.

1f preceding stage is keyed, partial fixed bias is required.

TYPICAL CHARACTERISTICS

TYPE 828
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AVERAGE PLATE CHARACTERISTICS
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TWIN BEAM POWER TUBE

Heater-cathode type having mid-

829—8 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 Me, 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) .+ s o vennennannneennennnn 12.6 = 109, 6.3 =109 volts
HEATER CURRENT. . ... ...iiuutnntnnnnroneeninnnn 1.125 2.25 amperes
‘TRANSCONDUCTANCE (Each unit)*........... . ... ... ... ... ... 8500 pmhos
MuU-FACTOR, Grid No.2 to Grid No.1 (Each unit)y**. .. ............ 9
DIRECT INTERELECTRODE CAPACITANCES (Each unit):®
Grid No.ltoplate...... ... ..o, 0.12 max auf
Grid No.1 to cathode, grid No.3, grid No.2, and heater mid-tap. . .. 14.5 uuf
Plate to cathode, grid No.3, grid No.2, and heater mid-tap . ... .. . 7 upf

* Plate volts, 250; grid-No.2 volts, 175; plate milliamperes, 60.
** Plate and grid-No.2 volts, 225; plate milliamperes, 60.
# With external shield up to flange seal.

PUSH-PULL AF POWER AMPLIFIER AND MODULATOR—Class AB1

Values are on a per-tube basis

Maximum CCS Ratings: Natural Cooling
DO PLATE VOLTAGE . . o .ottt titttiiae e sttt reaanins 750 max volts
DC GRID-NO.2 (SCREEN-GRID} VOLTAGE . . . ...\ cuvnerineninnainannnns 225 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®™. . .. ... ... .. iiiiiiinen.s 250 max ma
MAXIMUM-SIGNAL PLATE INPUT® . . ... ... ... e 100 mazx watts
MAXIMUM-SIGNAL GRID-NO.2Z INPUT® . . . ... .. e T mazx watts
PLATE DISSIPATION® . . . . it et 30 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect toeathode. . . ......................... 100 max volts

Heater positive with respect to cathode................... PN 100 max volts
BULB TEMPERATURE . . v o titivtin i iia e aanananaetaeenocaenanasans 235 max °C
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Typical Operation:

DC Plate VOltage. . . ... ..ottt iiiiiiiiaene ey 600 volts.
DC Grid-No.2 Voltages . .. .......cciiuiiininmimiiiiianainanns 200 volts.
DC Grid-No.1 (Control-Grid) Voltage.......... ... ... . i, -18 volts.
Peak AF Grid-No.1-to-Grid-No.1 Voltage. . . .........cooveeiiieeennnnn, 36 volts
Zero-Signal DC Plate Current. .......... ... 0ttt nans 40 ma
Maximum-Signal DC Plate Current.......... ... ... civiiiiieeinrans 110 ma
Zero-Signal DC Grid-No.2 Current. . .. ... ... ... .. .. ... .o iiaiann, 4 ma
Maximum-Signal DC Grid-No.2 Current. . ............ . iuuiiininenns 26 ma
Effective Load Resistance (Platetoplate) . ............. ... ... ...vvun 13750 ohms
Maximum-Signal Driving Power. . ....... .. ... ... ... ... ... .. ... P 0 watts
Maximum-Signal Power OQutput. ... ...... ... ... i iiirirannan 44 watts.

Maximum Circuit Valves:
Grid-No.1-Circuit Resistance: .
For fixed-bias operation . . . . ... ... ... ... ... .. e, 0.1 max megohm
For cathode-bias operation............. .. .. ... ... ... ... .. 00 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

Natural Cooling Forced-Air Cooling
Maximum Ratings: cCS ICAS ccs ICAS
DC PLATE VOLTAGE .. .......... 600 max 600 max 600 max 600 max volts
DC GRID-NO.2 VOLTAGE . ....... 225 mazx 225 max 225 max 250 max volts.
DC GRriD-No.1 VOLTAGE. .. .. ... -175 max -175 mazx -175 mazx -175 max volts
DC PLATE CURRENT . . .. ....... 212 max 212 max 212 max 240 max ma
DC GRriD-No.1 CURRENT. . ...... 15 max 15 max 15 max 20 mazx ma
PLATE INPUT . . . ... .. ... ..... 67.5 max 90 max 90 max 120 max watts.
GrRID-No.2 INPUT . ... .......... T max 7 max 7 max 8 max* watts
PLATE DISSIPATION . . . ... ...... 21 max 28 max 28 maz 40 max watts.
PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect to
cathode................ 100 max 100 max 100 max 100 max volts.
Heater positive with respect to
cathode. ............... 100 max 100 mazx 100 max 100 mazx volts.
BULB TEMPERATURE . . .. ....... 235 maxr 235 max 235 mazx 235 max °C
Typical Operation:
DC Plate Voltage. . ............ 600 425 600 425 600 600 volts
DC Grid-No.2 Voltageg ........ 190 200 200 200 200 200 volts
From series resistor of . . . . ... 32000 11000 25000 11000 25000 20000 ohms.
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 | |
TYPE 829-B
| Eg=i12.6 VOLTS
SERIES HEATER ARRANGEMENT
GRID-N£2 VOLTS=200
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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 Circvit Values {CCS or ICAS conditions}:

Grid-No.1-Circuit Resistance.. .. ....... ... .. ... . .. iiiiiiinannois 15000 max ohms
4 In ICAS applications, at frequencies less than 20 Mec, 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.

é 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 ICcAS cCSs ICAS
DC PLATE VOLTAGE .......... “e 750 max 750 max 750 max 750 max volts
DC GRID-NO.2 VOLTAGE . . ...... 225 max 225 mar 225 maxr 250 max volts
DC GRID-NO.1 VOLTAGE. ....... -175 max -175 max -175 max -175 max volts
DC PLATE CURRENT. ... ....... 240 max 240 max 240 max 240 max ma
DC GriD-No0O.1 CURRENT. ....... 15 max 15 max 15 max 20 max ma
PLATEINPUT. . ...... ... ..... 90 maxr 120 max 120 max 150 max watts
GRID-NO.2 INPUT. . .. .......... 7 max T max 7 max 8 max watts
PLATE DISSIPATION. . ... ....... 80 mazx 40 max 40 maz 45 max watts
PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect to
cathode................ 100 max 100 max 100 max 100 max volts
Heater positive with respect to
cathode................ 100 max 100 mazx 100 max 100 max volts
BuLe TEMPERATURE. ... ....... 265 maxr 265 max 235 mar 235 mazx °C
TYPICAL CHARACTERISTICS TYPICAL CHARACTERISTICS
EACH_UNIT EACH UNIT
TYPE 829-8B ' Tyee 829-B
Eg=12.6 VOLTS ] Eg=12.6 VOLTS
SERIES HEATER ARRANGEMENT SERIES HEATER ARRANGEMENT
GRID-N22 VOLTS=200 i 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 13000 32000 13000 32000 27500 ohms
DC Grid-No.1 Voltage® ........ -50 -45 -50 -45 -50 -50 volts
From grid-No.1 resistor of . . . . 12500 3000 7200 3000 7200 4200 ohms
From cathode resistor of . , . .. 360 170 270 170 270 200 ohms
Peak RF Grid-No.1-to-Grid-No.1
Voltage. . .................. 116 128 124 128 124 134 volts
DC PlateCurrent. . . ........... 120 230 160 230 160 200 ma
DC Grid-No.2 Current. .. ... ... 14 23 17 28 17 20 .ma
DC Grid-No.1 Current (Approx.) 4 15 7 15 7 12 ma
Driving Power (Approx.j....... 0.8 0.9 0.4 6.9 0.4 0.8 watt
Power Output (Approx.)........ 70 83 90 83 90 115 watts
Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Cireuit Resistance. ... ...... ... ...... ... ... ... .. cccccoi.. 15000 max 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
tb:(:iugh series resistor of value shown. The grid-No.2 voltage must not exceed 600 volts under key-up
conditions.

2 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 modulator and as rf
power amplifier and oscillator. 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, Qut-
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) . . v v ittt ittt ettt iaeeinns 10 volts
FILAMENT CURRENT. . o« ottt ittt ittt et et e e et e et et i e e inanannn 2 amperes
AMPLIFICATION FACTOR . . . . ... i i e e aaeans 25
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. ... ... ... . i e e i 11 puf
Gridto filament. . . ... ... e 5 upf
Plate to filament . . . ... ...t i i e e 1.8 ppf
Class B Class C
Maximum CCS Ratings: Modulator Telegraphy#
DCPLATE VOLTAGE . . . ..ottt i iiiannannsees 1000 mazx 1000 max volts
DCGRIDVOLTAGE. . ...ttt —_— ~300 mazx volts
DCPLATE CURRENT . . .. ...ttt cniiiiineninnnns 1509 max 150 max ma
DCGRID CURRENT. . . . ...ttt iieiinraannnnns _— 30 max ma
PLATEINPUT. ... i 160" mazx 150 max watts
PLATE DISSIPATION . . ... ..ot iie i cannneens 60 max 60 max watts

# Key-down conditions per tube withcut 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.

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 Mec. For operation

at 250 Me, 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 positior. OUTLINE 12,
Outlines Section. Plates show no color when tube is operated at maximum CCS or
ICAS ratings.

HEATER ARRANGEMENT Series Parallel
HEATER VOLTAGE (AC/DG)....... PP 12.6 = 109, 6.3 =10% volts
HEATER CUBRENT . .. . ....ouivvuninnnnnnnn 0.8 1.6 amperes
TRANSCONDUCTANCE (Eachunit)*. . ........................... 3500 . pmhos
Mu-Facror, Grid No.2 to Grid No.1 (Each unit)**, . ... P . 6.5
DirRECT INTERELECTRODE CAPACITANCES (Each unit):?
Grid No.ltoplate.............ouiiuuiiniininannen PR 0.07 max uuf
Grid No.l1 to cathode, grid No.3, grid No.2, and heater
Y S .. 8.0 puf
Plate to cathode, grid Ne.3, grid No.2, and heater mid-
2 vee 3.8 upf
Grid No. 2 to cathode (including internal Grid-No. 2 by-
PAsS CAPACIVOT) .+ .ottt e ittt e, . 65 uuf

* Plate volts. 250; grid-No.2 volts, 185; 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 Telephony

Carrier conditions per tube for use with a maximum modulation factor of 1.0

Maximum Ratings: ccSs 1CAS
DC PLATE VOLTAGE . . . . o\ttt emesaiiienenann . 600 max 600 max volis
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE . . ............... 250 max 250 max volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE . ... ............ ~175 max -175 mazx volts
DC PLATE CURRENT . ...t tvteiteeiienvenenonneannens 78 max 95 max ma
DC GRID-NO.1 CURRENT . . ¢ttt enneniennnnnnnnanns 6 mazx 6 max ma
PLATEINPUT . . ... it et ieieiienanas 22 max 36 max watts
GRID-NO.2 INPUT. . . ... ittt eiiininannnans 3.4 max 5 mazx watts
PLATE DISSIPATION . . ... .0ttt nsiannnnnns 10 mar 15 mazx watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.............. 100 max 100 max volts
Heater positive with respect to cathode......... e 100 max 100 max volts
Typical Operation:
DC Plate Voltage . . ... uvveinnniiineieeeerinnnnnnn 425 600 600 volts
DC Grid-No.2 Voltaget ............................ 200 200 200 volts
From series resistorof .. .......................... 14000 25000 20000 ohms
DC Grid-No.1 Voltaged .. ... ovverevieinninnnn.... -60 -65 -70 volts
From grid-No.l resistorof . . ...................... 25000 25000 23000 ohms
Peak RF Grid-No.1-to-Grid-No.1 Voltage. ............ 146 150 160 volts
DCPlateCurrent. ... ...o.oouvtieiviinnnnnnnen . 52 36 60 ma
DC Grid-No.2 Current. ............coviueieeeinnan.. 16 16 20 ma
DC Grid-No.1 Current (Approx.)............ovueuuinn 2.4 2.6 3 ma
Driving Power (APPIoX.) . . c.v v 0.15 0.18 0.21 watt
Power Output (APProX.) . . ... v vt inennnnnnns 16 17 26 watts

Maximum Circuit Values (CCS or ICAS conditions):

Grid:No.1-Circuit Resistance.......... ... .. ... . i iiiiiiiinnn.... 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.

&4 Obtained from grid-No.1 resistor of value shown or from a combination of grid-No.l 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: CcCS 1CAS
DC PLATE VOLTAGE . . .. ottt iiinnniiiennnannnnnnnnn 750 max 750 max volts
DC GRID-NO.2 VOLTAGE . . . v ettttieirnineinenenannnnn 250 max 250 mazx volts
DC GRID-NO.L1 VOLTAGE . . v 4t vvttieineeanneeanninnias -175 mazx -175 mazx volts
DC PLATE CURRENT . ...ttt e iiiiieieeenanannees 90 max 115 max ma
DC GRID-NO.L CURRENT . . . vontiteiiveannennannns, 6 mazx 6 max ma
PLATE INPUT . . .. ittt it iinieienrinaanaanan 36 mar 50 max watts
GRID-NO.2 INPUT. . ..ottt ieeennnnanes 5 max 5 max watts
PLATE DISSIPATION . . ... ...ttt iiitiiianeaanans 15 maz 20 mazx watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............. . 100 maex 100 mazx volts

Heater positive with respect to cathode............. . 100 max 100 mazx volts
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Typical Operation:

DC Plate Voltage. . . .. .oiveriiiiiien e ieennennnnns . 500 750 750 volts
DC Grid-No.2 Voltage® ...........c..covvviviinnnnn 200 200 200 volts
From series resistor of . . . ......................... 21600 37000 25000 ohms
DC Grid-No.1 Voltage®. .. ............. ...t -65 -65 -50 volts
From grid-No.l resistorof . . ...................... 25000 23000 12500 ohms
From cathoderesistorof .. ....................... 730 1000 550 ohms
Peak RF Grid-No.1-to-Grid-No.1 Voltage. . ........... 150 150 130 volts
DCPlateCurrent. . .....c.ooiitiiiini e 72 48 65 ma
DC Grid-No.2 Currentt . ... .......ooiiiiiiieiiannns 14 15 22 ma
DC Grid-No.l Current (Approx.)............cooevuvnn. 2.6 2.8 4.0 ma
Driving Power (ADProX.) .« vuvve e v ininerennaennanen 0.18 0.19 0.24 watt
Power Output (APProX.) ... ..cvvvivrerenreennarnnans 26 26 36 watts
Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance . . .......... .. i i ittt 25000 maxz 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
resistor of value shown. The grid-No.2 voltage must not exceed 600 volts under key-up conditions.

A Obtained from fixed supply, by grid-No. 1 resistor, by cathode resistor, or by combination methods.

TYPICAL CHARACTERISTICS
EACH UNIT
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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 Mc with natural cooling (20

Me with forced-air cooling), and with reduced input up to 75 Me. Class C Teleg-

raphy maximum plate dissipation with natural cooling, CCS 800 watts, ICAS 350
watts; with forced-air cooling, CCS 400 watts, ICAS 450 watts.

FILAMENT VOLTAGE (AC/DC) 10 volts
FILAMENT CURRENT. . ... ...ttt ittt it 10 amperes
AMPLIFICATION FACTOR¥ . .. ... .. ... ... ... ... ... 35
DIRECT INTERELECTRODE CAPACITANCES:

Grid to plate. .. ... . e 6.3 upf

Grid tofilament. .. ... .. ... . .. e 12.38 pupf

Plate to filament. .. .. .. ... ... .. . . i 8.5 puf
* Grid volts, —10; plate milliamperes, 200.

AF POWER AMPLIFIER AND MODULATOR—Class B
Natural Cooling Forced-Air Cooling

Maximum Ratings: CCS IcAS CCS ICAS
DC PLATE VOLTAGE . . .......... 3000 max 3300 max 4000 max 4000 max volts
MAXIMUM-SIGNAL DC PLATE CUR- :

RENT® . .. ... .............. 500 max 500 max 500 max 500 max ma

MAXIMUM-SIGNAL PLATE INPUT™. 1125 max 1300 max 1600 max . 1800 max watts
PLATE DISSIPATION®. . .. ... .... 300 max 350 max 400 max 450 max watts
Typical Operation (Values are for two tubes):
DC Plate Voltage. . ............ 3000 3300 4000 4000 volts
DC Grid Voltaget............. -70 -80 -100 -100 volts
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-

= X A 750 780 800 900 ma
Effective Load Resistance (Plate

toplate) . .. ....... .. ... ... 9500 10500 12000 11000 ohms
Maximum-Signal Driving Power

(APProX.) « ¢ v veevnnae . 20 30 29 38 watts
Maximum-Signal Power Output

(APProX.) . .o vovnnvnnnnnnnn 1650 1900 2400 2700 watts
8 Averaged over any audio-frequency cycle of sine-wave form.

f For ac filament supply.
s AVERAGE PLATE CHARACTERISTICS
{ I 1 T
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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

Natural Cooling Forced-Air Cooling
Maximum Ratings: ccs ICAS CcCS I1CAS
DC PLATE VOLTAGE............ 2500 max 3000 max 3000 max 4000 max volts
DC GRID VOLTAGE . .. .......... -500 max -500 mazx -500 max ~500 mazx volts
DC PLATE CURRENT. .. ... ..... 400 mazx 400 mazx 450 max 450 mazx ma
DC GRID CURRENT . . . . ........ 100 max 100 max 100 max 100 mazx ma
PLATE INPUT. .. ............... 835 max 1000 max 1250 max 1800 max watts
PLATE DISSIPATION . . .. .. ...... 200 max 250 max 270 mazx 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: CcCS ICAS CcCS ICAS
DC PLATE VOLTAGE .. .......... 3000 max 3300 max 4000 max 4000 mazx volts
DC GRID VOLTAGE . .. .......... ~500 max -500 max -500 max —500 max volts
DC PLATE CURRENT. .. ........ 500 max 500 max 500 mazx 500 max ma
DC GRID CURRENT . . .. ........ 100 max 100 max 100 mazx 100 max ma
PLATE INPUT. .. ............... 1250 max 1500 mazx 1800 mazx 2000 maz watts
PLATE DISSIPATION. . .......... 300 max 350 max 400 max 450 mar 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 . . .. 235 425 270 380 380 ohms
Peak RF Grid Voltage...... ... 300 360 350 375 415 volts
DC Plate Current. ............ 445 415 500 450 500 ma
DC Grid Current (Approx.) . ... 85 55 70 75 95 ma
Driving Power (Approx.)...... 23 20 25 26 35 watts
Power Qutput (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. -

4 Obtained 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 vertieal 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 Mec, plate voltage and plate input
should be reduced to 90 per cent of maximum ratings; at 75 Me, to 72 per cent. For
operation with forced-air cooling at 50 Me, plate voltage and plate input should be
reduced to 83 per cent of maximum ratings; at 75 Me, 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 833-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 Mc,

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) . . . ...\ttt ivisinnnreenraarnaanss 7.5 volts
FILAMENT CURRENT. . ..t ttieetinetatansentaerannsosnsnseersneeanaens 3.1 amperes
AMPLIFICATION FACTOR .. ... ..ottt iiiiiiiiiiiieeaien et eeanannens 10.5
DIRECT INTERELECTRODE CAPACITANCES:

Gridtoplate. ... ... ... i e e 2.4 puf

Grid to filament 2.2 upf

Plate to filament 0.6 puf

RF POWER AMPLIFIER AND OSCHLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings:
DC PLATE VOLTAGE .+« ¢ttt ittt ittt cneenenentanntaninanreernsanas 1250 max volts
DC GRID VOLTAGE . « ¢ v ittt ittt ettt ettt -400 mazx volts
DO PLATE CURRENT . « ¢ oottt ettt ettt et aiiiiieesearenaanenns 100 max ma
DC GRID CURRENT . . . o ottetiieiiinseeetnnentoiiiairnererenenans 20 max ma
PLATE INPUT .. ..o i e e e e e e 125 mazx watts
PLATE DISSIPATION . o o v vttt ittt ittt tiiiiee e ceeen 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 Mc. 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, 9.25 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 835 is identical with type 211. The 835 is 8 DISCON-
TINUED type listed for reference only.

e HALF-WAVE
M@ A @ VACUUM RECTIFIER

Heater-cathode type having two
cathodes used in power supply of 83 6
* transmitting and industrial equip-
" N 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, Qutlines 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)® ...ttt it it reeineneannannanns e 2.6 volts
HEATER CURRENT. ..........., PO veee 5.0 amperes

Maximum Ratings:
PEAK INVERSE PLATE VOLTAGE. .................. en el . ereene 5000 mazx volts
PLATE CURRENT:
1 mazx ampere
0.25 max ampere
5 mazx amperes

© 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 Mec. For
operation at 40 Mc, plate voltage and
plate input should be reduced to 76
per cent of maximum ratings; at 60 Mec, 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. OQUTLINE 81, Outlines Section, except has no
bayonet pin. Plate shows no color when tube is operated at maximum CCS ratings.

HEATER VOLTAGE (AC/DC) .« ottt vttt etee et sanennreannevnneanns - 12.6 = 10% volts
HEATER CURRENT . . ... .ttt tttettteriaaieetaaraanenaeenans v 0.7 ampere
TRANSCONDUCTANCE (For plate current of 24 milliamperes) .......... ‘e 3400 pmhos
DiRECT INTERELECTRODE CAPACITANCES:
Grid-No.1 to plate (With external shielding)...................c.ccuu. . 0.20 max puf
Grid No.1 to cathode, grid No.3, grid No.2, internal shield, and heater, .. 16 puf
Plate to cathode, grid No.3, grid No.2, internal shield, and heater...... 10 pul

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy# )
and
. RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
DC PLATE VOLTAGB.  + s evveraranns va Ceeeiaan, tesesccsseccinsstan 500 maz volts
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DC GRID-NO.3 (SUPPRESSOR-GRID) VOLTAGE . . . .. ...viiiiennnennnnnnn 200 max
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE. ... .. 200 max
DC GRID-NoO.1 (CONTROL-GRID) VOLTAGE. . . .. .. -200 max
DC PLATE CURRENT. . . ... .. 80 max

DC GrID-NO.1 CURRENT 8 max
PLATE INPUT. .. .. 32 max
Grip-No.3 INPUT. .. .. 5 max
GrID-NO.2 INPUT. ........... .. 8 max
PLATE DISSIPATION . . ..ottt i e e e e ns 12 mazx
PeEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect toeathode. ............................ 100 max

volts
volts
volts
ma
ma
watts
watts
watts
watts

volts
volts

# 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.

POWER TRIODE

Thoriated-tungsten-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 30 Mc 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 pins 1 and 3 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 VOLTAGE (AC/DC) ... ............. e e 10
FILAMENT CURRENT. ... .ottt ittt iininenteeannennneonnraresns 3.25
DIRECT INTERELECTRODE CAPACITANCES:

Grid to plate. ... ... oo i i e e e 7.8

Grid to filament. .. .... . 6.0

Plate tofilament. . .. ... .. .. .. .. i, 4.0

Class B Class C

Maximum CCS Ratings: Modulator Telegraphy#
DC PLATE VOLTAGE 1250 maxr 1250 mazx
DC GRID VOLTAGE. . ...... _ -400 max
DC PLATE CURRENT 175°® mazx 175 max
DCGRIDCURRENT . . . ..ottt ieiiiiniiinannne —— 70 max
PLATEINPUT. ... 220°% max 220 max
PLATE DISSIPATION . . ... ... .. it 100® max 100 max

volts
amperes

puf
uuf
puf

volts
volts
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.
® 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 and as rf P
power amplifier and oscillator. May be used ©
8 4" with full input up to 6 Mc and with reduced
input up to 30 Mc. Requires Small four-contact
socket and may be mounted in vertical position

with base down, or in horizontal position with 0‘ o

pins 1 and 4 in vertical plane. OUTLINE 29, Out-

ines Section. Plate shows no color when tube is Fe e
operated at maximum CCS ratings. The 841 is
used principally for renewal purposes.
FILAMENT VOLTAGE (AC/DC) . . . oot it ie i iiiii i i .. 7.5 volts
FILAMENT CURRENT. . .. .\ttt itii it ira s aaanesaananns 1.25 amperes
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. ... 7.5 puf
Grid to filament . . . ... 4.0 puf
Plate to filament. .. ................. 2.6 ppf
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Class B Class C

Maximum CCS Ratings: Modulator Telegraphy#

DCPLATE VOLTAGE. . . .. ... iettr s iiiiecnnannnnns 425  mazx 450 max volts
DCGRID VOLTAGE. . ....... ..ottt iiiiininnna., — —200"mae volts
DC PLATE CURRENT . . .. .ottt vteninniinenneannns 60°% max 60 max ma
DCGRID CURRENT . ... .........0ciiiiiinnnnnnn. — 20 max ma
PLATEINPUT . ..... ... . 25¢® mazx 27 mazx watts
PLATE DISSIPATION . . ... ..................cc o0 15%  max 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

P OM af power amplifier and modulator. Requires
Small four-contact socket and may be mounted
in vertical position with base down, or in hori* 842
zontal position with ping 1 and 4 in vertical
plane. OUTLINE 29, Outlines Section. Filament
o‘o volts (ac/dc), 7.5; amperes, 1.25. Direct inter-
F F-

electrode capacitances: grid to plate, 6.4 upuf;

grid to filament, 3.2 uuf; plate to filament, 2.6
puf. Maximum CCS ratings as CLASS A AF POWER AMPLIFIER AND MODULATOR: de plate
volts, 425 maz ; 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

. [

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
P K 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 upf; grid to cathode
H H

and heater, 4 uuf; plate to cathode and heater,
2.5 ppf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: de¢ plate volts,
450 maz; dc grid volts, -200 max; dec plate milliamperes, 40 max; de grid milliamperes, 7.5 maz; plate
input, 18 max watts; plate dissipation, 15 max watts, peak heater-cathode volts, = 45 maxz. Plate shows
no color when tube is operated at maximum CCS ratings. The 843 is a DISCONTINUED type listed
for reference only.

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 3 in vertical plane. OUTLINE 49, Outlines Section. Plate shows no color when
tube is operated at maximum CCS ratings.

FILAMENT VOLTAGE (AC/DC) . . ..ottt it it i e e iae eeeannn 10 volts
FILAMENT CURRENT. . ...t ttte ittt it et aa s 3.25 amperes
AMPLIFICATION FACTOR .. ... .. ... . i i i 5.3
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. ... ... .. i e e e 12.1 upf
Grid tofilament. .. ... ... . ... .. e 5.0 pupf
Plate to filament. . . . ... ... ... .. . i i, 5.0 puf

AF POWER AMPLIFIER AND MODULATOR—Class AB1

Maximum CCS Ratings:
DO PLATE VOLTAGE . . .. .ottt iiiiieie s iinannteannnenas 1250 max volts
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DC GRID VOLTAGE . . ..ttt iitieiieiinieitiiuinasanaeseasenenaansnes

DC PLATE CURRENT . . . ..i0iiiiretreennnnnisoensennrsnssnnannns
PLATE INPUT . . ..ttt ettt i enatanasaannaas

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 3 Mc and with reduced

849 input up to 30 Mc. Tube may be mounted in
vertical position with filament end up, or in
horizontal position with plate in vertical plane.
Maximum over-all length, 1434 inches; maxi-
mum diameter, 44 inches. Filament volts

—400 max volts
120 max ma
150 mazx watts
100 maz watts

G[]BLADE
F [
P

(ac/de), 11; amperes, 5. Direct interelectrode capacitances: grid to plate, 34 pgf; grid to filament, 17 yuf;
plate to filament, 3 puf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: de
plate volts, 2500 maz; dc grid volts, -500 maz; de plate amperes, 0.85 max; dc grid ‘amperes, 0.125 maz;
plate input, 875 max 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

8 50 with base up or down, or in horizontal position
with pins 1 and 3 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 maz upf; grid No.1 to filament and grid No.2, 17 uuf; plate to filament and grid No.2, 25 uuf.
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: de plate volts, 1250 max;
de grid-No.2 volts, 400 max; dc grid-No. 1 volts, -400 maz; de plate milliamperes, 175 mazx; de grid-
No. 1 milliamperes, 40 maz; plate input, 220 max watts; grid-No.2 input, 10 maz watts; plate dissipa-
tion, 100 max watts. Plate shows a barely perceptible red color when tube is operated at maximum CCS

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
power amplifier and oscillator. May be used
with full input up to 3 Mc. 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
Me, to 50 per cent. Tube may be mounted in
vertical position with filament end up, or in
horizontal position with plate in vertical plane.
QUTLINE 64, Outlines Section. The 851 is used
principally for renewal purposes.

FILAMENT VOLTAGE (AC/DC) . . vttt ieiii i ineneinassnsssinssssnnans
FILAMENT CURRENT . . ..ottt iitimnrnronsnrosasosntosanenasennsonns
AMPLIFICATION FACTOR .. . ..ottt iiiiii ittt teeianaaninaanonsns
DIRECT INTERELECTRODE CAPACITANCES:

Gridtoplate. ............civviienn TN
Gridtofilament. . ... ... . . . iiiiettiteeieireiiiiianen.n Caeeans
Plate to filament........ tiesesscevesessesbecnania seineinans
Class B
Maximum CCS Ratings: Modulator
DC PLATE VOLTAGE. . ....... e seseccanannen e 3000 max
DC GRID VOLTAGE. ... 0t tiivrnnnannsanassoonnosnn . —
DC PLATE CURRENT . .. ¢ vvvviitineieravaenesnsnnnns 10%® max
DCGRID CURRENT . . oot citvvnennannanonennnsssnnns —
PLATE INPUT . ... oiiiii ittt iiiiiniaaeoens 22500 ® mazx
PLATE DISSIPATION 760®  max

GIBLADE
F F
P
11.0 volts
15.6 amperes
20.6
47 upf
25.5 puf
4.5 puf
Class C
Telegraphy#
2500 max volts
~500 mazx volts
1 maz ampere
0.2 max ampere
2600 mazx watts
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-frequency envelope does not exceed 115 per cent of

the carrier conditions.
® For maximum-signal conditions.
® Averaged over any audio-frequency eycle 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 80 Mec. For operation at
60 Mc, plate voltage and plate input should be
reduced to 75 per cent of maximum ratings; at
120 Me, to 50 per cent. Requires Small four-
contact socket and may be mounted in vertical
position only, base down. OUTLINE 55, Outlines
Stction. 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) .« v v ittt ie ettt e it i annnnn ..
FILAMENT CURRENT . ... ..o ittt ittt it iae e reieiaenns
TRANSCONDUCTANCE (For plate current of 50 milliamperes)............
AMPLIFICATION FACTOR .. ... ... . it iiiiiiennnans
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (With external shielding) . . ......................
Grid No.1 to filament and grid No.2. . ... .......... ... .ooviinL.,
Plate to filament and grid No.2. .. ... .. ... .. ... .. .o,

10 volts
3.25 amperes
1100 pmhos

200
0.08 mazx puf
7.75 uuf
7.5 puf

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
DC PLATE VOLTAGE . . . .. ...ttt iiiiiinretaaraarrenrannsennnnas
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE . . . o e\ vvvtrnnn s ranneenannnnn
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE . . . svvvtiiiannraennnennnnnnns
DC PLATE CURRENT . . . .ottt tt ittt tatiaeneniae e erainanannes

3000 maz volts
500 mazx volts
-800 max volts
150 max ma
40 max ma
300 max watts
10 max watts
100 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.

POWER TETRODE

Thoriated-tungsten-filament type used as
rf power amplifier and oscillator. May be used
with full input up to 20 Mec. For operation at
30 Mc, plate voltage and plate input should be
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. QUTLINE
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) . . ..ttt it iiiiieneanannnans cervaeae
FILAMENT CURRENT. ... ..ottt ittt einiiiies vresansertancasaaanan .
TRANSCONDUCTANCE (For plate current of 130 milliamperes)............ .
AMPLIFICATION FACTOR . . .. ... . . . L iiiiiiiiiinierannnnnnan caan
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.1 to plate (With external shielding)........................

Grid No.l to filamentand grid No.2. ... ... ... i it iiiiinennn

Plate to filament and grid No.2. ... ... ... veriiniinnnrnnnn PR

861

11 volts
10 amperes
2400 umhos
300
0.10 maz puf
14 puf
11 puf

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#

and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
DC PLATE VOLTAGE . . . ... coiviunrnnns Neseereccsesrnseansans ceeenses

3500 maz . volts
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DC GRID-N0.2 (SCREEN-GRID) VOLTAGE® . ... ... .....0ouriinarennnannn 750 max volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE . . .« ...\ttt aanaannnn -1000 max volts
DC PLATE CURRENT . .« o\ttt ittt ee e e te et ieiie ittt aa e eaneeas 350 max ma
DC GRID-NO.1 CURRENT . . . . ettt tet e teatet e e naaa e iiieeeenns 75 max ma
PLATE INPUT ... . e e 1200 mazx watts
GRID-NO.2 INPUT . .. .ttt it i e e e 35 max watts
PLATE DISSIPATION . . . . ..ottt it 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 oscillator. May be used
with full input up to 15 Mec. For operation at

86 5 30 Mc, plate voltage and plate input should be
reduced to 78 per cent of maximum ratings; at
60 Mc, to 55 per cent. Requires Small four-
contact socket and may be mounted in vertical
position only, base up or down. OUTLINE 31,
Qutlines Section. Plate shows ne color when
tube is operated at maximum CCS ratings.!The
865 is used principally for renewal purposes.

FILAMENT VOLTAGE {AC/DC) 7.5 volts
FILAMENT CURRENT. . .. .ttt tietetteate e aaa et it cas e eananns 2.0 amperes
TRANSCONDUCTANCE (For plate current of 18 milliamperes) e 750 pmhos
AMPLIFICATION FACTOR (APProX.) . .. ... cviiiiinininennnnn.. e 150
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l to plate (With external shielding) ... ..................... 0.10 mazx upf
Grid No.1 to filament and grid No.2. . . .. ... ... .. ... ... ......... . 8.5 pnuf
Plate to filament and grid No.2. ... ....... ... ... i i, 8.0 puf

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy¥%
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings:

DC PLATE VOLTAGE . . . . . o ittt ittt et e e 750 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE . . . . .. ..ttt 175 max volts
DC GRID-NO.1 (CONTROL~GRID) VOLTAGE . . . ...\ttt ... -200 max volts
DC PLATE CURRENT . . . oot ttit it it e it it e et e e e e 60 max ma
DC GRID-NO.L CURRENT . « « & e tot ittt eiet e ae i 15 mazx ma
PLATE INPUT . . ..ottt ittt i it e e e e e 45 mazx watts
GRID-NO.Z INPUT. .. ..ottt et 3 max watts
PLATE DISSIPATION . . . . .. ittt i s e 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 ne

Coated-filament type wused in

866—A power supply of transmitting and in-

dustrial equipment. Maximum peak ()

inverse anode volts, 10,000; maximum F

average anode amperes, 0.25. Requires

Small four-contact socket and may be mounted in vertical position only, base down.
OUTLINE 41, Outlines Section.

CATH,
SHIELD

FILAMENT VOLTAGE (AC)C. .t vttt iinentarnarssonsonsnonssnsnns 2.5 volts
FILAMENT CURRENT. . .. .ottt ittt it e ee it ca et iianan 5.0 amperes
PEAK TUBE VOLTAGE DROP (APPIOX.)......ovuinneeeinnnnaneneanns 15 volts

°© Filament voltage must be applied at least 15 seconds before the application of anode voltage.
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————————
HALF-WAVE RECTIFIER
Maximum Ratings: (For power-supply frequency of @0 cps):
PEAK INVERSE ANODE VOLTAGE .. ............ 2500 mazx 5000 max 10000 max voits
ANODE CURRENT:
Peak................... ... TIPS 2 max 1 mazx 1 maz amperes
Average* . ... ... ... e 0.5 max 0.25 max 0.25 max ampere
Fault, for duration of 0.1 second maximum . 20 mazx 20 max 20 maz amperes
CONDENSED-MERCURY-TEMPERATURE RANGE® . 20 to 80 20 to 70 20 to 60 °C
* Averaged over any interval of 80 seconds maximum,
® Operation at 40° = 5°C is recommended.
RATE OF RISE OF
CONDENSED - MERCURY
TEMPERATUR
TYPE 866-:\‘ ||
CURVE l VOLTS | LOAD
RMS
— | 1.25 I NO
> -— 3.75 FULL T
x
1 1 1 9
ST T T T
o MINIMUM _ALLOWABLE
S+ |-HEATING TIME BEFORE
w |~ LOAD APPLICATION
ox
ws 60 " py
af /
33 s0f+
- g
Wt 'l /
8 obd]
E‘:’ [
o I
w3
x<
30
£y
i1
a<
2 20
g o 20 40 60 80
HEATING TIME-MINUTES
92CSs -9028T
Operating Values:
Circuit Mazx. Trans. Approx. DC Max. 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 Iav Pace
In-Phase Operation .
7000 3200 0.25 0.8
Hali-Wave Single-Phase,.. 54 35004 1600 0.25 0.4
17000 800 0.50 0.4
3500° 3200 0.5 1.6
Full-Wave Single-Phase. .. b5 17004 1600 0.5 0.8
8000 800 1.0 0.8
7000® 6400 0.5 3.2
Series Single-Phase....... 56 35004 3200 0.5 1.6
1700° 1600 1.0 1.6
4000° 4300 0.75 3.6
Half-Wave Three-Phase, .. 57 20004 2400 0.75 1.8
10007 1200 1.5 1.8
Quadrature Operation
4000® 4800 1.5 7.2
Parallel Three-Phase...... 58 20004 2400 1.5 3.6
10000 1200 3.0 3.6
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Circuil Max. Trans. Approx. DC Max. DC Max. DC
(For circuit figures, refer to Sec. Volts Quiput Volts Ouiput Output KW
Rectifier Considerations (RMS) To Filter Amperes To Filter -
Section) Fig. E Eav Iav Pdc
4000* 9600 0.75 7.2
Series Three-Phase........ 69 20004 4800 0.75 3.6
10009 2400 1.5 3.6
3500® 4500 0.91% 1 .08 4.05% 4.5%
Half-Wave Four-Phase. ... 60 17004 2300 0.91% 1.0% 2.07% 2.3%
8000 1100 1.82% 2.0% 1.98% 2.28
3500° 4800 0.95% 1.0® 4.60% 4. 8%
Half-Wave Six-Phase. . ... 61 17004 2400 0.95% 1.0% 2.30% 2.4%
800° 1200 1.90% 2. 0" 2.28% 2.48
® 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.

O For maximum peak inverse anode voltage of 2500 volts and maximum average anode current of 0.5
ampere.

* Resistive load. ® Inductive load.

HALF-WAVE MERCURY-
VAPOR RECTIFIER

Coated-filament type used 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)® ... . ittt ieiirneseneaiinenaneranne, 5.0 volts
FILAMENT CURRENT. . ... 0.ttt teneie i ieenaieanntanaenann, 7.5 amperes
PEAK TUBE VOLTAGE DROP (APPTOX.) . ¢ v ter it ie it iiaeanennnnn, 10 volts

° Filament voltage must be applied at least 30 seconds before the application of anode voltage.

HALF-WAVE RECTIFIER

Maximum Ratings (For power-supply frequency of 60 cps):
PEAK INVERSE ANODE VOLTAGE . . .........0.vvnniunas 5000 maz 10000 mazx volts
ANODE CURRENT:

5 max 5 max amperes
Average 1.25 maz 1.25 max amperes
Fauit, for duration of 0.2 second maximum .......... .. 50 max 50 max amperes
CONDENSED-MERCURY-TEMPERATURE RANGES® . ... ... vee 20 to 70 20 to 60 °C
& Averaged over any interval of 15 seconds maximum.
® Operation at 40° = 5°C is recommended.
Operating Valves:
. Circuit Mazx. Trans. Approz. DC Mazx. DC Max. DC
(For circuit figures, refer to See. Volts Output Volis Output Output KW
Rectifier Considerations (BRMS) To Filter Amperes To Filter
Section) Fig. E Eav Iav Pac
In-Phase Operation
7000° 3200 1.25 1.0
Half-Wave Single-Phase. ,, 64 35004 1600 1.25 2.0
3500® 3200 2.5 8.0
Full-Wave Single-Phase. .. 65 17004 1600 2.5 4.0
7000°® 6400 2.5 16.0
Series Single-Phase. ...... 56 35004 3200 2.5 8.0
4000 4800 3.75 18.0
Half-Wave Three-Phase,,, 57 20004 2400 8.75 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. . ...

Fig.

68

69

60

61

RCA Transmitting Tubes

Mazx. Trans. Approz. DC
Sec. Volts Output Volis
(RMS) To Filter
E Eav
Quadrature Operation
4000° 4800
20004 2400
4000° 9600
20004 4800
3500° 4500
17004 2250
3500° 4800
17004 2400

Maz. DC Maz. DC
Qutput Output KW
Amperes To Filter
Igv Pge
7.5 36.0
7.5 18.0
3.75 36.0
3.75 18.0
4.5% 5.08 20.0% 22 5@
4.5%* 5. 0" 10.0* 11.2®
4.75% 5.0® 22.8* 24, 0%
4.75% 5,08 11.4* 12,08

® For maximum peak inverse anode voltage of 10000 volts and maximum average anode current of 1.25

amperes.

4 For maximum peak inverse anode voltage of 5000 volts and maximum average anode current of 1.25

amperes.
* Resistive load.
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92C3-90297,

MEDIUM-MU TRIODE

Acorn heater-cathode type used
as af amplifier and as rf amplifier and 955
oscillator at frequencies up to 600 Me.
Class A, Amplifier maximum CCS
plate dissipation (design-center value),

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) Creeeee 6.3 volts
HEATER CURRENT. . . ... ..oivunnnnnnnas Ceeessssescincteccrrssassaane 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. ........... ... .. iiiiiann, 1.3 puf
Grid to cathodeand heater. . .................. . 1.0 suf
Plate to cathode and heater. ........ccovtiiiieiranssnssanssvanscese 0.4 puuf




RCA Transmitting Tubes

AF AMPLIFIER—Class A1
Moximum CCS Ratings, Design-Center Values:

DC PLATE VOLTAGE . . .t vt ittt ittt iiiiniiane e tee e arnrsasninnnnen 250 mazx volts
PLATE DISSIPATION . . .. ..ottt iie sttt iiaiaeiee e eanns 1.6 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode............ ............ . 80 max volts
Heater positive with respect to cathode. ............................ 80 mazx voits
Typical Operation and Characteristics:
DC Plate Voltage . ..........coiiiiiiiiiannn 90 135 180 250 volts
DCGrid Voltage . . . ... ... ~2.5 -3.75 -5 ~7 volts
Amplification Factor. . .. ........................ 25 25 25 25
Piate Resistance (Approx.) . ...................... 14700 13200 12500 11400 ohms
Transconductance. . .........couveeimneennnnnnns 1700 1900 2000 2200 pmhos
DCPlate Current. ..........ooiiineinennnn. . 2.5 3.5 4.5 6.3 ma
Load Resistance. . .. .......... ..o, —_ — 20000 — ohms
Second-Harmonic Distortion. . ................... — —_ 5 — per cent
Useful Power OQutput. ........ e ia e — —_— 1385 —_ mw
Maximum Circuit Values:
Grid-Circuit Resistance:
For fixed-bias operation............ TS PPN 0.1 mar  megohm
For cathode-bias operation...............oiiiiiiii i e 0.5 max megohm
RF AMPLIFIER AND OSCILLATOR—Class C
Maximum CCS Ratings, Design-Center Values:
DC PLATE VOLTAGE . . . oot ittt s iie e iean i itiaa s canannroan 180 max volts
DC PLATE CURRENT . . . ..\ eiiienivneenans e r e st i 8 max ma
DC GRID CURRENT . . . . ittt iii v nsanornnrarsnnssannersann 2 mazx ma
PeEAx HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. .............ooviniiiinnn 80 mazx volts
Heater positive with respect to cathode................. Cebereereenn 80 max volts
P G
MEDIUM-MU TRIODE
Acorn coated-filament type used
9 5 8 A as rf power amplifier and oscillator at
= frequencies up to 350 Mec. Class C 0’0
Telegraphy maximum CCS plate dis- Fe F-

sipation (design-center value), 0.6  vieweo FROM SHORT END
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)..........e0ves ettt e e 1.25
FILAMENT CURRENT. ... ............. T s Cerraeea s 0.10
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. .. ..o v i it e 2.5
Gridtofilament . . ... ... ... ... it i 0.45
Platetofilament. . ... ...............cciiuse TN 0.6

RF POWER AMPLIFIER AND OSCILLATOR—Class C Tefegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings, Design-Center Values:

DC PLATE VOLTAGE . . ..... e iiaiae s Cemr v RN 135 max
DC GRID VOLTAGE. . . ,...... e et vt Ceaea -~30 max
DC PLATE CURRENT. ..... Ceeee i, Ceer s T max
DC GRID CURRENT. . ¢ v svtnveenoncccnns eseseeranbaaa, [ . 1 max
PraTE INPUT........ L e eieousesaesaeera it tasetas et aaacanat o rrans 0.95 mazx
PLATE DISSIPATION . 4 0 svcvvstanssncatsmotnsesassssscerasastonsavanns 0.6 max

Typical Operation:

DC Plate Voltage.......... . 135
DC Grid Voltage®. ..... -20
From grid resistor of . . . .oieieoencansiencnises 20000
From cathode resistor of ... .ccivinivneiniinannnnes eees 2500

volts
ampere

puf
unf
uuf

volts
volts
ma
ma
watt
watt

volts
volts
ohms
ohms



RCA Transmitting Tubes

Peak RF Grid Voltage. . ... ... ... . i 40 volts
DCPlate Current . . . ... ..o i i s 7 ma
DCGrid Current . . ... ..ottt ittt 1 ma
Driving Power (APProX.) . . .o uun ittt it ea e 0.035 watt
Power Qutput. ... ...t i e i e e 0.600 watt

Maximum Circuit Values:

Grid-Circuit Resistance:
For fixed-bias operation . . .. .. ..........00tiiiiiniirrnnrnnennennns 0.1 max megohm
For cathode-bias operation............... ... . ... o i i 0.5 mazx 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.

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

POWER TRIODE

Coated-filament type used as af power

P © 6 amplifier and modulator and as rf power ampli-
fier and oscillator. May be used with full input

up to 45 Mc and with reduced input up to 100

Mec. Requires Small four-contact socket and 'I 608
may be mounted in vertical position with base
o ‘ o down, or in horizontal position with pins 1 and
Fe F- 4 in vertical plane. OUTLINE 29, Outlines Sec-

tion. Filament volts (ac/de), 2.5; amperes, 2.5.
Direct interelectrode capacitances: grid to plate, 9 uuf; grid to filament, 8.5 uuf; plate to filament, 8 uuf.
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: de¢ plate volts, 425 maz;
de grid volts, -200 max; de 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 Mec and with reduced input up
G, to 110 Mc. Requires Small five-contact socket
and may be mounted in vertical position only, 'l 6]0
base up or down. OUTLINE 29, Outlines Section.
Filament volts (ac/dc), 2.5; amperes, 1.75.
Direct interelectrode capacitances: grid-No.1
to plate, 1.2 upf; grid No.1 to filament mid-tap,
grid No.3, and grid No.2, 8.6 uuf; plate to filament mid-tap, grid No.3, and grid No.2, 18 uuf. Maximum
CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate volts, 400 max; de grid-No.2
volts, 200 max; de grid-No.1 volts, -100 max; dc'plate milliamperes, 30 maz; de grid-No.1 milliamperes,
3 max; plate input, 9 max watts; grid-No.2 input, 2 max 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

F+ F-

POWER PENTODE

Heater-cathode type having
metal shell used as rf power amplifier " 6] 3
and oscillator. May be used with full
input up to 45 Mc. For operation at
60 Mec, 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. OUTLINE 11, Outlines Section.

HEATER VOLTAGE (AC/DC) . . .. ...ttt ieiniiiannans [ S 6.3 volts
HEATER CURRENT . . . .. ..ttt itaiii it eiiaainanenann 0.7 ampere
TRANSCONDUCTANCE (For plate current of 31 milliamperes) 2500 umhos
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.ltoplate. ....... .. .o iy 0.26 puf
Grid No.1 to cathode, grid No.3, grid No.2, shell, and heater.....,.... 6.6 upf
Plate to cathode, grid No.3, grid No.2, shell, and heater............ .. 13.5 puf
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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 . . . .ttt iaiitaansimstoasanienenniaaeessiss . 350 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE . . + 4 ocvvtteiieunrnuinnrineianes 275 max volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE .- - ...\ iivtitenennrennnnnonnns -100 mazx volts
DO PLATE CURBENT . . « oo ottt et e cmiie s it e ie et ianseenanns .. 50 max ma
DC GRID-NO.L CURRENT . . . . oot ttaettiteinan i iatinensensn .. 5 mazx ma
PLATE INPUT .. ..ttt ciie et c ettt iaa s saa e raniaeenons 17.5 max watts
03236558 T334 .55 2 & JJ O 2.5 max watts
PLATE DISSIPATION . . . . 0ottt ettt it ieanaataeneataeatonsanacnsenas 10 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect toecathode. . ................ ... ...000 100 mazx volts

Heater positive with respect tocathode. ... ........................., 100 max 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.

BEAM POWER TUBE

Heater-cathode type having

'I 6" 4 metal shell used as af power ampliﬁqr

and modulator and as rf power ampli-

fier and oscillator. May be used with

full input up to 80 Mec. For operation

at 120 Mg, 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,
Outlines Section.

HEATER VOLTAGE (AC/DC) . .. . oiiiiiiiierneneroenneenns e 6.3 volts
HEATER CURRENT . . . ..o\ttt tetttitineianreeereanacenssnniensonens 0.9 ampere
TRANSCONDUCTANCE (For plate current of 72 milliamperes) ............... 6060 wumhos
DiIRECT INTERELECTRODE CAPACITANCES:
Grid No.l to plate . . ... .. ettt i e aeanens . 0.4 max upl
Grid No.1 to cathode, grid No.3, grid No.2, shell, and heater.......... 10 puf
Plate to cathode, grid No.3, grid No.2, shell, and heater. ............. 12 puf

AF POWER AMPLIFIER AND MODULATOR—Class AB1

Maoximum Ratings: CcCS ICAS
DCPLATE VOLTAGE . . .. .. ittt iiiiiiiaianensanns . 375 mazx 550 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE , . ... ......00vvu.n 300 max 400 mazx volts
DC PLATE CURRENT . ..\ ttttiiieen et ennnnannnansns 110 max 110 max ma
PLATE INPUT. . ... .. it 40 max 60 max watts
GRID-NO.2 INPUT. . cu oot iiieiie e iiinniaennanes 3.5 max 3.5 mar watts
PLATE DISSIPATION . . ... ittt iiiianinonsseres ves 21 max 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 max 200 max volts
Typical Operation (Values are for 2 tubes):
DCPlate Voltage. . . .. ittt iiiir ittt inininriannnens 360 630 volts
DC Grid-No.2 Voltage. .. .....oovvvninrnineann. 270 340 volts
DC Grid-No.1 (Control-Grid) Voltage.................. -22.5 -36 volts
Peak AF Grid-No.-1-to-Grid-No.1 Voltage.............. 45 T2 volts
Zero-Signal DC Plate Current............ [ 88 60 ma
Maximum-Signal DC Plate Current. ...... e . 132 160 ma
Maximum-Signal DC Grid-No.2 Current.......c........ 15 20 ma
Effective Load Resistance (Plate to plate)...... P 6600 7200 ohms
Total Harmonic Distortion. ............. Cerieeeen veees 2 2.5 per cent
Maximum-Signal Power Output...... .......... P 26.5 60 watts

]
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy#
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: CcCS ICAS
DG PLATE VOLTAGE . ¢ v trvevsesssinssentsnaccnasansne 375 maz 450 mazx volts
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DC GRID-NO.2 VOLTAGE . . . . . ..ot tiiii it inaanaennns 300 max 300 max volts
DC GRID-NO.1 VOLTAGE . . .. . ..tiiiiia ey 125 max -125 mazx volts
DCPLATE CURRENT .. ..ot e it niaeeeien e iiieeanns 110 max 110 max ma
DC GRID-NO.I CURRENT . . ... ... it 5 mazx 5 max ma
PLATEINPUT. ... ... . .. . e 35 max 45 max watts
GRID-NO.2 INPUT. . ...... .. it 3.5 max 3.5 max watts
PLATE DISSIPATION . . .. ... it tiiie i 21 max 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 mazx 200 max volts
Typical Operation:
DC Plate Voltage . .. ........... ... ... i, 375 450 volts
DC Grid-No.2 Voltage®. . .. ... ... ... i, 250 250 volts
From series resistor of . . . ........... ... ... .. .. oL 12500 25000 ohms
DC Grid-No.1 Voltageg .. ... ........ .. ..., —40 -45 volts
From grid-No.l resistor of . . ........................ 20000 225600 ohms
From cathode resistorof . . . ........................ 425 410 ohms
Peak RF Grid-No.1 Voltage 51 73 volts
DCPlateCurrent. ... ..................... 80 100 ma
DCGrid-No2 Current. ...t n, 10 8 ma
DC Grid-No.1 Current (Approx.).................cc..o.. 2 2 ma
Driving Power (APProX.) . . ..ottt 0.1 0.15 watt
Power Output (APProX.) . . ..o v oiint it 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- 16]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 . .+ ..\t ttetitine ettt anteiaiisianeineearenns 2
FILAMENT CURRENT . . .00ttt vttt rnnnerarnassnassannasonansnnons b.

HALF-WAVE RECTIFIER

b =109% volts
0 amperes

Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE. ........0nenvenennenenns e iaai e 6000 max volts
PLATE CURRENT:
PeaK . . o i e e e e et ey 800 max ma
R Y S 130 max ma
27 2.6 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 Mec, plate voltage and plate input should l 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) . .+t ittt ittt e ce e iiceaannenns 2.5
FILAMENT CURRENT. ... ...ttt iiiniiinae e 2.0
TRANSCONDUCTANCE (For plate current of 50 milliamperes) 4500
DiRECT INTERELECTRODE CAPACITANCES:

Grid No.l toplate. . ... .. 