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THIS NEW EDITION, like preceding editions, has been pre-
pared for those who work or experiment with transmitting tubes or
circuits. It will be useful to engineers, technicians, educators, radio
amateurs, students, experimenters, and many others technically con-
cerned with transmitting tubes.

The manual has been comprehensively revised and updated to
keep abreast of the advances in power-tube technology since its last
publication. Information has been prepared for the latest RCA trans-
mitting tubes, including new or improved cermolox, ceramic-and-
metal, pencil, and pulse-rated types. New material has also been pro-
vided for application tables, single-sideband information (new ratings,
linear rf power amplifiers, calculations for two-tone modulation), and
typical transmitting and industrial circuits.

In the Tube Types— Technical Data Section, information is given
for RCA power tubes having plate input ratings up to four kilowatts
and for associated rectifier types. Detailed data and curves are given
for all the newer and more important types. For reference purposes,
basic information is also provided for a number of discontinued types
still of some interest.
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SPACE-AGE TUBES meet the
challenge of space exploration with
reliable performance in adverse en-
vironments.

At top, RCA-5876 pencil tubes am-
plified astronaut’s voice transmis-
sion during MERCURY launch,
orbit, and recovery.

Below, RCA-7213 is representative
of many high-performance cermolox
types for ground-station transmit-
ter applications.




RCA Transmitting Tubes

Power-Tube Fundamentals

Power tubes are devices for con-
trolling the transfer of energy in elec-
trical circuits. In this respect they are
similar to rheostats, switches, and other
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 cireuit 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 a second 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 see-
ond. Tubes which provide this form of
control are known generically as ampli-
fiers. Power-tube amplifiers are capable
of controlling relatively large amounts
of energy. All triode and multigrid power
tubes are inherently rectifiers as well as
amplifiers because they deliver unidirec-
tional current regardless of the kind of
energy furnished by the power source.

Basic Considerations

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

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

space charge are attracted to the plate,
and the plate current does not change
uniformly with equal increments in
plate voltage. Over a bigher 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 ry),
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 Es.

Two-electrode vacuum tubes are
extremely useful as power rectifiers. Be-
cause they are entirely nonmechanical
in operation, they can be used over a
wide range of frequencies. They can
operate at both very high and very low
temperatures, and can be designed to
withstand very high inverse voltages.
The substantially linear relationship be-
tween plate voltage and plate current in
such tubes is also useful as a means of
obtaining virtually distortionless rectifi-
cation (detection) of radio signals. -

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



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

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

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

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

Gas Tubes

In a vacuum tube, space charge in-
hibits the release of electrons from the
cathode, and thus limits the plate cur-
rent at low and moderate plate voltages.
Although the space-charge effect may be
reduced by a reduction in the spacing
between plate and cathode, it cannot be
entirely eliminated by this method. The
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,suchasthe 836 or 866-A, are known
as half-wave rectifiers because they are
capable of conducting ecurrent 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 operatton 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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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
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Tig. 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 dec plate supply and the elec-
trical impulse to be amplified, the in-
put sigunal, 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 dc 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 triocdes may be used in suit-
able circuit arrangements for oscillation,

LOAD OUTPUT
RESISTANCE VOLTAGE
ANPUT +
SIGNAL == PLATE
== SUPPLY

et

Fig. 5
frequency multiplication, modulation,
and various special purposes.
The plate, cathode, and other elec-
trodes of a tube form an electrostatic

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



capacitances exist between grid and
cathode, grid and plate, and plate and
cathode, as shown in Fig. 6. Although
these interelectrode capacitances do not
have values of more than a few micro-
microfarads, they may have substantial
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Fig. 6

effects on tube operation, especially at
radio frequencies. For example, the
grid-plate capacitance, Cgp, 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 hetween 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.l1 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 dec 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 mechanical lay-
out employed. Because of their high
power sensitivity, tetrodes used in rf ap-
plications generally require shielding
from external fields and ecareful 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 harmonies 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-
voltageswing of a tetrode by ‘“dynatron
action’’ can be overcome by the use of a
grid No.3, or suppressor grid, between
the screen grid (grid No.2) and the plate,
as shown in Fig. 8. Tubes which employ
five-electrode structures of this type are
called pentodes.

When a pentode is used as an ampli-
fier, the grid No.3 or suppressor grid is
generally operated at a fixed negative
potential with respect to both the screen
grid and the plate and thus establishes a
negativeelectrostaticfield between them.
Although this field is not strong enough
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 tothescreen 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 2 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 requiresmuchlesssignal power
for full modulation of the tube output.
In addition, the shielding action of the
screen grid minimizes undesirable cou-
pling between the suppressor grid and
the control grid when signals are applied
simultaneously to these electrodes.

Beam Power Tubes

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

In beam power tubes of the type
illustrated in Fig. 9, dynatron action and
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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.

oy :
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In parallel-plane beam power tubes,
stray secondary electrons may be pre-
vented from reaching the screen grid by
paths outside the effective field of the
space charge by the incorporation of
special beam-confining electrodes opera-
ted at cathode potential.

Ingeneral, pentodes and heam 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 useof beam
power tubes in multi-stage equipment,
therefore, minimizes thenumber of stages
required to obtain a specific power gain.

These tube types are especially use-
ful as buffer-amplifier tubes, final-am-
plifier tubes, and frequency-multiplier
tubes in transmitters and other types of
radio-frequency power equipment. Beam
power tubes arealsowidely used asaudio-
frequency power-amplifier tubes and
modulator tubes, and in certain types of
oscillator circuits.



Construction

Although power tubes may vary
widely with respect to physical form,
size, and terminal arrangement, they
utilize two general forms of plate con-
struction. In internal-plate construction,
the plate is completely enclosed within
the glass envelope, and electrical con-
nection is made to a cap on the envelope
or to a base pin, as shown in Fig. 10 ().
In external-plate construction, the plate
electrode usually forms part of the tube
envelope, so that the outer surface of the
plate is exposed, as shown in Fig. 10 (b).

PLATE SUPPORTS
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Fig, 10

Generally, internal-plate tubes re-
quire either natural convection cooling
or foreed-air cooling. Because the heat
from the plate must first radiate to the
envelopebeforeit is dissipated, the power
handling capability of such tubes is lim-
ited. External-plate types have a greater
cooling efficiency because the heat from
the plate can be directly dissipated by
various methods of cooling. In some
tubes, a radiator is attached directly to
the plate to increase the area of the cool-
ing surface. Other external-plate tubes
use conduction or liquid cooling to im-
proveheat dissipationandincrease power
handling capability.

Most RCA external-platetubeshave
a cylindrical type of construction which
provides the following advantages. Short
effective heat paths from the control grid
and screen grid result in cooler operation
and, consequently, in lower grid emis-
sion. Thelarger plate of a cylindrical tube
provides greater heat dissipation, and
the compact cathode requires less heater
power. In addition, uniform thermal ex-
pansion of the electrodes results in con-
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stant interelectrode spacing over a wide
range of temperatures.

Cathodes

The most efficient practical cath-
odes for power tubes utilize thermionic
emission. Because such emission varies
exponentially withtemperature, 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 thepractical difficultiesinvolved
in measuring the cathode temperature
of a tube, proper operating conditions
are usually expressed in terms of a spe-
cific voltage and a specific current. Spe-
cific values of heating voltage and cur-
rent for each tube type are given in the
Tube Types Section.

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

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

Filamentary cathodes may also be
made of inexpensive nickel alloys, 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-
standing intense positive-ion bombard-
ment. Quick-heating filaments of spe-
cially constructed low-conductivity ma-
terials are incorporated in certain tube
types designed for use in mobile and
emergency-communications equipment.
Tubes such as the 4604 are ready for full
operation one second after the filament
is turned on.

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 sume 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
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the same do 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-
ated at a fixed or variable potential of
either polarity with respect tadts heater,
provided this potential does@: exceed
the maximum heater-cathodetvoltage
rating of the tube.

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

ATHODE

SLEEVE
FILAMENT CATHODE
INSULATED COATING
HEATER
Fig. 11 Fig. 12

cathode. Theinsulation 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 i¢ first applied to the heater as a
suspension of fine particles in a nitro-
ce'lulose binder, and is then sintered in-
to a sclid coating by operation of the
heater for a carefully controlled period
of time at a temperature slightly above
its normal operating value.

One of the newer developments in
cathode fabrication is the nickel-matrix
cathode. A band of extremely fine pure-



nickel powder is sintered on the cathode
sleeve at a temperature of 1200 degrees
centigrade to form a sponge-like nickel
matrix in the active area. After vacuum
firing to ensure purity, the nickel matrix
is impregnated with a barium-stronti-
um coating. The resulting cathodeis free
from arcing caused by cathode peeling,
is resistant toion bombardment, and has
a reservoir of emissive material which
prolongs operating life. This type of cath-
ode is especially suitable for tubes used
in rf applications, hard-tube modulator
applications, and applications requiring
ruggedized types. Although the cathode
requires slightly greater heater power,
the use of barium-strontium oxide as the
emissive coating permits operation at
the relatively low cathode temperature
of 830 degrees centigrade.
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 typical types used in
tubes havinginternal-plate construction.
Figs. 13 (c) and (d) are typical types of
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external plates having integral radiators. -

Fig. 13 (e) shows an external plate of the
type used in conduction-cooled tubes.

The plate at (a) is simple and ex-
tremely rugged. Plates of this 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
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other electrodes. Plates of this type are
used in tubes such as the 826.

Fig. 13

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.
Two variations of this design are used to
inerease cooling efficiency, one type has
solid radial fins and the other has lou-
vered axial fins.

The radiator desigh shown at (d)
makes possible a simplified arrangement
in which forced air flows in a direction
transverse to the major axis of the radi-
ator. This type of plate is used in tubes
such as the 8121.

Theplateshownat (e) hasanintegral
aluminum-alloy conduction ecylinder
from the plate to the tube surface. The
cylinder is treated to prevent diffusion
welding of the conduction cylinder to
the clamping surface of the conduction
cooling system during high-temperature
operation. A typical conduction-cooled
tube having this type of plate is the 7844.

Internal platesmay bemadeof many



materials, depending on the tube require-
ments. Nickel is often used for the plates
of power tubes which operate at moder-
atetemperatures becauseit canbeformed
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 external-plate designs for tubes in var-
ious power ranges and physical sizes. In
tubes of this type, the copper plate forms
part of the envelope, and forced-air or
water cooling is used to maintain the
temperatures of the copper and of the
seal at safe values. With the aid of these
cooling methods, tubes of relatively small
physical size can handle very large
amounts of power.

Other metals used for tube plates
includematerialssuchastungsten,molyb-
denum, 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
tosomeform of surface treatment during
processing to improve their thermal
efficiency.

Grids

The grids of internal-plate types
are generally constructed of individual
wires arranged in parallel and welded to
siderods, or of a single wire wound in
spiral form and swaged to the siderods,
or of a cage formed of individual rods.

In many external-plate beam power
tubes, such asthe compact ceramic-metal
cermolox line of beam-power tubes, the
grid cages are formed from concentric
cylindrical metal blanks which are brazed
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together at the proper spacing for the
control and screen electrodes. The blanks
are then cut simultaneously to form pre-
cision-aligned grids by an electrical-dis-
charge machining process. Fig. 14 shows
some of the typical grid structures used
in beam power tubes.

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

Fig. 14

the grid is subjected to heat radiated
from both of these electrodes, and, if gas
is present in the tube, may also undergo
heavy positive-ion bombardment. As a
result, the grid may emit primary elec-
trons. Its tendency to emit electrons is
further increased if it becomes contami-
nated with emissive material evaporated
from the cathode. The grids are often
coated with gold or platinum to reduce
the possibility of primary emission.
Because power tubes are often oper-
ated under conditions in which the grid
is driven positive with respect to the
cathode, the grid can attract electrons
which may possess sufficient kinetic en-
ergy to liberate large numbers of second-
ary electrons from the grid. A carbon
coating is sometimes applied to the grid

. to reduce its tendency to secondary
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emission.
Getters

A chemical “getter’ is often used in
electron 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

Many small- and medium-sizedlow-
frequency power tubes having internal-
plate construction use simple cylindrical
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 envel-
opes of many medium- and high-power
radiation-cooled tubes, particularly
where compact construction is necessary
to meet electrical-design requirements or
equipment-space limitations. These
glasses have relatively high softening
temperatures, low rates of expansion,
high electrical resistance, and excellent
resistance to abrasion and “weathering.”’

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, glass-bulb type, low-power
tubes, spacers are generally disks or wa-
fers of high-quality mica; in larger tubes,
they are usually bars or cross-arms of a
low-loss refractory insulating material.

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 sometimes incorporate special
structural features which absorb vibra-
tion and mechanical shocks transmitted
through theenvelope. Refractory spacers
are usually equipped with shock-absorb-
ing metal springs at the points of con-
tact with the envelope. However, in some
power tubes, the cage grids have a canti-
lever design which eliminates the need
for such insulating spacers and results
in a simplified construction using fewer
parts.

In some high-power tubes and tubes
designed for operation at very-high and
ultra-high frequencies, parts of the elee-
trode structure are utilized in the tube
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envelope. For example, in metal-glass
types such as the 6161, the metal sec-
tions of the envelopes, which are exten-
sions of the internal electrodes, provide
convenient terminal connections, espec-
ially in cavity-type circuits. The inter-
mediate glass sections provide the re-
quired interelectrode spacing and insu-
lation.

As a result of new processing tech-
niques, high-alumina ceramic is now
widely used in tube envelopes and
spacers. The flat surfaces of the ceramic
spacers can be economically ground and
metalized for use in the assembly of the
metal parts. In the metalizing process, a
finely divided molybdenum powder sus-
pended in a binder s applied to the
spacer by an adaptation of the silk-
screen printing process and sintered on-
to the surface. The spacers are then
nickel plated to improve the wetting ac-
tion during brazing. Metalized spacers
can be used as part of the tube envelope.

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

In several ceramic-metal tubes, the
plate sections of the envelopes are fitted
with special radiators which make it
possible to obtain substantially increased
heat dissipation by the use of forced-air
cooling and thus permit the use of rela-

- tively small tubes in high-power circuits.
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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 75562 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

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.lina
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
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the corresponding region of the charac-
teristic.

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

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

A fourth class of operation, class
AB, is also used. In this class of oper-
ation, the operating point is in the lower
portion of region A so that the tube re-
sponds unequally to positive and nega-
tive grid-voltage excursions above a cer-
tain amplitude. Consequently, the dura-
tion of plate-current flow on each cycle
varies with the amplitude of the alter-
nating grid voltage. In this service, plate
current flows for more than one half
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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 on a linear portion of the dy-
namic transfer characteristic by the use
of a suitable negative grid bias. The am-
plitude of the driving signal (alternating
grid voltage) is controlled so that the grid
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choice of operating conditions. For sym-
metrical driving voltages, the de plate
current remains substantially constant
at the quiescent (zero-signal) value.

Because operation of a class A am-
plifier is restricted to the linear region of
the characteristics, the maximum plate-
current swing 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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is never driven sufficiently negative with
respect to the cathode to cut off the plate
current of the tube. Plate current, there-
fore, flows during the entire signal cycle
(360-degree conduction). Although the
general terms of class A operation per-
mit the use of the grid-current region
(c¢lass 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,
;onsequently, does not draw current.
Under these conditions (class A, oper-
ation), waveform distortion (variation
of output-signal waveshape from that of
inputsignal) 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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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



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

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

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

Power-Tube Applications
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resistance only slightly larger than that
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 dc plate, screen-grid (grid-No.2),
or bias (grid-No.l) supply voltages, or
by the use of ac filament or heater volt-
ages, is also cancelled or substantially
reduced in a push-pull stage. Push-pull
operation thus simplifies power-supply
filter requirements. Furthermore, it fre-
quently eliminates the necessity for at-
tenuating the low-frequency response of
an audio or video amplifier to reduce
interference from power-supply hum.

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

Class B Amplifiers

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



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

In class B af amplifiers, push-pull
circuits such as that shown in Fig. 18
are used to obtain cancellation of the
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even-harmonic distortion and amplifica-
tion of both positive and negative por-
tions of the signal waveform. In class B
rf amplifiers, on the other hand, com-
plete oscillations can be obtained from
pulses of plate current in gingle-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
efiiciency 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,shownin Fig.
18, the plate current never falls to zero,
but transfers abruptly from one tube to
the other each time the driving voltage
swings through the operating point.This
“switching’’action results in the genera-
tion of an odd-harmonic component
which cannot be cancelled by push-pull
operation and, because of its steep wave-
form, may cause spurious oscillations in
the output transformer. The amplitude
of this harmonic can be minimized by
moving the operating point toward the
linear region of the tube characteristic,
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 lincarity 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-
putstage of a transmitter is called “high-
level” modulation; that applied to any
stages preceding the final stage is called
“low-level” modulation. When “low-
level” amplitude modulation is em-
ployed, any stages following the modu-
lated amplifier must be linear amplifiers
to avoid distortion of the modulated rf
waveform. The circuit of a typical class



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

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

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

Class B linear amplifiers are used as
output amplifiers in single-sideband,
suppressed-carrier radiotelephone
transmitters. Because of the specialized
modulation used in this type of trans-
mission, the rf linear amplifiers for this
service are discussed under Power-T'ube
Circuit-Design Considerations.
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Class AB Amplifiers

Multigrid tubes and low-mu triodes
are not usually recommended or rated
for use as class B audio-frequency am-
plifiers. Multigrid types generate large
amounts of odd-harmonic distortion
when operated in the vicinity of plate-
current cutoff, and low-mu triodes re-
quire uneconomically large fixed-bias
voltages and relatively high driving
power. These types can, however, de-
liver relatively high output with low
distortion and good efficiency when
operated under class 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. 20. 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 ean thus deliver a higher maximum
power output.

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



In class ABj 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
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,
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however, and are extremely useful as rf
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.
21. 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. 21). 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 dc 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
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. 22.
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The output circuit or “plate tank’ is
tuned to the excitation frequency, and
the bias is such that the conduction
angle is approximately 140 degrees. The
power output is controlled by adjust-
ment of the plate and screen-grid (grid-
No.2) supply voltages, theload coupling,
and the rf excitation.

Triode “straight-through’’rf ampli-
fiers must be neutralized to prevent self-
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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. 22 except that a
“key” (a manually or automatically
operated switch) is inserted in the plate,
screen-grid, or cathode circuit.

The circuit and operating condi-
tions of a class C amplifier for frequency-
modulated signals are the same as those
shown in Fig. 238 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
sereen-grid (grid-No.2) voltage. Within
certain limits it is also proportional to
control-grid (grid-No.1) bias and, in the
case of certain pentodes and beam power
tubes, to suppressor-grid (grid-No.3)
voltage. Consequently, the output of a
class C rf power amplifier can be modu-
lated in amplitude by varying one or
more of its dc electrode voltages in ac-
cordance with the amplitude variations
of an audio or video signal.

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

Plate’ input and plate dissipation
also increase 50 per cent when a class C
amplifier is fully modulated. For plate
modulation, therefore, the plate input
and dissipation under carrier conditions
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must not exceed two-thirds the maxi-
mum values for class C telegraphy. For
control-grid, screen-grid, suppressor-
grid, or cathode modulation, the permis-
sible de plate input is even smaller.
Maximum dec 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.
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 class C amplifier,
as shown in Fig. 23. 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
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supply, the method shown in Fig. 24(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.
24(b). In all such cases, the modulator
must be capable of supplying af power
at least equal to one-half the combined
dc inputs to the plate and screen-grid
circuits.

A circuitin which modulation power
is applied only to the plate of a beam
power tube is shown in Fig. 24(c).The re-
actance of the af choke at the lowest
modulating frequency should be at least
equal to the de screen-grid voltage di-
vided by the de screen-grid current.

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

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

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

The modulator must be capable of
supplying the power required by the grid
of the modulated amplifier on the posi-
tive peaks of the modulating signal. It
must also have good output regulation
because of the wide variation in the load
impedance presented by the grid-circuit
over the entire modulation cycle. The
driver supplying the unmodulated car-
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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
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 thesupply circuit, asshown
in Fig.25(a).When screen-grid voltage is
obtained by the series-resistor method,
itisgenerally necessary tousethe “‘clamp-
tube” method of modulation shown in
Fig. 25(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 modulatoris required to supply only
a peak voltage equal to the suppressor-
grid bias, and does not have to supply
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
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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
a plate-circuit efficiency proportional to
the amount of modulating power avail-
able. However, the power output ob-
tainableis 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
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required. In other cases, it is usually
necessary to employ transformer cou-
pling to obtain proper impedance match-
ing and most efficient use of the avail-
able modulator power.

The bypass capacitors shown in
Figs. 23 through 25 should have very
low reactance at the rf carrier and side-
band frequencies and high reactance at
the highest modulating frequency. The
modulation transformer must convert
the equivalent resistance of the modu-
lated dec supply circuit into the proper
plate or plate-to-plate load resistance,
Z, for the modulator output tubes and,
consequently, should have a primary-
to-secondary turns ratio, N,/N,, equal
to ~/ZI/E, where I and E are the aver-
age current and 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 dec 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 harmonies 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.
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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
the conditions normally employed for
“straight-through” amplifier service,
however, its efficiency as a frequency
multiplier is relatively poor because
even the strongest harmonics represent
only a small fraction of the total power
output. To obtain good efficiency in
multiplier service, it is necessary to se-
lect a plate-conduction angle which has
high harmonic content at the desired
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theexcitation voltage. Because the plates

- are connected in parallel, two pulses of

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 harmonies 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. 26. In
this type of circuit, the grids are excited
in push-pull so that the tubes conduct
alternately on successive half-cycles of
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plate current flow in the common plate-
tank circuit for each excitation cycle,
doubling the power output and reducing
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 Cireuit-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 Circuils Section.
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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
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 ecrystal 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 employedin very-high-frequency
(vhf) equipment. Ultra-high-frequency
(uhf) oscillators usually require the use
of ecoaxial- 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 hecause of their lower noise and
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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. 27. 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,
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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, Ry, in series. This addi-
tional power is not wasted, however, but
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
Fig. 28, 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
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-
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sequently, requires less driving power
for the same power output. The output
impedance, which is composed of the ex-
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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 Rx, the voltage
gain cannot exceed unity. Substantial
power gains can be achieved, however,
by the transformation from a high to a
low impedance.

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



Power-Tube
Considerations

Circuit-Design

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 characteristies. The dc input
to the tubes is constant, and power out-
put is controlled by attenuation of the
signal at a relatively low-level point in
the system and /or by the use of remote-
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cutoff tubes. Input, interstage, and out-
put coupling is fixed, and control of
over-all frequency response, where re-
quired, is usually accomplished by fixed
or adjustable filters in one or more
stages. Stabilization seldom involves
procedures other than those necessary
to prevent self-oscillation or minimize
distortion.

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

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

Tube Selection

The selection of the most suitable
tube type for a particular application
depends to a large extent upon the type
of primary power available and the de-
sired power sensitivity. Tubes baving
the same filament voltage or current
ratings should be used throughout the
equipment wherever possible to simplify
power-supply requirements. Driving-
power requirements vary widely with
application, operating frequency, type
of circuit employed, and other factors.
Because of its importance in circuit de-
sign, driving power is discussed at
greater length later in this section. Me-
chanical considerations such as equip-
ment space limitations, layout, and ven-
tilation, as well-as economic considera-



tions, also affect tube selection.

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 A pplication Tables Section.
The final selection is then made by com-
parison of the technical data for the in-
dividual types.

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

Additional factors which must be
considered in the selection of tubes for
use as modulated rf amplifiers depend
on the type and degree of modulation to
be employed.These factors are discussed
in the Power-T'ube Applicalions Section
and in the Technical Dala 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
eurrents 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
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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. 29.

Multiple-tube stages employing
beam power tubes and other multigrid

[ . !
C i

9
types should be provided with individ-

iig. 2

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

AF Power Amplifiers

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



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

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

DRIVER
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class AB1 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-

CLASS A POWER
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—O PLATE
SUPPLY
VOLTAGE

Y}
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b
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Fig. 30

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. 30, to eliminate unbalanced de
from the output transformer and the
driver transformer.
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supply regulation should be within 10
per cent, screen~grid-supply regulation
within 5 per cent, and grid-bias-supply
regulation within 3 per cent.

Class B and class AB2 af power
amplifiers normally draw grid current
on large input signals and, therefore, re-
quire appreciable driving power. Power
output, frequency response, and har-
monic distortion are eritically 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-



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 stageis 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 thedrivertransformer, 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 ecircuit 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 de 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 ecircuit 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, R,, is equal to
E/I, where E is the dc potential across
the modulated circuit in volts and I is
the total direct current in amperes. The
proper turns ratio (primary to second-
ary), Ni/N,, for the modulation trans-
former is then given by

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 circuitinohms.

Example (1): Determine the amount
of af power, Wo, required for 100-per-
cent plate modulation of push-pull class
C 812-A triodes operating under ICAS
conditions. (Values are given in the tech-
nical data for the 812-A under Plate-
Modulated RF Power Amplifier— Class
C Telephony, Typical Operation.)

WO=W"—' (1250) (ZZX 0.140)=175 watts.

&




This amount of af power can be obtained
from a push-pull 811-A class B amplifier
operating under CCS conditions at a d¢
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

Re=550.140
or approximately 4500 ohms.
Consequently, the turns ratio (pri-
mary to secondary) required for the
modulation transformer is

N, 5100 1.1
.=\ 1500 =7 (approx.)

Example (2): Determine the amount of
af power, Wo, required for 100-per-cent
simultaneous plate and screen-grid mod-
ulation of a single 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. 24(c).

_Wa_(2000) (0.200+0.040)
2 2

= 4464

=240watts

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
R 2000
27 0.200+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, ‘\] ga00~ 1 (eppros)

In the design of af power amplifiers
for modulator service, consideration

=8333
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should also be given to the magnetizing
effect of the unbalanced dc 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, a suitable block-
ing capacitor and af choke should be
used to isolate the unbalanced dec cur-
rent from the secondary winding.

RF Power Amplifiers

Class B and class C rf power am-
plifiers normally operate into reso-
nant load circuits which can be designed
to filter out undesired 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
outpyt or improved operation at the
higher radio frequencies. It is also used
in frequency-multiplier service as a
means of emphasizing odd-order har-
monie frequencies.

Linear RF Power Amplifiers

For single-sideband suppressed-
carrier (SSB) operation, only one side-
band is transmitted, and the carrier is
suppressed to the point of nonexistence,
as shown in Fig. 31. In an SSB transmit-

CARRIER
!
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l
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FREQUENCY
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ter, thesignal to be transmitted is usually
generated at a low frequency, converted
to the transmitted frequency in one or
more stages of frequency conversion,
and amplified to the desired power level
by linear rf power amplifiers. An SSB re-
ceiver performs similar functions in the
inverse order and, except for the demod-
ulating stage, does not differ significantly
from the conventional superheterodyne
communications receiver.

The generation of SSB signals is
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simplified by use of a low-level stage
called an exciter, which amplifies the sig-
nal to the level necessary to drive the
power amplifiers of the system. The
driving power required is usually small
because high-gain beam power tubes are
used in most power amplifiers. This driv-
ing power, which may be as small as a
fraction of a watt, can be easily obtained
with receiving-type tubes; however, in
the special case of zero-bias cathode-
driven power amplifiers, drive require-
ments are substantially higher.

Single-sideband transmission re-
quires the use of linear rf power ampli-
fiers because the amplitude and phase
relationships of thesideband components
of the signal must be faithfully main-
tained. The required fidelity may be
achieved by choosing a power amplifier
tube having a linear transfer character-
istic, using feedback circuits to enhance
the linearity of the stage, and operating
the power-amplifier tube at almost class
A operation, within plate dissipation rat-
ings. High efficiency, however, is best
achieved by operation at close to class
B conditions. These conflicting demands
require a compromise between linearity
and efficiency.

Linear rf power tubes should be
capable of high gain and high plate dis~
sipation. High gain permits the use of
receiving-type tubes in the exciter stage
and enhances reliability by reducing the
number of stages necessary to achieve a
specified power level. Power-conversion
efficiency must also be considered, but
compromise with linearity should be
made only after satisfactory distortion
levels have been achieved.

The classes of operation suitable for
linear rf power amplifiers include: class
A, class AB,, class AB,, class B with
bias, and class B with zero bias. Class A
operation is the most linear, but is also
theleast efficient. Applicationis generally
limited to low-power-level amplification.
Class AB, is the best compromise of
linearity, efficiency, and gain, except for
thespecial casesnotedfor theother classes
of operation. Inspecial cases, beam power
tubes are operated as class AB, ampli-
fiers when the power level must be main-
tained at the expense of linearity; under
similar conditions, low- and medium-
mu triodes are operated at class B with
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bias. For high-mu triodes, operation as
class B with zero bias provides circuit
simplicity, good linearity, and efficiency,
but has poor gain and requires high driv-
ing power.

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.
The data for most newer tube types lists
“typical” driver-power output, which
represents circuit and tube losses. This
value is the actual power measured at
the input to the grid-No.l circuit and,
therefore, changes as the stated condi-
tions change. The ‘“typical” driving
power listed in the data for many older
types indicates only the signal power
dissipated in the internal grid-cathode
circuit of the tube and in the resistance
of the bias circuit. These figures do not
normally include driving power that
may be lost in tube sockets or in the
components and wiring of driving cir-
cuits, 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 reasomnable accuracy for
“straight-through” amplifiers. At fre-
quencies up to about 30 megacycles per
second, total tube and circuit losses are
approximately twice the driving-power
figures given in the tube data. At higher
frequencies, electron-transit-time losses
and other tube and circuit losses increase
so rapidly that it is generally necessary
to use a driver stage capable of supply-
ing 3 to 10 times the driving power
shown in the tube data.

The driving power available for a
class C amplifier or frequency multiplier
should be sufficient to permit saturation
of the driven tube, i.e., a substantial in-
crefise 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,
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.

In cathode-drive circuits, driver-
power output and the developed rf power

Fig. 82

output act in series to supply the load
circuit. If the driving voltage and grid-
No.1 current are increased, the output
invariably increases. Such is not the case
in a grid-drive ecirecuit, in which a satu-
ration effect occurs;i.e., above a certain
value of driving voltage and current,
the outputincreases very slowly and may
even decrease. Therefore, a cathode-
drive stage should not be driven near
saturation because the maximum grid-
No.2 input may be exceeded.

During the tuning of a cathode-drive
rf amplifier, variations in the load on
the output stage produce corresponding
variationsintheload onthedrivingstage.
This effectisindicated by a simultaneous
increase in the plate currents of both the
output and driving stages.
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Grid-Bias Considerations

Because class B rf amplifiers are
used almost exclusively as output ampli-
fiers in radiotelephone transmitters em-
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¢), 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
cireuit.

Batteries, rectifiers, or other de
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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
asubstantial 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
fiows 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 (inohms) 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, dc¢ screen-grid (grid-
No.2) current must be included in the
cathode current. In a pentode having an
independent suppressor grid (grid No.3),
any current drawn by the suppressor
grid must also be included.

Plate-modulated class C amplifiers
are usually operated with higher grid-
bias voltages than unmodulated ampli-
fiers because a linear modulation char-
acteristic usually requires the bias to
vary with the modulaing voltage, and
this variation is easier to obtain if it is
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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
providethe desired variationin bias volt-
age. The grid resistor should not be by-
passed for audio frequencies.

Grid bias for grid-modulated elass 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 voliage-
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 arerequired, 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-
ponents to the peak value of the plate-
current pulse is a maximum. These maxi-
ma oceur at conduction angles of about
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120 degrees for frequency doublers, 80
degrees for triplers, and 60 degrees for
quadruplers.

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

Oscillators

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

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

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

(2) Limit the amplitude of oscilla-
tion to minimize internal heating in the
frequency-determining crystal 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-
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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 crys-
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 neces-
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 between thegrid-
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 construc-
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
theactual oscillator terminals, the screen
grid acting as the anode. Power output
is taken from the plate circuit, which is
coupled to the oscillator only by the in-
ternal electron stream.

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

Parallel-Tuned Tank Circuits

The performance of an rf power am-
plifier, frequency multiplier, or oscillator
is eritically 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
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frequency, f; of such a circuit in mega-
eycles per second is given by
g100
2w+/LC (1)
where L is inductance in microhenries,
andCiscapacitanceinmicromicrofarads.
This expression shows that the reso-
nant frequency varies inversely as the
square root of the product LC. Doubling
both L and C halves the resonant fre-
quency. For any given frequency, f, the
product of L and C is a constant.



Exceptin circuits operating at ultra-
high and higher frequencies, L is usually
“lumped” or concentrated in a coil or
specially formed conductor, and C is a
combination of lumped and distributed
capacitance. The lumped capacitance
component is usually a variable capaci-
tor, and the distributed component is
composed of the self-capacitance of the
tank, tube capacitances, and the stray
capacitance of the circuit. Consequently,
distributed capacitance should always
be taken into account, particularly in
calculations for the higher radio frequen-
cies, at which it is 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 X X Ey

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

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

3

(2)

L
Req=—Cr—

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

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

The first step in the design of a
plate-tank circuit is the determination
of the most suitable operating Q for the
type of service in which the stage is to
be used. The use of too low a Q 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_300XQXI‘0
T ifXE

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

When a split tank circuit is em-
ployed for a single-ended stage, as shown
in Fig. 36 (b), the total tank capacitance
should be one-fourth that indicated by
Fig. 35 or Equation (4). The correspond-
ing tank inductance, therefore, is 4 times

4)



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-circuit ca-
pacitance is known, the tank inductance
required for resonance at the desired fre-
quency can be determined by substitu-
tion of the value of C in Equation (1).
Approximate winding data for single-
layer coils, such as that shown in Fig.
37, suitable for use in amateur transmit-
ters can then be obtained from the fol-
lowing formula:

Le R? x Nt
“9R J 10B
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where L is the inductance of the coil in
microhenries, R is the mean radius in
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inches, N is the number of turns, and B

is the length in inches.

It is sometimes impracticable to
limit the operating Q of a plate-tank
circuit to the desired value under the
proposed operating conditions. For ex-
ample, in parallel-tube stages or stages
operating at the higher radio frequencies,
tube and stray circuit capacitance may
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 value
obtainable under these conditions;

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

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

Interstage Coupling

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

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

A tapped plate-tank coil provides a
convenient means for controlling loading
and excitation, and generally makes it
unnecessary to tune the grid circuit of
the driven stage. Unused portions of
tapped tank coils, however, frequently
resonate with stray capacitances to form
unloaded “parasitic’” tank circuits which
are readily shocked into oscillation and
may interfere with the operation of the
equipment. Consequently, it is usually
preferable to use an untapped plate-tank
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coil in the driver stage and a non-reso-
nant grid circuit for the following stage,
and to control the excitation by varia-
tion of the coupling capacitance. Because
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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-tanlk 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 considérable 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 dc and, therefore,
may be grounded.Theseinterstage trans-
mission lines may be any of the various
types commercially available, such as
twisted pair, ribbon line, open-wire line,
or coaxial cable, depending on the re-
quirements of the circuit.

The coupling between link wind-
ings and their respective tank coils may
be either fixed or adjustable. Fixed links
should be coupled as tightly as possible
to their tank coils in order to assure
maximum energy transfer. When vari-
able coupling is desired, it is usually suf-
ficient to have only one of the links ad-
justable. Link windings should always
be coupled to their tank coils at points
of minimum rf potential. In single-ended
tank circuits (not split), the 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
Qutput eoupling circuits must de-
liver as much as possible of the power
supplied to them because there is no
subsequent amplification to make up for



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

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

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

Stabilization

Any amplifier will oscillate if suffi-
cient energy having the same frequency
and the same phase as the grid voltage
is fed back from the plate circuit to the
grid circuit. Feedback of the proper
phase for oscillation (regenerative feed-
back) may take place through the grid-
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 to the grid
in the proper phase and amplitude to
cancel the regenerative feedback. This
technique, known as “nentralization,”
can also be employed with multigrid



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 Cy is exactly
equal to the grid-plate capacitance of
the tube, the value actually required
may vary because of stray capacitances.

Consequently, Cn 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 Oscillations

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

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

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

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

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

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



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

(3) 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 ohms
inserted directly at the tube socket.In a
high-current circuit, a small rf choke (5
to 10 turns of wire) should be connected
in parallel with the resistor.

Fig. 43 shows a beam power tube
in an rf amplifier which has been stabi-
lized to eliminate parasitics. Lg, Lx, and
Ly, represent the distributed inductance
of the grid, cathode, and plate leads, re-
spectively. Cgp and Cgi 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
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non-inductive resistor having a value of
25 ohms or less is installed in the cathode-
return lead directly at the tube socket.

(8) A non-inductive resistor having
a value of 50 ohms or less is installed in
series with the grid-tank circuit directly
at the grid terminal of the tube socket.

(4) The grid-tank circuit is loaded
with a non-inductive resistor having a
value between 5000 and 50000 ohms.

Besides the measures shown in the
circuit, the screen-grid 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 vhi parasitics have been
eliminated, attention should be directed
tothe 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.
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(2) Resonance conditions in power-
supply filter circuits.

(3) Rescnance 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

Considerations

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.



Power Tube
Operating Conditions and Adjustments

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.

Simple calculations can be used to
determine operating conditions for any
type of service in which plate current
flows for less than the entiresignal 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 AB and class B linear rf
amplifiers.

The basic factors used in these cal-
culations are the peak plate current of
the tube, and the corresponding instan-
taneous plate voltage, grid voltages, and
grid currents. The peak plate current is
determined by the average or dc plate
current and by the plate-conduction
angle (i.e., the fraction of the signal cy-
cle during which plate current flows).
For a given dc plate current, peak plate
current varies inversely with conduction
angle and is equal to the dc value times
a conversion factor K;, given in Table
I.The corresponding instantaneous val-
ues of the other tube currents and volt-
ages are obtained from the ‘“‘Average
Characteristics’’ curves for the tube.
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Table |
Conduction
Angle
(degrees) K, K. K3 Ky K;
210 2.75 0.723 0.205 0.795 0.284
200 2.87 0.745 0.148 0.852 0.273
190 3.00 0.765 0.081 0.919 0.262
180 3.14 0.785 0.000 1.000 0.250
170 3.32° 0.805 0.095 1.095 0.237
160 3.50 0.825 0.210 1.210 0.224
150 3.75 0.844 0.350 1.350 0.213
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 0.940 2.410 3.410 0.130

Table I also gives four other con-
version factors or constants.(K,, K;, K4,
and Kj;) used in these calculations. A
sixth factor, Ks, which is a function of
grid bias and driving voltage, is given in
Table II. The values given for con-
stants K;, K,, K; K,, K; are based on
the use of sinusoidal signal waveforms
and conduction angles between 90.and
180 degrees. Angles between 100 and 160
degrees are generally used in “straight-
through’ class C amplifiers. Angles of
90 degrees are usually employed only in
frequency multipliers, and angles of 180
degrees in class AB and class B ampli-
fiers.

Experience has shown that the most
satisfactory relation between power out-
put and powergain in““straight-through”
class C amplifier service is achieved at a
conduction angle of about 140 degrees.
The use of larger conduction angles re-
duces driving-power requirements, but

Table it
Eei/Eg: Ks Eci/Eg K

0.26 4.67 0.65 6.95
0.30 4.84 0.70 7.62
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 harmonicdistortion to be determined
graphically.

Grid families are used in determin-
ing the peak currents in the correspond-
ing grid circuits. Like peak plate cur-
rent, these peak grid currents flow at the
instant control-grid voltage is at positive
peak value, and plate voltage is minimum.

A single set of curve families for a
multigrid tube shows the characteristics
of the tube at a particulargrid-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 (E,),

Operating Conditions and Adjustinents
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and a dec plate current (Ip) which pro-
vide a plate input (Py) 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 = K1 X Ib

(3) Determine the effective mini-
mum plate voltage (esmin) and peak
positive grid-No.1 voltage (ecjmay) from
the plate-family curves for the chosen
value of E¢, and the calculated value of
ibmax. FOor maximum plate-circuit effi-
ciency and maximum power gain, both
€pmin 2Nd €cymay should be as small as
possible. Because of other considerations,
however, enpi, should be slightly above
and to the right of the “knee’” in the ap-
propriate grid-No.1 voltage curve. The
use of epmin and ecymax Values below the
knee causes excessive grid-No.l and
grid-No.2 current; the use of values too
far to the right of the knee reduces
power output and may result in exces-
sive plate dissipation.

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

Py = K. X (Ep ~evmin) X Ib

(3) Plate dissipation or plate loss

(Pp) is then given by

Py = (Ep X I) — P
1f this value exceeds the maximum plate-
dissipation rating for the tube, it will be
necessary to recalculatesteps (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.l1 voltage or bias (Eq) as follows:
KiX Eg

He2g1
where gy 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 + €cimax

(8) Determine peak grid-No.1 cur-
rent (ie;may) from the grid-current char-
acteristics curves for the appropriate

) Em: ‘(Ka X ecmmx) -



value of E¢,. (Like peak plate current,
peak grid-No.1 current flows at the in-
stant that plate voltage is equal to epmip
and grid-No. 1 voltage is equal to ecymay)-
Then, using the value of K, given in
Table II for the calculated values of
B, and Eg, determine the de grid
current (Ig,) as follows:

ch = iclmax/KG
(9) The approximate driving power
(P4) required by the grid-cathode cir-
cuit of the tube is then given by
Pa = 0.9 X Eg X I

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

(10) Itis now necessary to calculate
the dc grid-No.2 current (Ie,) and grid-
No.2 input (W,). First determine the
peak grid-No.2 current (ie;may) from the
screen-grid-current characteristics curves
for the appropriate value of Eg. (The
value of iegmay i determined at the in-
tersection of the plate-voltage coordinate
corresponding to ehy;, with the grid-
No.1 voltage coordinate corresponding
to ecinux). Then, using the value of K;
given in Table I for the conduction an-
gle employed, calculate the dc grid-No.2
current (Ic,) as follows:

I, = Ks X ieomax
Grid-No.2 input (W¢,) is then given by
W(‘,g = Ecg X Icg
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 Eg, or to employ a smaller
conduction angle.
Example:

Calculate operating values for the
RCA-61461in Class C Telegraphy Service
under CCS conditions. The basic oper-
ating values are selected to be: Ey=600
volts; In=112 milliamperes; E.=150
volts; plate-conduction angle=140 de-
grees.

(1) Plate input (Py) = 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 1, K, for a conduc-
tion angle of 140 degrees is 4. Therefore,

RCA Transmitting Tubes =

peak plate current (ipy,x)=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 (Ec,=150 volts),
a suitable value for effective minimum
plate voltage (eppi,) to the right of the
‘“knee’’ is 70 volts. The corresponding
peak positive grid-No.1 voltage (ec max,
determined from Ee; curves) for a peak
plate current of 448 milliamperes is
approximately +16 volts.

(4) From Table I, K, for a conduc-
tion angle of 140 degrees is 0.862.There-
fore, power output (P,)=0.862 < (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 de grid-No.1 or bias voltage
(E¢,) and peak rf grid-No.l voltage
(Ey;) are calculated next. (Note that
bias voltage Eg, 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;y.c). 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 (ug.g,) is 4.5. Therefore,
Foy = ~(0.520 x 16)- 2220 X105 3

—50.6=-58.9, orapproximately—59volts.

(7) Peak rf grid-No.1 voltage (E)
= —(-59) + 16 = 75 volts.

(8) The next step is to determine dc
grid-No.1 current (I.,). From the grid-
No.l average -characteristics curves
shown in the tube data (E¢ = 150
volts), for epyu, of 70 volts and ecypax
of 416 volts, peak grid-No.l current
(icimax) = 28 milliamperes.

From Table II, K; for the ratio
B, /Eg=59/75 = 0.787 is between the
values given for ratios of 0.75 and 0.80,
and is approximately 9. Consequently,
I.,=0.028 /9=0.0031 ampere, or approx-
imately 8 milliamperes.

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

(10) From the grid-No.2 character-
istics curves shown in the tube data
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(E¢, = 150 volts), for Ep= 70 volts and
E¢,; =416 volts, peak grid-No.2 current
(icsmax) = 59 milliamperes (approx.)

From Table I, K; for a conduction
angle of 140 degrees is 0.200. Conse-
quently, de grid-No.2 current (Ie,) =
0.200 X 0.059 = 0.0118 ampere, or 11.8
milliamperes. Grid-No.2 input (Wg,) =
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:

Calcu= Pub-
lated lished
DC Plate Voltage (Ep). .. 600 600 volts
DC Grid-No.2
Voltage (E¢2) . .ovvvunn.. 150 150 volts
DC Grid-No.1
Voltage (Ee1) .. ...vvvnn. -59 58 volts
Peak RF Grid-No.1
Voltage (egimax) ....... 75 73 volis
DC Plate Current (Ib)..... 112 112 ma
DC Grid-No.2 Current (Ie2) 11.8 9 ma
DC Grid-No.1
Current (Ie))........... 3 2.8 ma
Driving Power
(Approx., Pd) ......... 0.2 0.2 watt
Power Output
(Approx., Po) .......... 51 b2 watts
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Class C Telegraphy Service
Triodes

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

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

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

ibmux =Ip X K,

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

The maximum permissible value of
€emax and the minimum permissible
value of eppi, 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 epy;, be slightly more positive than
€cmax+ 11 €bmin 18 smaller than ecp,y, the
grid will be driven more positive than
the plate and will draw excessive cur-
rent, and the peak plate current will be
reduced. In addition, the harmonic out-
put of the stage will be greatly increased.

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

Po = K2 X (Eb - ebmin) X Ib

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

Pr= (Ep X Ip) - Po

1f 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 gridbias (E¢) re=
quired as follows:

E;= - [Ka X {(omax + €bmin/p) + ED/H]

where pis the amplification factoy shown
in the published data for the tube.

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

Eg= —E¢ + €emux

(8) Determine peak grid current
(iemax) from the grid-current character-
istics curves. (The value of igy,, is
shown at the intersection of the plate-
voltage coordinate corresponding to
epmin With the grid-voltage curve corre-
sponding to egynax). Then, using the
value of K; given in Table II for the
calculated values of E; and Eg, deter-
mine the dec grid current (I¢) as follows:

Ic = icmax/KlS
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 epmpin.

(9) The approximate driving power
(P4) required by the tube is then given

by Pa=09 X Eg X I
Example:
Calculate operating values for the
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RCA-812-A for Class C Telegraphy
Service under ICAS conditions. The
plate voltage is selected to be 1500 volts;
the plate input, the maximum rated
value for the tube; and the plate-con-
duction angle, 140 degrees.

(1) From the published data for the
812-A, the maximum plate-input rating
is 260 watts. The dec plate current (Iy)
required to provide this input at a plate
voltage, (Ep) of 1500 volts is Ip
260,1500 = 0.173 ampere, or 173 milli-
amperes.

(2) From Table I, K, for a conduc-
tion angle of 140 degrees is 4. Therefore,
peak plate current (ipn.) = 0.178 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
(€cmax) Of 118 volts and an effective min-
imum plate voltage (epyn) 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 (1500
—-140) X 0.173 = 208 watts (approx.).

(5) Plate dissipation (Pp) = (1500
% 0.173) —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 Tablel, K:is 0.520. From
the published data, the amplification fac-
tor n is 29. Therefore, the de grid voltage
or bias(Ec¢)=-[0.520% (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.

(8) From the average characteris-
ties curves shown in Fig. 45, for ecy,x of
- 118 volts and epp, of 140 volts, peak
grid current (iemqy) = 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 (I¢) = 0.195/5.78 = 0.0337 ampere,
or 34 milliamperes (approx.).

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

These calculated values are com-
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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(Ep)...... 1600 1500 volts
DC Grid Voltage(Ee¢)....... -116 -120 volts
Peak RF Grid Voltage(Eg).. 234 240 volts
DC Plate Current {Ib) ..... 173 173 ma

DC Grid Current,

(Approx., Ie}........o.n 34 30 ma
Driving Power (Approx., Pd) 7.2 6.6 watts
Power Output (Approx., Po) 203 180 walts

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, de plate-voltage and dc plate-input
values selected for plate-modulated am-
plifiers must be within the maximum
ratings given in the tube data for this
type of service.

In general, adequate protection
against excessive dc plate input is ob-
tained when the dc plate voltage and
plate current do not exceed 80 per cent
of the maximum eclass 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
Multigrid Tubes

Operating values for multigrid tubes
used as frequency multipliers are also
caleculated as described above under
Class C Telegraphy Service, except that

values for the constants K, K., K., K,
and K; are obtained from Table III in-
stead of Table I.

Table HlI

K Ka Ks Ku Ks

Doubter 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

Triodes

Operating values for triodes used as
frequency multipliers are also calculated
as described above, except that valuesfor
the K constants are obtained from Table
III instead of Table I, and the following
equation is used to determine the value
of grid-bias voltage:

K
Eo= ~ (Ki X Egnax) '|"2_,‘f (8 Ey - epmmn)

Class AB, SSB Service

Multigrid Tubes

The operating conditions for a class
AB, linear rf amplifier used in single-
sideband service can be estimated from
the load line plotted on a set of plate
characteristics. The typical plate and
grid-No.2 characteristic curves shown in
Figs. 46 and 47 are used in the following
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procedure. All published maximum rat-
ings must be observed for each step.

(1) Choose values of plate voltage
(Eyv) and grid-No.2 voltage (E.,) within
the published maximum ratings.

(2) Determine peak plate current

RC A Transmitting Tubes

higher-valued fraction places the static
current level in the more linear portion
of the dynamic transfer curve.

(4) Determine the minimum plate
voltage (Bppy,) from point of Ibmgx
found in (2).

TYPICAL PLATE CHARACTERISTICS
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TYPICAL CHARACTERISTICS (5) Determine the grid-No.1 bias
" T (Ee,) from graph at the point of zero
8 [ e sors | |- signal found in (3).
§ J&(‘JF,?O‘;"VLJE;S‘E-SE)A (6) DC plate current at peak of
a GRID-No.I VOLTS =EC) | envelope (In,) is approximately equal to
- 2501 I¢; - : - I /3
2 1Ch | Eci=+i5 bmax/ 3+
% w (7) Average dc plate current (Iv)
g 200 is equal to Ip./1.4.
N (8) Determine peak grid-No.2 cur-
Z 150 rent (Ie;max) from Fig. 47 at conditions
z +10 in (2).
o \ i (9) DC grid-No.2 current at peak
% 100 \ [ of envelope (L., ) is approximately equal
= A q\ ( t0 Temax/4-
g 50 oNCTT s T AT (10) Average grid-No.2 current
Q N EC(=+15 (L,) is approximately equal to L,./1.4.
© ! . L
([ oo | (11) Averagegrid-No.2 dissipation
0 200 94(/2?5 vgiss 800 (P.,) is approximately equal to Eg, X Ie,.
L 9 2CM ~11291T (12) Peak Envelope Power input
Fig. 47 (Pine) is equal to Ep X I,.
(13) Peak Envelope Power output
(Imax) for zero bias (E., = 0) at or (PEP) is equal t0 (Ipnux/4) (Bo-Evmin).

slightly below the knee of the zero-bias
curve for the value of E., chosen in step

(3) Select a value of zero-signal
plate current (Iy,)} between 1/6 and 1/10
of Ibpmax found in (2). Locate I, at se-
lected Ey and construct a load line to
the point found in (2). In general, the
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(14) Average Plate Dissipation
(Py) is equal to 0.7 Piye — 0.5 PEP.

(13) Average Power Output (P,)
is equal to PEP/2,

(16) Effective rf load resistance
(Rp) is equal to 2(E, — Enpn)/Ing.

Example:
Calculate operating values for the



RCA-8072 linear rf power amplifier for
single-sideband service with two-tone
modulation.

(1) The plate voltage is selected to
be 700 volts; grid-No.2 voltage, 250 volts.

(2) On Fig. 46 plot the maximum-
signal point at knee of E;, = 0 curve
(point A). Read Iy, = 0.65 ampere
Locate Eip,i, at 250 volts.

3) I, = (1/6.5) X 0.65 =
ampere.

(4) On Fig. 46 plot the minimum-
signal point at Ey, = 700 volts and I, =
0.10 ampere (point B).

(5) On Fig. 46 read E., at —-15 volts
at minimum-signal point B.

(6) Calculate: I,
0.650/3 = 0.22 ampere.

0.10
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Ive = 0.9 Pinmax/Eo
Verify value to be within maximum rat-
ings.

(3) Determine peak plate current
(Ivmax) as 3 Ipe found in (2).

(4) Determine average plate cur-
rent (In) as Ipe/1.4.

(5) Determine peak positive grid
voltage (Ecpax) and effective minimum
plate voltage (Eppy) for this value of
Tbmax from the typical plate character-
istics for the tube.

The maximum permissible value of

- Bemax and the minimum permissible

Ibmux/3 =_

(7) Calculate: Iy = Iy, /1.4 = 0 22/.

1.4 = 0.16 ampere.
(8) On Fig. 47 locate point A at Ep
250 volts and E.,> 0 on grid-No.2
current curves. Read. Iopmyxy = 0.065
ampere.
(9) Calculate: Lo, = Ieype/4 =
0.065/4 = 0.016 ampere.
(10) Caleulate: I, = I;,/1.4 =
0.016/1.4 = 0.011 ampere.
(11) Calculate: Pe, = E¢y X Iy =
250 X 0.011 = 2.7 watts. Verify that
grid-No.2 dissipation is within rating.
(12) Calculate: Py, = Ey, Ine = 700
X 0.22 = 154 watts.
(13) Calculate: PEP = (Ip;n.</4)
(Ev — Eypum) = (0.650/4) (700 — 250) =
73 watts. )
(14) Calculate: Py = 0.7 Pine —0.5
PEP = 0.7 (154) — 0.5 (78) = 71 watts.
(15) Calculate: Po—PEP/Z 73/2
= 36.5 watts.
(16) Calculate: R, 2 (Ev -
Eomin)/Tomax = 2(700-250)/0.65 = 1384
ohms.

Triodes

Operating conditions for high-mu
triodes at'zero-bias grid-drive conditions
with two-tone modulation may be cal-
culated as follows.

(1) Select a plate voltage (E)
within the maximum rating of the tube.

(2) Determine de plate current at
peak of envelope (I,) which gives a
plate input approximately 90 per cent
of the plate input at the peak of envelope
rating:

value of Epp;, are determined at the
point where the horizontal coordinate
representing the peak current intersects
the E; = Eyp line (sometimes called ““Di-
ode Line”). It is generally desirable for
Eemax to be 75 per cent of Epyyp.

(6) Zero-signal dc plate current
(Iny) is equal to Ine/5.

(7) Peak of envelope power input
(Pine) isequal to Ep in (1) times In, in (2).

(8) Calculate peak envelope

.power output (PEP) as follows:
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PEP = (Ibmax/4) (Ev ~ Evpn)

(9) Average plate dissipation (P,)
is equal to 0.7 Py, ~ 0.5 PEP. Verify
value to be within maximum ratings. If
exeeeded, reduce Ihp,, slightly; if still
exceeded, reduce Ey.

'(10) Peak rf grid voltage (E) is
equal to Ecp,, for zero-bias conditions.

(11) Determine peak grid current
(Iemax) from the grid-current character-
isties curves. The value of I, is shown
at the intersection of the plate-voltage
coordinate corresponding to Eyp,, with
the grid voltage curve corresponding to
E(‘m xX*

(12) Peak-envelope grld current
(Ice) is equal to one-third I¢p,, in (11).

(13) Average de grid current (I.)
to 1/1.4 I, in (12).

(14) Calculate driving power of
tube (Pq) as follows: Pa = Eg (Temax/4)-

(15) Calculate effective rf 1oad re-
sistance (Rp) as follows: Rp = 2(Ep -
Ebmln)/Ibmux-

For cathode-drive conditions, it is
necessary to calculate the feedthrough
driving power (P1) as follows:

Pri = E¢ (Iomax/4)

The feedthrough power must then
be added to both the driving power (Pq)
in (12) and the peak-envelope power
(PEP) in (10). The effective rf load re-



sistance (Rp) in (13) must be modified
as follows: Ry = 2(Ev — Evmin + Eg)/
Ihmu}v

Example:

Calculate operating values for the
RCA-811A for linear rf power amplifier
service under ICAS conditions. Refer to
Fig. 48 for curve values.

RCA Transmitting Tubes =

(15) Calculate: Ry 2(Ey
Evmm)/Imex = 2 (1250 - 80)/0.36 =
6500 ohms. )

Class AB and Class B
AF Amplifier Service

Push-pull class AB and class B af
amplifiers are assumed to have a con-
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(1) Select Ey, = 1250 volts.

(2) Calculate: Iy, = 0.9 Pipe/Ey =
0.9 X 165/1250 = 0.12 ampere.

(3) Calculate: Iy, = 3 Ine = 83 X
0.12 = 0.36 ampere.

(1) Calculate: I = Lj)o/1.4 = 0.12/
1.4 =:0.09 ampere.

(5) On Fig. 48 locate Iy, = 0.36
ampere at Point A. Read E¢,,, = 80
volts; Eppin = 80 volts.

(6) Calculate Iy, = Ine/5 = 0.12/5
= 0.024 ampere.

(7) P = Ep I = 1250 X 0.120
= 150 watts.

(8) Calculate: PEP = (Tnyax/4) (Bv
~Buimin) = (0.36/4) (1250 — 80) = 0.09
(1170) = 105 watts.

) P, = 0.7 Py — 0.5 PEP
(0.7) 150-(0.5) 105 = 52.5 watts.

(10) Record: L, =
volts.

(11) On Fig. 48 locate Iemex =
0.12 ampere at Point C.

80

Et‘max =

(12) Caleulate: I, = Iop/3 =
0.12/3 = 0.04 ampere.
(13) Calculate: I, = I./1.4 =

0.04/1.4 = 0.028 ampere.
(14) Calculate: Pa = Ey (Iepqx/4)
= 80 (0.12/4) = 2.4 watts.

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 bhasis; ac values such as power
output, driving voltage, and driving
power are calculated for the entire stage.

The plate-circuit loads for af ampli-
fiers are usually iron-core transformers,
which are not adjustable to the same de-
gree as the resonant tank circuits used
as loads for rf amplifiers. To assure
proper loading for a class AB or B stage,
therefore, it is necessary to calculate the
plate-to-plate load resistance required,
and to provide an output transformer or
coupling device which presents this re-
sistance to the plate circuit of the ampli-
fier when connected to the external load.
Because the dc plate current of a class
AB or class B af amplifier is small under
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zero-signal conditions and increases with
amplitude of the driving signal, it is also
necessary to calculate both the zero-sig-
nal plate current (Ip,) and the maximum-
signal plate current (Ipp,y). The maxi-
mum-signal value should not be con-
fused with the peak plate current (ibmax),
which is the highest instantaneous value
and, at the assumed conduction angle of
180 degrees, is equal to 8.14 X Ipmax.

Class AB2 Amplifiers
Multigrid Tubes

(1) Choose a plate voltage (En), a
de grid-No.2 (screen-grid) voltage (E,),
and a maximum-signal de plate current
(Tbmax) 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
(ibmax) Per tube as follows:

bmax = Ki X Toyax = 3.14 Ibumx

(3) Determine peak positive grid-
No.1 voltage (eg may) and effective mini-
mum plate voltage (epy;) from the
plate-family curves for the tube for the
calculated value of iy, 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:

P0= 2K, X (Eb - ebmln) X Ibma,x
= 1.57X (Eb - ebmln) X Ibm:ix

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

PD= (Ep X Ihmax) — Po/2
If this value exceeds the maximum plate
dissipation rating per tube for class AB.
service, it will be necessary to recalcu-
late steps (1) through (5) using either a
smaller peak plate current (and, conse-
quently, a smaller maximum-signal de
plate current), or a lower value of eppn.

(6) The zero-signal de plate current
(Ine) per tube is selected to provide a

5
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combination of high power output with
low odd-harmonic distortion. A small
value of Iy, 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
Ip, is one which results in a zero-signal
plate dissipation per tube of one-third
to one-half the maximum rated value
(Ppmay)- For one-third maximum dissi-
pation, the zero-signal plate current
(In,) per tube is given by

Ibo = Ppmax/(3 X Eb)

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

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

Eg = ~Eq + ecymax
The total driving voltage (Egg) re-
quired for the stage, therefore, is given

by
Egzm=2 X (Eg)=2 X (-Ee, + ecumax)

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

RLD-D =127 X (Eb - ebmin)/Ibmnx
This value is four times the resistance
represented by a load line drawn on the
appropriate plate-family curves for the
tube from the ipmay, €omin POINt to the
intersection of the plate-voltage (Ep)
coordinate with the I, = 0 axis.

(10) Determine the peak grid-No.1
current (ic;m.) Per tube from the grid-
No.1-current curves given for the tube.
The value of ic;mux 1S shown at the in-
tersection of the epmin coordinate with
the ec max CUTVE.

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

Pgq = icxmax X Eg1/2

(12 )The peak grid-No.2 current
per tube (icomax) 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 (Ieynag) per tube as
follows:
Tesmax = K, X iszax = 0.25 ieamax

(14) Themaximum-signal grid-No.2

input (We,) per tube is then given by

We, = Ee, X Teamax

If this value of W, exceeds the maxi-

mum rating for the tube, it will be neces-~

sary to reduce either epy, or Eg.

The zero-signal grid-No.2 current
(Ieyo) is usually a small fraction of the
maximum-signal current (Icymax). 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, Eg, =
200 volts, and Ip,, = 135 milliamperes
per tube.

(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
(ibmay) = 3.14 X 0.135= 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 (ec;mux) =
+5 volts (approx.) and the effective
minimum plate voltage (epnpm) = 65
volts (approx.).

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

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

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

(7) From the plate-family curves
for Ec, 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-

=== RCA Transmitting Tubes

56

No.l (driving) voltage (Eg.-g) =
2 [-(=51) +5] = 112 volts.

(9) The effective plate-to-plate load
. ~ 1.27X (600 -65)
resistance (Ryp-p) =135 =
5033, or approximately 5000 ohms.

(10) From the grid-No.1 curves
given in the data section for Eg, = 200
volts, peak grid-No.1 current (ic;myy) i8
8 milliamperes (approx.) for ecyn.x =
+5 volts and ey, = 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
Eo, = 200 volts given in the data section,
for ecymax=-"5 volts and epy,,= 65 volts,
peak grid-No.2 current per tube (icomys)
= 45 milliamperes.

(13) The de¢ maximum-signal grid-
No.2 current per tube (I¢. ) = 0.25 X
45 = 11.2 milliamperes.

(14) Maximum-signal grid-No.2 in-
put per tube (W) = 200 X 0.0112 =
2.24 watts. This value is well within the
maximum rating for the 6146 (3 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 Cigtl;('l" l{;';zlc):i
DC Plate Voltage (Ep).. 600 600 volts
DC Grid-No.2

Voltage (Ee2)........ 200 190 volts
DC Grid-No.1 Voltage

(Fixed Bias, Ee1)..... -51 -48 volts
Peak AF Grid-No.1-to-

Grid-No.1 Voltage

(Egimgt) o v oo vevevnn 112 109 volts
Zero-Signal DC Plate

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

Plate Current (2Ibmas) 270 270 ma
Zero-Signat DC Grid-

No0.2 Current (2Icw)... — 1.0 ma
Maximum-SignalDCGrid-

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

(Plate to plate, Ryp-p) 5000 5000 ovhms
Maximum-Signal Driving

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

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

Class B Amplifiers

Triodes
The procedure for calculating oper-



ating values for push-pull triode class B
stages is substantially the same as that
given above for multigrid-tube class
AB, stages, but does not involve calcu-
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 (Ip,,..) per 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
(lbmax) = 3.14 X 0.155 = 0.487 ampere,
or 487 milliamperes.

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

(4) Power output for two tubes
(Po) = 1.57 X (1500-100) X 0.155 = 340
watts (approx.).

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

(6) For one-third maximum rated
dissipation, zero-signal de 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, de grid voltage
or bias (Ii¢) required to produce this
value of plate current at a plate voltage
of 1500 volts is approximately —45 volts.

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

(9) The effective plate-to-plate load

. 27 1500-1
resistance (Rpp-p) = 1————?<0.(155500 00)
= 11500 ohms (approx.).

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

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

Values are for two tubes (;25%3" lg’;ﬁb
DC Plate Voltage (Eb). . 1500 1500 volts
DC Grid Voltage (Ee) .. —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) 11500 13200 ma
Maximum-Signal Driving

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

Output (Approx.,Po).. 340 340 watts

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. 49
when all electrode voltages are changed
simultaneously in the same ratio. The
nomograph includes conversion factors
for current (Fi), power output (F),
plate resistance or load resistance (Fy),
and transconductance (Fgm) for voltage
ratios 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 (Eqes), and the pub-

_lished or original value of that voltage

(Epub). The relations shown are appli-
cable to triodes and multigrid types in
all classes of service.

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

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

‘When only one electrode voltage of
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

RCA Transmitting Tubes

volts. (The dc plate current Iy, 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, .
age (Ey) becomes——w—- or approxi-
mately 703 volts. Using conversion-fac-
tor values obtained from the nomograph
for the voltage ratio 150/160, the plate
current (Ip) = Fi X Ip = 0.91 X 120, or
approximately 109 milliamperes.

For a conduction angle of 140 de-

Fr  Fgm Edes Epub Edes Fi Fp
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1.40 20 o T 20 28455
8 9 TIie 26 5.0
16 116 4.5
075 + 2.4
14 8 114 4.0
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12 ; +12
-+ 2.0
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.20 : e _"_: 17
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3 7 T7 5120«
“ o 6 5 T 5 ~ e
s o T6 o .8 +
sos0 L, o @ z T < e e 8
2 s = s TS* g T
< S 2 4> T 2 sz k4 8
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o p =1 b < S uqhe
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grees, K, = 4 and the peak plate current
(lomax) = 4 X 109 = 436 milliamperes.

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

From the corresponding grid-No.1
and grid-No.2 curve families, peak grid-
No.1 current (ic;max) = 24.5 milli-
amperes and peak grid-No.2 current
(icomay) = 39.5 milliamperes.

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

From the nomograph, the current
conversion factor Fyfor theratio 160 /150
is 1.1.Consequently, ic;max = 24.5 X 1.1,
or approximately 27 milliamperes, and
icomax=2389.5X 1.1, or approximately 43.5
milliamperes.

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

Thedcgrid-No.1 voltageor bias (Eg,)

K E,
= —(K; X ecimay) — —LX—(‘-=_(0‘52
2281
X 16) —-1.52 (160/4.5), or approximate-
ly —62 volts.

The peak rf grid-No.1 voltage (Eg,)
= —(-62) 416 = 78 volts.

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

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

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

Calcu~ Pub-
lated  lished
1DC Plate Voltage (Ep). . 160 760 volts
DC Grid-No.2
Voltage (Ec2)oe.vvnus 160 160 volts

= Operating Conditions and Adjustments

DC Grid-No.1

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

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

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).. 1.39 1.76 watts

Because this method for conversion
of characteristics is necessarily an ap-
proximation, the accuracy of the nomo-
graph decreases progressively as the
ratio Eges/Epuy departs from unity. In
general, results are substantially correct
when the value of the ratio Eges/Epun
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
consideration the effects of contact po-
tential or secondary emission in tubes.
Because contact-potential effects be-
come noticeable only at very small dec
grid-No.1 (bias) voltages, they are gen-
erally negligible in power tubes. Second-
ary emission may occur in conventional
tetrodes, however, if the plate voltage
swings below the grid-No.2 voltage.
Consequently, the conversion factors
shown in the nomograph apply to such
tubes only when the plate voltage is
greater than the grid-No.2 voltage. Be-
cause secondary emission may also oc-
cur in certain beam power tubes at very
low values of plate current and plate
voltage, the conversion factors shown in
the nomograph do not apply when these
tubes are operated under such conditions.

Adjustment and Tuning

AT equipment does not normally
require tuning or preliminary adjust-
ments other than those necessary for
obtaining plate-current balance in push-
pullstages. 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-
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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
wattagerating) 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;
andsimpledevicesformeasuring approxi-
mate frequency, such as absorption-type
wavemeters. A cathode-ray oscilloscope
is desirable for proper adjustment of
radiotelephone, television, and facsimile
transmitters.

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

Tuning Procedure

Tuning and adjustment of rf power
equipment starts in the oscillator or in-
put stage, and continues through suc-
ceeding stages along the path followed
by the rf signal. The procedure used in
tuning class C stages is generally the
same for all types of service, circuit con-
figurations, and tube types. Consequent-
ly, the procedure given below for tuning
a “straight-through” rf amplifier stage
also applies to frequency multipliers. It
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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.

(3) 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. 50, and by maximum grid cur-
rent in the amplifier stage. If the ampli-
fier has a tuned grid circuit, this circuit
should also be tuned to resonance (indi-
cated by an increase in the amplifier
grid current).

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

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

]
:*—RESONANCE

DC PLATE CURRENT(Ip)

TANK TUNING CAPACITANCE
Fig. 50

followed after a change is made in
coupling orloading to compensate for the



normal detuning effects of such changes.

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

(9) Apply plate, screen-grid, and
suppressor-grid voltages (50 per cent of
normal values) to the amplifier, but not
to any following stages, and quickly
tune the amplifier plate circuit to reso-
nance. When an amplifier is operated
without a load connected to its plate
tank, its plate current will usually dip
at resonance to between 10 and 20 per
cent of the normal full-load value. The
absolute value of the no-load plate cur-
rent at resonance depends on the Q of
the plate-tank circuit, the type of bias
used, and the rf excitation voltage, and
should not be considered an indication
of the amplifier efficiency.

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

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

(10) Connect the external load to
the amplifier plate tank. (If this step has
already been taken to eliminate flash-
over, as described above, tighten the
load coupling.) When the load is applied
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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. 50.

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

Because the dc grid current of an
amplifier decreases as the load on the
amplifieris increased, grid current should
be checked after each change in load or
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.

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

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

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




Power-Tube

Because power tubesusually 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.

Sockels 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, theequip-
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 and Cooling

All electron tubes have heat losses
in the plate which cause the temperature
of the tube to rise above the ambient
temperature. As a result, the dissipation
rating of the plate is limited by the max-
imum allowable temperature which the
envelope and internal elements of the
the tube are rated to withstand. There-
fore, all methods of cooling tubes have
the common purpose of transferring dis-
sipated heat from the tube to maintain
terminal or bulb temperatures below
their specified ratings.

Three basic methods are used to cool
power tubes: natural-convection, forced-
air, and conduction cooling. Most of the
tubes listed in this manual are designed
for operation at maximum ratings with
natural-convection cooling. Some types,
such as the 6161, require forced-air cool-
ing: other types, such as the 826, 8298,
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and 833A, can be operated with natural-
convection cooling, but carry substan-
tially higher ratings when forced-air cool-
ing is employed. Recently developed
tubes having external plates are cooled
by forced-air cooling (type 8122) or by
conduction cooling (type 8072).

Regardless of the cooling method
used, 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
so that the envelope temperatures will
not become high enough to damage the
tubes or their associated circuit com-
ponents. No further precautions need
be taken for tubes cooled by natural con-
vection, other than ensuring that the
maximum permissible seal or bulb tem-
perature is not exceeded. Tubes cooled
by natural convection are generally lim-
ited to plate-dissipation ratings below
1000 watts.

Tubes designed for forced-air cool-
ing can be made smaller and more com-
pact; however, systems using forced-air-
cooled tubes require duct work and ad-
ditional power for the operation of a fan.
Forced-air cooling for power tubes can
rangefrom astreamof airdirectedradially
tothemajortubeaxistoastreamdirected
axially through an elaborate air-flow
system. Forced-air-cooled types are fit-
ted with a special radiator which in-
creases the cooling efficiency. Various
types of radiators are described under
Construction and Materials. Forced-air-
cooled tubes are generally limited to
plate dissipation ratings below 50,000
watts. Maximum permissible envelope
temperatures, air flow, and pressure re-
quirements for forced-air-cooled tubes
are given in the Tube Types— Technical
Data section.

Toacertain extent, conduction cool-
ing is inherent in all tubes as a result of
the physical contact between the tube
and its socket and mounting. However,
tubes which are specifically designed for
conduction cooling can be made smaller
and more compact and do not require
the fan and duct work necessary for



forced-air cooling. These tubes can be
used in enclosed or high-altitude sys-
tems where forced-air cooling is pre-
cluded. Although conduction cooling re-
quires careful initial design of the ther-
mal circuit, it does not require cooling-
system maintenance or operating ex-
pense. In conduction-cooled tubes, the
plate must be designed as an external
electrode and its terminal must be ther-
mally coupled to a constant-tempera-
ture device (solid or liquid heat sink)
which limits the tube to the specified
maximum temperature. The coupling
must have low electrical conductance
and high thermal conduectivity.

Thermal conduectivity is defined as
the rate of transfer of heat by conduction
through unit thickness of a material,
across a unit area for a unit difference of
temperature. The thermal conductivity
K of the entire conduction-cooling sys-
tem for any given configuration is rep-
resented by the equation:

Wy
TQ - T]

where W, is the selected dissipation in
watts, T. is the temperature at the tube
terminal in degrees centigrade (T,
should never exceed the specified maxi-
mum rating), and T, is the temperature
at the heat sink in degrees centigrade.

For very-high-power requirements,
liquid cooling, which is capable of re-
moving large quantities of heat, is re-
quired. In this type of cooling, the tube
electrodes are either immersed in a liquid
or have built-in duets for conveying the
liquid through the internal areas of the
electrodes.

Water is the most commonly used
coolant because it is readily available
and inexpensive. The water must be free
from impurities which might make it a
conductive medium. Other coolants hav-
ing lower freezing points are used in sys-
tems which may be subjected to freez-
ing temperatures when not in use.

It is essential that high-quality lig-
uid be used to fill the cooling system and
that provision be made for continuous
purification and elimination of sources
of contamination. These precautions are
necessary to prevent scale formation,
corrosion, and excessive electrolysis,
which can reduce tube life.
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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 (IZR losses), leakage (E2/R
losses), radiation, or stray coupling.

Excessive I2R losses in power-tube
cireuit 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 IZR losses
because they carry currents of high
average (de) or rms (ac) value, and be-
cause their resistance is increased by
heat received by direct thermal condue-
tion from the tube filaments or heaters.
When an installation requires the use of
long filament-supply leads or operation
of several high-current tubes from a com-
mon filament-supply line, these losses
may cause filament voltages to decrease
below the minimum values specified in
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
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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 12R losses in signal con-
ductors may also cause improper opera~
tion and tube damage, particularly in
driving circuits where the signal pro-
vides the required operating bias as well
as protection of the tube. In the selection
of signal conductors, consideration must
be given to ‘“skin effect,” which causes
current to concentrate nearer the surface
of a conductor as thefrequency 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
applicationsatfrequencies 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 de potentials. 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-~
ductors should be installed in compara-
tively cool locations as far from signal
conductors and unshielded signal com-
ponents as possible. Such conductors,
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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.

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

DC circuit returns for a power
tube employing fixed bias, grid-resistor
bias, or a combination of the two, are
made to the cathode terminal of the
tube.When cathode-resistor bias is.used,
either alone or in combination with an-
other type of bias, the dc 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 voltage equal to about one-
half the filament voltage. The polarity
and value of this drop must be considered
in determining the point to be used for
de circuit returns.

When dec filament voltage is applied
to a filamentary-cathode tube, all de
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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
cathoderesistor. 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 dec 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
circuit 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-
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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 dc
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. 51, 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.

CSAF BYPASS CAPACITOR

Fig. 51

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. 52 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
side of the filament center-tap resistor
to minimize the rf impedance of the
filament circuit. Capacitors used in rf
bypass applications should be specifi-

e

cally designed for use at the required
operating frequencies.
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Fig. 52

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. Obtamed from trans-
formers. The opéiz Wxalta@es applied
to thoriated-tungsten .or oxidé-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
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by low-frequency alternating current, on the application.
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.

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

Plate Supply simultaneously with or after the removal

The power-rectifier tubes included of screen-grid voltage. In addition, any
in this Manual hormally obtain their means employed for the reduction of
plate-supply voltage from the secondary plate voltage should automatically pro-
windings of high-voltage transformers duce a proportional reduction in screen-
connected to commercial power lines or grid voltage.
to local sources of low-frequency ac volt- The danger of excessive screen-grid
age. Power-amplifier tubes usually ob- voltage is present principally when
tain plate voltage fromrectifiersprovided  screen-grid voltage is obtained from the
with suitable filter circuits, although plate supply through a series dropping
batteries or local dc generators are some-  resistor. In this type of supply circuit,
times used, especially in portable and sufficient resistanceis connected between

mobile equipment. the screen grid and the plate supply to
) assure that the screen-grid volt
Suppressor-Grid Supply dissipation at th of screen-grid

Voltage for the grid No.3 or sup- ¢u —btas, and driving voltage re-
pressor grid of a power pentode quired for full output are within the
obtained from any & which is maximum ratings for the tube. Any con-
substantiglig-fre€ from ripple or other dition which reduces the current through
undesitable fluctuations in potential. the screen-grid dropping resistor to a
When an application requires that a Vvery low value, therefore, may cause the
suppressor grid draw a varying current, screen-grid voltage to rise to an exces-
the dc supply should be a battery or sive value.
other source having good voltage regu- Such conditions are most likely to
lation. This requirement is particularly  occurin telegraphy transmitters employ-
important when a suppressor grid is used  ing “blocked-grid” keying or other meth-
as a modulating electrode because the ods of keying which cut off or substan-
average suppressor-grid current may  tially reduce plate and screen-grid cur-
then vary with the amplitude of the rents of multigrid tubes when the key is
modulating signal. up. Although Class C Telegraphy ratings
. for most multigrid tubes permit a rise in
Screen-Grid Supply screen-grid voltage under key-up condi-
Grid-No.2 or screen-grid voltage tions, the maximum permissible screen-
for a beam power tube, pentode, or grid voltage under these conditions is
tetrode may be obtained from a separate generally substantially less than the
de power supply or from the plate sup- plate-supply voltage. Screen-grid volt-
ply for the tube. In the latter case, the age for a keyed multigrid amplifier
required voltage may be obtained either should, therefore, be obtained from a
from a suitable tap on a voltage divider separate supply or a voltage-divider ar-
or through a dropping resistor from the rangement, rather than by the series-
plate-voltage supply point, depending resistor method. In cases where a series-
on the type of multigrid tube used and resistor screen-grid supply voltage is
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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, dc
generator, or rectifier-filter system. Grid-
resistor bias is obtained by rectification
of a portion of the input signal or driv-
ing voltage applied to the tube. Although
this type of bias is the most economical,
and can provide relatively large bias
voltages or voltages which vary with the
input signal, it does not provide protec-
tion against excessive plate and screen-
grid current in the event the driving
voltage fails or is removed. Grid-resistor
bias, therefore, is usually used in combi-
natien 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 eathode resistor by the combined de
currents of the tube electrodes. This
type of bias provides automatic protee-
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 tlie effective plate and screen-grid
voltages of the tube are reduced by the
extent of the voltage drop in the cathode
resistor, this type of bias is used princi-
pally when relatively small bias voltages
are required or as 2 means of providing
a minimum protective bias when the
principal operating bias is obtained by
the grid-resistor mathod.

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-
trode voltages which result from line-
voltage fluctuations,load variations,and
normal manufacturing tolerances in cir-
cuit-component values. The operating
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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. Sepatate: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 or the negative high-
voltage supply lead of a tube for the



measurement of total cathode current.
In such cases, the meter should be
shunted with a resistor to protect the
tube cathode and the meter from high
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 vollages of most power tubes are high
enough fo be exiremely dangerous to the
uger, care should be taken during mainte-
nance of power-lube equipment to insure
that all primary power is disconnected

o
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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 parts which are not at ground po-
tential. Such adjustments should never be
made unless another person capable of ap-
plying treatment for electric shock is pres-
ent.

In the design of equipment, personal-
safely 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 swiiches
should automatically open the primary
circuits of all high-voltage power supplies
when access is required.



Rectifier Considerations

Rectifier-type power supplies em-
ploying electron tubes are used as sources
of plate, screen-grid (grid-N 0.2), 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 dc 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 merecury-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 mereury. over
othep(mtions of the bulb or on the
anode W’ filament must be avoided be-

cause it may lead to internal shorts or+

ares 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 isremoved at the end of this pre-
heating period, most of the vaporized
mercury recondenses in a pellet or pool
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at the bottom of the bulb, The condi-
tioning treatment is then applied to flash
out any mercury which may have con-
densed on the bulb walls or in the vicinity
of the anode and filament seals. In this
treatment, the tube is operated at nor-
mal filament voltage and at about one-
sixth normal anode voltage for 5 min-
utes. The anode voltage is then gradu-
ally increased over a period of about 30
minutes to the normal operating value.
If an internal flashover ocecurs 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 plasga,.{region of
electrons and positive ions) Which pro-
tects the emitting surface against dam-
age from high-velocity positive-ion hom-~
bardment. In the case of a mercury-
vapor rectifier, the application of anode
voltage must also be delayed until the
condensed mercury has moved to its
normal condensing zone at the bottom
of the tube, as discussed above.

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

It should be noted that measurement
of the filament voltage of a power-rectifier
tube may involve serious personal-safety
hazards because the filament is usually a
high-voltage terminal of the rectifier cir-
cuttl. When continuous measurements are



required, suitable voltmeters should be
permanently incorporated in the equip-
ment. These meters must be insulated to
withstand the maximum peak inverse volt-
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 W
high-voltage transformer, n in
Fig. 53. Thisrelay ehou"[iﬁ’)ermit adjust-
ment of thewdelay time to a value suffi-
cient to assure protection for the tubes
under the most adverse conditions that
can be expected in service.

Mercury Temperature

The life and performance of a mer-
cury-vaporrectifier are critically depend-
ent on the temperature of the condensed
mercury. Low ambient temperatures re-
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tard vaporization of the mercury, thus
limiting the degree of ionization avail-
able at normal filament voltage and rais-
ing the anode-cathode potential at which
the tube starts to conduct. High ambient
temperatures, on the other hand, are con-
ducive to rapid vaporization, but tend
to produce over-ionization and thus re-
duce the peak inverse anode voltage that
the tube can withstand without break-
down. Rectifiers using mercury-vapor
tubes, therefore, should be equipped
with means for measuring condensed-
mercury temperatures, and for main-
taining these temperatures within limits
specified for the tubes employed. Con-
densed-mercury temperature may be
measured with a thermocouple or ther-
mometer attached to the tube by means
of a small amount of putty in a region
near the bottom of the bulb. The proper
measurement zone for each of the mer-
cury-vapor tubes included in this Man-
ual is shown in the Qutlines 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 i1ii-
mum values speci ¥ e tube data,
Tm of heat-conserving sgslosure
n 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— Technical Data Section.

Shielding

Rectifier tubes, particularly mer-
cury-vapor types, should be isolated
from transformers and other components
which produce strong external magnetic
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or electrostatic fields. Such fields are
generally detrimental to tube life, tend
to produce breakdown effects in mercury
vapor, and frequently make it difficult
to obtain adequate filtering of rectifier
output. When tubes cannot be com-
pletely isolated from such fields, they
should be enclosed in shields of the type
described in the Power-Tube Installation
Section. Mercury-vapor rectifier tubes
used to supply transmitters or other
types of rf power equipment should also
be protected from large rf voltages. Such
voltages should be prevented from en-
tering rectifier circuits by rf filters such
as that shown in Fig. 54.
Mercury-vapor rectifier tubes occa-
sionally produce multi-frequency oscil-
lations or ‘“‘hash” which may cause in-
terference in the af stages of associated
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equipment and in near-by radio receiv-
ers. These oscillations are caused by the
development of a very steep wave front
at the instant conduction begins in each
rectifier unit, and may be propagated
along internal circuit wiring and exter-
nal power lines or radiated directly by
the tubes. In a receiver, rectifier “hash”
can usually be identified as a broadly
tunable signal modulated at the rectifier
“ripple” frequency. (The “ripple” fre-
quency is equal to the power-line fre-
quency times the number of half-wave
rectifier units conducting independ-
ently.)

In some cases, this type of interfer-
ence can be minimized by the use of very
short leads to the rectifier anodes. It is
usually necessary, however, to deter-
mine whether the interference is trans-
mitted by radiation or by conduction,
and to select the most effective method
for its elimination by experiment. Radi-
ation of such interference can usually be
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minimized by shields of the type used to
protect rectifier tubes against external
fields. The transfer of such interference
to a power line can be minimized by the
insertionof alow-passinductance-capaci-
tance filter in the input circuit of the
rectifier, as shown in Fig. 55, 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. 56 are also useful. The bypass
capacitors used in such filters must have
a voltage rating at least equal to the
peak voltage developed across each half
of the transformer secondary (approxi-
mately 1.4 times the rms voltage).
Rectifier tubes operated in circuits
in which peak inverse voltages are 16000
volts or higher produce X-rays. Because
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these rays constitute a serious health
hazard, tubes operated in such circuits
should be equipped with shielding de-
signed to absorb X-ray radiation

RCA mercury-vapor and inert-gas
rectifier tubes are equipped with inter-
nal cathode shields. These shields are
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connected to a filament or heater termi-
nal designated as the ‘“‘cathode-shield”
or “anode-return’’ terminal. When two
or more gas-rectifier tubes are operated
from a common filament or heater sup-
ply, the cathode-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 voltage 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. Imverse voltage is
voltage applied between the anode and
cathode in the direction opposite to that
in which the tubeis designed to pass cur-
rent, t.e., anode negative with respect
to cathode.

Forward cuarrent 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
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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 dc 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 flow through the
tube in the direction of normal conduc-
tion over a period not exceeding 0.1 sec-
ond under fault conditions. Rectifier cir-
cuits_should be designed to limit fault
currents to values within the maximum
ratings because even a single fault cur-
rent of the maximum value will mate-
rially shorten or terminate the life of
the tube.

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

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

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. 57 delivers only one pulse
of current for each cycle of the ac input
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voltage. Because its output contains a
very high percentage of ripple, this type
of circuit is used principally in low-volt-
age, high-current applications (e.g., in
power supplies for ac/dc receivers) and
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. 58, and a series single-
phase circuit in Fig. 59. 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.

Rectifier Considerations
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Fig. 60 shows a half-wave three-
phase circuit using three rectifier tubes.
This circuit delivers three current pulses
per cycle and its output, therefore,

Fig. 59

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

Fig. 60
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shown in Fig. 61 delivers six current
pulses per cycle. This circuit delivers
twice as much output current as the cir-
cuit shown in Fig. 60 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.
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In the series three-phase circuit
shown in Fig. 62, two half-wave rectifier
tubes are connected in séries 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. 60 for the same trans-
former voltage and peak inverse anode
voltage per tube. Figs. 63 and 64 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
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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
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Fig. 64
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by supplying the filament of each recti-
fier tube with voltage out of phase with
its anode voltage. Although the ideal
phase relationship between filament-
supply voltage and anode voltage is 90
degrees (true “Quadrature’), substan-
tial benefits are also realized at phase
angles of 60 or 120 degrees, which are
readily obtainable in three-phase and
six-phase rectifier circuits.

Table IV gives the voltage, fre-
quency, current, and power ratios for
the basic rectifier circuits shown in Figs.
57 through 64. These ratios apply for
sinusoidal ac input voltages. Current
and power ratios given for inductive
loads apply only when a filter choke is
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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 ocecur 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. 57 Fig.58 Fig. 59 Fig. 60 Fig.61* Fig. 62 Fig.63 Fig. 64
Voltage Ratios
E/Eav 2.22 1.11 1.11 0.854 0.854 0.427 0.785 0.74
Epmi/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
Ib/Tav 1 0.5 0.5 0.33 0.167 0.33 0.25 0.167
Resistive Load
Ip/lav 1.57 0.785 0.786 0.5687 0.294 0.587 0.503 0.408
Ipm/lav 3.14 1.57 1.67 1.21 0.52 1.06 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/lav - 0.707 0.707 0,577 0.289 0.577 0.500 0.408
Ipm/lav - 1 1 1 0.6 1 1 1
Power Ratios
Reststive Load
Pas/Pde 3.49 1.74 1.24 - - - - -
Pap/Pde 2.69 1.23 1.24 - - - - -
Pal/Pae 2.69 1.23 1.24 - - - - -
Inductive Load=
Pas/Pde - 1.57 1.11 1.71 1.48 1.05 1.57 1.81
Pap/Pde - 1.11 1.11 1.21 1.06 1.05 1.11 1.29
Pal/Pdc - 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.
a The use of a large filter-input choke is assumed.

E=transformer secondary voltage (rms)

Eav=average dc output voltage
Epmi=peak inverse anode voltage

Em=peak dc output voltage

Er=major ripple voltage (rms)
Iav=average de output current

Ip=average anode current

Ip=anode current (rms)

Ipm=peak anode current

f=supply frequency

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

amperes

Pde=dc power (Eav X Iav)

Note: Conditions assumed include sine-wave supply, zero voltage drop in tubes, no losses
in transformer and circuil, no back emf in the load circuit, and no phase-back.

78



liver a de voltage (Eqay) of 2500 volts at
an average dc current (I,y) of 500 milli-
amperes to the input of a filter. Also de-
termine the rms voltage (E) that must
be delivered by each half of the high-
voltage transformer secondary winding.

Procedure. (1) Determine the max-
imum peak inverse anode voltage which
eachrectifier tube must withstand.From
Table IV, the ratio of peak inverse volt-
age (Ebmi1) to de output voltage in sin-
gle-phase full-wave circuits is 3.14.

Ebm=3.14 X 2500 = 7850 volts.

(2) Determine the average anode
current (Iv) in each tube. From Table
1V, I in a full-wave single-phase circuit
is one-half the total dc output current.

Iy = 0.5 X 500 = 250 milliamperes.

(3) Select a tube having suitable
voltage and current ratings from the
Application Tables Section. The 8664,
which has a maximum peak-inverse
anode-voltage rating of 10000 volts and
a maximum average-anode-current rat-
ing of 250 milliamperes, meets the re-
quirements. (Although the 872A, which
has a maximum peak-inverse anode-
voltage rating of 10000 volts and a max-
imum average-anode-current rating of
1.25 amperes,would also be moresatisfac-
tory, the 866A is the more economical
type for this application.)

(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 dc
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 866A.
For exact calculation of E, the full-load
voltage drop in one half of the high-
voltage secondary winding must also be
added to the values within the paren-
theses.

Regulation

The voltage drops in filter-choke
windings or current-limiting resistors
which follow the rectifier, as well as those
in the rectifier tubes and transformer
windings, become a very important con-
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sideration when a rectifier filter is re-
quired to supply a varying load. Except
for the drop in a gas-tube rectifier, which
is substantially constant at all anode-
current values up to the maximumrating
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 ano-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. In addition, a ““bleeder”’
resistor drawing about 10 per cent of the
total output current should be perma-
nently connected across the output of the
supply.Although 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 whenaverylargebypasscapaci-
tance is connected across the output of
the supply, i.e., the amount of ac ripple
in the output is substantially reduced.
The internal impedance of the supply is
also reduced, so that there is less danger
of undesirable coupling and feedback in



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

Filters

The filter employed to minimize rip-
ple in the output of a rectifier may be
either a choke-input or 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,
makeit possible to obtain maximum con-
tinuous dc 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 de 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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than when a choke-input filter is used.

When a capacitor-inputfilterisused,
a current-limiting resistor should be con-
nected between the rectifier tubes and
the filter to limit current surges. The
total resistance, Ry, required to limit the
surge current to a safe value, including
the effective resistance of the power-
transformer secondary (or one half of
thesecondary of a full-wavetransformer)
is a function of the de¢ output voltage
(Eav) and the rated peak anode current
(Ipwm) of the tube.
Ri= KIX Eav

pm

The factor K is equal to 3.14 for the cir-
cuit shown in Fig. 57, 1.57 for the circuits
shown in Figs. 58 and 59, 1.21 for the cir-
cuit of Fig. 60, 1.11 for Fig. 63, and 1.05
for Figs. 62 and 64. The balance coil used
in the circuit shown in Fig. 61 limits the
peak anode current so that a limiting
resistor is not needed. The current-lim-
iting resistor may be short-circuited after
the rectifier-filter system has been
switched on to avoid a reduction in use-
ful dc output voltage. The resistor must
be employed, however, each time the
cireuit 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 deseribed above.

Design of Choke-Input Filters

The filter-design charts shown in
Figs. 65 and 66 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, wherefisthesupply frequencyused.

The chart shown in Fig. 65 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. 67.
The Ry, curves in Fig. 65 are used to de-
termine the minimum value of choke in-
ductance required. The equivalent load
resistance (Rt) in ohms is equal to the
dc output voltage (E,y) of the rectifier
in volts divided by the load current (Iy)
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in amperes. A dc¢ output voltage equal
to 90 per cent of the rms voltage () per
rectifier-tube anode is used in this calcu-
lation (from Table IV, E/E,y = 1.11).
This value does not include the voltage
drops in the power transformer, filter
choke, or rectifier tubes. The load cur-
rent used must assure operation of each
rectifier tube within its maximum aver-
age-anode-current rating. Inductance
and capacitance values must always lie
in the region of the chart above the
applicable Ry, curve.

The K curves in Fig. 65 indicate
combinations of minimum filter induec-~
tance (L) and maximum filter capaci-
tance (C,) which will keep the peak an-
ode currents (Iym) of the rectifier tubes
within their maximum ratings at a given
rms anode voltage. The factor K is equal
to the dc 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.
65 represent the following relation:

L; = Ci 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

J| 2
CAPACITANCE (C|)—MICROFARADS

65

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. 65. 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
Ry, and K curves on or above the Eg,
line for the maximum percentage of rip-
ple which can be tolerated in the output
of the filter section.

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

The most economical method of ob-
taining ripple voltages below 1 per cent
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Fig. 66

is by the use of double-section filters of
the type shown in Fig. 67(b). Values of
L., and C, for the second section of such
filters are determined from the chart
shown in Fig. 66. 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 Iy, at the
output of the second filter section may
be determined from the appropriate Eg,
curve in Fig. 66. Although any values of
inductance and capacitance having the
indicated product L. X C. will provide
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the desired filtering, serious instability
may result if the combination selected
is resonant at or near the ripple fre-
quency. The inductance of L., therefore,
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should always be greater than
3X (Ci + Cy)
2 X (Cy 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 hy
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. 65 at the
intersections of the appropriate K curve
with the curves for maximum and mini-
mum Rjp. 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 (a) limit output ripple to 5
per cent at a load current equal to the
combined maximum dc load-current
ratings of the tubes (2 X 1.25 = 2.5 am-~
peres); (b) keep the peak anode current
of each tube within its maximum peak-
anode-current rating (5 amperes).

Procedure: Ry, = 3200,2.5 = 1280
ohms. The value K = 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 dc 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 de¢ load-current
ratings of the tubes (2 X 0.25 = 0.5 am-
pere); (b) keep the peak anode current
of each tube within its maximum peak-
anode-current rating (1.0 ampere). Be-
cause the voltage regulation must be
good from no load to full load, the input
choke shall be of the “swinging’’ type.

Procedure: At maximum load, Ry,
= 2500,/0.5 = 5000 ohms. K = (2500 X
1.11)/1.0 = 2775. Because the curve in
Fig. 62 for R = 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
mierofarad. The maximum induetance of
the swinging choke should be as high as
practical. If a maximum value of 25 hen-
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ries is chosen, the minimum-load value
of Ry, (maximum 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 Ry of 26000 ohms. Therefore, a
bleeder having a resistance of not more
than 26000 ohms should be used to pre-
vent the dc output voltage from rising
excessively when the load is removed.
The bleeder draws a current of 2500/
26000, or 0.096 ampere, and is required
to dissipate 2500 X 0.096, or 240 watts.
Because the maximum average current
which can be supplied by two 866-A’s in
a full-wave circuit is 0.5 ampere, the
useful load current available from the
rectifier filter combination is 0.500 -
0.096 = 0.404 ampere, or 404 milli-
amperes.

The second filter section (L.C,)
must reduce the ripple from the value of
10 per cent at the output of the first fil-
ter section to a value of 0.5 per cent.
From Fig. 66, the value of the product
L.C. at the intersection of the curve for
Eg, = 10 per cent with the line for Ep,
= 0.5 per cent is 37. If C;is chosen to be
2 microfarads, then L, should have an
inductance of 18.5 henries. The value
chosen for L, should be checked to de-
termine whether resonance effects will
be present, i.e., L, should be equal to, or
greaterthan,3 X (142) /[2X (1 X2)]=9/4
= 2.25. Because the value of 18.5 henries
selected for L. is considerably greater
than 2.25, thefilter design is satisfactory.
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Interpretation of Tube Data

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 a more im-
portant consideration than long tube
life. The term “Intermittent Commer-
cial” in this title applies to types of serv-
ice in which the operating or ‘“‘on’’ peri-
ods do not exceed 5 minutes each, and
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

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

Each maximum rating of a tube
must be considered with respect to all
other ratings given for that tube, so that
the use of any one maximum rating will
not cause any other maximum rating to
be exceeded. For example, if the product
of the maximum plate-voltage and max-
imum plate-current ratings exceeds the
maximum permissible dc¢ plate input,
then either the plate voltage or the plate
current, or both, must be reduced. As an
illustration, the maximum CCS ratings
for Class C Telegraphy operation of
type 812-A are: plate volts, 1250 max;
plate milliamperes, 175 max; plate in-
put, 175 watts maz. It is apparent that
when the maximum plate voltage of
1250 volts is used, the de 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
average performanceinthegreatestnum-
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,
and rectifier output currentsshould never
exceed 90 per cent of the design-center
maximum ratings for a terminal poten-
tial at the battery source of 2.2 volts per
cell. Equipment for use with “B” bat-
teries should be designed so that under
no condition of battery voltage will the
plate voltages, screen-grid supply volt-
ages, or dissipations ever exceed themaxi-
mum rated values by more than 10 per
cent.

In general, tubes are rated at the
most severe conditions in a given serv-
ice. For example, class C telegraphy rat-
ings assume key-down conditions (per
tube) without amplitude modulation;
class C telephony ratings are established
with fully modulated carrier conditions
(per tube).

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

The values for grid-bias voltages,
other electrode voltages, and electrode
supply voltages are given with reference
to a specified datum point as follows:
For tube types having filaments heated
with de, the negative filament terminal
is taken as the datum point to which
other electrode voltages are referred. For
types having filaments heated with ac,
the filament mid-point (i.e., the center
tap on the filament-transformer secon-
dary, or themid-point on aresistor shunt-

Interpretation of Tube Data =

ing the filament) is taken as the datum
point. For types having indirectly heated
unipotential cathodes, the cathode is
taken as the datum point.

Electrode voltage and current rat-
ings are in general self-explanatory, but
a brief explanation of other ratings will
aid in the understanding and inter-
pretation of tube data.

Plate Input is the total power sup-
plied to the plate. It is the product of
the de 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.

TubePowerQutputistheoutputob-
tainable from the tube itself and is equal
to plate input minus plate dissipation.
(The term power ountput is used in some
publications.)

Useful Power Outpul is the out-
put measured at the load of the output
circuit. Values given in the data are for
the stated conditions; actual values de-
pend on the circuit efficiency, operating
frequency, 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 (orGrid-No.1) Driving Power
is the actual signal-power input to the
control grid plus the powerlost in the bias
supply.Itis given by theformulaWg=0.9
E,IL;, where W 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).

Driver Power Output is the useful
power output of the driver stage or the
power measured at the input to the grid
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circuit of an amplifier. This value in- separate cathode and heater terminals.
cludes circuit losses and varies accord- These ratings indicate the highest in-
ing to the frequency of operation and stantaneous voltage that may be applied
the circuit used. between a heater and cathode without

Peak Heater-Cathode Voltage rat- breakdown of the insulation between
ings are given only for tubes that have these electrodes.
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POWER TUBE COOLING DESIGNS

EFFICIENT COOLING is the key to the development of reliable
power tubes. Several cooling designs are shown above: (top) RCA-
8072, conduction cooled; (center) RCA-8121, and (bottom) RCA-
8122, both forced-air cooled. In the background is fin-type, high-
efficiency integral radiator used in the 8122,

87




Application Tables

The tables in this section are in-
tended to aid in the selection of trans-
mitting tubes for specific applications.
Tube types have been classified accord-
ing to the principal services for which
they are rated, but are not necessarily
limited to the applications listed. The
tube types, together with their ratings
and characteristics of primary interest,
are listed in each category in order of
increasing power output (except Tables

6 and 7). Tubes whose type numbers are
printed in bold type are suggested for
new equipment design. Unless otherwise
noted, the ratings given are based on the
absolute maximum system.

After suitable tube types are se-
lected from the appropriate tables, the
final choice should be based on the com~
plete ratings for the types under consid-
eration, as given in the Tube Types—
Technical Data Section.

SERVICE APPLICATIONS

1. AF Power Amplifier and Modulator
Service

2. Plate-Modulated RFF Amplifier — Class C
Telephony

3. RF Amplifier Service—Class C Telegraphy
4.Linear RF Amplifier Service — Single-

Sideband Suppressed Carrier, Two-
Tone Modulation

5. Plate- or Grid-pulsed Amplifiers or
Oscillators

6. Special Services
7. Rectifier Tubes

1. Power Tubes for AF Power Amplifier and Modulator Service

Power Filament Maximum Plate Ratings? Kind3 RCA
Output  Coolingt or Input Dissi- of TYPE
(Typical) Heater pation ‘Tube NoO.
Wattst Volts Volts Watts Watts
CLASS A AMPLIFIERS
2.7 N 6.3 275 — 825 BP 5686
26.5 N 6.3 375 40 21 BP 51614
CLASS AB, AMPLIFIERSS
20.5 N 12to 15 300 2] 10 BP 7551
20.5 N 6.3 300 21 10 BP 57558
44 N 6.3/12.6 750 100 30 BPBP 829B
80 FA 6.3 1000 180 115 C 6816
80 FA 26.5 1000 180 115 C 6884
80 FA 6.3 1000 180 115 CR 7457
80 C 6.3 1000 180 — CR 7842
80 C 26.5 1000 180 — C 7843
80 C 6.3 1000 180 — C 7844
82 N 6.3 600 60 20 BP 56146
82 N 26.5 600 60 20 BP 56159
82 N 12.6 600 60 20 BP 56883
82 N 6.3 600 60 20 BPR 57212
- 82 N 26.5 600 60 20 BPR 57357
380 N 10 2250 360 100 BP 5813
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1. Power Tubes for AF Power Amplifier and Modulator Service (Cont.)

Power Filament Maximum Plate Ratings? Kind3 RCA
Qutput Coolingl or Input Dissi- of TYPE
(Typical) Heater pation Tube NO.
Wattst Volts Volts Watts Watts ’
7203/
590 FA 6 2000 — 250 BP i 4CX508
7204/
590 FA 26.5 2000 — 250 BP i 4CX2501
1600 FA 6.3 3000 1500 600 CR 7650

CLASS AB; AMPLIFIERS®

2 N 6.3 400 30 10 BPQ 52E24
42 N 6.3 600 30 10 BP 52E26
°? N 12.6 600 30 10 BP 56893
30 N 6.3 600 60 25 BP 5807
80 N 12.6 600 60 25 BP 51625
90 N 6.3 600 62.5 20 BP 56146
90 N 26.5 600 62.5 20 BP 56159
90 N 12.6 600 62.5 20 BP 56883
90 N 6.3 600 62.5 20 BPR 57212
90 N 26.5 600 62.5 20 BPR 57357
140 FA 6.3 1000 180 115 C 6816
140 FA 26.5 1000 180 115 C 6884
140 FA 6.3 1000 180 115 CR 7457
140 C 6.3 1000 180 - CR 7842
140 c 26 .5 1000 180 —_ C 7843
140 c 6.3 1000 180 — C 7844
CLASS B AMPLIFIER®

10.4 N 6.3 300 — 3 TT 1635
235 N 6.3 1250 165 45 T 5811A
235 N 6.3 1250 165 45 T 58124
1650 N 10 3000 1125 300 T 5833A
2400 FA 10 4000 1600 400 T 5833A

! Cooling: N, natural; FA, forced air; C, conduction.
2 CCS, unless otherwise noted.
4 Designations for kind of tube:

BP Beam power P Pentode

BPQ Quick-heating beum power PP Twin pentode
BPR Ruggedized beam power PT Pencil triode
BPBP Twin beam power T TFriode

C Cermolox TT Twin triode
CR  Ruggedized cermolox T-P Triode-pentode

+ Approximate,

s LTCAS ratings also shown in Technical Data Section.

s Typical power output for two tubes, except twin-unit types.

Except for types listed in Table 7 (Rectifier Tubes), tube type numbersin BOL D FACE are suggested for use
in new equipment design.
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2. Power Tubes for Plate-Modulated RF Amplifier Service— Class C Telephony

Typical Operation Maximum Plate Ratings?
Filament Max Freq Kind3 RCA
Power Fre- Cool- or for Full DC  Dissi- of TYPE
Output quency ingl Heater Input Input pation Tube NO.
Wattst (at) Mc Volts Mc Volts Watts Watts
1.7 3000 C 12.6 — 750 45 —_ C 7801
1.7 3000 C 6.3 — 750 45 — C 7870
35 500 N 6.3/12.6 500 200 8 4 PP 56939
5.5 500 N 6 2000 260 8.5 5 PT 55893
6.4 30 N 6 — 250 10 8 BP 55763
6.4 30 N 13.5 — 250 10 8 BP 56417
6.5 175 N 6.3 175 250 15 7 BP 107095
6.5 175 N 6.3 175 250 15 7 BP 57558
6.5 175 N 12 to 15 175 250 15 7 BP 7551
6.7 500 N 6 500 275 9 55 PT 56263
6.7 500 N 6 500 275 9 5.5 PT 56263A
13.5 — N 6.3 125 400 20 6.7 BPQ 52E24
13.5 — N 6.3 125 400 20 6.7 BP 52E26
13.5 _— N 12.6 125 400 20 6.7 BP 56893
717 —_ N 6.3/12.6 200 600 22 10 BPBP 5832A
17 400 C 12.6 —_ 750 45 — C 7801
17 400 C 6.3 — 750 45 —_ C 7870
28 —_ N 6.3 60 475 40 16 .5 BP 5807
28 — N 12.6 60 475 40 16 .5 BP 51625
34 — N 6.3 60 480 45 13.3 BP 56146
34 — N 26.5 60 480 45 13.3 BP 56159
34 — N 12.6 60 480 45 13.3 BP 56883
34 60 N 6.3 60 480 45 13.3 BPR 57212
34 60 N 26.5 60 480 45 13.3 BPR 57357
45 400 FA 6.3 1215 800 120 75 C 6816
45 400 FA 26.5 1215 800 120 75 C 6884
45 400 FA 6.3 1215 800 120 75 CR 7457
45 400 C 6.3 1215 800 120 — CR 7842
45 400 C 26 .5 1215 800 120 — C 7843
45 400 C 6.3 1215 800 120 — C 7844
750 — N 6.3/12.6 200 600 67.5 21 BPBP 5829B
770 — FA 6.3/12.6 200 600 90 28 BPBP 5829B
85 — N 6.3 30 1000 115 30 T 5812A
88 — N 6.3 30 1000 115 30 T 5811A
120 900 FA 6.3 900 1300 270 167 T 6161
180 — N 10 30 1600 240 67 BP 5813
235 175 FA 6 500 1500 — 165 BP 7203/
4CX250B
235 175 FA 26.5 500 1500 —_ 165 BP 7204/
4CX250F
600 400 FA 6.3 1215 2000 1000 400 CR 7650
635 — N 10 30 2500 835 200 T 5833A
800 600 FA 5.5 1215 2000 1700 1000 C 7213
1000 — FA 10 20 3000 1250 270 T 5833A

' 7 Both sections.
10 JCAS ratings only.

1, % 3y 4, 5 See Table 1,
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3. Power Tubes for RF Amplifier Service—Class C Telegraphy

Typical Operation Maximum Plate Ratings2
Filament Max. Freq. Kind® RCA
Power Fre- Cool- or for Full DC Dissi- of TYPE
Qutput quency ing! Heater Inpaut Input  pation Tube NO.
Watts? (at) Mc Volts Mc Volts  Watts Watts

CLASS C AMPLIFIERS, RF TELEGRAPHY

1.2 10 N 1.4/2.8 — 150 3 2 P 83A4
1.4 1000 N 6.3 5000 250 — 2.5 PT 7554
2 — N 1.4/2.8 — 135 2 1 1T 83A5
3.2 3000 C 12.6 —_ 750 52.5 — C 7801
3.2 3000 C 6.3 —_ 750 52.5 -— C 7870
23.5 940 N 12-15 — 9300 — %25 T-P 7060
4 40 N 12-15 — 300 — 5 P 8077/
7054

5 500 N 6.3 1700 360 9 6.25 PT 4037

5 500 N 6.3 1700 360 9 6.25 PT 5876

5 500 N 6.3 1700 360 9 6.25 PT  5876A

5 500 N 6.3/12.6 500 250 12 6 PP 56939
5.25 125 N 6.3 — 275 11 8.25 BP 5686
55 1000 N 6 2000 320 11 7 PT 55893
7 500 N 6 500 330 13.2 8 PT 56263

7 500 N 6 500 330 13.2 8 PT 56263A

7 175 N 6.3 175 300 18 10 BP 107095
7.5 500 N 6 500 320 13.2 8 PT  36264A
8.5 175 N 12/15 175 300 21 10 BP 7551
8.5 175 N 6.3 175 300 21 10 BP 37558
10.3 30 N 6 — 300 15 12 BP 55763
10.3 30 N 13.5 — 300 15 12 BP 56417
20 125 N 6.3 125 500 30 10 BPQ 52E24
20 125 N 6.3 125 500 30 10 BP 52E26
20 125 N 12.6 125 500 30 10 BP 56893
21 — N 6.3 — 375 35 21 BP 51614
726 — N 6.3/12.6 200 750 36 15 BPBP 5832A
27 400 C 12.6 — 750 52.5 — C 7801
27 400 C 6.3 —_ 750 52.5 —— C 7870
30 175 N 6.3 60 750 90 25 BPQ 194604
40 —_ N 6.3 60 600 60 25 BP 5807
40 — N 12.6 60 600 60 25 BP 51625
40 1215 FA 6.3 1215 1000 180 115 C 6816
40 1215 FA 26.5 1215 1000 180 115 C 6884
40 1215 FA 6.3 1215 1000 180 115 CR 7457
40 1215 C 6.3 1215 1000 180 —_— CR 7842
40 1215 C 26.5 1215 1000 180 —_ C 7843
40 1215 C 6.3 1215 1000 180 — C 7844
52 60 N 6.3 60 600 67.5 20 BP 56146
52 60 N 26.5 60 600 67.5 20 BP 56159
52 60 N 12.6 60 600 67.5 20 BP 56883
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3. Power Tubes for RF Amplifier Service—Class C Telegraphy (Cont.)

Typical Operation Maximum Plate Ratings?2
Filament Max, Freq. Kind3 RCA
Power Fre- Cool- or for Full DC Dissi- of TYPE
Output quency ing! Hecater Input Input pation Tube NO.
Watts¢ (at) Mc Volts Mc Volts  Watts Watts
52 60 N 6.3 60 600 67.5 20 BPR 57212
52 60 N 26.5 60 600 67.5 20 BPR 57357
770 — N 6.3/12.6 200 750 90 30. BPBP 5829B
85 470 C 12-15 500 2200 660 - — BP 8072
920 — FA 6.3/12.6 200 750 120 40 BPBP 58298
130 — N 6.3 30 1250 175 45 T 5812A
135 — N 6.3 30 1250 175 45 T 5811A
180 900 FA 6.3 900 1600 400 250 T 6161
235 470 FA 13.5 500 2200 660 150 BP 8121
250 500 FA 6 500 2000 — 250 BP 7203/ .
4CX2508B
250 500 FA 26.5 500 2000 — 250 RP 7204/
4CX250F
275 — N 10 30 2000 360 100 BP 5813
300 470 FA 13.5 500 2200 660 400 BP 8122
375 1215 FA 6.3 1215 2500 1250 700 CR 7650
1000 -— N 10 30 3000 1250 300 T 5833A
1350 600 FA 55 1215 2500 2500 1500 C 7213
1440 — FA 10 20 4000 1800 400 T 5833A
7 Both sections.
8 Design Center values.
* For pentode unit.
18 JCAS— ratings only.
1, % 3 4 5 See Table 1.
4. Power Tubes for Linear RF Amplifiers—
Single-Sideband Suppressed-Carrier, Two-Tone Modulation
Typical Operation Max. Maximum Plate Ratings?
Filament Freq. Kind? RCA
Power!2 Fre- Cool- or for Full zpC Dissi- of TYPE
Output queney ingt Heater Input Current pation  Tube NO.
Wattst (at) Mc Volts Mece Yolts Ma Watts
80 30 C 12-15 500 2200 350 —- BP 8072
120 30 N 6.3 30 1250 175 45 T 811A
170 30 FA 13.5 500 2200 450 150 BP 8121
295 30 FA 6 500 2000 250 250 BP 7203/
4CX250B
295 30 FA 26 .5 500 2000 250 250 BP 7204/
4CX250F
360 500 KA 6 500 2000 350 250 BP 7580
380 30 FA 13.5 500 2200 450 400 BP 8122
680 30 FA 6.3 1215 2500 500 600 BP 7650

12 Peak envelope.
3 % 8 4 See Table L.
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5. Power Tubes for Plate- or Grid-Pulsed Amplifiers or Oscillators

Typical Operation Maximum Plate Ratings2
z S
z
S 3 o ° =
s | s g |5 |z5|E5| 3| 5 |5¢ >
-5 £ 8 ¥ |mE | A & |EZl T |'% 3
PRI m2 =X = ES | wik - 2 |BE & =2 |«
ES|2E122| £ | 8 |ST|E5| 5 | 5 |8z| EE(E2|C
&l lad| Al | & O les|[EE | A& a2l RS MR | &
dkw | usec Mec Volts| Mc Volts | Amp.j usec! usec

PLATE-PULSED. AMPLIFIERS OR OSCILLATORS!
1.2 1 0.001 3300 N 6 4000 1750 3 5 5000 PT 5893
45 10 0.01 121s FA 6.3 1215 3000 3 10 1000 RC 7649
14 5 0.01 1250 FA 6.3 1300 7500 4.5 10 1000 T 5946
39 10 0.01 1215 FA 6.3 1215 8000 9 10 1000 RC 7651
65 10 0.01 1215 FA 5.5 1215 10000 18 10 1000 C 7214

GRID-PULSED AMPLIFIERS OR OSCILLATORS!3
23 10 0.01 1215 FA 6.3 1215 142250 3 10 1000 RC 7649
20 10 0.01 1215 FA 5.5 1215 145000 18 10 1000 C 7214
20 10 0.01 1215 FA 6.3 1215 145000 9 10 1000 RC 7651

1 See Technical Data Section for exact classification in each case.
14 DC Plate Volts.

17 Peak.

1. 2 3 4 gee Table 1.

6. Power Tubes for Special Services
See Technical Data Section for further information on each type.

Service RCA TYPE NO.
Balanced Modulator .........ciiiviiiniiinanieniarnen e s e st iar et tausens 7360
Class C Oscillator .......... Cerseresaseraneeenans Cereeeetirennaeras 4037, 5675, 6026
Control Amplifier ......... Miteeeeesartetareasennn et asereseartttraterenrantan 3C33
Frequency Multiplier........ [N RPN 4037, 5763, 5876, 5876A, 5893, 6161,

6264A, 6562/5794A, 6939, 7551, 7554, 7558, 7905, 8077/7054
Integral-Cavity Oscillator .......ccoveveiiireiinrrrnesennntsrennenens 6562/5794A, 7533
Linear RF Power Amplifier—AM Telephony ..........0 v0vevsveeaianns aeseeasana 7580
Low-Noise Class A Amplifier, RF . ...iviitiierieriesserioteeroncossnssnnns 7552, 7553
Modulator-Rectangular-Wave Modulation ......... Ceereerasi ey ...3E29, 6293, 7358
Pulse Detector....... feseesesaeansanenns erean eresererrsaens eeeiiseataasaaas 6173
Regulator ...c.ovoevvescornnssnsrvassanosanes Ceeeneas reveneas Cevereeanaeeans 4600A




e RCA Transmitting Tubes

7. Rectifier Tubes

Maximum Plate Ratings5

Filament Peak RCA
Or Heater Inverse Peak Average TYPE
Volts Volts Amperes Amperes NO.
HALF-WAVE, MERCURY-YAPOR TYPES:
2.5 7500 0.5 0.125 816
2.5 10000 1 0.25 J866A
2.5 2500 2 0.5 JB66A
5 10000 5 1.25 872A, 8008
5 15000 6 1.5 575A, 673
5 20000 8.3 1.8 6894, 6895
5 1615000 1610 162 .5 575A, 673
2.5 2000 10 2.5 615/7018
5 5000 15 2.5 5558
5 1620000 1611 .5 162 5 6894, 6895
5 10000 16 4 5561
2.5 1000 77 6.4 635/7019
635L/7020
5 3000 40 6.4 5561
HALF-WAVE, GAS TYPES
2.5 10000 1 0.25 3B28
2.5 4500 2 0.5 3B25
2.5 5000 2 0.5 3B28
HALF-WAVE, VACUUM TYPES
6.3 375 0.05 0.0055 6173
2.5 12500 0.06 0.0075 2X2A
2.5 5000 1 0.25 836
FULL-WAVE, VACUUM TYPES
5 3100 0.715 0.147 5R4GYB
5 2800 0.650 0.175 S5R4GY
FULL-WAVE, MERCURY-VAPOR TYPES
5 1550 1 0.225 83
2.5 900 10 2.5 604/7014

5 In-phase operation, unless otherwise noted.
18 Quadrature operation.
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RCA Tube Types—T cchnical Data

This section contains technical deseriptions of RCA tubes used in transmitting,
industrial, and amateur equipment. It includes data for current types, as well as
those RCA discontinued types in which there may still be some interest. Tubes in
this section are listed according to the numerical-alphabetical-numerical sequence of
their type designations.

Unless otherwise specified, the ratings given are based on the absolute maxi-
mum system. Class C Telegraphy ratings assume key-down conditions (per tube)
without amplitude modulation. Class C Telephony ratings are established with
fully modulated carrier conditions (per tube). For Key to Base and Envelope Con-
nection Diagrams, see inside back cover. -

For an explanation of the terms used in the descriptive data for tube types,
reference should be made to the Interpretalion of Tube Data Section. For assistance
in making an initial selection of tube types suitable for specific applications, refer-
ence should be made to the Application Tables Section.

2 UHF POWER TRIODE

Forced-air-cooled type used as rf

power amplifier, oscillator, and fre-

quency multiplier. May be used at full 2C3 9A
b input up to 2500 Mc and at higher fre-
H LFH quencies in cathode-drive circuits of
the coaxial-cylinder type. Class C Telegraphy maximum CCS plate dissipation,
100 watts. Requires special mounting which should support the tube by the plate-
terminal flange only. May be operated in any position. Flexible connectors of the
spring-contact type are required for all terminal connections. OUTLINE 85, Outlines
Section.

HEATER VOLTAGE (AC/DC)®. . .t eiitieiiinin it ininnnannnnanns 6.3 volts
HEATER CURRENT. ...ttt it iiiionaasaniannenanannsesneann 1.0 ampere
TRANSCONDUCTANCE . | ... i ittt iiiasannracranaraens 24000 umhos
AMPLIFICATION FACTOR. . .. .ttt i it iia i iiaaannes 100
IMRECT INTERELECTRODE CAPACITANCES:
Grid to plate. . . .. it i i i it e s 2 upf
Grid to cathodeand heater. . ..........0 it i 6.6 upf
Plate to cathode and heater .. ...... ... itininnt e anann 0.035 max frm 4
SiEAL TEMPERATURE (Plate, grid, cathode, and heater) ................. 175 max °C

¢ 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
Maximum CCS Ratings:

DC PLATE VOLTAGE. . o .ottt ii it iuaaeisasnarasaasnasracenonson 600@max volts
GRID VOLTAGE:

5. -150 max volts

Peak Negative RFE .. ... . ittt it ieieinaeainans 400 max volts

Peak Positive RE . . .. ... i i i i e 30 max volts
DO GRID CURRENT. o .o ittt it it noaannsrnanenannesens 50 max ma
DO CATHODE CURRENT. o ...ttt it iiiinsnasannesnaaanenensen s 100 max ma
GRID INPUT. .. e it it st i ae i ae s 2 max watts
PLATE DISSIPATION . . 4ottt ia it nenatnaneaosaannansonss 70 max watts

® For use with a modulation factor of less than 1.0, it is permissible to use a higher dc plate voltage
provided the sum of the peak positive modulation voltage and the dc plate voltage does not exceed 1200
volts.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

Maximum CCS Ratings:
DC PLATE VOLTAGE. . v vt vvartennetronrvonosssssasssssssans eas 1000 maz volts
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GRID VOLTAGE:

B 5 12 e -~150 max
Peak Negative RF. . ........... . 400 max
Peak Positive RF............. . 30 max
DC GrID CURRENT. . ......... vee 50 max
DC CATHODE CURRENT.......... . e 125 max
GRID INPUT ... oot . 2 max
PLATE DISSIPATION 100 max

POWER TRIODE

Disk-seal lighthouse types used as

2C4o rf power amplifier, cw oscillator, and
plate-pulsed oscillator (2C40A only)

2C4OA at frequencies up to 8370 Mec. Class C

Telegraphy maximum CCS plate dis-

volts
volts
volts
ma
ma
watts
watts

sipation, 6.5 watts. Requires Octal socket and may be operated in any position.
OUTLINE 7, Outlines Section. The 2C40A is unilaterally interchangeable with type
2C40. Type 2C40 is used principally for renewal purposes. The RCA 4037 replaces

the 2C40 in most applications.

2C40 2C40A
HEATER VOLTAGE (AC/DC) 6.3=57, 6.3=5Y,
HeATER CURRENT. . 0.75 0.75
TRANSCONDUCTANCE*®, 4850 5100
AMPLIFICATION FACTOR 36 35

DIRECT INTERELECTRODE (CAPACITANCES:

Gridtoplate . ... ... ... ... .. ... ... 1.3 1.3
Grid to cathode. .. 2.2 2.2
Plate to cathode 0.03 0.03
Cathode rf connection to cathode 100 100

SEAL TEMPERATURE. . . . ...ttt et nannan e s 175 175
# Plate supply volts, 250; cathode resistor, 200 ohms; plate ma., 17.

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

DO PLATE VOLTAGE. . .. o o0ttt it et it atanstnasaeanssnsesnsnens 500 max
DC GRrRID VOLTAGE .. =50 max
DC PLATE CURRENT . . . .. i iiinnnreansans .. 25 mazx
DC GRID CURRENT.. . ... iveitreeainanns .. 8 max
PLATE DISSIPATION. .. oo ottt ittt iin e raneraeenaraasnsotnons 6.5 max
Prak HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 90 max

Heater positive with respect to cathode 90 max

PLATE-PULSED OSCILLATOR—Class C (2C40A only)
Maximum Ratings- For a mazimum ON time® of 10 microseconds

PEAK PLATE VOLTAGE 1400 max

PrEAK GRID VOLTAGE. -100 mux
PEAK PLATE CURRE? .. 2 mazx
PEAK GRID CURRENT. .. ....... . 1 max
DC PLATE CURRENT. . . ....... R 3 max
DC GRID CURRENT............ . 1.5 max
PLATE DISSIPATION 4 max
DuTy FACTOR™. el 0.002 max
PULSE DURATION. . . . ... . it naanes . 1.5 max
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ........... ... .. venvnt 90 max

Heater positive with respect to cathode. . ........... ... ...t 90 max

volts
ampere
pmhos

upf
puf
puf
puf

°C

volts
volts
ma
ma
watts

volts
volts

volts
volts
amperes
amperes
ma

ma
watls

psec

volts
volts

® ON time for this tube is the sum of the durations of all the individual pulses which occur during any
5000-microsecond interval. Pulse duration is defined as the time interval between the two points on the
pulse at which the instantaneous value is 70 per cent of the peak value. The peak value is defined as the
maximum value of a smooth curve through the average of the fluctuations over the top portion of the

pulse.

¥ Duty faetor is the product of pulse duration and repetition rate. For variable pulse durations and pulse
repetition rates, the duty faetor for this tube is defined as the ratio of time ON to total elapsed time

in any 5000-microsecond interval.
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HIGH-MU TRIODE

Disk-seal lighthouse type used as rf power
amplifier and cw oscillator at frequencies up to

and may be operated in any position. OUTLINE
10, Outlines Section. The 2C43 is used princi-
pally for renewal purposes.

1500 Me. Class C Telegraphy maximum CCS 2C43
plate dissipation, 12 watts. RequiresOctal socket

HEATER VOLTAGE (AC/DC) ... i i 6.3 %57, volts
HEATER CURRENT. . . ..ottt e, 0.9 ampere
TRANSCONDUCTANCEX | . i i 8100 pmhos
AMPLIFICATION FACTOR®. . . ... ... o i, 50
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. .. ..o i 1.8 puf
Gridtocathode. ... ... ... ... .. 3.0 puuf
Platetocathode. .. ... . .. ... .. . 0.04 max puf
Cathode rf connection tocathode. . . ................. ... ... ...... 100 pufl
SEAL TEMPERATURE. . ...\ttt ittt ettt i 175 max °C
* Plate-supply volts, 250; cathode resistor, 100 ohms; plate milliamperes, 21.
RF POWER AMPLIFIER AND OSCILLATOR--Class C Telegraphy
Maximum CCS Ratings:
................................................. 500 mazx volts
................................................ 40 max ma
.............................................. 65 max ma
.................................................. 12 mazx watts
BEAM POWER TUBE
Glass-octal type having quick-
heating coated filament used as af pow- 2 E2 4
er amplifier and modulator and as rf

power amplifier and oscillator in mo-
bile- and emergency-communications

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

13.5 watts.

FILAMENT VOLTAGE (AC/DC) . o ottt teet et titae sttt reiarennnans 6.3 volts
FILAMENT CURRENT. . ...ttt it iitit et viniieinee e nninnneneens 0.65 ampere
FILAMENT HEATING TIME. . . ...ttt it less than 2 seconds
TRANSCONDUCTANCEX. | . . ... ittt iiiiner i 3200 pmhos
MuU-FACTOR, Grid No.2 to Grid No. 1™ ., .. ..., ...........oovvininnn, 7.5
DiIRECT INTERELECTRODE CAPACITANCES:®

Grid No.L to plate. .. ...ttt ittt ennnnnns 0.11 max pnf

Grid No.1 to filament mid-tap, grid No.8, internal shield, and grid No.2 8.6 ppf

Plate to filament mid-tap, grid No.3, internal shield, grid No.2, and base

Bleeve. . ... ... e, 6.5 ppf
BuLs TEMPERATURE (At hottest point) 210 max °C
* Plate volts, 500; grid-No.2 volts, 200; plate milliamperes, 16.
** Plate and grid-No.2 volts, 200; plate milliamperes, 16,
° Without external shield; with base sleeve connected to ground.
AF POWER AMPLIFIER AND MODULATOR—Class AB2

Maximum Ratings: cCcs ICAS
DCPLATE VOLTAGE . . ...ttt it it e iaannennns 400 max 500 mazx volts
DC GRID-NO.Z VOLTAGE. .. ..ottt ittt innnannsnanses 200 max 200 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®, , .. ......c...... 75 mazx 75 max ma
MAXIMUM-SIGNAL PLATE INPUT®, ... .......... i 30 mazx 37.5 max watts
MAXIMUM-SIGNAL GRID-NO0.2 INPUTH. . ........ e 2.5 max 2.5 mazx watts
PLATE DISSIPATIONE, .. ...ttt iiienenrans e 10 mazx 13.5 max watts
Typical Operation (Values arc for 2 tubes):
DC Plate Voltage. .. .......ooiiiieenininnnen, PN 400 500 volts
DC Grid-No.2 Voltage. . ......oviiiiiniiiiniinnernnens 125 125 volts
DC Grid-No.1 Voltaget. . .. ...t eeininannns e -15 -15 volts
Peak AF Grid-No.l-to-Grid-No.1 Voltage ... ... v 82 82 volts
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Zero-Signal DC Plate Current. ... ....viviiiiiernnnsenn 18 20 ma
Maximum-Signal DC Plate Current. . . .............. ... 1560 150 ma
Zero-Signal DC Grid-No.2 Current. . .........ooiivinnnn 0.6 0.6 ma
Maximum-Signal DC Grid-No.2 Current. ............... 26 28 ma
Effective Load Resistance (Plate to plate)............... 7000 9000 ohms
Maximum-Signal Driving Power (Approx.).............. 0.43 0.46 watt
Maximum-Signal Power Output (ApPprox.).............. 42 54 watts

Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. . .. .......... i iiiiiiiietentrannan. 300003 max ohms

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

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: ccs ICAS
DCPLATE VOLTAGE. .. ...ttt iiainrenennsn 400 mazx 500 mazx volts
DC GRID-NO.2 VOLTAGE. ..ottt ieiiennnannrennn 200 mazx 200 mazx volts
DC GRID-NO.L VOLTAGE. ...t vit i iiieiiineninarannons —-175 maz -175 mazx volts
DC PLATE CUKRENT. ., 60 mazx 70 max ma
DC Grip-No.1 CURRE 3.5 max 3.5 max ma
PLATE INPUT. . .. .o i i i e ittt ennaaanes 20 max 27 mazx watts
GRID-NO.2 INPUT. . ... ..t e 1.7 max 2.3 mazx watts
PLATE DISSIPATION . . oo v v nennnnns Cerererireareanaan 6.7 max 9 max watts
Typical Operation:
DC Plate Voltage. . . .. .c.viiiii i iiiiiineniiiaeennans 400 500 volts
DC Grid-No.2 Voltage® . . ... ... i iiiriiriinieanrnnens 180 180 volts
From aseries resistorof . . ....... ... ... Lol 27500 40000 ohms
DC Grid-No.1 Voltagetd . ...t -45 ~45 volts
From a grid-No.l resistor of . . . ....... ... .. ......... 18000 18000 ohms
Peak RF Grid-No.l Voltage. .. ......... .o 61 62 volts
DCPlate Current. . ........... ittt 50 54 ma
DC Grid-No.2 Current. . ......... . it inn, 8 8 ma
DC Grid-No.1l Current (Approx.). .. .....ooovvniiunnn, 2.5 2.6 ma
Driving Power (APProx.). .. .....oiviviiiiinanannenns 0.16 0.16 watt
Power Output (APProxX.)......cciviiviin e inanenns 13.6 18 watts

Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. .. ...... ..ot iiiieiiigreaneeerans 300001 max ohms
© Obtained preferably from separate source modulated nlong wlth plate supply, or from the modulated
plate supply through series resistor of value shown.

1 For ac filament supply.

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

1 ¥or operation at less than maximum ratings, this value may be as high as 100000 ohmas.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Ciass C FM Telephony

Maximum Ratings: ocs ICAS
DCPLATE VOLTAGE. .. ... viviinvrnnnnss e, 500 mazx 600 max volts
DC GRID-NO2 VOLTAGE. . 1 .t iviiieinnanieioannnan, 200 mux 200 nax volts
DC GRID-NO.1 VOLTAGE. . .. oiitinietannennnnnnnnns. -175 max -1756 max volts
DC PLATECURRENT. ...ttt iitiiininansncassonnrnnans 75 max 85 max ma
DC GRID-NO.1 CURRENT. ... vvviivennnnnerrnnacnnnnss 3.5 max 3.5 wmax ma
PLATEINPUT. . ..ottt ittt titiasanannns 30 mazx 40 max watts
GRID-NO.2 INPUT. ¢ ot ittt it iiiiteeenrasoceannenses 2.5 max 2.5 mazx watts
PLATE DISSIPATION. .. ... Cereeeees Creeeenn e 10 mux 13.5 max watts
Typical CCS Operation: 135 Me
DC Plate Voltage. . . ........cuuvs 400 500 volts
DC Grid-No.2 Voltage®. .. .. [ N P, 200 190 volts

From a series resistor of. ... ... 00viiieinieneenoes . 20000 29000 ohms
DC Grid-No.l Voltaget®. .. .. ciitiiiiiiiarenanonns N -45 ~45 volts

From a grid-No.l resistor of. .....covinvunnvnnns A 15000 15000 ohms
Peak RF Grid-No.1 Voltage. .... [P eieriaeeiiees 62 65 volts
DC Plate Current........... i aisessecetesansenrsanns 75 60 ma
DC Grid-No.2 Current., . . cveueernasorscesnsoansnaass 10 10.6 ma
DC Grid-No.1 Current...... Cetecireecerassenesstesan 38 8 ma
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Driving Power (ApPprox.)............ 0.19
Power Output (Approx.)........ feereesienusasetnianns 20
Typical ICAS Operation: 125 Me
DC Plate Voltage. .. ............. . . 600
DC Grid-No.2 Voltage®..... Ceevaen . . 195
From a series resistor of cee . 40500
DC Grid-No.1 Voltaget ® ~B50
From a grid-No.l resistorof........ Ceruaraastennanans 16700
Peak RF Grid-No.1 Voltage......... et neierieeraea e 71
DCPlateCurrent. ...........civvvreinannn. heeeeaeen. 66
DC Grid-No.2 Current. . ......covviiiiiiniiirivnonnnns 10
DC Grid-No.l Current. . .....viiiviiiiiarensenrnnenn. 3
Driving Power (APProx.). ... ...covviiveniennannns P 0.21
Power Qutput (APPIOX.). . .ot iviinerrrnnnrearnnnnrerans 27

Maximum Circuit Values {(CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. .. ..ot i,

0.2
20

160 Mc
350
170

18000
-50

165600

70
85
10

3

2

16.5

300003 max

watt
watts

volte
volts
ohms
volts
ohms
volts
ma
ma
ma
watts
watts

ohms

® 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 800 volts under key-up

conditions.
t For ac filament supply.

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

_\ TYPE 2E24 .
| E£26.3VOLTS DC Type 2E24 requires Octal socket and
may be operated in vertical position with
base up or down, or in horizontal position
\ with pins 3 and 7 in vertical plane. Effec-
VI tive rf grounding and simplified shielding
\ 1 of input from output are facilitated by
[TAN the base sleeve with separate base-pin
\I ™NSRID-Ne) voLTS Eci=+50 connection and the single base-pin con-
\ nection for filament mid-tap, grid No.3,
1B\ and internal shield. OUTLINE 156, Outlines

= 0] . For operation at 150 Me, plate volt-
T age and plate input should be reduced to
\ 30} 83 per cent of maximum ratings; at 160
10 20 Me, to 75 per cent; at 175 Mc, to 68 per
\ +10) cent. Plate shows no color when the tube
is operated at maximum CCS or ICAS
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BEAM POWER TUBE

Glass-octal heater-cathode type

2E 2 6 used as af power amplifier and modu-

lator and as rf power amplifier and

oscillator. May be used with full input

up to 125 Mc and with reduced input

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

TIEATER VOLTAGE (AC/DC) . . ottt e e ieenetnsinorunonsonastsonenenaannss 6.3 volts
HuATER CURRENT. ........... .. e 0.8 ampere

TRANSCONDUCTANCIE* 3500 umhos
MU-FACTOR, Grid No.2 to Grid No.1** 6.5
DIRECT INTERELECTRODE CAPACITANCES:®
Grid No.l to plate. . . ..ot ittt ittt et i rnaaaaanas 0.20 mazx pul
Grid No.1 to cathode, grid-No.3, internal shield, grid-No.2, base sleeve,
and heater .. ... . e e 13 uuf
Plate to eathode, grid-No.3, internal shield, grid-No.2, and heater..... 7 i ¢
BuLB TEMPERATURE (At hottest point). . ........ ... .. .. it 210 max °C

# Plate volts, 500; grid-No.2 volts, 200; plate milliamperes, 20.
#% Plate and grid-No.2 volts, 200; plate milliamperes, 20.
° Without external shield. .

AF POWER AMPLIFIER AND MODULATOR—Class AB2

Maximum Ratings: ccs 1CAS
DCPLATEVOLTAGE ... ..ottt ittt iiaanaans 600 mazx 750 mazx volts
DC GRID-N0.2 VOLTAGE 250 max 250 max volts
MAXIMUM-SIGNAL DC PrLaTE CURRENT® 75 max 75 mazx ma
MAXIMUM-SIGNAL PLATE INvUT® 30 max 37.5 mazx watts
MAXIMUM-SIGNAL GRID-N0.2 INPUT®. el 2.5 mazx 2.5 maz watts
PLATE DISSIPATION®. . . ... ... .. i 10 mazx 12.5 max watts
PeAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. .. ........... 100 maz 100 max volts
Typical Operation (Values are for 2 tubes):
DC Plate Voltage. . . . covvvin et ineneciianans 400 500 volts
DC Grid-No.2 VoltageAt . 125 125 volts
DC Grid-No.1 Voltage .................. . -15 -15 volts
Peak AF Grid-No.1-to-Grid No.1 Voltage 60 60 volts
Zero-Signal DC Plate Current Ve 20 22 ma
Maximum-Signal DC Plate Current. .. .. v 150 150 ma
Maximum-Signal DC Grid-No.2 Current. . .............. 32 32 ma
Iffective Looad Resistance (Plate to plate)............... 6200 8000 ohms
Maximum-Signal Driving Power (Approx.).............. 0.36 0.36 watt
Maximum-Signal Power Qutput (Approx.)............... 42 54 watts
Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance:

For fixed-bias operation. .. ... . ... it i i e 300003 wmazx ohms

For cathode-bias operation. ... ... ... . it " 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.l bias for each tube separately. The necessity for this adjus: :nent at lower grid-
No.2 voltages depends on the distortion requirements and on whether the plaie-dissipation ratving is
exceeded at zero-signal plate current.

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

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: cCs ICAS

IDC PLATE VOLTAGE . . . ..ttt i it vonnennaenrannaonn 400 maz 500 max volts
DC GRID-N0.2 VOLTAGE 200 max 200 max volts
DC GripD-No.1 VOLTAGE Ce —175 max ~175 max volts
DC PLATE CURRENT. . .. .vens Ceneinaen 60 max 70 maz ma
DC GRID-No.1 CURRENT. .. 3.5 max 3.5 max ma
PLATE INPUT. . .o iit ittt it is e nn e 20 mazx 27 max watts
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GRID-NO.2 INPUT. .. ... oottt iinennneenss eee 1.7 max 2.3 mar watts
PLATE DISSIPATION. . L. vttt i iiiiiine s N 6.7 maxr 9 max watts
PEAK HEATER-C'ATHODE VOLTAGE:
Heater negative with respect to cathode...... 100 max 100 max volts
Heater positive with respect to cathode. . .... 100 max 100 max volts
Typical Operation:
DC Plate Voltage. . . ... it itiierivereeoncaronennnn 400 500 volts
DC Grid-No.2 Voltage® . .. ..c.vivrivrnennenenns . 160 180 volts
From series resistor of . .. .. .o it iiiv i, .. 32000 35500 ohms
DC Grid-No.1 Voltaged . ............ .. =50 -50 volts
From grid-No.1 resistorof. . ...... .. 20000 20000 ohms
Peak RF Grid-No.1 Voltage. ... .. 60 60 volta
DCPlate Current. . ... ... i iiiiiiennranens . 50 54 ma
DCGrid-No2Current..........iiivnnnenrennn . 7.6 9 ma
DC Grid-No.1 Current (ApproX.).....coeeveenren. . 2.5 2.5 ma
Driving Power (APDProX.)......ovvvevieenonnnnnn . 0.15 0.15 watt
Power Output (ApPProX.). oo cvrneenvenanrocaereocnnennn 13.56 18 watts

Maximum Circuit Values (CCS or [CAS, conditions):

Grid-No.1-Circuit Resistance. ... ... ... ... .. it 300005 max ohms
@ Obtained preferably from separate source modulated along with plate supply, or from the modulated
plate supply through series resistor of value shown,

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

{ For operation at less than maximum ratings, this value may be as high as 100000 chms,

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum Ratings: - cCs ICAS
DC PLATE VOLTAGE. .. ..ot eiiieiecinaans 500 max 600 mux volts
DC GRID-NO0.2 VOLTAGE, . ........... . 200 max 200 marx volts
DC GRID-NO.1 VOLTAGE. ., .......... .. -175 max ~175 max volts

DC PLATE CURRENT....... . . 75 max 85 max mu
DC GRID-No.1 CURRENT. .... . . 3.5 max 3.5 max ma
PLATE INPUT. ... .ot . .. 30 mar 40 max watts
GRID-NO.2Z INPUT. . ... .iviiniinnn .. 2.5 max 2.5 max watts
PLATE DISSIPATION. & .ottt ittt in i ennes 10 max 13.5 max watls
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............. 100 max 100 max volts
Heater positive with respect to cathode.............. 100 neae 100 max volts
Typical CCS Operation: 125 Me 160 Mec
DC Plate Voltage. . ... 400 500 300 volts
DC Grid-No.2 Voltage®. ... 190 185 170 volts
From series resistor of. . . . .. 19000 28500 21500 ohms
DC Grid-No.1 Voltagesd . .........coiieiienrennnn. -30 ~40 -5 volts
From grid-No.1l resistorof. ...... b 10000 13500 30000 ohms
Peak RF Grid-No.l Voltage. ............ 41 50 85 volts
DC Plate Current. . .....cooviiiiniiiines 75 60 15 ma
DC Grid-No.2 Current. . ... ....covvuens 11 11 6 ma
DC Grid-No.1 Current {(Approx.)........ 3 3 2.5 ma
Driving Power (Approx.)...... e 0.12 0.15 1.5 watts
Power Output (ApProx.) .. ...oviivrivrnnanns . 20 20 13 watts
Typical ICAS Operation: 125 Me 160 Me
DC Plate Voltage. . ........ooiannn PN 600 330 volts
DC Grid-No.2 Voltage®. . ..... v e . 185 200 volts
From series resistor of . . .. .. .o i 41500 21500 ohms
DC Grid-No1 Voltaged ........oovveieinniniiniiennnie. ~45 -90 voltx
From grid-No.l registorof. . ......... .o, 15000 30000 ohms
Peak RF Grid-No.1 Voltage .. ....ocviiieiinnnenneanens 57 105 volts
DCPlate Current. ... ... ... it iar i 66 85 ms
DC Grid-No.2 Current. . ... ovoviinnnvieennneenrennns 10 7 ma
DC Grid-No.l Current (ADPProX.). ... .vviiiinennennnans 3 3 mu
Driving Power {Approx.)......... e 0.17 2 watts
Power Output (AppProX.) . .. i ittt ieananens 27 16.5 watls
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Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. . .. ... ...t inrrveraniarsrsesoannns 300000 maxt ohms
@ (Obtained preferably from separate source, or from the plate-supply voltage with a voltage divider, or
through a scries resistor of value shown. A grid-No.2 series resistor should be used only when the 21626 is
used in a circuit which is not keyed. Grid-No.2 voltage must not exceed 600 volts under key-up condi-
tions.

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

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

TYPICAL CHARACTERISTICS

OPERATING CONSIDERATIONS TvpE bE26 |
[ E¢=6.3 VOLTS T 1
Type 2E26 requires Octal socket and GRIO-N22 VOLTS=160
may be operated in any position. Effec-
tive rf grounding and simplified shielding
are facilitated by the base sleeve with &ie
separate base-pin connection and the sin- § N
gle base-pin connection for cathode, grid Ed
No.3, and internal shield. OUTLINE 15, 3512
Qutlines Section. ‘5' =N
For operation at 150 Mc, plate volt- = \
age and plate input should be reduced to 2 ® > ~J +50
83 per cent of maximum ratings; at 160 £ {Q:Ng i VOLTS Eci=+40
Me, to 75 per cent; at 175 Mc, to 68 per ¢ , N 1 430
cent. Plate shows no color when the tube \\‘ +20
is operated at maximum CCS or ICAS - I Eci=+i0]
ratings. [ 100 200 300 400
PLATE VOLTS
gZCM-6628T
00, AVERAGE CHARACTERISTICS
TYPE 2EZ26 '
a E4=63 VOLTS
|&l' | _ GRID-NEZ VOLTS=160
§ t [cl=+50
£ 400f—— - ) =]
3 i L
3 ‘/\ i +40
S U T -
= \ / i : ! &]30
24°°1X o T 1 I
é \ \\ GRID-NE1 VOLTS EC =+20
L AN N et [P
« N \@/\/‘ +10
2 1 { \ Te ‘
ol N\ - e e —
gzoo S ’6\—\‘ Eopev 9
% D Zio ]
: \\ — I
Sist=e T 20
< Qo 200 = _30_0—‘ == _-uoﬂ 500 600 700
PLATE VOLTS 92CM~6631T
HALF-WAVE VACUUM
P
RECTIFIER e >
Heater-cathodetypeusedinequip-
2X2A ment subject to severe shock and vi-

bration. Maximum peak inverse plate

volts, 12500; maximum dc plate milli-

amperes, 75. Requires Small four-cen- H H ¥
tact socket and may be operated in any position. OUTLINE 26, Outlincs Section.
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HEATER VOLTAGE (AC) PN
HEATER CURRENT. . ottt it iiasinensnarentennneecnsnaensns eveerens

HALF-W AVE RECTIFIER
Maximum Ratings, Design-Center Valucs:.
PEAK INVERSE PLATE VOLTAGE
PEAK PLATE CURRENT. .......
DCOUTPUT CURRENT. . . .ttt iit ittt tn it tie et iiaaanaraans
HoT1-SwITCHING TRANSIENT CURRENT for duration of 0.2 second max ..
AMBIENT TEMPERATURE. ..« 1o vt ttttrenn et ir e anennnnaaaans

Typical Operation:

AC Plate-Supply Voltage (rms). . . ..o ottt in i
Total Effective Plate-Supply Impedance
Filter Input Capacitor. ......... ... ... ... oot
DC Output Current. .. ............... ..
DC OQutput Voltage, Atinput tofilter. . ...... ... .. .. .. ... .. 0.,

POWER PENTODE

Seven-pin miniature type having
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 Mec. Class C maximum CCS
plate dissipation, 2 watts.

FILAMENT ARRANGEMENT
FILAMENT VOLTAGE {DC). . . oi it iiniannennnns
FILAMENT CURREN
TRANSCONDUCTANC RPN
PLATE RESISTANCE (Approx.)
DIRECT INTERELECTRODE CAPAGITANCES:

Grid No.L toplate. ... ..o i e

Grid No.1 to filament mid-tap, grid No.3, and grid No.2. . .

Plate to filament mid-tap, grid No.3, and grid No.2....... e

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

RF POWER AMPLIFIER—Class C

Maximum CCS Ratings, Design-Center Valites:

DC PLATE VOLTAGE. . ..ottt it iiai i ia ittt tannannens
DC GRID-N0.2 VOLTAGE . .. ..
DC GRrRID-NoO.1 VOLTAGE .. ...
DC PLATE CURRENT. ... ... ..
DC Grip-No.1 CURRENT. ........
Toral DC CATHODE CURRENTAE. . ..
PLATE INPUT. ... ... ae e
GRID-N0.2 INPUT
PLATE IISSIPATION . .ot it ittt i it ia e nraaaranenraannn

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

DO Plate Volage . .. vt it ittt et it caseaae e
DC Grid-No.2 Voltage. .
Grid-No.t Resistor............
DCPlate Current...............
DC Grid-No.2 Current.
DC Grid-No.l Current. .........

Power Qutpul (APProX.). . ...t ittt i iia it aaeans

® Jor each 1.4-volt filament section.

OPERATING CONSIDERATIONS

4.
4.

2.5
1.76

12500 mazx
60 max
7.5 max
100 mazx
70 mazx

5500
0.3
0.1

2

4500

volts
amperes

volts
ma
ma
ma
2C

volts
megohm
uf

ma

volts

3A4

Parallel
1.4

150 max
136 max
-80 max
20 max
0,25 mazx
25 max
3 max
0.9 mazx
2 mazx

volts
ampere
pmhog
ohms

wuf
npf
uuf

volts
volts
volts
ma
ma
ma
watts
watt
watts

volts
volts
megohm
ma

ma

ma
watts

Type 3A4 requires miniature seven-contact socket and may be operated in any

position. OUTLINE 5, 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
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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 vol

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 pins1and?.
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 tubeis operated at maximum CCS

ratings.

MEDIUM-MU TWIN TRIODE

Seven-pin miniature type having

3 A 5 coated filament used as rf power ampli-

fier and oscillator in light-weight, com-~

pact, portable, low-power, battery-

operated equipment. May be used at

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

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

position. QUTLINE 5, Outlines Section. For filament considerations, refer to type

3A4, noting that for type 3A5 pin 4 is the filament mid-tap. Plates of the 8A5 show
no color when the tube is operated at CCS ratings.

FILAMENT ARRANGEMENT Series Parallel
FILAMENT VOLTAGE (DC) i 4o vvvvonsstonaiasonsnonnansnnnes 2.8 1.4 volts
FILAMENT CURRENT. .4 vvvorrnroracassrrsasasensenscnsss 0.11 0.22 ampere
TRANSCONDUCTANCE® . . iuunreereraraonssnnnonenosssnns 1800 pmhos
AMPLIFICATION FACTOR®. . ... .o ot iiiiiiniieneen s 15
PLATE RESISTANCE (APProx.)¥. . ...o.ii i iiininenaeenn. 8300 ohms
DIRECT INTERELECTRODE CAPACITANCES (Each unit):
Grid toO PIALE. . o« o v v it 3.2 upf
Grid to filament mid-tap. ... ...ovveiiiie i 0.9 puuf
Plate to filament mid-tap. ... .oooeveiriiiiiiiiiaiian 1.0 pupf
Plate to plate. . ..ot ivirretttiaiiiieieiear e 0.32 pupf

* 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 . + . tttcrsaoanarscessooannutassesssnsnannsstos 135 mazx volts
TC GRID VOLTAGE ., & + ot vvvveereronnnsintsasssrauaetessssssannanes -30 max volts
DC PLATE CURRENT. . ¢ et sscvssronnectorssssrnvronassssasssnonnees 15 max ma
DC GRID CURRENT. | ¢« v e v anrenrroearscatssvarsasotasscartosnnsins 2.5 max ma
PLATE INPUT. . ot et iviaar s teaaiennaeesassasttanessavaoarer s 2 max watte
PLATE DISSTPATION. o . ¢ e v v eorennretoreraaarantsssoneraionecscrsesy 1 max watt
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Typical Push-Pull Operation (Values are for both units):
DC Plate Voltage
DC Grid Voltage® Ceeeves

Fromgridresistor of . .. .. .. ittt ittt ieiieannse vese

From cathode resistor of . . .. ....ovi it iiieiiieiiinniesenons
Peak RF Grid-to-Grid Voltage. ..
DC Plate Current
DC Grid Current (APPIOX.) . o vv v ernneirneneruntrsnsronioasansens
Driving Power (APDIOX.) . ..ttt unertsroaroracnsarnesciossaneiossons
Power Output (APProX.) . . ...ccviuiiininroneroenesnnnns .

135 voltas
-20 volts
4000 ohms
570 ohms
90 volts
30 ma

5 ma
0.2 watt
2 watts

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

HALF-WAVE GAS RECTIFIER

Xenon-filled rectifier of the coated-
filament type. May be used in equip-
ment subject to wide range of ambient
temperature (=75° to +90°C). Maxi-
mum peak inverse anode volts, 4500;

‘CATH.
SHIELD

3B25

maximum average ancde amperes, 0.5. Requires Small four-contact socket and
may be operated in any position. QUTLINE 39, Outlines Section.

FILAMENT VOLTAGE (AC)®. . ot v itteann s iintieinconnoacnrocoronanas 2.8 volts
FILAMENT CURRENT. . .. 0t ttnetiernnanrninnecnasceansoeanocaansons 5.0 amperes
PEAK TUBE VOLTAGE DROP (ADPPIoX.). . ovvvvinnnevnnnncannss e 10 volts
° Filament voltage must be applied at least 15 seconds before application of anode voltage.
HALF-WAVE RECTIFIER

Maximum Ratings:
PEAK INVERSE ANODE VOLTAGE. . e uvvevrrernnarennernon Creiaeneaeas . 4500 max volts
ANODE CURRENT:

o Ceraas ceane 2.0 max amperes

PN £-Y{ 3 . 0.5 max ampere

Yault, for duration of 0.1 second maximum.......... 20 max amperes
FREQUENCY OF POWEBR SUPPLY .. ... ... iiiviianaens . 500 max cps
AMBIENT-TEMPERATURE RANGE . ... ittt iiiinenanacensrsnscnnsnnnn -75 to 490 °C
{3 Averaged over any period of 30 seconds maximum.
Operating Valves:

Circuit Mazx. Trans. Approx. DC Mas. DC Mazx. DC -
(For circuit figures, refer to Sec. Volis Output Volts Output Qutput KW
Rectifier Considerations (RMS) To Filter Amperes To Filter
Section) Fig. E Eav Tav Pde
In-Phase Operation
Half-Wave Single-Phase. ... 57 3100 1400 0.5 0.7
Full-Wave Single-Phase . ... 58 1500 1400 1.0 1.4
Series Single-Phase . ....... 59 3100 2900 1.0 2.7
Half~Wave Three-Phase. ... 60 1800 2200 1.6 3.3
Quodrature Operation

Parallel Three-Phase .. .... 61 1800 2200 3.0 6.6
Series Three-Phase ... .... 62 1800 4300 1.6 6.4
Half-Wave Four-Phase . ... 63 1500 2000 1.8% 2. 0. 3.6%. 4.0m
Half-Wave Six-Phase ..... 64 1500 2200 1.9% 2. 0m 4% 4. 4m

* Resistive Load s Inductive Load

HALF-WAVE GAS RECTIFIER

Xenon-filled rectifier of the coated-
filament type. May be used in equip-
ment subject to wide range of ambient
temperature (—75° to +90°C). Rating
I: maximum peak inverse anode volts,

\TH.
SHIELD

105

3B28



RCA Transmitting Tubes —

10,000; maximum average anode amperes, 0.25. Rating II: maximum peak inverse
anode volts, 5000; maximum average anode amperes, 0.5. Requires Small four-con-
tact socket and may be operated in any position. OUTLINE 36, Outlines Section.

FILAMENT VOLTAGE (AC)%. o . oottt tieiniiantein i eananas 2.5 volts
FILAMENT CURRENT - .00t ittterasas e netntaennannraonnsnesnoennann 5.0 amperes
PEAK TUBE VOLTAGE DroP (Approx.) . 10 volts

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

HALF-WAVE RECTIFIER
Maximum Ratings:

PEAK INVERSE ANODE VOLTAGE. . . .. v vnivnniennnn 5000 mar 10000 mar volts
ANODE CURRENT:
PeaK. . i i e e i e e 2 mazx 1 max amperes
Average(J. oo i e i e e 0.5 max 0.25 max ampere
Fault, for duration of 0.1 second maximum. ........... 20 max 20 maxr  amperes
FREQUENCY OF POWER SUPPLY. .. ...t vuivrininnnennnnennn 500 max 150 max cps
AMBIENT-TEMPERATURE RANGE. ... ... viviviiniinnnn. —175 to +90  --73 to +90 °C

{J Averaged over any period of 30 seconds maximum.

Operating Values:

Cirenit Moazx. Trans. Appros. DC Max. DC Max. DC
(For eireuit figures, refer to Sec. Volts Outpud Volis Output Output KW
Rectifier Congiderations (RMS) To Filter Amperes To Filter
Seetion) Fig. E Egv Iav Pde
In-Phase Operation
7000* 3200 0.25 0.8
Half-Wave Single-Phase. . 57 3500+ 1600 0.5 0.8
3500 3200 0.5 1.6
Full-Wave Single-Phase. . . 58 1700+ 1600 1.0 1.6
7000 6400 0.5 3.2
Series Single-Phase. . . . .. 59 35004 3200 1.0 3.2
4000° 4800 0.75 3.6
Half-Wave Three-Phase . .. 60 20004 2400 1.5 3.6
Quadrature Operation
4000°® 4800 1.5 7.2
Parallel Three-Phase. . . .. 61 20004 2400 3.0 7.2
4000° 9600 0.75 7.2
Series Three-Phase. . . .. .. 62 20004 4800 1.5 7.2
3500* 4500 0.9%1.0" 4.0% 4.5"
Half-Wave Four-Phase. . .. 63 17004 2250 1.8% 2.0% 4.0% 4.5%
3500¢ 4800 0.95* 1.0" 4.5% 4. 8"
Half-Wave Six-Phase. . ... 64 17004 2400 1.9% 2.0" 4.5% 4 8%
® For maximum peak inverse anode voltage of 10000 volts. * Resistive load.
4 For maximum peak inverse anode voltage of 5000 volts. ¥ Induective 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 operated in vertical posi-

tion with base up or down, or in horizontal position with pins 2 and 6 in horizontal

plane. OUTLINE 16, Outlines Section. Plates show no color when the tubeis operated
at maximum CCS ratings. ’

HEATER VOLTAGE (AC/DC) 12.6 volts
HEATER CURRENT. . . voiiiivnnensaonn . . 1.125 amperes
AMPLIFICATION FACTOR (BEach unit)*. . ... ...o0vvnnn. TS P 11
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DIRECT INTERELECTRODE CAPACITANCES (Each unit):

Gridtoplate. . ... ... i i i i 5.4 puf

Grid to cathode and heater. . ................ 7.8 nuf

Plate to cathode and heater 4.2 puuf
* Grid volts, —200; plate milliamperes, 90.

CONTROL AMPLIFIER SERVICE

Maximum CCS Ratings: Values are for each unit
PEAK PLATE VOLTAGE. .. . ..ot iivierranasansosansnarnnne eeceesseaess  E2000 max volts
DC GRID VOLTAGE . . .. ..t oiinitaanaenraarracnsensesas e . -200 max volts
PEAK CATHODE CURRENT. . . ...\t iiiiininaiarcananroneanes o v 500 max ma
AVERAGE PLATE CURRENT 120 max ma
AVERAGE GRID CURRENT. ...\ttt iitinrrrniarnesoennsreocsnarsssiass 7.6 max ma
PLATE DISSIPATION . . .ottt i et anotanernnarsencorsnscasnons 16 max watts
PEAK HBATER-CATHODE VOLTAGE:

Heater negative with respect to cathode..... W erereiasei e, veee 100 mazx volts

Heater positive with respect to cathode. .............coivvnia it .. 100 max volts
BuLp TEMPERATURE (At hottest point) . ............covans e 250 max °C
Maximum Circuit Values:
Grid-Circuit Resistance:

When grid potential is always negative. . ......ooviieninieinianaa 0.5 maxr megohm

When grid poton.tial SWINES POBILIVE. . oot iiiierii i 0.03 max megohm

TWIN BEAM POWER TUBE

Glass-octal heater-cathode type used as
push-pull rf power amplifier and oscillator in
intermittent mobile-service applications. May
be used with full input up to 15 Mec. OUTLINE 3E22
24, Outlines Section. Heater volts (ac/dc),
12.6 = 109, (series), 6.3 = 109, (parallel); am-
peres, 0.8 (series), 1.6 (parallel). Direct inter-
electrode capacitances (each unit): grid No.l to
plate, 0.22 maz uuf; grid No.l to cathode, grid
No.3, internal shield, grid No.2, and heater, 14 guf; plate to cathode, grid No.3, internal shield, grid No.2,
and heater, 8.5 ugf. Maximum IMS ratings as PUSH-PULL RF POWER AMPLIFIER AND OSCIL-
LATOR, CLASS C TELEGRAPHY (per tube): dc plate volts, 600 max; de grid-No.2 volts, 225 maxz;
de grid-No.1 volts, -175 maz; de plate milliamperes, 175 max; dc grid-No.l milliamperes, 11 maxz; plate
input, 100 max watts; grid-No.2 input, 6 maxr watts; plate dissipation, 35 max watts; peak heater-
cathode volts, = 100 max. 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 3E22is a DISCONTINUED type listed for
reference only.

TWIN BEAM POWER TUBE

Heater-cathode type containing
two high-perveance units used as rec-
tangular-wave pulse modulator. Mod- 3 E29
ulator Service maximum CCS plate
dissipation (per tube), 15 watts. Re-
quires Septar seven-contact socket and may be operated in vertical position with
base up or down, or in horizontal position with pins 2 and 6 in horizontal plane.
OUTLINE 22, Outlines Section. Plates show no color when the tube is operated at
maximum COS ratings.

HEATER ARRANGEMENT Series Purallel
HEATER VOLTAGE (AC/DC)es v vnvvvennnonanns e v 12.6° 6.3° volts
HEATER CURRENT. . o o4t vtnertnnnnennniaennassraoscvnnne 1.125 2.25 amperes
TRANSCONDUCTANCE (Each unit, approx.)* 8500 pumhos
MU-FACTOR, Grid No.2 to Grid No.1 (Each unit)®**. ... ...... 9
DIRECT INTERELECTRODE CAPACITANCES (Each unit):
Grid No.l to plate (with external shield).................
Grid No.1 to cathode, grid No.3, grid No.2, and heater mid- 0.12 max mi
L7+ P 14.0 upf
Plate to cathode, grid No.3, grid No.2, and heater mid-tap. 7.0 puf

° Should not deviate more than +109, 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.
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MODULATOR—Rectangular-Wave Modulation
Maximum CCS Ratings: Values are for both units in parallel
For Duly Factor® between 0.0001 and 1.0 and Maximum
Averaging Time of 1200 Microseconds in Any Interval

DC PLATE-SUPPLY VOLTAGE® . . .. ... . .. it 5000 max volts
INSTANTANEOUS PLATE VOLTAGE 5750 max volts
DC GRID-NO0.2 SUPPLY VOLTAGE® . ... ... .. iiiinnananes .. 850 mazx volts
DC GRrRID-NoO.1 SUPPLY VOLTAGE* ... .. ... ........ .00 e -225 mazx volts
INSTANTANEOUS GRID-NO.1 VOLTAGE. . .. ......0vvnerenn. .. ~600 max voits
PEAK POSITIVE GRID-NO.1 VOLTAGE. . ....... 250 max volts
PEAK PLATE CURRENT. . . .4 i vt tiaeninennarnansoenrannses @max amperes
PEAK GRID-NO.2 CURRENT. ... it ttne i acnrannnans e 3.5 mazx amperes
PEAK GRID-NO.1 CURRENT. ... 4 max amperes
PLATE INPUT. . .............. 85 max watts
GRID-NO.2 INPUT. . ... ...vnl 3 max watts
GRID-NO.1 INPUT. . .......... 1 max watt
PLATE DISSIPATION . &« . ottt tieat it iiet i its e atasetaanersasnaeesnn 15 max watts
PBaK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 100 max volts

Heater positive with respect to cathode. . ....... ... ... .. ..ot 100 max volts

® Duty factor is defined as the ON time in microseconds divided by 1200 microseconds. Pulse dura-
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 valde 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 cireuit, and the grid-No.1-supply circuit so that the short-circuit current is limited
to 0.5 ampere in each cireuit.

@ I'or 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 as rf power amplifier

and oscillator. May be used with full

input up to 150 Mec. Class C Telegraphy

maximum CCS plate dissipation, 65 watts. Requires Septar seven-contact socket

and may be operated in vertical position only, base up or down. OUTLINE 23, Out-

lines Section. Plate shows an erange-red color when the tube is operated at maxi-
mum CCS ratings.

FILAMENT VOLTAGE (AC/DC) 6.0 volts
FrAMENT CURRENT. ....cooouunnann .. e 3.5 amperes
TRANSCONDUCTANCE® ... ... ........ 4000 pmhos
MU-FACTOR, Grid No.2 to Grid No.1. ... .. oo iiiiiiiiiannnes 5
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l toplate. . ... ... i i i it innienaranenn 0.08 mazx puf
Grid No.1 to filament and grid No.2............ 7.5 puf
Plate to filament and grid No.2. ... ... ... .. . . ittt 2.2 puf

* Plate volts, 500; grid-No.2 volts, 250; plate milliamperes, 125.
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE. . . vttt iiaie i in e issaatassennsnesnanns 2500 max volts
DC Grip-No.2 VoLTAGE 400 mazx volts
DC PLATE CURRENT, .. ... .. .. 120 max ma
GRID-NO.2 INPUT......... . 10 max watts
PLATE DISSIPATION. ..o v v iviinnnannns 45 max watts
RF POWER AMPLIFIER AND OSCILLATOR—Ciass C Telegraphy
and

Moximum CCS Ratings: RF POWER AMPLIFIER—Class C FM Telephony

DC PLATE VOLTAGE. . . e ottt vte it nntioraennaineaionensearnaneacans 3000 max volts
DC GRID-NO.2 VOLTAGE. ..... 600 max volts
DC PLATE CURRENT 150 mazx ma
GRrID-NoO.2 INPUT. 10 mazx watts
PLATE DISSIPATION. . .. ... 65 max watts
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BEAM POWER TUBE 4-125A

See type 6155/4-125A.,

BEAM POWER TUBE

rf power amplifier and oscillator. May
be used with full input up to 30 Mec

Forced-air-cooled, thoriated-
tungsten-filament type ’used as af 4'] 25A /
power amplifier and modulator and as 4D 2-|

r
with natural cooling, or 120 Mec with forced-air cooling and with reduced input
up to 240 Mec. Class C Telegraphy maximum CCS plate dissipation, 125 watts. Re-
quires Special Metal-Shell Giant five-contact socket and may be operated in verti-
cal position only, base up or down. OUTLINE 33, Outlines Section. Plate shows

orange-red color when the tube is operated at maximum CCS ratings.

FILAMENT VOLTAGE (AC/DC) . ..ot tititttiiiiiiiiii e i annsnaans 5.0 volts
FILAMENT CURRENT. . ..... 6.5 amperes
TRANSCONDUCTANCE* 2500 umhos
MU-FACTOR, Grid No.2 to Grid No.1. . ... . . i it 5.9
DIRECT INTERELECTRODE CAPACITANCES:

Grid-No.l to plate (Base shell connected to ground). ........ .. ...00ue 0.05 ppf

Grid No.1 to filament, grid No.2, and base shell, . . . ... .. .. . 0oiient, 11 puf

Plate to filament, grid No.2, and baseshell. . ... ... ... ... ... 000, 3.2 uuf
PLATE-SEAL TEMPERATURES:

Continuous Service........ et e e e e e e e 170 °C

Intermittent Service (5 minutes On {ollowed by 5 minutes Off. ... ...... 220 o
* Plate volts, 2500; grid-No.2 volts, 400; plate milliamperes, 50.

AF POWER AMPLIFIER AND MODULATOR—Class AB2
Maximum CCS Ratings:
DC PLATE VOLTAGE . . o0t ttit e iins ittt ctnisaananonnnn 3000 max volts
DC GRID-NO.Z VOLTAGE. .. ...ttt it iitvan e iiairiineaannens 400 mazx volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. 225 mazx ma
GRID-NO.2 INPUT®. . . it it ettt 20 max  watts
PLATE DISSIPATION . .ttt eiie e iearetianntnaarannnnns 125 mazx watts
Maximum Circuit Values:
Grid-No.1-Cireuit Resistance. . ... ... oo iiii i e 0.25 maxz megohm
® Averaged over any audio-frequency cycle of sine-wave form.
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Ratings:
DO PLATE VOLTAGE. . ..ttt it tnnr et crinneeannnnornnesssnannaeenans 2500 max volts
DC GRID-NO.2 VOLTAGE. .« .ttt iiiniian i iinn i ioananrnans 400 max volts
DC GRID-NO.L VOLTAGE. ..ttt itnnettian i tsaetnnnorasnnssnsns -500 max volts
DC PLATE CURRENT. ¢« 1t vttt it tne s ernesessnosanrsossansnnessens 200 max ma
GRID-NO.2 INPUT. . .ttt it iiiiient e e i annas 20 maxr  watts
GRID-NO.I INPUT. . ..ottt ittt iieii e iinnaianes N 5 mazx watts
PLATE DISSIPATION . ¢ ot it tertiin it ien et eeaniasanaennas 85 mux watts
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
DC PLATE VOLTAGE. .. ..ovvvvnnnnen et daaeeraeear e et 3000 mazx volts
DC GRID-N0.2 VOLTAGE. . ......... i ee e 400 max volts
DC GRID-NO.1 VOLTAGE. .......... T . -500 max volts
DC PLATE CURRENT. . ... ouennensn e e e Ceeerees 225 max ma
GRID-NO.2 INPUT. . .. i i itiiriiinernnnennnneesnnnsannn PN 20 mazx watts
GRID-NO.1 INPUT...... e, ettt e e 5 max watts
PLATE DISSIPATION . s v o vvesnnacannnarnssrssnnennens 125 maz watts
BEAM POWER TUBE 4-250A

See type 6156/4-250A.
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BEAM POWER TUBE

4_2 50 A / Forced-air-cooled thoriated-tung-

sten-filament type used as af power
5 D22 amplifier and modulator and as rf
power amplifier and oscillator. May be
used with full input up to 830 Me with

natural cooling, or 75 Mc with forced-air cooling and with reduced input up to 120 Me.
Class C Telegraphy maximum CCS plate dissipation, 250 watts. Requires Special
Metal-Shell Giant five-contact socket and may he operated in vertical position only,
base up or down. OUTLINE 40, Qullines Section. Plate shows an orange-red color

when the tube is operated at maximum CCS ratings.

FILAMENT VOLTAGE (AC/DC) 5.0
FILAMENT CURRENT. .. ....... 14.5
TRANSCONDUCTANCE®, L ..o it i iia e e carrnaesstsnensanns 4000
MU-FACTOR, Grid No.2 to Grid No. L. . ... ittt ianacnnnes 5.1
1IRECT INTERELECTRODE CAPACITANCES:

Grid No.1 to plate (Base shell connected to ground). . ............coconen 0.12 mazx

Grid No.1 to filament, grid No.2, and baseshell. .. ............. . 0h0n 13

Plate to filament, grid No.2, and baseshell . . ...... .. .. .. ooiiiiinn 4.6
PLATE-SEAL TEMPERATURE, Continuous Service . ... ... ... oot 170
* Plate volts, 2500; grid-No.2 volts, 500; plate milliamperes, 100,

AF POWER AMPLIFIER AND MODULATOR-~Class AB

Maximum CCS Ratings:
IJC PLATE VOLTAGE. . .o oottt ie ittt iastiaeneresanstaatnnnnns 4000 max
DC GRID-NO0.2 VOLTAGE. . . .. P N 600 max
MAXIMUM-81GNAL DC PLATE CURRENT® 350 max
GRID-NO.Z INPUT® . . . ottt ine ettt iaaoaa e 35 max
GRID-NOL INPUT® . ..ottt i it een e e e 10 mazx
PLATE DISSIPATION . Lottt it it ie i ir e iese et aeaenas 250 max

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Ratings:

DO PLATE VOLTAGE. « oo oottt ittt iinannnaacaenraroeansusanacnsonans 3200 max
DC GRID-NO.2 VOLTAGE . . ..ottt it ieitiannraaranaaesenranriannnns 600 max
DC GRID-NO.L VOLTAGE. « oottt t i eiietniaecrinaaseananenansenioserinns -600 max
IDC PLATE CURRENT . & . 0ottt iaiia s ensmaiansnonsasasionrassresas 276 mazx
GRID-NO.Z INPU . . ottt ittt ittt e et 35 max
GRID-NO.L INPUT. . . ot e ittt it ie ittt e iaeae b 10 mux
PLATE DISSIPATION . © oo ottt et i via e e i iaate et tiaenestoataesnns 165 max

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and

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

DC PLATE VOLTAGE. . ..... et e e nae et e 4000 max
DC GRID-NO.2 VOLTAGE. « ¢4t eiivieteiteaiaenannarsaesecnsonsenrnnsias 600 max
DC GRID-NO.1 VOLTAGE. 4 . v ettt reinnrnvoneronrsnscasnsstsraennsnnans ~500 max
IDC PLATE CURRENT. . . oo esirtesrnasnsonsanssnarsnsansosaussasnsannsnn 350 mazx
GRID-NO.2 INPUT. ...t iiiiietriitnetaneieraaacasasscssatssnennsnoanns 35 max
GriD-No.1 INPUT. . ........ R 10 max
PLATE DISSIPATION. .t i o eeuvnesnventassnasaassassenssssassasnerassones 250 mar

BEAM POWER TUBE

Forced-air-cooled thoriated-tung-

4—4OOA sten-filament type used as af power

amplifierand modulator and asrf power
amplifier and oscillator. May be used
with full input up to 110 Me. Class C
Telegraphy maximum CCS plate dissipation, 400 watts. Requires Special
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Metal-
Shell Giant five-contact socket and may be operated in vertical position only, base
up or down. QUTLINE 40, Outlines Section.
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FILAMENT VOLTAGE . ... ..ttt iaa e i anannas 5.0 volts
FILAMENT CURRENT. .. ...ttt ittt ttaat it ittt et vantaeaenes 14.5 amperes
TRANSCONDUCTANCE . | ... ittt e it an s 4000 pmhos
Mu-FacTtor, Grid No.2 to Grid No 1. . ... .. .. i i 5.1
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.l to plate. . . ..o i e e 0.12 max nuf

Grid No.1 to filament, grid No.2, and baseshell..................... 13 puf

Plate to filament, grid No.2, and base shell. . ........ ... ... ... .... 4.6 puf
BASE SEAL TEMPERATURE. . ...ttt ttttntin e tte oo s 200 max °C
PLATE SEAL TEMPERATURE. .. ...\ttt ittt iin e nnnaiaananns 225 max °C
¥ Plate volts, 2500; grid-No.2 volts, 500; plate milliamperes, 100.

AF POWER AMPLIFIER' AND MODULATOR-—Class AB
Maximum CCS Ratings:
DO PLATE VOLTAGE . . ..ottt it ie e it i e ie it iia i nanns 4000 max volts
DC GRID-NO.2Z VOLTAGE . . .. oot ittt ettt ca it 800 max voits
MAXIMUM-SIGNAL DXC PLATE CURRENT®. . . ..ot ii i iiai i iviaennnns 350 max ma
(€353 55580 Lo 3028 831 2 . o 35 max watts
GRID-NO.L INPUT . ... i i i i i e 10 max watts
PLATE DISSIPATIONS . L . ettt e et i it e 400 max watts
¢ Averaged over any audio-frequency cycle of sine-wave form.
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Rotings: Al frequencies up to 110 Me
DC PLATE VOLTAGE . L. ..ottt ittt tieieie s ean e nans 3200 max volts
DC GRID-NO.2 VOLTAGE . ... ..ottt iiteitane et a i 600 mazx volts
DC GRID-NO.LVOLTAGE . .\t tit vttt iivireaniinaasee.s -500 max volts
DC PLATE CURRENT. . 275 max ma
GRID-No0.2 INPUT. . .. 35 max watts
GRrID-No.1 INpUT. ... ..., 10 max watts
PLATE DISSIPATION. . ..ottt iie et ittt i e iaaaas 270 mazx watts
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings: Al frequencics up to 110 Mec
DC PLATE VOLTAGE . . .« ot ittt it ittt e et i a e ee s it anaeenn 4000 max volts
DC GRID-NO.2 VOLTAGE. .. . . oottt ittt et e it 600 max volts
DC GRID-NO.I VOLTAGE. ... v i ittt cii e ~500 mazx volts
DC PLATE CURRENT. .. ..ottt ittt et e ce e i 350 max ma
GRID-NO.2 INPUT. . . . i i i i i 36 max watts
GRID-NO.LINPUT. . .. e 10 max watts
PLATE DISSIPATION. . o oottt it et et e e i 400 mazx watts

BEAM POWER TUBE

Forced-air-cooled, thoriated-tungsten-fila-
ment type used as af power amplifier and modu-
lator and as rf power amplifier and oscillator at
frequencies up to 110 Mec. Class C Telegraphy
maximum CCS plate dissipation, 1000 watts.
Requires Special five-contact socket and may be
operated in vertical position only, base up or
down.OUTLINE 62, Outlines Section. Plate shows
an orange-red color when tube is operated at
maximum CCS ratings. The 4-1000A is used
principally for renewal purposes.

FILAMENT VOLTAGE (AC/DC) . o ot e it ne st s it anaiae e
FILAMENT CURRENT . . . oo titte et enaat it it onntanacaanennsaonrnansens
TRANSCONDUCTANCE®, | L ottt ittt cntaane e eaenaneen
MU-FACTOR, Grid No.2to Grid NO.L. .. ... i
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (Base shell connected to ground}. ................
Grid No.1 to filament, grid No.2, and base shell.....................
Plate to filament, grid No.2, and baseshell. ..................... ...

* Plate volts, 2500; grid No.2 volts, 500; plate milliamperes, 300.
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum CCS Ratings: At frequencies up fo 110 Mec

DC PLATE VOLTAGE . .ottt ittt ei ittt iiosaeenanesaanssaassesnsasnnss 5000 max
DC GRID-NO.Z VOLTAGE. . 1.ttt iiviitntinisenarsenscassonnsonennsas 1000 mazx
DOC PLATE CURRENT . 4 st s ve e tntaranesreoenssiessaansnssnsaasssnns 600 max
GRID-NO.2 INPUT. . ..ottt iiniiineennrenrseanaranaoenssseanssrnn 75 max
PLATE DISSIPATION. . o .ttt it iaaeatatsinsrcnanasasnsanonnnns 670 mazx

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings: At frequencies up lo 110 Me
DC PLATE VOLTAGE . . ottt ittt iiian i tiiisannraeraasnsaanssannes 6000 mazx
DCGRID-NO.Z VOLTAGE . . ..ottt ittt i cinriannriasnanessanns 1000 mazx
DC PLATE CURRENT. .. ittt it ittt inneeernoernnaroannssensnnn 700 max
GRID-NO.2 INPUT . . . i it ettt it iiisaennananeasnasen 75 max
PLATE DIBBIPATION. L Lottt ittt it ittt irsiiieiaaraanennnes [P 1000 max

POWER TRIODE

Foreed-air-cooled heater-cathode type used
as Class C plate-pulsed oscillator. May be used
with full input up to 625 Me. Maximum over-all G
4C33 length, 4-7/8 inches; maximum diameter, 2.062
inches. Filament volts (ac/de¢), 5.0; amperes,
9.1; starting current, 16 max amperes. Direct
interelectrode capacitances: grid to plate, 13
upf; grid to cathode, 34 puf; plate to cathode, 0.7
puf. Maximum CCS$ ratings as Plate-Pulsed

X

volts
volts

watts
watts

volts
volts
ma
watts
watts

Oscillator—Class C: peak plate pulse supply volts, 18000 maz; peak grid-bias volts, —2000 max; peak
plate amperes from pulse supply, 30 maz; peak rectified grid amperes, 4 maz; de plate milliamperes, 30
maz; de grid milliamperes, 4 maz; peak plate input, 390000 max watts; plate dissipation, 250 maux watts;
pulse length, 5 maz microseconds. The 4C33 is a DISCONTINUED type listed for reference only.

i BEAM POWER TUBE
4CX250B See type 7203/4CX260B.

BEAM POWER TUBE
4CX25°F See type 7204/4CX260F.

4D21 BEAM POWER TUBE

See type 4-125A /4D21.

BEAM POWER TUBE

4E 2 7 / Thoriated-tungsten-filament type

800] used as af power amplifier and modu-
lator and as rf power amplifier and
oscillator. May be used with full in-

put up to 75 Me. Class C Telegraphy

maximum CCS plate dissipation, 756 watts. Requires Giant seven-contact soclket
and may be operated in vertical position only, base up or down. OUTLINE 37, Oui-
lines Section. Plate shows an orange-red color when the tube is operated at maxi-

mum CCS ratings.

FILAMENT VOLTAGE (AG/DC) . v vttt st st atneeenrosoronsranens 5.0
PILAMENT CURRENT. . e evranechineeeanseraanneesenaersnnesraneennsos 7.5
TRANSCONDUCTANCE (For plate current of 75 milliamperes). ................ 2800
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate (Base shell connected toground). . .........covviiinia., 0.06
Grid No.1 to filament, grid No.3, grid No.2, internal shicld, and base shell. . . 11
Plate to filament, grid No.3, grid No.2, internal shield, and base shell. . ... 4.6
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Technical Data

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

DC PLATE VOLTAGE. .. ..0vvtitrnecnnnrssnnnonans Cera e Ceeraasea 4000 max volts
DC GRID-NO.2 VOLTAGE . . .. ..c0avvsnnn e N [N vee 750 max volts
DC GRID-NO.]1 VOLTAGE . ........ Cereeene [ N Chariarareaes -500 max volts
DC PLATE CURRENT. ... vanessn e heeeaaeas ereaenaen 150 max ma
DC GriD-N0.2 CURRENT 30 max ma
DC GRID-NO.1 CURRENT 25 max ma
PLATE INPUT. . .. .. i ittt tiatasansancans e 300 max watts
GRID-NO.2 INPUT. ... ..ot iiiiiernnnae e . 25 mar watts
PLATE DISSIPATION . . . . ottt teveriins s anrasnsassanesanas . 75 maxr  watls

BEAM POWER TUBE

Thoriated-tungsten-filament type 4E2 7 A /

used as af power amplifier and modu-

lator and as rf power amplifier and 5_" 2 SB
oscillator. May be used at full input

up to 75 Mc. Class C Telegraphy max-

imum CCS plate dissipation, 125 watts. Requires Giant seven-contact socket and
may be operated in vertical position only, base up or down. OUTLINE 38, Outlines
Section. Plate shows a cherry-red color when the tube is operated at maximum CCS8
ratings.

FILAMENT VOLTAGE (AC/DC) .o ovveiacnnennens eeeeinaeean Chereeeeeens 5.0 volts
FILAMENT CURRENT. .0 vvvvenrroononrennnssanons [T [ 7.5 amperes
TRANSCONDUCTANCE®. . ......... e eraseasiareiateraaarenaasenna Ceereaee 2500 pmhos
MUu-FACTOR, Grid No.2 to Grid No.l.......... et [N 6
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l to plate (Base shell connected toground). .. ....covvvieennn.. 0.08 mazx upf
Grid No.l to filament, grid No.3, grid No.2, and base shell, .. ........... 11 pupuf
Plate to filament, grid No.3, grid No.2, and baseshell. ................. 4.8 pufl
SEAL TEMPERATURK. .. .. .. R 225 max °C

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

and
RF POWER AMPLIFIER—Class C FM Telephon
Maximum CCS Ratings: ¢ phony
DC PLATE VOLTAGE. ......iivivun.nn 4000 nax volts
DC GRID-N0.3 VOLTAGE 76 max volta
DC GRID-N0.2 VOLTAGE 750 max volts

DC GRID-NO.1 VOLTAGE . ... ..........00 -500 max volts
DCPLATE CURRENT. . ... vintrinnnernnnonns Ceeerrereeraen Ceeereaaae .. 200 max ma
GRID-NO.3 INPUT. .. ... . i i iiivnrannnns [ hvereaeeraeas 20 max  watts
GRID-NO.2 INPUT. . . ... i it e heverieeranas e 20 max watts
GRID-NOLINPUT. . ..ottt iiieainsseasananoasennsoan s e 5 mar  watts
PLATE DISSIPATION . . . L. Lottt enerasasenassannossns e 125 max watts
aoron BEAM POWER TUBE
B e Forced-air-cooled heater-cathode typeshav-
ing integral plate radiators used as af power am-
plifiers and modulators and as rf power ampli- 4x1 SOA
fiers and oscillators. May be used with full in-
put up to 500 Mc. Maximum over-all length, 4X'|5°D

2-15/82 inches; maximum diameter, 1.635

inches. Type 4X150A heater volts (ac/dc), 6;

amperes, 2.6. Type 4X150D heater volts (ac/dc),

26.5; amperes, 0.58. Direct interelectrode capac-

itances: grid No.1 to plate, 0.02 uuf; grid No.2 to cathode, grid No.2, and heater, 16 uuf; plate to cath-
ode, grid No.2, and heater, 4.2 uuf. Maximum CCS ratings as RF POWER AMPLIFIER AND OS-
CILLATOR—Class C Telegraphy: dc plate voltage, 1250 mazx; dc grid-No.2 voltage, 300 maz; de grid-
No.1 voltage, ~250 mazx; de plate milliamperes, 250 maz; grid-No.2 input, 12 max watts; grid-No.1 in-
put, 2 max watts; plate dissipation, 150 max watts. The 4X150A and 4X150D are DISCONTINUED
types listed for reference only; as replacements, the 7034/4X150A end 7035/4X 150D, respectively, are
directly interchangeable.
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RCA Transmitting Tubes ==

BEAM POWER TUBE

Forced-air-cooled type having in-

tegral plate radiator and thoriated-

4X500A tungsten filament used as rf power am-
plifier and oscillator. May be used with

full input up to 120 Mec. Class C Teleg-

raphy maximum CCS plate dissipa-

tion, 500 watts. May be operated in

vertical position only, base up or down. OUTLINE 90, Ouilines Section.

Min. Avg. Max.

FILAMENT VOLTAGE (AC/DC) . .. vvninvrnsrannennnas - 5.0 - volts
FILAMENT CURRENT. . .. 0ottt ineeciruansenonen 12.2 - 13.7 amperes
TRANSCONDUCTANCE® . . .. .. iieiirennnsansnnns 5200 pmhos
MuU-FACTOR, Grid No.2 to Grid No.1. .. ............ 4.5 - 6.5
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.ltoplate........oo i - - 0.1 uuf

Grid No.1 to filament and grid No.2............ 10.5 - 14 .4 uuf

Plate to filament and grid No.2. . .............. 4.9 - 6.9 puf
RADIATOR-CORE TEMPERATURE .. .. v ittt i iriinnnnneaenrseaenss 150 °C
GLASS-METAL SEALS TEMPERATURE. . . ot vtetettanenninanorseans 150 °C
* Plate volts, 2500; grid-No.2 volts, 500; plate milliamperes, 200.

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

Maximum CCS Ratings:
DC PLATE VOLTAGE. . .ottt ittt et iniat it taneneanne e saeneanss 4000 mazx volts
DC GRID-NO.2 VOLTAGE . .« s ottt it it anenaneiae e 500 max volts
DC GRID-NO. LT VOLTAGE .. ..ttt ittt ie v aiiae i nesnaeea s ~500 nax volts
DC PLATE CURRENT . . .t v v vt eitataeeeinannseaar s roanansains 350 maz ma
GRID-NO.Z INPUT. . ottt it i iiniia e ianr e caasoaanraans 30 maz watts
GRID-NO.L INPUT. . .ttt tieieintne i et s tiaeetaaaneanonseannsnn 10 mazx watts
PLATE DISSIPATION. .. o vt it trnnneriaentnrssoraaensasasrosnsaneensns 500 mazx watts

5.125B BEAM POWER TUBE

See type 4E27A /5-125B.
5D22 BEAM POWER TUBE
See type 4-250A /5122,
FULL-WAVE VACUUM -
RECTIFIER (4)
Coated-filament type used in pow-

5R4GY er supply of transmitting and indus-

trial equipment. Rated for a maximum (2 ‘

peak inverse plate voltage of 2800 volts 0 o

and maximum peak plate current of NC ¥
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 operated
in vertical position, base up or down, or in horizontal position with pins 1 and 4 in
vertical plane. OUTLINE 31, Outlines Section.

FILAMENT VOLTAGE (AC/DC) . o v it ittt inirnanansonstaarsansnsanosens 5 volts
FILAMENT CCURRENT. . . .. .. 2 kmperes
TUBE VOLTAGE DROP {Approx.):

Measured with applied de at 250 milliamperes per plate .......... ‘e 67 volts
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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 maz 2400 max 2800 max volts
PEAK PLATB CURRENT (Per plate) . ........ 650 max 650 max 650 max ma
DC Outrur CURRENT:

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

With choke input to filter. . .............. ... 250 max  250® max 175% max ma
Typical Operation with Capacitor-Input Filter:
RMS Plate-to-Plate Supply Voltage:

Fullload. ..........ioii it iinnnn 1400 1500 1800 volts

NoLoad. ... ..ot iiiiiiiiiiiiinnnnas 1500 1700 2000 volts
Filter Input Capacitor. ......... ... ooivin .. 4 4 4 uf
Total Effective Plate-Supply Impedance (Per plate)® 125 500 576 ohms
DCOutput-Current. .. .......covviiviiriiienenns 250 150 150 ma
DC Output Voltage at Input to Filter (Approx.):

AtHalf Load. ........... ..o 790 900 1060 volts

AtFull Load. ........ ... . i i, 700 810 950 volts
Voltage Regulation, Half-Load to Full-Load Current

(ADDPIOX.) i ii it iie i aisresonsnennonnsans 90 90 110 volts
Typical Operation with Choke-Input Fiiter:
RMS Plate-to-Plate Supply Voltage:

FullLoad........ooiiiiiiiiiiniiiinnines AN 1500 1900 volts

NoLoad.........ooiiiiiniiiniaennns cieieaen 1700 2000 volts
Filter Input Choke............ 5 10 henries
DC Output Current 250 175 ma
DC Output Voltage at Input to Filter (Approx.):

AtHalfLoad........... .o iiiiiiiiininnen . 590 810 volts

AtFull Load......... ..ot iiniiiians 550 750 volts
Voltage Regulation, Half-Load to Full-Load Current

(APPIOX.) vt v vrein it i nenenanrinansonnn 40 60 volts

® For choke not less than 5 henries,

4 For choke not less than 10 henries.

aTndicated 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,

"D FULL-WAVE VACUUM
oo RECTIFIER
Coated-filament type used in pow-
G er supply of transmitting and indus- 5 R4GYB
¢ trial equipment. Rated for a maximum
ORIO peakinverse plate voltage of 3100 volts
ne 4 and maximum peak plate current of

715 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 operated
in vertical position, base up or down, or in horizontal position with pins 2 and 4 in
vertical plane. OUTLINE 20, Qutlines Section.

FILAMENT VOLTAGE (AC/DO)%. . .ottt it it iie it iaannann 5 volts
FILAMENT CURRENT. . ..ottt i itaaeensnanrneanasoanraenannans 2 amperes
HALF-WAVE RECTIFIER

Maximum Ratings: For altitudes up fo: 40000 20000 feet
PEAK INVERSE PLATE VOLTAGE. . .. ... 0tuiiieiinnaannn 2650 max 3100 mazx volts
AC PLATE SUPPLY VoLTAGE (Per plate, rms, without load). .. See Rating Chart I
PEAK PLATE CURRENT (Perplate).................ooovont, 715 max 715 mazx ma
DC OuTtpuT CURRENT (Perplaté). . ... .. ..o, See Rating Chart I
HoT-SWITCHING TRANSIENT PLATE CURRENT (Per plate). .. .. L] u
BuLp TEMPERATURE (At hottest point) . . ........... ... ..... 230 max 230 max °C
Typical Operation with Capacitor-Input Filter:

For altitudes up to? 40000 20000 Sect
AC Plate-to-Plate Supply Voltage (rms, without load) 1400 1500 2000 volts
Filter-Input Capacitor. . ...... ... ... ... .. vo. 20 20 20 uf
Total Effective Plate Supply lmpedance (Per plate)® . 225 250 375 ohms
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RCA Transmitting Tubes

DC Output Voltage at Input to Filter (Approx.):

At Half Load, ma=75............. . ..o . - 910 1210 volts

At Half Load, ma=125. ... 750 - - volts

At Full Load, ma=150.............. . - 800 1040 volts

At Full Load, ma=250....................... 605 - - volts
Voltage Regulation, Half-Load to Full-Load Current,

L 3 53 3. 25 2P 145 110 170 volts
DCOutputCurrent. . ......oovviiiininiii. 250 150 150 ma
Typical Operation with Choke-Input Filter:

For altitudes up lo: 40000 20000 Seet
AC Plate-to-Plate Supply Voltage (rms, without load)....... 1500 1900 volts
Filter-Input Choke. .. ....... ... it 5 10 henries
DC Output Voltage at Input to Filter (Approx.):
For dc output:

ma=87.5. - 800 volts

ma=125. . 600 - volts

‘ma=175. . . AN e .. - 760 volts

MA=250. . ..t e 660 - volts
Voltage Regulation, Half-Load to Full-Load Current, (Approx.) 40 40 volts
DCOutput Current. .. ....ovuiitinin i iiiniannans 250 175 ma

° See accompanying chart for operating conditions requiring delay in application of plate voltage until
filament has reached operating temperature.

® I hot-switching is required in operation, choke-input circuits are recommmended. Such circuits limit
the hot-switching current to a value no higher than that of the peak ptate current. When capacitor-
input eircuits are used, a maximum value of 3 amperes should not be exceeded.

® Indicated values for conditions shown will limit peak plate current to maximum rated value. When
a filter-input capacitor larger than 20 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.

RATING CHART |

TYPE 5R4GYB
_E¢=5 VOLTS AC .
L] OPERATING AREAS FOR
w MAXIMUM OPERATING SIMULTANEOUS AND DELAYED
= VALUES WITH: APPLICATION OF PLATE VOLTAGE
> [ R INe O FILTER -
b — T T T Tvpe SR4GYB
W MAXIMUM_VOLTAGE FULL=WAVE RECTIFIER SERVICE WITH
@ RAT/NG-I'__ — o CAPACITOR - INPUT FILTER.
bt UP TO 20000 FEET AREA I ~ FILAMENT AND PLATE VOLT=
AL AT 40000 FEET> /] E AGE MAY BE APPLIED SIMULTANEOUSLY.
s A B J/ z AREA T - FILAMENT SHOULD BE ALLOW-
= [PTT 1 ED TO REACH OPERATING TEMPER-
5 £ s | ATURE BEFORE PLATE VOLTAGE IS
2 120 ¢ H APPLIED. FOR AVERAGE CONDITIONS,
= N\ THE DELAY IS APPROXIMATELY 10
5 ] SECONDS. :
a & 300
f : ST TN
200
AREA

8 8 AREA I \\n\\

® T TN

0 200 400 600 800 1000 1200
6 AC VOLTS PER PLATE {RMS)
(o] 400 800 1200 92CS-184T.

AC PLATE SUPPLY VOLTS (RMS)
PER PLATE (WITHOUT LOAD)
92CM~-9943T)

POWER TRIODE

Forced-air-cooled type having integral ra-
diator uged as af power amplifier and modula-
tor and as rf power amplifier and oscillator at
6C24 frequencies up to 160 Mc. Maximum over-all P

length, 8-28/32 inches; maximum diameter, 1-

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

peres, 12.1; starting current, 24 maxr amperes.

Direct interelectrode capacitances; grid to plate, F (3

4.4 puf; grid to filament, 4.6 uuf; plate to fila- M
ment, 3.2 upf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate
volts, 3000 mazx; de grid volts, -500 maz; dc plate milliamperes, 500 mazx; dc grid milliamperes, 150 max;
plate input, 1500 max watts; plate dissipation 600 max watts. The 6C24 is a DISCONTINUED type
listed for reference only. As a replacement, the 5786 is a similar type although not directly interchange-
able,
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POWER TRIODE

Acorn type having heater-cathode
used as rf power ampilfier and oscilla-
tor at frequencies up to 1200 Mec. Class
C Telegraphy maximum plate dissipa-
vicweD FROM sHORT £no  tion (design-center value), 2 watts.

6F4

Requires Acorn radial 7-contact socket and may be operated in any position. OUT-
LINE 1, Outlines Section. Plate shows no color when tube is operated at maximum

CCS ratings.

HEATER VOLTAGE (AC/DC) . o vt vinnecnnrnnnessaanacissonaserssses 6.3
HEATER CURRENT. . .o« ot vtetninavtiraecnaneroetaansstsssssonasnses 0.226
TRANSCONDUCTANCE¥*. . .. 5800
AMPLIFICATION FACTOR . . .. .. . ittt ataersaasenns 17
PLATE RESISTANCE (APPIOX.) . o ittt it ciianessrens 2900

DIRECT INTERELECTRODE CAPACITANCES:
Grid to PIBEE. . . v i 'ttt et 1.8
Grid to eathode and heater. ... ... .. i i 1.9
Plate to cathode and heater. . . ... ... ... .. . i i iiiiiianaaan 0.6

* 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 . .. .. oottt ittt an e iaaneescaaennancns 160
DC PLATE SUPPLY VOLTAGE . . .ottt iainarein e iaaennnearens 300
IXC GRID VOLTAGE . - .« oottt i it tar i ianiaraaiosiectisesrenneans -50
DC PLATE CURRENT 20
DC GRID CURRENT. .. ........ 8
PLATE DISSIPATION. . . v vt eaeivinsvnnnersansananacnsesans . : 2
PEAK HEATER-CATHODE VOLTAGE: .

Heater negative with respect to cathode........ PP e . 80

Hoeater positive with respect to cathode. .................. 80

POWER TRIODE

Thoriated-tungsten-filament type used as

” 5 rf power amplifier and oacillator. May be used
with full input up to 8 Mc. Requires Small four-

contact socket and may be mounted in vertical

position only, base down. OUTLING 32, Outlines

Section. Filament volts (ac/de), 7.5; amperes,
o*o : 1.25. Direct interelectrode capacitances; grid to
Fe r- plate, 7 uuf; grid to filament, 4 uuf; plate to fila-

ment, 3 uuf. Maximum CCS ratings as RF

max
max
max
mazx
max
mazx

max
max

10Y

volts
ampere
umhos

ohms

put
puf
puf

volts
volts
volts
ma
ma
watts

volts
volts

POWER AMPLIFIER AND OSCILLATOR, CLASS C TELiXGRAPHY: dc plate volts, 450 max;
de grid volts, -200 max; de plate milliamperes, 60 muzx; de grid milliamperes, 15 maz; plate input, 27 mez
watts; plate dissipation, 15 max watts. Plate shows no color when tube is operated at maximum CCS
ratings. The 10Y is a DISCONTINUED typelisted for reference only. The 801A is a direct replacement

for the 10Y.

FULL-WAVE MERCURY-
VAPOR RECTIFIER

Coated-filament, glass type used
to supply dc power of uniform voltage
to receivers in which the rectified cur-
rent requirements are subject to con-
siderable variation. Tuberequires four-

83

contact socket and should be operated in vertical position with base down. QuUT-
LINE 32, Outlines Section. Maximum peak inverse plate volts, 1550; maximum peak

plate amperes (per plate), 1.
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FILAMENT VOLTAGE (AG)°...... ... PN . 5 volts

FILAMENT CURRENT. .. ..o tisensansionnanraaasns e Ceesens 3 amperes

TUBE VOUTAGE DROP (APPIoOX.).vevevneunnrranrennrtnnnennrsan PR 15 volts
FULL-WAVE RECTIFIER

Maximum Ratings, (Design-Center Values):

PEAK INVERSE PLATE VOLTAGE. . ... .vvvvviiinvnnnnenns Cerieseeenaane 1550 max volts

PEAK PLATE CURRENT (Perplate)..........coviiiiiennnan Cetreassenens 1 maxr ampere

DC OUTPUT CURRENT. . . ..o ttitiiisieenirararassiavsronnanas P 225 max ma

CONDENSED-MERCURY TEMPERATURE RANGE. ............ teessassaaees. 20to 60 °C

Typical Operation (With Capacitor-Input Filter):

AC Plate-to-Plate Supply Voltage (rms). . .................... P 900 volts

Minimum Total Effective Plate-Supply Impedance (Per Plate)t........... 50 ohms

DCOutput Current. .. ..vovvnirnreronreiorensreanescesras Ceeereans 225 ma

Typical Operation (With Choke-Input Filter):

AC Plate-to-Plate Supply Voltage t'm8) . .. ............. ... .. [P 1100 volts

Minimum Filter-Input Choke............. . . i e 3 henries

DC Output CUITeNt. . . ov v etirivruieroeerrenrenarastotsnesasansensns 225 ma

t When a filter-input capacitor larger than 40 »f is used, it may be necessary to use more plate-supply
impedance than the minimum value shown to limit the peak plate current to the rated value.
® Plate voltage should not be applied until the filament has reached normal operating temperature.

POWER TRIODE

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

203 A input up to 16 Mc and with reduced input up
to 80 Mc. Requires Jumbo four-contact socket
and may be mounted in vertical position only,
base down. Maximum over-all length, 7-7/8
inches; maximum diameter, 2-5/16 inches. Fila-
ment volts (ac/de), 10; amperes, 3.25. Direct

interelectrode capacitances: grid to plate, 14 uuf; grid to filament, 5.7 uuf; plate to filament, 4.4 uul,
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR, Class C Telegraphy: de
plate volts, 1260 max; dc grid volts, ~400 max; dc plate milliamperes, 175 maz; de grid milliamperes,
60 mazx; plate input, 200 maz watts; plate dissipation, 100 mar watts. Plate shows no color when
tube is operated at maximum CCS ratings. The 203A is a DISCONTINUED type listed for reference
only. As a replacement, the 8005 is a similar type although not directly interchangeable.

POWER TRIODE

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

204 A with full input up to 3 Mc and with reduced in-
put up to 30 Mec. Requires special end-mounting -
and may be mounted in vertical position with
filament end up, or in horizontal position with
plane of plate in vertical plane. Maximum over-
all length, 142§ inches; maximum diameter, [

4-1/16 inches. Filament volts (ac/dc), 11; amperes, 3.85. Direct interelectrode capacitances: grid to
plate, 15 puf; grid to filament, 12.5 uuf; plate to filament, 2.3 uul. Maximum CCS ratings as RF POWER
AMPLIFIER AND OSCILLATOR, Class C Telegraphy: dc plate volts, 2500 mazx; dc grid volts, —500
maz; de plate milliamperes, 276 max; de grid milliamperes, 80 maz; rf grid amperes, 10 maz; 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 204A is a DISCONTINUED type listed for reference only.

Gluu

POWER TRIODE

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

2'|'| with full input up to 16 Mc and with reduced in-
put up to 80 Mec. Requires Jumbo four-contact
socket and may be mounted in vertical position,
base down, or in horizontal position with pins 1
and 3 in vertical plane. OUTLINE 52, Outlines
Section. Filament volts (ac/dc), 10; amperes,
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3.25. Dircet interelectrode capacitances: grid to plate, 14 puf; grid to filament, 5.4 uuf; plate to filament,
4. 8 puf.Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR, Class C Teleg-
raphy: de plate volts, 1250 maz; de grid volts, —400 mazx; dc plate milliamperes, 1756 maz; de grid milli-
ampercs, 50 max; plate input, 220 max watts; plate dissipation, 100 maz watts. Plate shows a barely
perceptible red color when tube is operated at maximum CCS ratings. The 211 is a DISCONTINUED
type listed for reference only.

HALF-WAVE VACUUM
RECTIFIER

Thoriated-tungsten-filament type used in
power supply of transmitting and industrial 2] 7C
cqnipment. Requires Jumbo four-contact socket
and may be mounted in vertical position, base
down, or in horizontal position with pins 1 and
3 in vertical plane. OUTLINE 53, Ountlines Sec-
tion. Filament volts (ac), 10; amperes, 3.25.
Maximum ratings: peak inverse plate volts, 7500 maz; peak plate amperes, 0.6 maz; average plate
amperes, 0.15 max. The 217C is a DISCONTINUED type listed for reference only. As a replacement,
the 836 is a similar type although not directly interchangeable.

HALF-WAVE MERCURY-
VAPOR RECTIFIER

Coated-filament type used in pow-
er supply of transmitting and indus- 575A

trial equipment. Maximum peak in-

verse anode volts, 15000; maximum

average anode amperes, 1.5. Requires

Jumbo four-contact socket and may be operated in vertical position only, base down.
OUTLINE 65, Outlines Section.

FILAMENT VOLTAGE (AC)° 5.0 volts
FILAMENT CURRENT. . . ......ovuernuan . 10.0 amperes
Prak TUBE VOLTAGE DRoP (Approx.) 10 volts

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

HALF-W AVE RECTIFIER—In-Phase Operation

Maximum Ratings: For supply frequency of 60 cps
PEAK INVERSE ANODE VOLTAGE. . . v vvvcvnrnnnnaaanns 10000 max 15000 max volts
ANODE CURRENT:
Peak. . e e i e T mazx 6 max amperes
Average S . .. e .. 1.75 mazx 1.6 max 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

Maximum Ratings: For supply frequency of 60 ¢ps
PLEAK INVERSE ANODE VOLTAGE. ... oviievseannaroraans 10000 max 15000 mazx volts
ANODE CURRENT:
Peak. ... .. ..t i i i e, 10 max 10 maxr amperes
Average (. oo oo i e NN 2.5 mazx 2.5 max amperes
Fault, for duration of 0.1 second maximum. ...... e 100 max 100 maxz amperes
CONDENSED-MERCURY-TEMPERATURE RANGE. . .. ....... 20 to 60 20 to 60 °C

{J Averaged over any interval of 20 seconds maximum.

FULL-WAVE GAS AND
MERCURY-VAPOR RECTIFIER

Coated-filament type used in in-
dustrial equipment. Maximum peak in-
verse anode volts, 900; average anode 604 7 014
amperes, 2.5. Requires Super-Jumbo
four-contact socket and may be oper-

ated in vertical position only, base
down., OUTLINE 50, Ouilines Section,

119



RCA Transmitting Tubes

FILAMENT VOLTAGE . . . .ottt i ettt et e et e e eneiaaanan 2.5 volts
FILAMENT CURRENT . . . ottt it ettt ettt ettt ie ettt e e e aenaan 11.5 amperes
PEAK TUBE VOLTAGE DROP (APPIOX.) . ..ttt ittt 10 volts

° Filament voltage must be applied at least 15 secconds before application of anode voltage.

FULL-WAVE RECTIFIER
Maximum Ratings:

PEAK INVERSE ANODE VOLTAGE. ...\ttt eetivrnnnrnnnaranrisneennraes 900 max volts
ANODE CURRENT:
Peak. e e e e ettt e, 10 max amperes
P Y e 2.5 mar amperes
Faulb. ... .o i e e e 150 max amperes
CONDENSED-MERCURY-TEMPERATURE RANGE. . .. ....... e 0 to 90 °C

O Averaged over any interval of 5 seconds maximum.

HALF-WAVE MERCURY-
VAPOR RECTIFIER

Coated-fil tt d in in-
615/7018  ComtedMoment e v in o

verse anode volts, 2000; average anode
amperes, 2.5. Requires Small four-con-

. F F
tact socket and may be operatedin ver-
tical position only, base down. Ourt-
LINE 41, Oultlines Section.
FILAMENT VOLTAGE®, .. .ottt ittt ittt e i ie e et e it ie e ianns 2.5 volts
FILAMENT CURRENT. . .ottt ittt ittt e i ie et et e e en e nnnnnas 7 amperes
PEAK TUBE VOLTAGE DROP (APProX.). .. .o iuiiiiiiie i ciiann 12 volts

° Filament voltage must be applied at least 20 seconds before application of anode voltage.

HALF-W AVE RECTIFIER
Maximum Ratings:

PEAK INVERSE ANODE VOLTAGE. .. ..ttt ttininn i inneiianens 2000 max volts
ANODE CURRENT:
Peak. ... e e e e ety 10 max amperes
Averagel . .. i e e e i i 2.5 mar amperes
Fault. . .. e e i i N 250 mmax amperes
CONDENSED-MERCURY-TEMPERATURE RANGE. .. ... 0ivviiiiiiinnnnnnnn. 35 to 80 °C

J Averaged over any interval of 5 seconds maximum.

HALF-WAVE GAS AND F P
MERCURY-VAPOR RECTIFIER ;

635 / 70]9 Coated-filament type used in in-
63 5'. / 7020 dustrial equipment. Maximum peak
inverse anode volts, 1000; average

anode amperes, 6.4. Type 635/7019 re-

quires Super-Jumbo four-contact sock-

et and may be operated in vertical position only, base down. Type 635L/7020 re-
quires a special lug-type socket and may be operated in vertical position only, base

down. Type 635/7019 OUTLINE 60, Outlines Section; type 635/7020 OUTLINE 61,
Outlines Section.

NC NG

FILAMENT VOLTAGE®. . ..ottt ittt iitiiiien it entenniee s ininnnans 2.6 volts
FILAMENT CURRENT . . ..\ttt titiie e tniiiieeeeiannnnnraeeannnas 18 amperes
PEAK TUBE VOLTAGE DROP (ADPPFOX.) . o v it it iie i ieeinninnrnnns 9 voltas

° Filament voltage must be applied at least 60 seconds before application of anode voltage.

HALF-WAVE RECTIFIER
Maximum Ratings:
PEAK INVERSE ANODE VOLTAGE. . .0 vvvnerenrinnsonnrsnen e 1000 max volts
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ANODE CURRENT:

. 3 7 max amperes
Average( . 6.4 maxr amperes
Tault . 770 max amperes
CONDENSED-MERCURY-TEMPERATURE RANGE .. 0to100 e
¥ Averaged over any interval of 20 seconds maximum.
. e F HALF-WAVE MERCURY-
K.
O VAPOR RECTIFIER
Couated-filament type used in pow-
er supply of transmitting and indus- 67 3
trial equipment. Maximum peak in-
NC NG verse anode volts, 15000; maximum

average anode amperes, 1.5. Requires
Super-Jumbo four-contact socket and may be operated in vertical position only, base
down. QUTLINE 67, Qutlines Section. The 673 is electrically identical with the 575A.

POWER TRIODE

Thoriated-tungsten-(ilament type used as
af power amplifier and modulator and as rf
power amplifier and oscillator. May be used
with full input up to 60 Mc. Requires Small four- 800
contact socket and may be operated in vertical
position onty, base up or down. Maximum over-
all length, 6-3/8 inches; maximum diameter,
2-11/16 inches. Filament volts (ac/dc), 7.5;
amperes, 3.1. Direct interelectrode capacitances:
grid to plate, 2.5 uuf; grid to filament, 2.8 ppf; plate to filament, 2.8 ppf. Maximum CCS ratings as RI°
POWER AMPLIFI®XEIR AND OSCILLATOR: dc plate volts, 1250 max; de grid volts, —400 max; dc
plate milliamperes, $0 maz; de grid milliamperes, 25 max; plate input, 100 mazx watts; plate dissipation,
35 mar watts. Plate shows no color when tube is operated at maximum CCS ratings. The 800 is & IDIS-
CONTINUED type listed for reference only. As a replacement, the 812A is a similar type although
not directly interchangeable.

o POWER TRIODE

Thoriated-tungsten-filament type
used as af power amplifier and modu- 80] A
lator and as rf power amplifier and os-

cillator. 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 20 watts. Re-
quires Small four-contact socket and may be operated in vertical position with base
down, or in horizontal position with pins 1 and 4 in vertical plane, QOUTLINE 32,
Outlines Section. Plate shows no color at maximum CCS ratings.

12

FILAMENT VOLTAGE (AC/DC).. . 7.5 volts
FILAMENT CURRENT. ......... e .. 1.26 amperes
AMPLIFICATION FACTOR. . .. ...c.ooivannn eesaereannen vee . 8
DirECT INTERELECTRODE CAPACITANCES:
Gridtoplate. .............. 6 pnpl
Grid to filament. . . 4.5 puf
Plate to filament. . . ...ttt in i renecit i iietrnrotensansn 1.5 put
AF POWER AMPLIFIER AND MODULATOR—Class B
Maximum CCS Ratings:
DC PLATE VOLTAGE. .. .....ocvventn e 600 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT 70 max ma
MAXIMUM-SIGNAL PLATE INPUT®. ... ... 42 mazx watts

PLATE DISSIPATION®. . . oo it i i e niaiarassanas 20 max watts
® Averaged over any audio-frequency of sine-wave form.



;. RC A Transmitting Tubes

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

Maximum CCS Ratings:

DCPLATE VOLTAGE. . ..« ottt otin i aaetsanosaaeenasantornnanatsananse 600 max
DC GRIDVOLTAGE. . .......avuens e et e vesean- ~200 max
DC PLATE CURRENT, ... ot cvvnsiornenaonscnsasnosuanartionsassnns PR 70 mazx
DC GRID CURRENT. . .« cvt e vaetnannvnatanasasciasaeatasnssonsaens 15 max
PLATE INPUT . . ittt ittt e iasiaasanatanaseassasnressnanronsean 42 mazx
PLATE IDISSIPATION. . ottt iaaa e e eaaasas et enonanuonaens 20 mar

POWER PENTODE

Heater-cathode type used as af

802 power amplifier and modulator and as
rf power amplifier and oscillator. May

be used with full input up to 30 Me.

For Class C Telegraphy operation at 55

volts’
volts
ma
ma
watts
watts

Me, plate voltage and plate input should be reduced to 77 per cent of maximum rat-
ings; 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 he oper-
ated in any position. OUTLINE 34, Outlines Section. Plate shows no color when the

tube is operated at maximum CCS or ICAS ratings.

HEATER VOLTAGE (AC/DC) . o v vt iiaamacaasisnneatoitnarsanaseansnos 6.3
HEATER CURRENT . .+« o ettt et e etaae et ian e aaaaaaanes 0.9
TRANSCONDUCTANCE (For plate current of 20 milliamperes). . ............. 2250
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (With external shielding) . . ....................... 0.15 max
Grid No.1 to cathode, grid No.3, grid No.2, internal shield, and heater. . 11
Plate to cathode, grid No.3, grid. No.2, internal shield, and heater . .... 6.8

AF POWER AMPLIFIER AND MODULATOR—Class A

Maximum Ratings: CCS ICAS

DCPLATE VOLTAGE. ... .. .. iivitaeanria s 500 max 600 max
DC GRID-NO.2 VOLTAGE. . .+ oo o veviene i aevaas 250 max 250 max
PLATE INPUT. .. ........ e 15 max 18 mazx

GRID-NO.Z INPUT. . ..o ii v iiiicieneiie e 3 max 3 mox
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode........ 100 max 100 max
Heater positive with respect to cathode..... ... 100 max 100 mazx

Maximum Circuit Values (CCS or ICAS conditions):

(Grid-No.1-Circuit Resistance:
For fixed-bias operation. ... ... .o 0.01 max
For cathode-bias opPeration. .. ..........vevinn i arionoceanas 0.5 mazx

RF POWER AMPLIFIER AND OSCILLATOR~—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE. . ..« . i iit et 500 mazx 600 maux
DC GRID-N0.3 VOLTAGE. . . .. ..o iiiennreavarns 200 mazx 200 mazx
DC GRID-NO.2 VOLTAGE. .. ... oieetninannan 250 max 250 max
DC GRID-NO.1 VOLTAGE. . ... .. ccevrenionnneenin- ~200 max ~200 max
DC PLATE CURRENT. .« 4t vvvevcnrocnansnnoeninn 60 max 60 max
DC GRID-NO.L CURRENT. .. .o evvvevnrvanneenenss 7.5 max 7.5 max
PLATE INPUT. . .. iii it ivesasanninaasanonns 25 max 33 max
GRID-NOB INPUT. . . .. it ieii e 2 max 2 mazx
GRID-NO.Z INPUT. . ... iviieiianircn i eiineans 6 max 6 max
PLATE DISSIPATION 10 max 13 max
Peak HEATER-CATHODE VOLTAGE:

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

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

volts
ampere
umhos

upf
wuf
paf

volts
volts
watts
watts

volts
volts

megohm
megohm

volts
volts
volts
volts
ma
ma
watts

watts

watts
watts

volts
volts



Technical Data

POWER PENTODE

Thoriated-tungsten-filament type used as
rf power amplifier and oscillator. May be used
with full input up to 20 Mc and with reduced
input up to 60 Mec. Class C Telegraphy maxi-
mum plate dissipation, CCS 125 watts. Requires 803
Giant five-contact socket and may be operated
in vertical position with base up or down, or in
horizontal position with pins 2 and 6 in horizon-
tal plane. OUTLINE §9, Outlines Section. Plate
shows a barely perceptible red color when tuhe is operated at maximum CCS ratings, The 803 is uscd
principally for renewal purposcs.

FILAMENT VOLTAGE {AC/DC) . vttt ittt iiaaireerananaanas 10 volls
FILAMENT CURRENT. &« oottt et neie ettt neraaieenatennnrans 5 amperes
TRANSCONDUCTANCE (For plate current of 62.5 milliamperes).,............ 4000 umhos
DmECT INTERELECTRODE CAPACITANCES:

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

Grid No.1 to filament, grid No.8, and grid No.2. . ................... 17 upf

Plate to filament, grid No.3, and grid No.2. . ... ... ..o, 29 ppf

RF POWER AMPLIFIER AND OSCILLATOR-—Class C Telegraphy
and

Maximum CCS Ratings: RF POWER AMPUFER—Class C FM Telephony
DC PLATIE VOLTAGE. L.\ttt ie ittt it iia e iiaiaatnenaraneanns 2000 moax volts
DC Grip-No0.3 VOLTAGE. . .. 500 max volta
DC GRrID-N0.2 VOLTAGE . . 600 mazx volts
DC Grip-No.l VOLTAGE , . e -500 max volts
DC PLATE CURRENT. . . ... e 175 maz ma
DC GRID-N0.1 CURRENT. . . 50 max ma
PLATE INPUT. . .. ... ovue 350 max watls
GRID-NO.3 INPUT. ... ...... .. 10 max watts
Grip-No.2 Invur. .. ..... .. 30 mazx watts
PLATE DISSIPATION . & o 1 ottt tte e e entaesaasoauesnoansiscnereasaeans 125 max watts

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 Mec. Class C Telegraphy maxi-
mum plate dissipation, CCS 40 watts, ICAS 50 804
watts. Requires Small five-contact socket and
may be operated in vertical position with base
down, or in horizontal position with pins 2 and
-tin vertical plane. OUTLINE 51, Outlines Scetion.
Plate shows no color when tube is operated at maximum CCS or ICAS ratings. The 804 is used principally
for renewal purposcs.

FILAMENT VOLTAGE (AC/DC) . vttt it it ie e ie i ae e ettt iaa i 7.5 volts
FILAMENT CURRENT 3.0 ampercs
TRANSCONDUCTANCE {For plate current of 32 milliamperes) 3250 pmhos
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.1 to plate (With externat shielding) .. ....................., 0.03 max puf

Grid No.l to filament, grid No.3, and grid No.2. .. ... ........ puf

Piate to filament, grid No.3, and grid No.2 .. ... . ... .. ... ... ... ... 14 puf

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

Maximum Ratings: CCS ICAS
DC PLATE VOLTAGE. . .. 1250 max 1500 muz volts
DC GRID-NO.3 VOLTAGE . ......... 200 max 200 max volts
DC Grip-No.2 VOLTAGE .. ...... 300 max 300 max volts
DC Grip-No.1 VOLTAGE . .. .. -300 max =300 max volls
DC PLATE CURRENT. ........ 95 nac 100 max ma
DC Grip-No. 1 CURRENT. . .. 15 wmax 15 maz ma
PLATE INPUT. . ............. 120 max 150 maz watts
GRID-NO. BINPUT. . .. .oivviiivinnnnans 5 max 5 max watts
GRrID-NO. 2 INPUT. ... .oiiiiiiiiiiaenn 15 max 15 max watts
PLATE DISSIPATION. . ... .., veses 40 max 50 mazx watts
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POWER TRIODE

Thoriated-tungsten-filament type

805 used as af power amplifier and modu-

lator and as rf power amplifier and

oscillator. May be used with full input

up to 30 Mc. For Class C Telegraphy

operation at 45 Me, plate voltage and plate input should be reduced to 82 per cent

of maximum ratings; at 80 Mc, to 55 per cent. Class C Telegraphy maximum CCS

plate dissipation, 125 watts. Requires Jumbo four-contact socket and may be oper-

ated in vertical position with base down, or in horizontal position with pins 1 and 3

in vertical plane. OUTLINE 53, Quilines Section. Plate shows no color when tube is
operated at maximum CCS ratings.

FILAMENT VOLTAGE (AC/DC) . ..ot iintistiinssnartasnasiensnsesnns 10 volts
FILAMENT CURRENT. . ... ...otiiiitieinsvnsannannan et 3.25 amperes
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. . ..ot i i i e e e s 6.0 uuf
Grid to filament. . . ... . e e 7.5 puf
Plate to filament. . .. ... . . i i i i i e e 9.0 puf

AF POWER AMPLIFIER AND MODULATOR—Class 8
Maximum CCS Ratings:

DO PLATE VOLTAGE . . . . .t ii i ittt iieiia e enn et ansonanaaanas 1500 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®™. .. ... .. iiiiiiiiiiniaennnens 210 mazx ma
- MAXIMUM-SIGNAL PLATE INPUT®. .. .. . it i iiaa s 315 max watts
PLATE DISSIPATION®. . . .. ittt taia s eaanaenas . 125 max watts

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

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

Maximum CCS Ratings:

DC PLATE VOLTAGE . . . . . . o1 it s iutennrnnrososnnnsioeannanssnsssnionn 1500 max volts
DC GRID VOLTAGE. . . . . ..t ivuenatonrnssassansossassasenanaasnsanss =500 max volts
DC PLATE CURRENT . . . . iitiitiatnennruacnronessenosnssnsennoncosns 210 max ma
DC GRID CURRENT . . ..o vitviiniannennanonnenss i 70 max ma
PLATE INPUT. ..........., et ettt e 315 max watts
PLATE DISSIPATION. .. ....... s e et eraei et 125 max watts

POWER TRIODE

Thoriated-tungsten-filament type used as r
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- G
put up to 100 Mc. Requires Jumbo four-contact
socket and may be operated in vertical position
only, base down. Maximum over-zll length, 10 ¢
inches; maximum diameter, 3-13/16 inches. Fil-
ament volts (ac/dc), 6; amperes, 9.5. Direct in-

terelectrode capacitances: grid to plate, 4 puf; grid to filament, 5.6 puf; plate to filament, 0.4 uuf. Maxi-
mumCCSratingsasAF POWERAMPLIFIERAND MODULATOR:deplate volts, 3000 nax (ICAS, 3300
maz); maximume-signal dc plate milliamperes, 200 max (ICAS, 250 mazx); maximum-signal plate input,
500 max watts (ICAS, 825 max watts) ; plate dissipation, 150 max watts (ICAS, 225 max watts). Maxi-
mum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dec plate volts, 3000 maz (ICAS
3800 mac); de grid volts, ~1000 maz; dc plate milliamperes, 200 maz (ICAS, 305 mazx); dc grid milliam-
peres, 50 max; plate input, 600 max watts (ICAS, 1000 max watts); plate dissipation, 150 max watts
(ICAS, 225 max watts). Plate shows cherry-red color when tube is operated at maximum CCS ratings,
and orange-red color at maximum ICAS ratings. The 806 is a DISCONTINUED type listed for refer-
ence only. As a replacement, the 8000 is a similar type although not directly interchangeable.
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BEAM POWER TUBE

Heater-cathode type used as af
power amplifier and modulator and as 807

rf power amplifier and oscillator. May

be used with full input up to 60 Mec.

For Class C Telegraphy operation at

80 Mc, plate voltage and plate input should be reduced to 80 per cent of maximum
ratings; at 125 Mec, to 55 per cent. Class C Telegraphy maximum plate dissipation,
CCS 25 watts, ICAS 80 watts. Requires Small five-contact socket and may be
operated in any position. OUTLINE 34, 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) . ..ottt tennanren et iannasssonsensnssanns 6.3 0.8 volts
HEATER CURRENT . . o\ 0 ote et sttt tanntonnneenaesnueesranecansns 0.9 ampere
TRANSCONDUCTANCE (Approx.)¥*........... 6000 pmhos
MU-FACTOR, Grid No.2 to Grid No.1¥#* 8
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.l to plate (With external shielding)................. e 0.2 mazx puf

Grid No.1 to cathode, grid No.3, grid No.2, and heater . . ........... 12 wul

Plate to cathode, grid No.3, grid No.2, and heater.................. 7 pul
* Plate and grid-No.2 volts, 250; grid-No.1 volts, -14.
** Plate and grid-No.2 volts, 250; grid-No.1 volts, —20.

AF POWER AMPLIFIER AND MODULATOR—Class AB2

Maximum Ratings: CcCS ICAS
DCPLATE VOLTAGE . . . . ottt vvvneeiniannnnanrinnannnnas 600 max 750 max voltx
DC GRID-NO.2 VOLTAGE . .. ..ottt i s 300 max 300 mazx volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. . ... ........... 120 max 120 max ma
MAXIMUM-SIGNAL PLATE INPUT®. . . ... ... ............. 60 max 90 maz watta
MAXIMUM-SIGNAL GRIO-NO.2 INPUT®. . .. ... ... ... ... 3.5 max 3.5 maz watts
PLATE DISSIPATION®. .. ... ... . i 25 maz 30 mazx 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
Typlcal Operation (Values are for 2 tubes): ccs ICAS
DCPlate Voltage. . ......coviiiieiiinninnaennnns 400 500 600 760 volts
DC Grid-No.2 Voltagef................ ool 300 300 300 300 volts
DC Grid-No.l Voltage .. ...........iieiaa.. ~28 -30 -32 =36 volta
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-8ignal DC Grid-No.2 Current. .......... 20 20 18 20 ma
Effective Load Resistance (Plate to plate)...... ... 3700 4600 G900 7300 ohms
Maximum-Signal Driving Power (Approx.)......... 0.2 0.2 0.1 0.2 watt
Maximum-Signal Power Output (Approx.)* ....... 55 75 80 120 watts

Maximum Circuit Values {CCS or ICAS conditions):

Grid-No.1-Circuit Resistance
For fixed-bias operation. . . ........ ...ttt e, 30000 mazx ohms
For cathode-bias operation Not recommended

® Averaged over any audio-frequency cyele of sine-wave form.
1 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 pmctico reguldtion of plate voltage, grid-No.2 voltage, and grid-No.1 voltage should not be greater
than 5 per cent, § per cent, and 3 per cent, respectively.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: cCs 1CAS

DC PLATE VOLTAGE. . ... ivvin ittt tiennneennnnsvanes 475 max 600 maz volts
DC GRID-NO.2 VOLTAGE. . ... oovviitniiinninnnnnienns 300 max 300 mazx volts
DC GRID-NO.1 VOLTAGE . . . . .. tvvienieeninaennnannan —200 max -200 maz volts
DC PLATE CURRENT. ... ..uutrrrennrsensacrnoarnoarsan 83 max 100 mazx ma
DC GRID-NO.1 CURRENT. . .. ettvvunenanenrseerrenenan b max 5 max ma
PLATE INPUT. ... et ieiiinanans 40 max 60 mazx watis
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GRID-NO.ZINPUT.......iiiiinrnnnnonnsunane PP 2.5 mazx 2.5 mazx watts
PLATE DISSIPATION 16.5 max 25 mazx watts
PrAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............. 135 mazx 135 max volts
Heater positive with respect to cathode. ..........et 135 max 135 maz volts
Typical Operation: CcCS ICAS
DC Plate Voltage. ... .....covvverens eeseraene 325 400 475 600 volts
DC Grid-No.2 Voltageg . . .. . ..ooivvvnanaanns B 250 250 250 300 volts
From series resistor of . . . ... [N A 12500 25000 28000 37500 ohms
DC Grid-No.1 Voltaged . .. ... ...oovivvnennss . -5 -5 -85 -85 volts
From grid-No.l resistor of . . ..........0vnun 21400 21400 21200 21200 ohms
Peak RF Grid-No.l Voltage.............00vnen . 95 95 108 107 volts
DCPlateCurrent. . .....ccovvvivriaearrananse 80 80 83 100 ma
DC Grid-No.2 Current. . . . .....cvvierininanans 6 6 8 8 ma
DC Grid-No.1 Current (Approx.). .........cvu.. 3.5 3.5 4 4 ma
Driving Power (APpProx.).......covivveanrunones 0.3 0.3 0.4 0.4 watt
Power Output (APProx.). ....cooevereonccnnsvons 17 22 28 44 watts
Maximum Circuit Values {CCS or ICAS conditions}:
Grid-No.1-Circuit Resistance. ... ... ..ot iniiiirnreian, 30000 max ohms

& Obtained preferably from separate source modulated along with the plate supply, or from the
modulated plate supply througb 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: cCcS ICAS
DC PLATE VOLTAGE. . . . .t vvvvrranuenacanorsonsonnnrans 600 max 750 max volts
DC GRID-NO.2 VOLTAGE . . ...« cvivevnnsccnsasanssans 300 mazx 300 max volts
DC GRID-NO.I VOLTAGE . . . .. vvernnerannaernnoncaarss ~200 max -200 max volts
DC PLATE CURRENT. . ...t iinnernrrcanarvonss [ 100 max 100 max ma
DC GRID-NO.1 CURRENT. . ..t vvinernrnacecnrronnsennns 5 mazx 5 max ma
PLATE INPUT. . ..ottt irneerannnecnnaarannnnes 60 max 75 max watts
GRID-NO.2 INPUT. ........... 3.5 max 3.5 max watts
PLATE DISSIPATION 25 max 30 max watts
PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ............. 135 max 135 max volts
Heater positive with respect to cathode. ............. 135 max 135 max volts
AVERAGE PLATE CHARACTERISTICS
Y T T
TYPE BO7
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Typical Operation: cCS ICAS
DC Plate Voltage. . ......... R 400 500 600 750  volts
DC Grid-No.2 Voltage® ......... Cibeaseraeeaee 250 250 250 250 volts
From series resistor of. . . ... ee b seaeereeaians 19000 31000 44000 62000 ohms



Technical Data =

DC Grid-No.1 Voltagee . . ................ P —45 ~45 —45 -45 volts
From grid-No.l resistorof. .. .......c.ccovvhnn 11200 11200 11200 11200 ohms
From cathode resistor of. . .,.... Ciraeeiaeeane 400 400 400 400 ohms

Peak RF Grid-No.1 Voltage. .........coonieeunnen 65 65 65 65 volts

DC Plate Current..........oovviiiiiiinninnennns 100 100 100 100 ma

DC Grid-No.2 Current. . . ....covviiiiiininieenas 8 8 8 8 ma

DC Grid-No.1 Current (Approx.). .. .....ooveveee. 4 4 4 4 ma

Driving Power (APProX.). ... ...ocvniivinnsnnnsss 0.3 0.3 0.3 0.3  watt

Power Output (APProX.). ....c.veenrnsneennsonns 25 32 40 54 watts

Maximum Circuit Values {CCS or ICAS conditions):

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

® 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.

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

TYPICAL CHARACTERISTICS AVERAGE CHARACTERISTICS
TvPe 807 TYPE 807
E¢=6.3 VOLTS £¢=6.3 VOLTS
GRID-N®2 VOLTS=250 GRID-N%2 VOLTS= 250
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POWER TRIODE

Thoriated-tungsten-filament type used as
rf power amplifier and oscillator. May be used
with full input up to 30 Mc and with reduced
input up to 130 Mc. Requires Small four-con- 808
tact socket and may be operated in vertical
position only, base down. Maximum over-all
length, 6-1/16 inches; maximum diameter,
2-8/16 inches. Filament volts (ac/dc), 7.5; am-
peres, 4. Direct interelectrode capacitances:
grid to plate, 2.8 uuf; grid to filament, 5.8 puf; plate to filament, 0.25 uuf. Maximum CCS ratings as RF
POWER AMPLIFIER AND OSCILLATOR, Class C Telegraphy: dc plate volts, 15600 max; de grid
volts, —400 maz; dc plate milliamperes, 150 max; de grid milliamperes, 85 max; plate input, 200 max
watts; plate dissipation, 50 max watts. Plate shows cherry-red color when tube is operated at maximum
CCS ratings. The 808 is a DISCONTINUED type listed for reference only. As a replacement, the
8124 is a similar type although not directly interchangeable.

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 Mec. Class C Telegraphy maximum
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plate dissipation, CCS 25 watts, ICAS 30 watts. Requires Small four-contaet socket
and may be operated in vertical position with base down, or in horizontal position
with pins 1 and 4 in vertical plane. OUTLINE 44, Outlines Section. Plate shows no
color when tube is operated at maximum CCS ratings, and shows a barely percepti-
ble red color at maximum ICAS ratings.

FILAMENT VOLTAGE (AC/DC).......... e i bseecherabesaenaaenn . 6.8 volts
FILAMENT CURRENT. . .« .t v vvniernneoconnrnnans e reeeieea e 2.5 amperes
AMPLIFICATION FACTOR. . ... .. ovivveanennn . Ceeeereeereann [ 55
DIRECT INTERELECTRODE CAPACITANCES:

Gridtoplate. ... oo vt iiiiit it i i i i e i e 6.7 ppl

Gridtofilament. . .....ovvirreiirennenssonnannnnn s 5.7 upf

Plate tofilament. . ... oviiiieiiieirniiinneaenien, e e 0.9 puuf

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

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE. . . ..ttt vivttnuinnnnnninaanesons 750 max 1000 max volty
DC GRID VOLTAGE. . . . 0ot vvtvnunnnnniansranensense ~200 max ~200 max volts
DC PLATE CURRENT. .. ....vovvvvnnesnans e 100 mazx 100 max . ma
DC GRID CURRENT. . . . ivvevnunsinsasocosannssnsoons 35 max 35 max ma
PLATE INPUT. . . .. i iiiiiiiiiitiineiinnnronennnns 75 max 100 max watts
PLATE DISSIPATION. . . ..vvovvnnss Crerareraeeaan [ 25 mazx 30 mazx watts

POWER TRIODE

Thoriated-tungsten-filament type

8]0 used as af power amplifier and modu-

lator and as rf power amplifier and os-

cillator. May be used with full input

up to 30 Mc and with reduced input

up to 100 Me. Class C Telegraphy maximum plate dissipation, CCS 125 watts,

ICAS 175 watts. Requires Jumbo four-contact socket and may be operated in ver-

tical position with base down, or in horizontal position with pins 1 and 2 in vertical

plane. OUTLINE 55, Outlines Section. Plate shows a barely perceptible red color when

tube is operated at maximum CCS ratings, and shows a cherry-red color at maxi-
mum ICAS ratings.

FILAMENT VOLTAGE (AC/DC) . .. o ittt ittt e vaaaans 10 volts
FILAMENT CURRENT . . . .o ittt tiiie et iieer e eianenanennns 4.5 amperes
AMPLIFICATION FACTOR . . . ... i e et ie it 36
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. .. ...t e 4.8 pul
Grid to filament. . . ... e e 8.7 pul
Plate to fllament. . . ... e 12 pul

AF POWER AMPLIFIER AND MODULATOR-—Class B

Maximum Ratings: cCcS ICAS

DCPLATE VOLTAGE . . .. .. it iiaeeninnennnens 2500 maxr 2750 max volts
MaxiMUM-SIGNAL DC PLATE CURRENT®. . .. .. .......... 250 max 250 max ma
MAXIMUM-SIGNAL PLATE INPUT®. .. ... ... ool 425 muzx 510 max watts
PLATE DISSIPATION® . ... . i 125 max 175 max watts

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

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: ccs ICAS

DC PLATE VOLTAGE . . . . ..ttt ittt ieeninenraannaans 1600 max 2000 mazx volts
DC GRID VOLTAGE . . . .ttt iiieniie i neannnans -500 max ~000 max volts
DC PLATE CURRENT. ..t ttitiiiitrneerinesnnnanenan .. 210 mazx 250 max ma
DC GRID CURRENT. . .. oivvinneinsnnnestniaonnaeannas 70 max 75 max ma
PLATE INPUT. . .. i it it i e 335 max 500 max watts
PrATE DISSIPATION . . .o . ittt it iieeenenenn 85 max 125 max watts
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RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and

RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: ccS ‘ICAS
DC PLATE VOLTAGE. . .. ..... . 2000 max 2500 max
DC GRIDVOLTAGE . . . . .t civiinnnonnrnernnrnnnnsenass -500 max ~500 max
DC PLATE CURRENT 250 max 300 maz
" DC GRID CURRENT .+ 1t oit vt iensiunvenneanennenains 70 mazx 75 max
PLATE INPUT. ... i i iaeciicnannaes 500 max 750 max
PLATE DISSIPATION . . . ..o\ ittt iitir e iineenannnn 125 mazx 175 max

POWER TRIODE
- Thoriated-tungsten-filament type

lator and as rf power amplifier and os-
cillator. May be used with full input
up to 30 Mc and with reduced input

volts
volts
ma
ma
watts
watts

used as af power amplifier and modu- 8'" A

’up to 100 Mec. Class C Telegraphy maximum plate dissipation, CCS 45 watts,
‘ICAS 65 watts.

volts

FILAMENT VOLTAGE (AC/DC) . . . . o itttinenenvsarsacnassssosennnannnns 6.3
FILAMENT CURRENT. . . ...\ itiitenrineiunssetsonsnsesesnaoosnsasnaaens 4 amperes
AMPLIFICATION FACTOR™ . . . ... ... . . . iiiiineeiratsnnranns her e 160
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. .. ...t e i i i it i e e 5.6 uuf
Grid tofilament. . . ... ... .. ittt ittt 5.9 uuf
Plate to filament. . .. ... ..ot i it 0.7 upf
* (3rid volts,~1; plate milliamperes, 20.
- AF POWER AMPLIFIER AND MODULATOR—Class B
Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE. . . . . ..iivniininaanaas 1250 max 1500 max volls
MAXIMUM-SIGNAL DC PLATE CURRENT®. . .. 175 mazx 175 mazx ma
MAXIMUM-SIGNAL PLATE INPUT®. .. ........ 165 max 235 mazx watts
PLATE DISSIPATION®. ... ......cvviinnnnn 45 mazx 66 max watts

Typical Operation (Values are for 2 tubes):

DCPlate Voltage. . .....c.oviveruinnnens 750 1250
DC Grid Voltaget. . ......oivieeennenn 0 0
Peak AF Grid-to-Grid Voltage............ 197 145
Zero-Signal DC Plate Current............ 32 50
Maximum-Signal DC Plate Current. . 350 260
Effective Load Resistance (Plate to plate) 5100 12400
Maximun-Signal Driving Power (Approx.). 9.7 3.8
Maximum-Signal Power Qutput (Approx.).. 178 235

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

1000

185
44
360
7400
7.5
248

LINEAR RF POWER AMPILFIER—Class AB2
Single-Sidcband Suppressed-Carrier Service

Maximum Ratings: Up to 80 Me

DC PLATE VOLTAGE . . . 1ot e eiiianntnan it eaanenens
DC PLATE CURRENT AT PEAK OF ENVELOPE. . .............
DC GRID CURRENT. . ¢ ot veeeeitian i iinaeanaaannananans
DC PLATE INPUT AT PEAK OF ENVELOPE. . ... ..o vvnennn
PLATE DISSIPATION. . &t tve vt ineriraaaeaanaaneearasass

Typical Operation with Two-Tone Modulation at 30 Mc:t

DCPlate Voltage. . . ...ooiv it
DO Grid Voltage . ..ot iv it i e e
Zero-Signal DC Plate Current. . ... ... .. ... . i venn..
Effective RF Load Resistance. . ........ ... ... ... ...

cCS
1250 maz
175 max
50 max
165 max
45 max

1250

25
5700

1250 1500 volts
0 -4.5 volts
175 170 volts
54 32 ma
350 318 ma
9200 12400 ohms
6 4.4 watts
310 340 watts

ICAS
1500 mazx volts
175 mazx ma,
50 mazx ma
235 max watts
60 max watts
1500 volts
-4.5 volts
16 ma
6000 ohms
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LC Plate Current:

Peak Envelope......ccciiiiiiiinennnnsanns frereerens 130 157 ma

Average...........iiui. . 91. 110 ma
Average DC Grid Current erriaesees 20 20 ma
Peak-Envelope Driver Power Qutput (Approx)4.........u0. 7 8 watts
Output-Circuit Efficiency (Approx.).........ovuiveveans PR 90 90 %
Distortion Products Level:*

Third Order. P —26 -25 db

Fifth Order... ...t ittt ieniinreanns .. -32 -30 db
Usecful Power Output (Approx.) %k

Peak Envelope.. ... ... ittt iiininnanas 120 160 watts

AVETAZe. . .ttt it e e e e 60 80 watts

t Two-Tone Modulation operation refers to that class of amplifier service in which the input consists of
two equal monofrequency rf signals having constant amplitude. These signals are produced in a single-
sideband suppressed-carrier system when two cqual-and-constant amplitude audio frequencies are ap-
plied to the input of the system.

O Obtained preferably from a separate, well-regulated supply.

& Driver power output represents circuit losses and is the actual power measured at input to the grid
circuit. The actual power required depends on the operating frequency and the circuit used.

#* Referenced to either of the two tones and without the use of feedback to enhanee linearity.

% This value of useful power is measured at load of output circuit having indicated efficiency.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: cCs ICAS
DC PLATE VOLTAGE . . . ..o viiiiitiiiiiiiinninnnennnns 1000 mazx 1250 max volts
DC GRID VOLTAGE. . -200 nax —200 max volts
DC PLATE CURRENT. ...... 125 mae 150 mazx ma
DC GrID CURRENT. ....... 50 mazx 50 mazx ma
PLATEINPUT............. N .. 115 max 175 maz watts
PLATE DISSIPATION. . ........ ceee . cean 30 max 45 mazx watts
Typleal Operation:
DC Plate Voltage. . ....... vee .. 1000 1250 volts
DC Grid Voltaged . . ~55 -120 volta
From grid resistor of 1200 700 ohms
Peak RF Grid Voltage. ... .... ee 150 250 volts
DCPlate Current. . . . .........c..ivveviinns ceee 115 140 ma
DC Grid Current (Approx.). .. .......coeevun. 45 45 ma
Driving Power (Approx.)....... e 6.1 10 watts
Power Qutput (APProX.) . ... ..ot iiinnniiaennnann 88 135 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: CCSs ICAS
DC PrLate VOLTAGE e 1250 maz 1500 max volts
DC GRID VOLTAGE . . . . . e ~200 max —200 maz volts
DC PraTe CURRENT 175 max 175 mazx ma
DC Grip CURRENT. 50 max 50 muzx ma
Pratr INvUT. ... .. N 175 max 260 max watts
PLATE DISSIPATION . . .. .vvvnennss . 45 mazx 65 max watts
Typical Operation:
DC Plate Voltage. ... .. PP 1250 1500 volts
DC Grid Voltageé . ... .. =50 =70 volts

From grid resistor of s 1100 1750 ohms

From cathode resistor of . .. ... ... . 270 330 ohms
Peak RF Grid Voltage. .. ........... e 140 175 volts
DC Plate Current. .. ............... 140 173 ma
DC Grid Current (Approx.)......... . 45 40 ma
Driving Power (APProX.). . . ...ttt renvnenn 5.7 7.1 watlis
Power Qutput (ApPDProx.). . ... ..t iniiiaininninne 135 200 watts

& Obtained from fixed supply, by grid resistor, by cathode resistor, or by combination methods,
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AVERAGE CHARACTERISTICS
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OPERATING CONSIDERATIONS

Type 811 A requires Small four-contact socket and may be operated in vertical
position with base down, or in horizontal position with pins 1 and 4 in vertical plane.
OUTLINE 42, Quilines 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.

POWER TRIODE

Thoriated-tungsten-filament type
used as af power amplifier and modu-
lator and as rf power amplifier and os- 8" 2 A
cillator. May be used with full input
up to 30 Mc and with reduced input
up to 100 Me. Class C Telegraphy maximum plate dissipation, CCS 45 watts, ICAS
65 watts.

FILAMENT VOLTAGE (AC/DC) 6.3 volts
FILAMENT CURRENT. . . . ... ....... . 4 amperes
AMPLIFICATION FACTOR™, L . ... ittt iian i ireaannoeoananennn 29
DIRECT INTERELECTRODE CAPACITANCES:

Grid to plate. ... ... . i it i it i i e 5.5 puf

Grid tofilament. . . ... ... . ittt e 5.4 upl

Plate to fllament. . . . .o ittt e bt e e 0.7 ppul
*Grid volts, -30; plate milliamperes, 30.

AF POWER AMPLIFIER AND MODULATOR—Class B

Maximum Ratings: CcCS ICAS
DC PLATE VOLTAGE . . . o o tven v innnsrnsannnsnroes 1250 max 1500 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT™. . ... ........... 175 max 175 maz ma
MAXIMUM-SIGNAL PLATE INPUT™. .. .. ... ... ... cuon. 165 max 235 mazx watts
PLATE DISSIPATION™. . ... i iiii e 45 max 65 mazx watts
Typical Operation (Values are for £ tubes):
DCPlate Voltage. . ... . ....oiiiiiiii i 1250 1500 volts
DCGrid Voltaget. . . ......cooiiiiiiii e -40 —48 volts
Peak AF Grid-to-Grid Voltage. ... .......... ... ..., 225 270 volta
Zero-Signal DC Plate Current.................ooooiunn. 22 28 ma
Maximum-Signal DC Plate Current. ... ................ 260 310 ma
Effective Load Resistance (Plate to plate). .. ............ 12200 13200 ohms
Maximum-Signal Driving Power (Approx.).............. 3.5 5 watts
Maximum-Signal Power Qutput (ApproX.)............... 235 340 watts

® Averaged over any audio-frequency cycle of sine-wave form.
t For ac filament supply.
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: ceCS 1CAS
DC PLATE VOLTAGE . . . . ..o ovnnnnn .. 1000 max 1250 max volts
DC GRID VOLTAGE . . . .. .. .- -200 max =200 max volts
DC Prate CURRENT. . .... .. 125 max 150 max ma
DC GRID CURBENT . . .. itvinrnnnreneerseann .. 35 max a5 mazx ma
PLATE INPUT. ... ... i .. 115 max 175 mazx watts
PLATE DISSIPATION . . . 4 ttvv v ivirernnanasnarsanarsnssos 30 max 45 max watts
Typical Operation:
DC Plate Voltage. . . . ... iiiiiiiieraeniansosnansanse 1000 1250 volts
DC Grid Voltaged .. ... -110 —-115 volts
From grid resistor of . . . 3400 3300 ohms
Peak RF Grid Voitage. .. ....... 220 2.0 volts
DC Plate Current. .. ........... 115 140 ma
DC Grid Current (Approx.)....... 33 15 ma
Driving Power (Approx.). .. ..... . 6.6 7.6 watta
Power OQutput (Approx.). . ... ... i 85 180 watts

& Obtained from grid resistor of value shown or from a combination of grid registor 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: ces ICAS
DC PLATE VOLTAGE . . .. ..o ittt iaaineeneenns 1250 max 1500 max volta
DC GRID VOLTAGE ., .. .. .. .. —200 max ~200 max volts
DC PLATE CURRENT. . . 175 max 175 max ma
DC GRib CURRENT. . . 35 max 35 max ma
PLATE INPUT......... . 175 max 260 mac watts
PLATE DISSIPATION . . . ..o vvneiirierennnannas v 45 max 65 max watts
Typical Operation:
DC Plate Voltage. . . ........... . .. 1250 1500 volts
DC Grid Voltageé . . . .......... . -90 -120 volts

From grid resistor of 3000 4000 ohms

From cathode resistorof . . .. ............... ... ... H30 590 ohms
Peak RF Grid Voltage. . .. ... ..o i, .. 200 240 volta
DC Plate Current. .. . ............. 140 173 ma
DC Grid Current (Approx.)........ .. 30 30 ma
Driving Power (Approx.) .. ...t iiinrnaanrannn 5.4 6.5 watta
Power Qutput (APProx.) .. ...ttt 130 190 watts

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

AVERAGE CHARACTER!ISTICS

'\.by o TYPE BI2-A
. y, I’.\g/ P’ Ef=8.3VOLTS DC
E 7‘? 34 .',o
3 b A o
< S00—1— / B 1/ L
;“ / / & o
b3 /] O\}.)/ x4
:':’ / @\°V / 2
5. /V A AL
5 - v y"
s 1Y ///4 ’/\O/
i
2 27
¥ 200 {// ,/ 1/ ~ //,/}9'4
< ~— / L~ / wl” // a0l
% 8 \3/ . T=120 // L
S [ e — ‘330/
‘-M - ﬂz‘_j 760 /
= 2=.€=rﬁ=——: = =
40D 800 1200 IOO%AQ 2000 2400 7800

PLATE VOLTS {Ep) 92CM = 807AT)

132



. Technical Data

OPERATING CONSIDERATIONS

Type 812A requires Small four-contact socket and may be operated in vertical
position with base down, or in horizontal position with pins 1 and 4 in vertical plane.
OUTLINE 42, Outlines Section.

For operation at 60 Me, plate voltage and plate input should be reduced to 89
per cent of maximum ratings; at 80 Me, to 70 per cent; at 100 Me, 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 812A 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 Mc and with reduced input
up to 120 Mec. Class C Telegraphy maximum plate dissipation, CCS 100 watts,
ICAS 125 watts.

FiLAMENT VOLTAGE (AC/DC) 10 volts
FILAMENT CURRENT.......... 5 amperes
TRANSCONDUCTANCEX . . . . ... i iiiinerunerrnnnresnananonarnenssniann 3750 pmhos
Mu-FAcToR, Grid No.2 to Grid No.1*. ... ... ..., 8.6
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.1 to plate. . ....... P 0.25 max ppl

Grid No.1 to filament, grid No.3, internal shield, grid No.2, and base shell 16.3 puf

Plate to filament, grid No.3, internal shield, grid No.2, and basec shell. .. 14 pul
* Plate volts, 2000; grid-No.2 volts, 400; plate milliamperes, 50.

AF POWER AMPLIFIER AND MODULATOR—Class AB1

Maoximum Ratings: ccs ICAS
DC PLATE VOLTAGE . . . . ........uuts 2250 max 2500 mazx volts
DC GRID-N0.2 VOLTAGE 1100 max 1100 mezx volts
MaxiMUM-SIGNAL DC PrLATE CURRENT®. ... ... ...... 180 mazx 225 max ma
MAXIMUM-SIGNAL PLATE INPUT®. . .. ... ool 360 mazx 450 max watts
MAXIMUM-SIGNAL DC GRID-No0.2 INPUT®, . . ... ...... 22 max 22 maxr watts
PLATE DISSIPATION®. . ... ... . i 100 mazx 125 mazx wat(s
Typicol Operation (Values are for 2 tubes): .
DCPlate Voltage. . .........ciivienenninnnn 1500 2000 2250 2500 volts
DC Grid-No.3 Voltage* .. .................. 0 0 0 0 volts
DC Grid-No.2 Voltagef.........oovvvieiont. 750 750 750 750 volts
DC Grid-No.1 Voltaget .................... ~85 -90 -95 -95 volrs
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 Carrent...... 45 43 53 54 ma
EilTective Load Resistance (Plate to plate). ... 9300 16000 20000 19000 ohms
Maximum-Signa! Driving Power (Approx.). ... 0 0 0 0 watts
Maximum-Signal Power OQutput (Approx.). ... 260 335 380 490 watis
Maximum Circuit Values {CCS or ICAS conditions):
Grid-No.1-Circuit ReBistance. .. ..o viv it it ittt ienas 30000 max ohms

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

4 Grid No.3 should be connected to the mid-tap on the filameni-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-voliage supply with a voltage divider.
1 For ac filament supply.
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PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER-——Class C Telephony

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE. . . . 1600 maz 2000 max voits

DC GRID-N0.2 VOLTAGE . 400 max 400 max volts
DC GRID-NO.1 VOLTAGE........ . -300 max -300 max volts
DC PLATE CURRENT. .. ........., . 150 max 200 max ma
DC GriD-No0.1 CURRENT . 25 maz 30 maz ma
PLATE INPUT. .. ... ... c.iiiiinenvnonense 240 mazx 400 max watts
GrID-No.2 INPUT. . 15 maz 20 mazx watts
PLATE DISSIPATION. . . .......... eeeaes .. 67 max 100 max watts
Typical Operation:
DC Plate Voltage. ............c0s Cenereee e e, 1250 1600 2000 volts
DC Grid-No.3 Voltage®. . ... ... iviiiiviraenraeonens 0 0 0 volts
DC Grid-No.2 Voltage# . .......vvvvvveriarnoiannees 300 300 350 volts
From series resistorof . ................ e 27000 43000 41000 ohms
DC Grid-No.l Voltagesd ... .oviviiieerrioranaaraens -160 -160 -175 volts
From grid-No.1 resistor of . . 12500 13500 11000 ohms
Peak RF Grid-No.1 Voltage. 250 250 300 volts
DC Plate Current. ... ... 150 150 200 ma
DC Grid-No.2 Current. . .......... e 35 30 40 ma
DC Grid-No.1 Current (Approx.). .......... 13 12 16 ma
Driving Power (ApProX.). ... .....covievevanens e 2.9 2.7 1.3 watts
Power Output (APProX.)......oovivriereneeennacnn v 140 180 300 watts

Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. ... .........oiiiiiii it 30000 max ohms
4 Grid No.3 should be connected to the mid-tap on the filament-transformer secondary winding or to
the negative end of a filament operated on de.

& Obtained preferably from separate source modulated along with the plate supply, or from the modu-

lated plate supply through series resistor of value shown [or each operating condition.
% 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

ond
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: ccs ICAS

DC PLATE VOLTAGE . . ... ovcvitvinninncnsans e 2000 mazx 2250 max volts
DC GRID-N0.2 VOLTAGH. .. .... Ceneeeaes e 400 max 400 mazx volts
DC GRID-NO.1 VOLTAGE. . . . .....0vu0ne BN ~300 max ~-300 mazx volts
DC PLATE CURRENT . . . oovvsueenearronnosssssosanssoons 180 max 225 mazx ma
DC GrIpD-No.1 CURR o e 25 max 30 max ma
PLATE INPUT. . . . ..t viiensnannosassonssosaracnrssas 360 mazx 500 max watts
GRID-NO.2 INPUT. .. e 22 max 22 max watts
PLATE DISSIPATION. . ... vivivnrnansrenasns e 100 maz 125 mazx watts

Typlcal Operation:

DC Plate Voltage. .............. e 1250 1500 2000 2250 volts
DC Grid-No.8 Voltage*. ... ... ... 0 0 0 0 volts

DC Grid-No.2 Voltage é . 300 300 400 100 volts

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

From grid-No.1 resistorof . . ......... .. 6000 7500 12000 10000 ohms

From cathode resistor of . .. ... e 330 400 520 565 ohms
Peak RF Grid-No.1- Voltage. ................ 160 175 205 275 volts
DC Plate Current. . ............. e .. 180 180 180 220 msa
DC Grid-No.2 Current. .......... Chraeeas e 35 30 45 40 ma
DC Grid-No.1 Current (Approx.). ... ...c.o..s. 12 12 10 15 ma
Driving Power (Approx.)...... P e 1.7 1.9 1.9 4.0 watts
Power Output (Approx.}...... e 170 210 275 375 watts

Maximum Circuit Valves:

Grid-No.1-Circuit Resistance. ..........ooiimeiinn e 30000 max ohms
2 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.

4 Obtained from geparate 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.

+ For ac filament supply.

2 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.

134



— Technical Data

. AVERAGE CHARACTERISTICS
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OPERATING CONSIDERATIONS

The 813 requires Giant seven-contact socket and may be operated in vertical
position with base up or down, or in horizontal position with pins 2 and 6 in vertical
plane. QUTLINE 49, Outlines Section.

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 Me, to 50 per cent.
Plate shows no color when tube is operated at maximum CCS or ICAS ratings.

BEAM POWER TUBE

Thoriated-tungsten-filament type
used as rf power amplifier and oscilla-
tor. May be used with full input up to 8]4
30 Mec. For operation at 50 Mc, plate
voltage and plate input should be re-
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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 operated in vertical position with base down, or in horizontal position with
pins 2 and 4 in vertical plane. OUTLINE 51, Outlines Section. Plate shows no color
when tube is operated at maximum CCS ratings, and shows a barely perceptlble
red color at maximum ICAS ratings.

FILAMENT VOLTAGE (AC/DC) .« it i i iie ettt tnnenenanssnnsnnans 10 volts
FILAMENT CURRENT . . ..t tittnrieeinnnnennnrenenonenenanonnonensnns 3.25 amperes
TRANSCONDUCTANCE (For plate current of 39 milliamperes)............... 3300 pumhos
DIRECT INTERELECTRODE CAPACITANCES: i ’

Grid No.ltoplate. . ... i i i 0.15 max puf

Grid No.1 to filament, grid No.3,and grid No.2. . . . . ... ............ 13.5 upf

Plate to filament, grid No.3,and grid No.2. .. .. .. ... ... ... ovintn 13.5 upf

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

Maximum Rotings: ccs ICAS
DC PLATE VOLTAGE . . . . v vt tveetnriennrnnnvoansonnnns 1250 max 1500 mazx volts
DC GRID-NO.2Z VOLTAGE . .. . .0ttt e iiircranisnancnsans 400 max 400 mazx volts
DC GRID-NO.1 VOLTAGE .. .. .. .0t nrtersnnnsnnoennenn -300 mazx ~300 max volts
DC PLATE CURRENT . . ... itientenetitreeansannnonnnns 150 max 150 max ma
DC GRID-NO.1 CURRENT. . ... tviirinivunrnannsnenneans 15 maz 15 max ma
PLATE INPUT. .. .. .. ittt ieienennannn N 180 maz 225 mazx watts
GRID-NO.2 INPUT. ... .ciiiiiin i i e 10 max 10 maz watls
PLATE DISSIPATION . . . .. vtiiitinnoernnsannosennesanns 50 mazx 65 max watts

TWIN BEAM POWER TUBE

8] 5 Heater-cathode type used as af

power amplifier and modulator and as

rf power amplifier and oscillator. May

be used with full input up to 125 Me.

For operation at 175 Me, plate voltage

and plate input should be reduced to 80 per cent of maximum ratings; at 200 Mec,

to 70 per cent. Class C Telegraphy maximum plate dissipation (per tube), CCS 20

watts, ICAS 25 watts. Requires Octal socket and may be operated in any position.

OUTLINE 24, Qutlines Section. Plates show no color when tube is operated at maxi-
mum CCS or ICAS ratings.

HEATER ARRANGEMENT Series Puarallel
HEATER VOLTAGE (AC/DC)......0ovvvus [N . 12,6 6.3 volts
HEATER CURRENT. ..ottt et eiraeenraaanneannnias . 0.8 1.6 amperes
TRANSCONDUCTANCE (Each unit, for plate current
of 25 milliamperes.) .......... it i i i e e 4000 umhos
Mu-FacTor, Grid No.2 to Grid No.1., (Each unit)................. 6.5
DIRECT INTERELECTRODE CAPACITANCES (Each unit):
Grid No.l to plate. . ..o ieit ittt i e cinenanens 0.25 max puuf
Grid No.1 to cathode, grid No.3, internal shield,
grid No.2, and heater mid-tap. . ..................ccuiu... 14 unf
Plate to cathode, grid No.3, internal shield,
grid No.2, and heatermid-tap............... ... .. ... ... 8.5 puuf

PUSH-PULL AF POWER AMPLIFIER AND MODULATOR-—Class AB2

Values are on a per-tube basis

Moximum Rotings: cCS ICAS
DC PLATE VOLTAGE . . . . .t vvinttinsecnnsesaresnnseanns 400 max 500 max volts
DC GRID-NO.2 VOLTAGE .. ....voiiee v esvnnnnnnansen 225 max 225 mazx volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. . . .. ........... 150 max 150 max ma
MAXIMUM-SIGNAL PLATE INPUT®. . . . ... ... iiiiinn, -60 max 75 mazx watts
MAXIMUM-SIGNAL GRID-NO.2 INPUT®. .. .. .. ioivunnnann 4.5 max 4.5 max watts
PLATE DISSIPATION®. . . ., ... .. it e 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

® Averaged over any audio-frequency cycle of sine-wave form.
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PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE. ... . .vvuvunes Ceeiieeiieeas P 325 mazx 400 mazx volts
DC GRID-NO.2Z VOLTAGE . . ... ..o vvnns P 225 maz 225 maz volts
DC GRID-NO.1 VOLTAGE. . ... ....0cuvren Chreearasrreaas -175 mazx -175 maz volts
DC PLATE CURRENT. ... ...t iivtnnnerransonsans Vi 125 mazx 150 maz ma .
DC GRID-NO.1 CURRENT. . . ...uiinrrninornosaarsannses 7 mazx 7 maz ma
PLATE INPUT. .. ... o iviviinnnvreans T 40 max 60 mazx watts
GRID-NO.2Z INPUT.....cvvvvvnnieinnnsn PP 4 maz 4 max watts
PLATE DISSIPATION. . ... cevviiniiironnnns Crrereareaen 13.5 mazx’ 20 maz watts
. PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.......... v 100 mazx 100 max volts
Heater positive with respect to cathode............ .. 100 maz 100 maz volts

Maximum Circuit Values:
Grid-No.1-Circuit Resistance. ............o0vvvnens e tas e . 15000 mazx ohms

PUSH-PULL RF POWER AMPLIFIER AND OSCILLATOR—Class € Telegraphy

and
PUSH-PULL RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: cCS ICAS
DC PLATE VOLTAGE . . ..o vt eivtiinenennereaosonnsonnnn 400 mazx 500 max volts
DC GRID-NO.2 VOLTAGE . . ... ........ e, 225 mazx 225 max volts
DC GRID-NO.L VOLTAGE. . .. .ot vvninnnnannrcerrannnnns ~1756 mazx ~175 max volts
DC PLATE CURRENT. . ... ccvvunnnennnnnns e P 150 max 150 mazx ma
DC GRID-NO.1 CURRENT. . . .. ciiuiiiininnornnsnennnnns T max 7 mazx ma
PLATE INPUT. . ... it iiiie i iienrennnrnianaraanns 60 max 75 maxr watts
GriD-No.2 INrPUT. .. 4.5 max 4.5 max watts
PLATE DISSIPATION. . . .....0cunnnnnn 20 max 25 maz watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. . ... ......... 100 mar 100 max volts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance. . ........... .. in.. 15000 max ohms

HALF-WAVE
e MERCURY-VAPOR RECTIFIER

NC NC
Coated-filament type used in
power supply of transmitting and in- 8"6
dustrial equipment. Maximum peak
" inverse anode volts, 7500; maximum

Wi average anode milliamperes, 125. Re-
quires Small four-contact socket and may be operated in vertical position only, base
down. OUTLINE 27, Outlines Section.

FILAMENT VOLTAGE (AC) ® . .. ittt ittt i e 2.5 volts
FILAMENT CURBENT. . ..ottt s ittt eie et ian e iaaneaniaaanansnn 2.0 amperes
TUBE VOLTAGE DROP (ADPPILOX.) . oo ittt it e i ieiiina 15 volts

° Filament voltage must be applicd at leust 10 seconds before the application of anode voltage,

HALF-WAVE RECTIFIER
Maximum Ratings (For power-supply frequency of 60 epe):

PEAK INVERSE ANODE VOLTAGE . & . .00ttt iiir i inennianianrans 7500 max volts
ANODE CURRENT:
- L 500 max ma
AVETAZE® - . oo vttt i ettt i i i i e I 125 max ma
Fault, for duration of 0.1 second maximum .........c..ovvvinvnnnasan 5 max amperes
CONDENSED-MERCURY-TEMPERATURE RANGE . .. .. ... .. i, 20 to 60 °C

@& Averaged over any interval of 80 seconds maximum.

137



RCA Transmitting Tubes

Operating Valves:

Circuit Max. Trans. Approz. DC Mazx. DC Maz. DC
(For cireuit figures, refer to Sec. Volis Output Volts Output Output KW
Reclifier Considerations (RMS) Fo Filter Amperes To Filter
Section) Fig. E Eav Iav Pde
In-Phase Operation
Half-Wave Single-Phase. , . 57 5300 2400 0.125 0.3
Full-Wave Single-Phase. . . 568 2600 2400 0.250 0.6
Series Single-Phase. ...... 69 5300 4800 0.250 1.2
Half-Wave Three-Phase. .. 60 3000 3600 0.750 2.7
Quadrature Operation
Parallel Three-Phase...... 61 3000 3600 1.5 5.4
Series Three-Phase....... . 62 3000 7200 0.75 5.4
Half-Wave Four-Phase. ... 63 2600 3500 0.46% 0.5¢ 1.55*% 1,759
Half-Wave Six-Phase..... 64 2600 3600 0.47% 0.5° 1.70*% 1,80°
* Resistive load. O Inductive load.

POWER TRIODE

Thoriated-tungsten-filament type used as
rf power amplifier and oscillator. May be used
with full input up to 250 Mc and with reduced

826 input up to 300 Mec. Requires Septar seven-

contact socket and may be operated in vertical

position only, base up or down. OUTLINE 186,

Outlines Section. Filament volts {(ac/dc), 7.5;

amperes, 4. Direct interelectrode capacitances:

grid to plate, 3 puf; grid to filament, 3 uuf, plate

to filament, 1.1 ppf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR, Class

C Telegraphy with forced-air cooling: de plate volts, 1000 maz; de grid volts, ~600 max; dc plate milli-

amperes, 125 maz; de grid milliamperes, 40 max; plate input, 125 maz watts; plate dissipation, 60 max

watts. Plate shows an orange-red color when tube is operated at maximum CCS ratings. The 826 is a
DISCONTINUED type listed for reference only.

BEAM POWER TUBE

Forced-air-cooled type having
827R thoriated-tungsten filament and in-
tegral radiator used as rf power am-
plifier and oscillator at frequencies up
to 110 Mec. Class C Telegraphy maxi- f
mum CCS plate dissipation, 800 watts. Gy
May be operated in vertical position only with grid-No.l and filament terminals
up. OUTLINE 93, Outlines Section.

FILAMENT VOLTAGE (AC/DC) .. 7.6 volts
FILAMENT CURRENT.......... . 25 amperes
FILAMENT STARTING CURRENT . 50 max amperes
Mu-FAcrtor, Grid No.2 to Grid No.1*.............. PO 16
DIRECT INTERELECTRODE CAPACITANCES (With external shielding):
Grid No.Ltoplate. . ... ittt iiriiiiienrnesnnnernen 0.19 max puf
Grid No.1 to filament and grid No.2 . 18.56 uuf
Plate to filament and grid No.2. . ... .. ..ottt ieeineranaansn 11 upf
RADIATOR TEMPERATURE (Measured on core at end away from incoming air) 150 max °C
BULB TEMPERATURE, At hottest point. . . ............cciviiin it 150 max °
SEAL TEMPERATURE (Filament and grid No.1) 175 max °C

* 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. . ....... Ceieeieeees R 3500 max volts
DC GRID-NO.2 VOLTAGE .. .. ...0vutienvnrsnninereisnns [ 1000 mazx volts
DC GRID-NO.1 VOLTAGE . ... ¢t vtitvaanrereseeseunasssetoseassnnnnns -500 max volts
DC PLATE CURRENT 500 max ma
DC Grip-No.1 CURREN . 150 mazx ma
PLATEINPUT.........coiivnnnns Ceeereees e eseeresnanaen 1500 mazx watts
GRID-NO.2 INPUT. ...vvevvennnnn Cereesarrenen cheean Cireerenissenans 160 max watts
PLATE DISSIPATION . s 4 v vvvevussusencoastossassssnossssossanasnsnsces 800 max watts
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]

BEAM POWER TUBE

Thoriated-tungsten-filament type used as
af power amplifier and modulator and as rf

OP

{ power amplifier and oscillator at frequencies up
62 63 to 75 Me. Filament volts (ac/de), 10; amperes,
3.25. Direct interelectrode capacitances: grid
‘ No.1 to plate, 0.07 max uuf; grid No.1 to fila-
ment, grid No.3, and grid No.2, 12 puf; plate to

o o filament, grid No.3,and grid No.2, 14 guf. Maxi-

mum CCS ratings as RF POWER AMPLI-
FIER AND OSCILLATOR: de plate volts, 1250 maz; dec grid-No.3 volts, 100 maz; de grid-No.2 volts,
400 maz; de grid-No.1 volts, —300 maz; de plate ma., 160 maz; de grid-No.1 ma., 15 maz; plate input,
200 mazx watts; grid-No.3 input, 5 maz watts; grid-No.2 input, 16 max watts; plate dissipation, 70 max
watts. Requires Small five-contact socket and may be operated in vertical position with base down, or
in horizontal position with pins 2 and 4 in vertical plane. OUTLINE 51, Outlines Section. Plate shows no

color when tube is operated at maximum CCS ratings, and shows a barely perceptible red color at maxi-
mum ICAS ratings. The 828 is a DISCONTINUED type listed for reference only.

828

TWIN BEAM POWER TUBE

Heater-cathode type having mid-
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 operated
in vertical position with base up or down, or in horizontal position with pins 2 and 6
in horizontal plane. OUTLINE 22, Qutlines Section. Plates show no color when tube
is operated at maximum CCS or ICAS ratings.

829B

HEATER ARRANGEMENT Sertes Parallel
HEATER VOLTAGE (AC/DC) . v vt vivnnnroninnnnnenans 12.6 6.3 volts
HEATER CURRENT . .. . vtvitetnntannnnnannseenons 1.125 2.26 amperes
TRANSCONDUCTANCE (Each unit)*................ .. ... ouae, 8500 usmhos
Mu-Facror, Grid No.2 to Grid No.1 (Each unit)®*, .,............ 9
DiRECT INTERELECTRODE CAPACITANCES (Each unit):®
Grid No.1 to plate. . .. ..ev ettt e, 0.12 maz puuf
Grid No.1 to cathode, grid No.3, grid No.2, and heater mid-tap. . .. 14.5 wuf
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-fube basis

Maximum CCS Ratings: Natural Cooling

DC PLATE VOLTAGE. .. ...... e e e e 750 max volts
DC GRID-NO.Z2 VOLTAGB .« ottt ot ee ot vttt e ettt nen e 225 max volte
MAXIMUM-SIGNAL DC PLATE CURRENT™. . . ... ... . ... ... ol 250 maz ma
MAXIMUM-SIGNAL PLATE INPUT™. . .. ... .. 100 maz watts
MAXIMUM-SIGNAL GRID-NO.2 INPUT® . .. ... ... 7 max watts
PLATE DISSIPATION® . . . .ot 30 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. ................. ... ... ... 100 mazx volts
BULB TEMPERATURB . « « « ev et terrotnsaaaunoroocearsnesntseanrnasine.s 236 mazx °Cc
Typical Operation:
DC Plate Voltage. . ......coveiiin i P 600 volts
DC Grid-No.2 Voltage$ .. .....coovvvnriennienns e 200 volts
DC Grid-No.1 Voltage .............ocaevuniias e e -18 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage............... NN 36 volts



RCA Transmitting Tubes

Zero-Signal DC Plate Current. ....... i ieieeearaaraens P 40 ma
Maximum-Signal DC Plate Current............ e .. 110 ms
Zero-Signal DC Grid-No.2 Current...... eees .. .. 4 ms
Maximum-Signal DC Grid-No.2 Current.......... . .. . 26 ma
Effective Load Resistance (Plate to plate)....... 13760 ohms
Maximum-Signal Driving Power............. 0 watts
Maximum-Signal Power Output....... 44 watts
Maximum Circuit Yalues:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. ... .. ... ccocnverans reesraenteataarasneee 0.1 max megohm
For cathode-bias operation........ ... coiieivernieeniniinvees N 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

Natural Cooling Forced-Air Cooling

Maximum Ratings: ccs I1cAS cCs ICAS
DC PLATE VOLTAGE . . ... ....... 600 max 600 max 600 max 600 max volte
DC GRID-N0.2 VOLTAGE 225 mar 225 max 225 mar 250 max volts
DC GriD-NO.1 VOLTAGE. ... ~175 max ~175 max ~175 mazx ~175 mazx volts
DC PrLATE CURRENT RN 212 max 212 max 212 max 240 max ms
DC GriD-N0.1 CURRENT. ....... 15 max 15 mazx 15 mar 20 max ma
PLATE INPUT. .. ...t 67.56 max 90 mazx 90 ma.r 120 max watts
GriD-No0.2 INPUT . T max T max 7 max 8 max* watts
PLATE DISSIPATION . . . . ... ..... : 21 mazx 28 max 28 mar 40 mazx watts
Poak 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 max 100 max 100 max volts

BurLB TEMPERATURE 235 max 235 max 2386 mar 236 max °C
Typical Operation:
DC Plate Voltage. . ... ......... 600 425 600 425 600 0o 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.l Voltaged . ........ -0 -60 ~60 -60 60 =70 volts

From grid-No.1 resistor of . ... 15000 4300 8600 4300 8600 5400 ohms

AVERAGE PLATE CHARACTERISTICS

EACH UNIT
1 1 1 T
TYPE 829-B
| es=12.0 vOLTS
SCRIES HEATER ARRANGEMENT
GRID-N22 VOLTS=200
2
& 600 £¢, =23
& N
g r— +20|
-
i’ S
’ -
40 7 P <0
% SRS R
J J .5
: T
}«/— GRID-N#! VOLTS EC 30
200
/[ .
-10
é — By
I =20
. 06 200 3 400 500 800 706 800
PLATE VOLTS 92CM-8112T4
Peak RF Grid-No.1-to-Grid-No.1
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
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Technical Data

DC Grid-No.1 Current (Approx.). .
Driving Power (Approx.)........
Power Output (Approx.).........

4 14 7 14 7 13
0.3 1 0.5 1 0.5 1.1
50 63 70 63 70 90

Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Resistance......

................................... 15000 maz

ma
watts
watts

ohms

4 In ICAS applications, at frequencics less than 20 Me, where the duty factor does not exceed 0.2,
maximum “on” period does not exceed 30 seconds, and average modulation factor does not exceed
0.25, maximum grid-No.2 input of 12 watts is permitted.
F Obtamed 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.l resistor of value shown or from a combination of grid-No.1 resistor with

either fixed supply or cathode resist

PUSH-PULL RF POWER

PUSH-PULL RF

Maximum Ratings:
DC PLATE VOLTAGE .. ..........
DC GRriD-NO.2 VOLTAGE. .......
DC GRrID-NO.1 VOLTAGE. .......
DC PLATE CURRENT. . .........
DC GRID-NoO.1 CURRENT. .......
PraTe INPUT........ ... .. ...,
GRID-NO.2 INPUT. ... ..........
PLATE DISSIPATION . ... ........
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to
cathode................
Heater positive with respect to
cathode................
BuLB TEMPERATURE. ... .......

TYPICAL CHARACTERISTICS
EACH UNIT

or.

AMPLIFIER AND OSCILLATOR—Class C Telegrophy

and
POWER AMPLIFIER——CIoss C FM Telephony
Values arc on a per-tube basis

Natural Cooling Forced-Air Cooling
ces ICAS ccS ' ICAS
750 mac 760 maz 760 max 750 maz
225 mar 225 max 228 max 250 max
-176 max -175 max -175 max ~-175 max
240 max 240 mazx 240 max 240 max
15 max 15 max 15 mazx 20 mazx
90 mar 120 max 120 max 160 mazx

7 max 7 max 7 mazx 8 max
30 max 40 max 40 max 45 max
100 mac 100 max 100 max 100 max
100 maxr 100 max 100 max 100 mazx
265 mar 265 max 236 maxr 235 maz

TYPICAL CHARACTER| STICS

TYPE 829-B TYPE 829 B
Eg=12.6 VOLTS J E¢=12.6 VOLTS
SERIES HEATER ARRANGEMENT SERIES HEATER ARRANGEMENT |
GRID-N22 VOLTS=200 ] GRID-N12 VOLTS=200 i
160 180
" "
2 2o L\ L\ \
120 o 120
¥ 2 g [\1\1 )\
: 3 3 3
5 \ \ N2) VOLTS Ec,=+258 3 \ \ \ 5\
g 8o \ ; g e \ \ Net vOLTS B 3 78
g N +20 ~ - ; -
$ o —— 20
® 40 \ +15 z‘c \\\ R S N YT
& 2 S
[ +10 ]
\ +s] 8 - = 2207 ~i0]
— . b 20
0 () 100 150 200 ° %0 100 150 200
PLATE VOLTS PLATE VOLTS
92CS-6114T4 92CS-8308T
Typical Operation:
DC Plate Voltage. . ............ 750 500 750 500 750 750
DC Grid-No.2 Voltage® ........ 190 200 200 200 200 200
From series resistor of . . .. ... 40000 13000 32000 13000 32000 27500
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= RCA Transmitting Tubes

DC Grid-No.1 Voltage® ........ ~50 -45 =50 -46 b0 =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 ohma

Peak RF Grid-No.1-to-Grid-No.1
Voltage . . ...vvvv i 116 128 124 128 124 134 volts

DC PlateCurrent. .. ........... 120 230 160 230 160 200 ma

DC Grid-No.2 Current .. ....... 14 23 17 23 17 20 ma

DC Grid-No.1 Current (Approx.) 4 15 7 15 7 12 ma

Driving Power (Approx.)....... 0.3 0.9 0.4 0.9 0.4 0.8 watt

Power Output (Approx.)........ 70 83 90 83 90 116 watta

Maximum Circuit Volues {CCS or ICAS conditions):

Grid-No.1-Cireuit Resistance .. ... ... ... o it 15000 max ohma

® Obtained preferably from scparate source, from plate-voltage supply with a voltage divider, or
through serics resistor of value shown. The grid-No.2 voltage must not exceed 600 volts under key-up
conditions.

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

POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplificr and modulator and as rf
power amplifier and oscillator. May be used
with full input up to 156 Mc and with reduced
input up to 60 Mc. Requires Small four-contact

8 3OB socket and may be opecrated in vertical position
with base down, or in horizontal position with
pins 1 and 4 in vertical plane, OUTLINE 46, Out-
lines Section. Plate shows no color when tube is
operated at maximum CCS ratings. The 830B
is usecd principally for renewal purposes.

FILAMENT VOLTAGE (AC/DC) . . ittt it ittt in it ainaananaans 10 volts
FILAMENT CURRENT . L ettt e e ietnan e cionaanassoensnrnenenennnsas 2 amperes
AMPLIFICATION FACTOR . . ..ottt it it ittt e et ieian i ennann 26
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. .. .. o e i e cr e 11 pul
Grid to fllament. . . ... ..t it it i i e s b5 put
Plate to filament. . .. ... ... . o it e [ RN 1.8 puf
. X Closs B Class C
Maximum CCS Ratings: ) Modulator Telegraphy
DCPLATE VOLTAGE . ... .t it iieiiianananasoanenan 1000 max 1000 max volts
DC GRID VOLTAGE. ... ...t iiiiiernaannanncansans e ~-300 max volts
DC PLATE CURRENT . . .« o\viiiinnt v ieieennanennns 150 % mazx 150 max ma
DC GRID CURKENT L . 0 tiitieenvemain e ennesaanns 30 max ma
PLATE INPUT . ... ittt et inaaaas 150*® max 150 max watts
PLATE DISSIPATION . . . .. o0ttt e anaasanss 60 max 60 max watts

® For maximum-signal conditions.
® Averaged over any audio-frequency cycle of sine-wave form.

TWIN BEAM POWER TUBE

Heater-cathode type having mid-

832A tapped heater used as rf power ampli-

fier and oscillator. May be used with

full input up to 200 Me. For operation

at 250 Mec, plate voltage and plate

input should be reduced to 89 per cent of maximum ratings. Class C Telegraphy

maximum plate dissipation (per tube), CCS 15 watts, ICAS 20 watts. Requires

Septar seven-contact socket and may be operated in any position. OUTLINE 12,

Outlines Seetion. Plates show no color when tube is operated at maximum CCS or
ICAS ratings.

HeATE:R ARRANGEMENT Series Parallel
HEeaTER VOLTAGE (AC/DG) . . .. ... Cveenseeaeraaaae 12.6 6.3 volts
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HEATER CURRENT . . . ..ottt invannnonacraeonns 0.8 1.6 amperes
TRANSCONDUCTANCE (Each unit)*. ... ... . coiivinn, 3500 prhos
Mu-Facror, Grid No.2 to Grid No.1 (Each unit)® .. ... ... ... 6.5
DireCT INTERELECTRODE CAPACITANCES (Each unit):*
Grid No.ltoplate. ... . it 0.07 max nuf
Grid No.l to cathode, grid No.3, grid No.2, and heater
[T T Y o S LR 8.0 puf
Plate to cathode, grid No.3, grid No.2, and heater mid-
(Y R S R LR R 3.8 puf
Grid No. 2 to cathode (including internal Grid-
pass capacitor) .. ... 65 pupf

* Plate volts, 250; grid-No.2 volts, 135; plate milliarnpecres, 30.
#% Plate and grid-No.2 volts, 250; plate milliamperes, 30.
O With external shield in plane of scal flange.

PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: >CS ICAS
DC PLATE VOLTAGE . . .o vt itiitie i iainee e nenns 600 max 600 mazx volts
DC Grip-No0.2 VOLTAGE. ... .. 250 max 250 mazx volts
DC GRriD-NoO.1 VOLTAGE .. .. e -175 max -175 max volts
DC PLATE CURRENT....... 75 max 95 max ma
DC Grip-No.1 CURRENT. 6 max 6 max ma
PLATE INPUT . ... et ittt it 22 max 36 max watts
TRID-NO.2 INPUT. . oot iiie e ecinnnnn s .. 3.4 max 5 max watts
PLATE DISSIPATION . . .. ..t iiieeriienianeanoaesrans 10 max 15 max watts
PeEax 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
BULB TEMPERATURE. . .« .« ittt iaimne e neannnnenen 200 muz 200 max °C
Typical Operation: )
DC Plate Voltage . . ... oot iiniinieiaaeesianaenanns 425 600 600 volts
DC Grid-No.2 Voltageé .. 200 200 200 volts
From series resistor of 14000 25000 20000 ohms
DC Grid-No.1 Voltaged .. ... ooveiiiiiiiiiannn -60  -65 =70 volts
From grid-No.1 resistor of . . .. .. 23000 25000 23000 ohms
Peak RF Grid-No.1-to-Grid-No.1 Voltag 140 150 160 volts
DCPlate Current. . .. ...ovviee oot 52 36 60 ma
DC Grid-No.2 Current. ................ 16 16 20 ma
DC Grid-No.1 Current (Approx.)........ 2.4 2.6 3 ma
Driving Power (Approx.) .. ............. 0.15 0.18 0.21 watt
Power Qutput (APProX.) .. ... oooivii i 16 17 26 watts

Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance . ... .. ..o iiriiiieniiioi i 25000 max ohms
4 Obtained preferably from separate source modulated along with the plate supply or from the modu-

lated plate supply through scries resistor of value shown.
& 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 ICAS
DC PLATE VOLTAGE .. .. .......... 760 max 750 mar volts

DC GRID-NO.2 VOLTAGE . . . .. ... .. 250 max 250 max volts
DC Gurip-No.1 VOLTAGE . . ... ..... -175 max -175 max volts
DC PLATE CURRENT. ............. 90 max 115 max ma
DC Gnrin-No.1 CURRENT. ......... N 6 max 6 max ma
PLATE INPUT. .. ... cvieii s AN 36 maxr 50 mazx watts
Grip-No.2 INPUT. .. ... 5 max 5 max watts
PLATE DISSIPATION . . .. 15 max 20 max walts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. . cee 100 max 100 mazx volts
BULB TEMPERATURE. . . . .o cvecevntnanonmensannrse s 200 max 200 max °C
Typical Operation:
DC Plate Voltage...... PN 500 750 760 volta



i RCA Transmitting Tubes

DC Grid-No.2 Voltage® ... .iieeiiinirniiinennrnnese 200 200

From seriesresistor of . ... ......... ... . it 21000 37000
DC Grid-No.1 Voltage®. . ... ...t iiniinrnennnnns —-65 65

From grid-No.lresistorof . . .........coiiviennnan. 25000 23000

From cathode resistor of . . .. ... ... oo iiaeiann.. 730 1000
Peak RF Grid-No.1-to-Grid-No.1 Voltage.. . . .......... 150 150
DCPlate Current. . ... ... ittt iiiieiennanns 72 48
DC Grid-No.2 Current. ... ..ooiiiiiiiiieiienenannn. 14 15
DC Grid-No.1 Current (APProx.)......cocoveevneennnn 2.6 2.8
Driving Power (APPIoX.) . .o vviiinivnienesiiervannens 0.18 0.19
Power Qutput (ApproX.) . ... .o viinieenr s onanens 26 26

Maximum Circuit Valves (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance........... ... oot iiiiiiiinaa.

200
25000
-50
12500
550
130
65

22
4.0
0.24
35

ce 26000 max

volts
ohms
volta
ohms
ohms
volts
ma
ma
ma
watt
watts

ehmes

@ Obtained from separate source, from plate-voltage supply with a voltage divider, or from series
resistor of value shown. The grid-No.2 voltage must not. exceed 600 volts under key-up conditions.
4 Obtained from fixed supply, by grid-No.l resistor, by c¢athode resistor, or by combination methods.

TYPICAL CHARACTERISTICS
EACH UNIT

T T T T 1 T T T 1
l__TvPE 832-A —
£¢=12.6 VOLTS
l__SERIES HEATER ARRANGEMENT =it
GRID-N92 VOLTS=250

~
o

1]
<

GRID =M1 MILLIAMPERES
L
-
o\ﬂK

\
1V
4
CJ
\ L VOLTS £ =415
NN s
#10
N ¥5
(]
° N 1
-] 100 200 300 400

PLATE VOLTS
92CM-491072

AVERAGE CHARACTERISTICS
EACH UNIT

b lq T T 1 i
2 410 TYPE 832-A
i o
= Eg=12.6 VOLTS
2 V ' SERIES HEATER ARRANGEMENT
2 — GRID-N22 VOLTS3250
; 200 J)
< // o
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3 GRIO-NT "~ 3
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3 =
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z -10
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== Technical Data =

POWER TRIODE

Thoriated-tungsten-filament type
used as af power amplifier and modu- 833A
lator and as rf power amplifier and os-

cillator. May be used with full input

up to 80 Mec 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 300 watts, ICAS 350
watts; with forced-air eooling, CCS 400 watts, ICAS 450 watts.

FILAMENT VOLTAGE (AC/DC) . . .. .\ttt e iieiiaii i anenennn 10 volts
FILAMENT CURRENT. ... ..ottt ittt s nnnenannenaranaesnnnaeens 10 amperes
AMPLIFICATION FACTORY . . .. . . i iiiierrniennnnnenens 35

DIRECT INTERELECTRODE CAPACITANCES:

Grid to Plate. .. ... . e e e 6.3 put

Grid to fillament . . . ... .. . . . i i i 12.3 put

Plate to filament . .. ... ... ... ... .. .. .. e, [ 8.5 put
* Grid volts, —10; plate milliamperes, 200.

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

Maximum Ratings: cCs ICAS cCcS ICAS
DC PLATE VOLTAGE . . .......... 3000 mazx 3300 max 4000 max 4000 max volts
MAXIMUM-SIGNAL DC PLATE CUR-

RENT®™ .. ... ... .......... 500 max 500 max 500 max 500 mazx ma

MAXIMUM-SIGNAL PLATE INPUT® . 1125 max 1300 mazx 1600 max 1800 mazx watts
PLATE DISSIPATION®™. ... ... .... 300 max 350 max 400 max 460 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-

rent. ... ... ol 50 780 800 900 ma
Effective Load Resistance (Plate

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

(Approx.) ............oo.... 20 30 29 38 watts
Maximum-Signal Power Output

(APProx.) . .....c.ooueon.. 1650 1900 2400 2700 watts

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

AVERAGE PLATE CHARACTERISTICS

s

] TYPE 833-A
T80 E& =10 VOLTS AC
If.c’ g
4 > 00,
€305
I' //
] v252
“ [’ L~
Wy et o
= r 20
Y u //
30
M <52
- L]
ja
& o 4100
/
l ] S 50
[— *
/ /
/‘/ —
< eczl
| yoLTS ECZ—
foaer"1 (DY e
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N ey IS e, 100
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PLATE-MODULATED RF POWER AMPLUFIER—Class C Telephony
Natural Cooling Forced-Air Cooling
Maximum Ratings: CCS ICAS CCs 1CAS
DC PLATE VOLTAGE . . .......... 2500 max 3000 max 3000 maxr 4000 mazx volts
DC Grip VOLTAGE. ... v -500 max =500 ma.c ~300 ma.c -500 mazx volts
DC PLATE CURRENT. .. ... e 400 muxr 400 max 450 mar 450 max ma
DC Grip CURRENT. ...... e 100 mo.c 100 ma.e 100 max 100 maxc ma
PLATE INPUT. .. .......... .. 835 ma:c 1000 max 1250 mar 1800 mar watts
PLATE DISSIPATION . . .......... 200 mar 250 nae 270 max 350 max watts
Typical Operation:
DC Plate Voltage. . ............ 2500 3000 3000 4000 volts
DC Grid Voltaged . ....... -300 -240 -300 -325 volts
¥rom 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—Closs C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony
Natural Cooling Forced-Air Cooling

Maximum Ratings: CCS I1CAS CCs ICAS
DC PLATE VOLTAGE . ........... 3000 ma.r 3300 max 1000 e 1000 max *volts
DC GRID VOLTAGE. ........ -500 ma.c 500 mazx =500 mys 500 ma.c volts
DC PLATE CURRENT . . ..... 500 mac 500 mac 500 ma.r 500 mas ma
DC GrID CURRENT. . . ......... 100 mar 100 max 100 mac 100 ma.c ma
PLATEINPUT....... ... ...t 1250 max 1500 max 1800 maex 2000 max watts
PLATE DISSIPATION . .. ......... 300 ma.r 350 max 400 mac 450 mas 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.) . ... 83 35 70 75 95 ma
Driving Power (Approx.) ... ... 23 20 25 26 35 watts
Power Qutput (Approx.}....... 780 1000 1150 1440 1600 watts

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

OPERATING CONSIDERATIONS

Type 833A requires special mounting and may be operated in vertical position
with filament end up or down, or in horizontal position with all terminals in same
vertical plane. QUTLINE 58, Outlines Section.

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

Plate shows an orange-red color when tube is operated at maximum CCS or
ICAS ratings.
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TYPICAL CHARACTERISTICS
TYPE B33-A
= €¢ =10 VOLTS AC

N
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[» 40 €00 1260 500
PLATE VOLTS
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POWER TRIODE

Thoriated-tungsten-filament type
used as rf power amplifier and oscil- 83 4
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 Mc, to 53 per cent. Class C
*Telegraphy maximum CCS plate dissipation, 50 watts. Requires Small four-contact
socket and may he operated in vertical position only, base up or down. QUTLINE 47,
Outlines Section. Plate shows an orange-red color when tube is operated at maxi-
mum CCS ratings.

FILAMENT VOLTAGE (AC/DC) . . ...t itttiiiiiiiniiiiie it 7.5 volts
FILAMENT CURRENT . . ... ...ttt ititenirsnreaoenosonenssasenaennsn 3.1 amperes
AMPLIFICATION FACTOR .. ... .ttiiiiiiiieiienaninrannnsaans e 10.5
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. . ... ... . i e a e 2.4 upt
Grid to filament. . . .. ... ... ... e e 2.2 upf
Plate to filament . . .. ... ... . ... ... 0.6 frm g
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLUFIER—Class C FM Telephony
Maximum CCS Ratings:
DC PLATE VOLTAGE . . . ..o ittt ieiiiiee et et teeensanenns 1250 mazx volts
DC GRID VOLTAGR. . . ... .... e e e e e e —400 max volts
DC PLATE CURRENT . . . ..ttt ittt ainsoanan 100 mazx ma
DC GRID CURRENT . . . .ot tit ittt et eneeenransinaneasnieinsnenes 20 mazx me
PLATE INPUT .. ... . i cias . 126 max watta
PLATE DISSIPATION . . . . oot e iaaaes 50 max watts
POWER TRIODE
Thoriated-tungsten-filament type used as
r a ’ 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 Me. Requires Jumbo four-
contact socket and may be operated in vertical
obc position with base down, or in horizontal posi-
G f tion with pins 1 and 8 in vertical plane, OUTLINE

52, Qutlines Section. Direct interelectrode ca-
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pacitances: grid to plate, 9.25 puf; grid to filament, 6 suf; plate to filament, & puf. Plate shows a barely
pereeptible red color when tube is operated at maximum CCS ratings. Except for interelectrode capac-
itances, the 835 is identical with DISCONTINUED type 211. The 835 is a DISCONTINUED type

listed for referenee only.
HALF-WAVE
VACUUM RECTIFIER

Heater-cathode type having two

8 3 6 cathodes used in power supply of

transmitting and industrial equip-

ment. Maximum peak inverse plate

volts, 5000; maximum average plate

amperes, 0.25. Requires Small four-contact socket and may be operated in any

position. OUTLINE 44, Qutlines Section. The 836 has two separate cathodes, each of

which is connected to its respective heater terminal. Plate-circuit return should be
made to the mid-tap of the heater transformer.

HEATER VOLTAGE (AC)® 1.\ ititniviieiiiaiiinienanrnenianas e 2.6 volts
HEATER CURRENT . ...ttt vtainnnannannonnnnanansononanenanans e 5.0 amperes
HALF-WAVE RECTIFIER

Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE. ... ........iiiviinrne suenee sasnanns 5000 max volts

PLATE CURRENT:
DY < 1 max ampere
PN V- L 0.25 max ampere
Fault, for duration of 0.1 second maximum. .. ......... ..o b max amperes

° Heater voltage should be applied approximately 40 seconds before the application of plate voltage.

BEAM POWER TUBE

Heater-cathode type used as rf

8 3 7 power amplifier and oscillator. May be

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 Me, to 62 per cent. Class C Telegraphy maxi-
mum CCS plate dissipation, 12 watts. Requires Medium seven-contact socket and
may be operated in any position. OUTLINE 34, Ouflines Section, except has no
bayonet pin. Plate shows no color when tube is operated at maximum CCS ratings.

HEATER VOLTAGE (AC/DC) . . o oot ie ettt iie e e 12.6 volts
HEATER CURRENT . . . o\ vt vvn vt ieti e ttian oo 0.7 ampere
TRANSCONDUCTANCE (For plate current of 24 milliamperes) .............. 3400 umhos
DIRECT INTERELECTRODE CAPACITANCES:

Grid-No.1 to plate (With external shielding)......................... 0.20 max puf

Grid No.1 to cathode, grid No.3, grid No.2, internal shield, and heater. . . 16 unf

Plate to cathode, grid No.3, grid No.2, internal shield, and heater. .. ... 10 pnpf

RF POWER AMPLUFER AND OSCHLATOR—Class C Telegraphy
and

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

DC PLATE VOLTAGE . . . .o\ v vtssv et eentrarnaneeananenrounasesoos 500 max volts
DC GRID-NO.8 VOLTAGE. . .. .. ...ttt iiar e eiaenes s, 200 mazx volts
DC GRID-NO.2 VOLTAGE . . .. .. \. ettt o eananatiinnaanioanieneens 200 max volts
DC GRID-NO.1 VOLTAGE . . . .. ittt vit i iennstassecsasanaanasnanaennn ~200 max volts
DCPLATE CURRENT . . . .. ..t iirievnarnnnrassaronsvaans e 80 mazx ma
DC GRID-NO.1 CURRENT . . . . .. cveivncenransrosoossanossasanasnnsss 8 max ma
PLATE INPUT .. ittt ias i iananneaeacnnonees [P 32 max watts
GRID-NOB INPUT . oot i it tiet it iianrranrecoasassonnnsresns 5 max watts
GRID-NO.Z INPUT . .. oot ii ittt i tasaareasssnseassanenns 8 max watts
PLATE DISSIPATION . . . . ..ottt iiaie e cnscasesssanns Ceneveens 12 mazx watts
PrBAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. .............coivivny e 100 max volts
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POWER TRIODE

Thoriated-tungsten-filament type used aa
af power amplifier and modulator and as rf
power amplifier and oscillator. May be used
with full input up to 80 Mc and with reduced 838
input up to 120 Mec. Requires Jumbo four-
contact socket and may be operated in vertical
position with base down, or in horizontal posi-
tion with pins 1 and 3 in vertical plane. OUTLINE
52, 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) . . ..ot ittt 10 volts
FILAMENT CURRENT. .. ... it 3.26 amperes
DIRECT INTERELECTRODE CAPACITANCES:

Grid to plate. ... ... ... e 7.8 puf
Grid to filament . . . .. 6.0 s
Plate to fllament . . . .. .. i it it et s 4.0 iy
; Class B Class C
Maximum CCS Ratings: Modulator Telegraphy
DC PLATE VOLTAGB. . .. ...........0.... 1250 max 1250 mazx volts
DC GRID VOLTAGE. . ..... .. _— -400 max volts
DC PLATE CURRENT. . 175°" max 175 mazx ma
DC GRID CURRENT. .. .. _— 70 mazx ma
PLATEINPUT. .. .. ... ... e 220°" mazx 220 max watts
PLATE DISSIPATION . . .. .................. ... ... uv.s 100* max 100 mazx watts
® For maximum-signal eonditions.
® Averaged over any audio-frequency cycle of sine-wave form.
POWER TRIODE
P, G Thoriated-tungsten-filament type used as
9 O af power amplifier and modulator and as rf
power amplifier and oscillator. May be used
with full input up to 6 Mc and with reduced 8 4"
input up to 30 Mec. Requires Small four-contact
* socket and may be operated in vertical position
o o with base down, or in horizontal position with
4 . [4 pins 1 and 4 in vertieal plane. OUTLINE 32, Out-

lines Section. Filament volts (ac/dc), 7.5; am-
peres, 1,25, Direct interelectrode capacitances: grid to plate, 7.5 uuf; grid to filament, 4.0 uuf; plate to
filament, 2.6 uuf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate
volts, 450 maz; de grid volts, —200 maz; dc plate ma., 60 maz; dc grid ma., 20 max; plate input, 27 max
watts; plate dissipation, 15 maz watts. Plate shows no color when tube is operated at maximum CCS
ratings. The 841 is a DISCONTINUED type listed for reference only.

POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplifier and modulator. Requires
Small four-contact socket and may be operated
in vertical position with base down, or in hori- 842
zontal position with pins 1 and 4 in vertical
plane. OUTLINE 32, Outlines Section. Filament
volts (ac/de¢), 7.5; amperes, 1.25. Direct inter-
electrode capacitances: grid to plate, 6.4 upf;
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 a DISCONTINUED type listed for reference only.

POWER TRIODE

Heater-cathode type used aas rf power am-

o plifier and oscillator. May be used with full
input up to 6 Mc and with reduced input up to
30 Mec. Requires Small five-contact socket 843
, K and may be operated in any position. OUTLINE

32, Outlines Section. Heater volts (ac/dc), 2.5;
amperes, 2.5. Direct interelectrode capaci-
° ° tances: grid to plate, 3.9 uuf; grid to cathode
N (] and heater, 4 uuf; plate to cathode and heater,
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2.6 upl, Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate volte,
450 maz; de grid volts, -200 max; de plate milliamperes, 40 maz; dc grid milliamperes, 7.6 max; plate
input, 18 maz watta; plate dissipation, 16 max watts; peak hester-cathode volts, = 45 max. Plate shows
no color when tube is operated at maximum CCS ratings. The 843 is & DISCONTINUED type listed
for reference only.

- POWER TRIODE

845 Thoriated-tungsten-filament type

used as af power amplifier and modu-

lator. Class AB; maximum CCS plate

dissipation, 100 watts. Requires Jum-

. bo four-contact socket and may be

operated in vertical position with base down, or in horizontal position with pins 1

and 8 in vertical plane. OUTLINE 52, Outlines Section. Plate shows no color when
tube is operated at maximum CCS ratings.

FILAMENT VOLTAGE (AC/DC). . . . . ... ciiiiiiiinraenanans o 10 volts
FILAMENT CURRENT. ... .. ...00verrnnnnorconnsrcanans Crreves . 8.2 amperes
AMPLIFICATION FACTOR . . ... ... ... iiiiiiiviian e .. 5.8
DIRECT INTERELECTRODE CAPACITANCES:
Grid 80 DIALE. ..\ ..ot 12.1 pud
CGridtofilament. . . ...l 5.0 upf
S Plate to filament. .. ... ... 5.0 wuf
AF POWER AMPLIFIER AND MODULATOR—Class AB}
Maximum CCS Ratings:
IO PLATE VOLTAGE . . . . o vt tveneiiae e e e e ccenanas 12560 mazx volts
DC GRID VOLTAGE . . . ot otivrtiannvtnanaseennansananenee e oneans —~400 max volts
DC PLATE CURRENT . . o t. ittt vinnneorannaeeninorenuensoseiaasscuens 120 max ma
PLATEINPUT............0000se TR R 150 mazx watts
PLATE DISSIPATION . . . . cvuverner connvnnannnnasenscnonaaransenssnass 100 mazx watts

POWER TRIODE

Thorlated-tungsten-filament type used as G[sLase

af power amplifier and modulator and as rf

power amplifier and oscillator. May be used

with full input up to 8 Mc and with reduced 4 f

849 input up to 30 Mc. Tube may be operated in

vertical position with filament end up, or in

horizontal pesition with plate in vertical plane.

Maximum over-all length, 14% inches; maxi-

mum diameter, 4lg inches. Filament volts P
(ac/de), 11; amperes, 5. Direct interelectrode capacitances: grid to plate, 34 uul; grid to filament, 17 uuf;
plate to filament, 3 uuf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR:de
plate volts, 2500 maz; de grid volts, ~500 maz; dc plate amperes, 0.85 maz; dc grid amperes, 0.125 maz;
plate input, 875 maz watts; plate dissipation, 400 maz watts. Plate shows cherry-red color when tube is
operated at maximum CCS ratings. The 849 is @ DISCONTINUED type listed for reference only.

POWER TETRODE

Thoriated-tungsten-filament type used ss

r{ power amplifier and oscillator at frequencies

up to 15 Mec. Requires Jumbo four-contact

socket and may be operated in vertical position

8 50 with base up or down, or in horizontal position

with pins 1 and 3 in vertical plane. QUTLINE B3,

Outlines Section. Filament volts (ac/dc), 10;

amperes, 3.25. Direct interelectrode capaci-

tances: grid No.1 to plate (with external shield-

ing), 0.26 max wuf; grid No.1 to filament and grid No.2, 17 uuf; plate to filament and grid No.2, 25 puf.

Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate volta, 1250 max ;

de grid-No.2 volts, 400 maz; de grid-No. 1 volts, _400 maz; dc plate milliamperes, 176 maz dc; grid-

No. 1 milliamperes, 40 max; 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. The 850 is a DISCONTINUED type listed for reference only.
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P

POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplifier and modulator and as rf
power amplifier and oscillator. May be used
with fuilinput up to 3 Mc and with reduced in-
put up to 15 Me. Tube may be operated in ver-
tical position with filament end up, or in hori-
zontal position with plate in vertical plane.
Maximum over-all length, 17-5/8 inches; maxi-
mum diameter, 6-1/8 inches. Filament volts

851

(ac/de), 11.0; amperes, 13.5. Direct interelectrode capacitances: grid to plate, 47 uuf; grid to filament,
25.5 uuf; plate to filament, 4.5 puf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCIL-
LATOR: dc plate volts, 2500 maz; de grid volts, ~500 wmax; de plate amperes, 1 maz; de grid amperes,
0.2 max; plate input, 2500 ;mazx watts; plate dissipation, 750 max watts. The 851 is 2 DISCONTINUED
type listed for reference only.

FILAMENT VOLTAGE (aC/DC)
FiLAMENT CURRENT. .. ...
TRANSCONDUCTANCE (For plate current of 50 miltiamperes)
AMPLIFICATION FACTOR . . .

POWER TETRODE

Thoriated-tungsten-filament type used as
tf power amplifier and oscillator. May be used
with full input up to 30 Mec. For operation at
60 Mc, plate voltage and plate input should be
reduced to 75 per cent of maximum ratings; at
120 Mec, to 50 per cent. Requires Small four-
contact socket and may be operated in vertical
position only, base down. OUTLINE 57, Outlines
Section. Plate shows no color when tube is oper-
ated at maximum CCS ratings. The 860 is used
principally for renewal purposes.

DiRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (With external shielding) . .. .....................

Grid No.1 to filament and grid No.2
Plate to filament and grid No.2

860

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

Maximum CCS Ratings:
DC PLATE VOLTAGE

and

RF POWER AMPLIFIER—Class C FM Telephony

DC GRID-NO.2 VOLTAGE . .. ......

DC Grip-No.1 VOLTAGE . . .
DC PLATE CURRENT. . . .
DC Grip-No.1 CURRENT. .
PrLATE INPUT. ..........

G2 BASE
2 BLADE

POWER TETRODE

Thoriated-tungsten-filament type used as
r{ amplifier and oscillator up to 60 Mc. Maxi-
mum over-all length, 17-7/32 inches; maximum
radius, 6-5/8 inches. Filament volts (ac/dc), 11;
amperes, 10. Direct interelectrode capacitances:
grid No.l1 to plate (with external shield), 0.1
max upl; grid No.1 to filament and grid No.2,
t4 puf; plate to filament and grid No.2, 11 gyui.
Muximum CCS rutings a3 RF POWKR AM-

3000 ez
500 maz
—800 max
150 mazx
40 mazx
300 maz
10 maz
100 max

861

volts
amperes
umhos

pal
pul
puf

volts
volts
volta
ma
ma
watts
watts
watts

PLIFIER AND OSCILLATOR: de plate volts, 3500 max; de grid-No.2 volts, 745 max; de grid-No.1
volts, 1000 ma.c; de plate ma., 350 max; de grid-No.1 ma., 756 maz; plate input, 1200 mazx watts; grid-
No.2input, 35 mux watts; plate dissipation, 400 maz watts. The 861 is a DISCONTINUED type listed

for reference only.
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POWER TETRODE

Thoriated-tungsten-filament type used as
rf power amplifier and oscillator at frequencies
up to 60 Mc. OUTLINE 34, Outlines Section. Fil-

865 ament volts (ac/dc), 7.5; amperes, 2. Direct in-
terelectrode capacitances: grid No.l to plate

(with external shield), 0.1 uuf; grid No.1 to fila-

ment and grid No.2, 8.5 maz ppf; plate to fila-

ment and grid No.2, 8 puf. Maximum CCS

ratings as RF POWER AMPLIFIER AND

OSCILLATOR: de plate volts, 750 max; dc grid-No.2 volts, 175 maz; dec grid-No.1 volts, ~200 max;
dc plate ma., 60 maxz; dec grid-No.1 ma., 15 maz; plate input, 45 max watts; grid-No.2 input, 3 mazx
watts; plate dissipation, 15 mar watts. The 865 is a DISCONTINUED type listed for reference only.

HALF-WAVE MERCURY-
VAPOR RECTIFIER e

Coated-filament type wused in
866A power supply of transmitting and in-
dustrial equipment. Maximum peak
inverse anode volts, 10,000; at maxi- F
mum average anode amperes, 0.25. Re-
quires Small four-contact socket and may be operated in vertical position only,
base down. OUTLINE 43, Outlines Section.

'CATH.
SHIELD

FILAMENT VOLTAGE (AC)®. « o« ottt iiiiaaiiniannananariananisins 2.6 volta
FILAMENT CURRENT . . o .ot e teeeter et iiaaea s aianaanannaanasns 5.0 amperes
PEAK TUBE VOLTAGE DROP (APProX.). . ...t 15 volts
° Filament voltage must be applied at least 15 seconds before the application of anode voltage.
HALF-WAVE RECTIFIER
Maximum Ratings, (For power-supply frequency of 60 ¢ps):
PEAK INVERSE ANODE VOLTAGE .. ............ 2500 max 5000 max 10000 max volts
ANODE CURRENT:
Peak........cooiiii 2 max 1 maz 1 mazx amperes
Average* 0.5 max 0.25 max 0.25 max ampere
Fault, for duration of 0.1 second maximum . 20 max 20 max 20 max 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 TEMPERATURE

$ [rvee8e6A
£y VOLTS | LOAD
zt CURVE [ ™ pms | AMPERES
83 [ ——| 238 0
cCo - 62 0.5
w40 2
303
SiBF 30 =
it .
Ldz L
2Z@20 4
HoE / 4
<
B 1ol
3
o
3
0 5 10 i5 20 25 30

HEATING TIME-MINUTES
92CS~ 90287
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Operating Values:

Circuit Maz. Trans. Approx. DC Maz. DC Maz. DC
(For circuit figures, refer to See. Volts Qutput Volls 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 Singie-Phase. .. 57 35004 1600 0.25 0.4
1700° 800 0.50 0.4
3500¢ 3200 0.5 1.6
Full-Wave Single-Phase. . . 58 el 7004 1600 0.5 0.8
ftm o 800° 800 1.0 0.8
7000°* 6400 0.5 3.2
Series Single-Phase. ...... 59 35004 3200 0.5 1.6
1700° 1600 1.0 1.6
4000°* 4800 0.75 3.6
Hal{-Wave Three-Phase. .. 60 20004 2400 0.75 1.8
1000° 1200 1.6 1.8
Quadrature Operation
4000°* 4800 1.5 7.2
Parallel Three-Phase...... 61 20004 2400 1.6 3.6
1000° 1200 3.0 3.6
4000°* 9600 0.75 7.2
Series Three-Phase........ 62 20004 4800 0.75 3.6
1000° 2400 1.5 3.6
3500°¢ 4500 0.91% 1 o™ 4.06* 4. 5%
Half-Wave Four-Phase. ... 63 17004 2300 0.91% 1.0® 2.07% 2.3%
800° 1100 1.82¢ 2.0% 1.98% 228
3500* 4800 0.95% 1.0" 4.60% 4.8%
Half-Wave Six-Phase..... 64 17004 2400 0.95% 1,08 2.30% 2,49
800° 1200 1.90% 2 0" 2.28% 2.4%

¢ For maximum peak inverse anode voltage of 10000 volts and maximum average anode current of
0.25 ampere.

+ For maximum peak inverse anode voltage of 5000 volts and maximum average anode current of 0.25
ampere.

I 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
power supply of transmitting and in- 8 7 2 A
dustrial equipment. Maximum peak
inverse anode volts, 10,000; maximum
average anode amperes, 1.25. Requires
Jumbo four-contact socket and may be operated in vertical position only, base
down. OUTLINE 54, Outlines Section,

FILAMENT VOLTAGE (AC)® . .o ittt ittt e i enans 5.0 volts

FUAMENT CURRENT . ..ot i ittt ittt e e e e i 7.6 amperes

PEAK TUBE VOLTAGE DROP (APProx.) . ...........iuiiiniiiennnaen .. 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 . . .. 0iiiiiiiiiennannnn. 5000 max 10000 mazx volts
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ANODE CURRENT: .
Peak.. . ... ... e [P 5 mar 5 mazx amperes

AVEIBEE oot i e e 1.26 maz 1.26 max amperes
Fault, for duration of 0.2 second maximum ............ 50 mazx 50 mazx amperes

CONDENSED-MERCURY-TEMPERATURE RANGE® ... ........ 20 to 70 20 to 60 °C

& Averaged over any interval of 15 seconds maximum.
® Operation at 40° = 5°C is recommended.

Operating Valves:

Cireutf Mazx. Trans. Approz. DC Mazx. DC Mazx. DC
(For circuit figures, refer to See. Volts Output Volts Output Output KW
Rectifier Considerations (RMS) To Filter Amperes To Filter
Section) Fig. E Eav Tav Pde

In-Phase Operation

7000° 3200 1.25 4.0
Hal{-Wave Single-Phase. .. 57 3500* 1600 1.25 2.0

3500® 3200 2.5 8.0
Full-Wave Single-Phase. .. 58 1700+ 1600 2.5 4.0

. 7000°¢ 6400 2.5 16.0

Series Single-Phase. ... ... 59 35004 3200 2.5 8.0

4000* 4800 3.75 18.0
Half-Wave Three-Phase, .. 60 20004 2400 3.76 9.0

Quadrature Operation

4000°* 4800 7.6 36.0
Parallel Three-Phase...... 61 20004 2400 7.5 18.0

4000° 9600 3.75 36.0
Series Three-Phase....... 62 2000+ 4800 3.75 18.0

3500* 4500 4.5%* 5.0% 20.0* 22.5"
Hall-Wave Four-Phase. ... 63 1700+ 2250 4.5* 5.0% 10.0* 11.2%

3500° 4800 4.75% 5.0% 22.8% 24.0%
Half-Wave Six-Phase. .. .. 64 1700+ 2400 4.75% 5.0® 11,.4* 12 0%
® For maximum peak inverse anode voltage of 10000 volts and maximum average anode current of 1.25
amperes.
& For maximum peak inversc anode voltage of 5000 volts and maximum average anode current of 1,25
amperes. .
* Resistive load. ® Induetive load.

RATE OF RISE OF CONDENSED ~
MERCURY TEMPERATURE
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MEDIUM-MU TRIODE

Acorn heater-cathode type used
as af amplifier and as rf amplifier and
oscillator at frequencies up to 600 Me. 955
Class A; Amplifier maximum CCS
plate dissipation (design-center value),
VIEWED FROM sHoRT eno 1.6 watts. Requires Acorn five-contact
socket and may be operated in any position. OUTLINE 2, Qullines Section. Plate
shows no color when tube is operated at maximum CCS ratings.

HEATER VOLTAGE (AC/DC) . o o i ittt i it it i ittt i e et cnenann 6.8 volts
HEATER CURRENT . . . .0 vttt vttt araanerenanssaennnns 0.15 ampere
TRANSCONDUGTANCES . L et e aa e raaas e 2200 pmhos
AMPLIFICATION FACTOR® ., . . ... i it insir e 25
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. ... ... .. i i it s 1.3 puf
Grid to cathode and heater. . .. .. ... . i ity 1.0 puf
Plate to cathode and heater. .. ... . ...t innrnraon 0.4 ppf

° For de plate volts, 250; de grid voits, -7; plate resistance (Approx.}, 11400 ohms; dc plate amperes, 6.3.

AF AMPLIFIER—Class A}
Maximum CCS Ratings, Design-Center Values:

DO PLATE VOLTAGE . - 4 o ot oot ttiinviiaarerinneroannnsaaransnnnons 250 max volte
PLATE DISSIPATION . . . o o\ttt et iiein s manre oo rrasnssnnnn 1.6 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. ...t 80 mazx volts
Heater positive with respect to cathode. ... oo 80 mnax volts

RF AMPLIFIER AND OSCILLATOR—Class C
Maximum CCS Ratings, Design-Center Values:

DC PLATE VOLTAGE . . . . ottt e et iea s tiansorennaaenannscenranns 180 max volts
DCPLATE CURRENT . . . ... ittt aantantonaniennriaeanns 8 max ma
DC GRID CURRENT . . o oitiieiiiiianaiaanaraan e e 2 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . .......... ..ot 80 max volts
Heater positive with respect to cathode. ......... ..oty 80 mazx volts
P c

MEDIUM-MU TRIODE

Acorn coated-filament type used
as rf power amplifier and oscillator at 95 8A
frequencies up to 350 Me. Class C
Telegraphy maximum CCS plate dis-

F- . . .
VIEWED FROM SHORT eno sipation  (design-center value), 0.6

watt. Requires Acorn five-contact socket and may be operated in any position.
OUTLINE 2, Qutlines Section. Plate shows no color when tube is operated at maxi-
mum CCS ratings.

FILAMENT VOLTAGE (DC) . .. ....... ...ttt e 1.25 volts
FILAMENT CURRENT . .+ .ttt it veeetennnnennsaarssannanns J 0.10 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate . ... ... ... . e s 2.6 pal
Grid 60 filament . . . .. ... . e 0.45 puf
Plate to filament . . ... ... ... .. .. ... e e 0.6 puf

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

Maximum CCS Ratings, Design-Center Values:

DC PLATE VOLTAGE . . . . .\ i toie it it et et ey 135 mazx volts
DO GRID VOLTAGE . . . v vt ettt ot iiin e eeeans -30 max volts
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DO PLATE CHRRENT . o oottt et iiine i a i naae e 7 maz ma
DO GRID CURRENT . L. ottt reiie i 1 max ma
PLATE INPUT .. . ... i i it ittt aiar i aans 0.95 max watt
PLATE DISSIPATION . . .t ouivitiereetsasostsoaseanssnansnsacssassonsens 0.6 max watt

Maximum Circuit Values:

Grid-Circuit Resistance:
For fixed-bias operation. . . ........ ... it ittt e 0.1 max megohm
For cathode-bias operation. . ... ....... .ottt iiiieinnrinearennn 0.5 max megohm

POWER TRIODE

Coated-filament type used as af power
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

1 608 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. OUTLINE 32, Outlines Sec-
tion. Filament volts (ac/dc), 2.5; amperes, 2.5.

Direct interelectrode capacitances: grid to plate, 9 uuf; grid to filament, 8.5 uuf; plate to filament, 3 uuf.
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate volts, 425 max;
de grid volts, -200; max dc plate milliamperes, 95 max; dc grid milliamperes, 25 mazx; plate input, 40 maz
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 r{ power am-
plifier and oscillator. May be used with full
input up to 20 Mc and with reduced input up
to 110 Mc. Requires Small five-contact socket

16"0 and may be operated in vertical position only,

base up or down. OUTLINE 32, Qutlines Section.

Filament volts (ac/dc¢), 2.5; amperes, 1.75.

Direct interelectrode capacitances: grid-No.l

to plate, 1.2 uuf; 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, 13 uuf. Maximum
CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: de plate volts, 400 mazx; dc grid-No.2
volts, 200 maz; de grid-No.1 volts, ~100 maz; dec plate milliamperes, 30 mazx; dc grid-No.1 milliamperes,
3 max; plate input, 9 max watts; grid-No.2 input, 2 maz 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.

POWER PENTODE

Heater-cathode type having

]6] 3 metal shell used as rf power amplifier

and oscillator. May be used with full

input up to 45 Mec. For operation at

60 Mc, plate voltage and plate input

should be reduced to 90 per cent of maximum ratings; at 90 Mec, to 85 per cent.

Class C Telegraphy maximum CCS plate dissipation, 10 watts. Requires Octal
socket and may be operated in any position. OUTLINE 11, Outlines Section.

HEATER VOLTAGE (AC/DC) . . .« ottt ittt 6.3 volts
HEATER CURRENT . . . .. ..ttt iaeiiaitaaenns 0.7 ampere
TRANSCONDUCTANCE (For plate current of 31 milliamperes) 2500 upmhos
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l toplate. . ... ...t 0.26 put
Grid No.1 to cathode, grid No.3, grid No.2, shell, and heater.......... 6.5 upf
Plate to cathode, grid No.3, grid No.2, shell, and heater.......... . 13.5 unl

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

Maximum CCS Ratings:
DC PLATE VOLTAGE . .. ...... T 350 max volta
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DC GRID-NO.2Z VOLTAGE .. .. ......c.itvvavanraoes 276 maz
DC GRID-NO.L VOLTAGE .. .. ..ottt ctenevesnseststanasssasassssenesns -100 mazx
DC PLATE CURRENT . . . ..o o icvvnerranonassnsns 50 ma.x
DC GRID-NO.1 CURRENT. ... ..... [ R, 5 max
PLATE INPUT...... ...ttt iiannanns PRI Creasersesenaans 17.6 max
GRID-NO.2 INPUT ... ..ottt e cisacnesaneenes 2.5 max
PLATE DISSIPATION . . . o oo teieteeeinvaeceanasanscasenss 10 mazx
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode........... Cisesesiesecansan 100 mazx

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

BEAM POWER TUBE
Heater-cathode type having
and modulator and as rf power ampli-

fier and oscillator. May be used with
full input up to 80 Mec. For operation

volts
volts

ma
watts
watts
watts

volts
volts

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

at 120 Mec, 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 operated in any position. QUTLINE 21,

Outlines Section.

HEATER VOLTAGE (AC/DC) . . .o vvteer i inansonananannns eeesaeenan 6.8
HEATER CURRENT . . . .\ iutvtruennennnnnnnnnarnnas i 0.9
TRANSCONDUCTANCE (For plate current of 72 milliamperes)...... RN 6060
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l toplate. ... ... ovoiieir it iiaransaians 0.4 mar
Grid No.1 to cathode, grid No.3, grid No.2, shell, and heater.......... 10
Plate to cathode, grid No.3, grid No.2, shell, and heater.............. 12

AF POWER AMPLIFIER AND MODULATOR—Class AB1

Maximum Ratings: CcCS ICAS
DCPLATE VOLTAGE . . .. ..ttt iiiinercanancearsocanases 375 max 550 max
DC GRID-NO.2 VOLTAGE . .. .. ..ot viieeeneennsnsnnanns 300 mazx 400 mazx
DC PLATE CURRENT . ¢, .t tovenininnrnaerannaronssons 110 mazx 110 max
PLATE INPUT. .. . ..o i ensnetaes 40 mazx 60 max
GRID-NOZ INPUT. ... ooii i iaasae s 3.5 max 3.5 max
PLATE DISSIPATION . . oo iv i iiiiininancrecnineans 21 max 25 max
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .... e 200 maz 200 maz
Heater positive with respect to cathode,.............. 200 max 200 max
Typical Operation (Values are for 2 tubes):
DCPlate Voltage . . . ... oot iiiieriiinaneraanns 360 530
DC Grid-No.2 Voltage. . . .......... ... ... viiiinenns 270 340
DC Grid-No.1 Voltage .. ... ... ... ciiirieinnannss -22.5 -36
Peak AF Grid-No.-1-to-Grid-No.1 Voltage.............. 45 72
Zero-Signal DC Plate Current. .. ........ ... . cvvuinenns 88 60
Maximum-Signal DC Plate Current. ... ................ 132 160
Maximum-Signal DC Grid-No.2 Current. . .............. 15 20
Effective Load Resistance (Plate to plate) . .............. 6600 7200
Total Harmonice Distortion. . ... ... ... ... .. oiiiiiians 2 2.5
Maximum-Signal Power Output. . ...................... 26.5 50

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum Ratings: CcCS ICAS
DC PLATE VOLTAGE . . . . it iiiiisanannnesscnacsssnns 376 max 450 max
DC GRID-NO.2Z VOLTAGE . . ... civictvnracronssonsaeenns 300 max 300 max
DC GRID-NO.1 VOLTAGE . . . .. ... ioevarnnsss eeereeies ~125 max ~-125 maz
DC PLATE CURRENT . . . ... .itietianosransonosannesnsns 110 max 110 max

volts
ampere
umhos

uul
uul
unf

volts
volts
ma
watts
watts
watts

volts
volts

volts
volts
volts
volts
ma

ma

ma
ohms
per cent
watts

volts
volts
volts



RCA Transmitting Tubes

DC GRID-NOL CURRENT . . .ot viieneeiiaiienerianaenns b maz
PLATEINPUT. .. .o i e anes v 35 max
GRrID-No.2 INPUT 3.5 max
PLATE DISSIPATION 21 max
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.............. 200 mazx
Heater positive with respect to cathode.............. 200 max
Typical Operation:
DC Plate Voltage. . . . ... it iiiee i eenennnn 375
DC Grid-No.2 Voltage®, .. .............iciviiiirenennn 260
From series resistor of . .. ... ... .. iiiiiiiiiiii, 12600
DC Grid-No.1 Voltages . .. ........cvviviieniinennnnen.. -44
From grid-No.l resistorof . . .. .........c0evvunven.. 200060
From cathoderesistorof . . .. ............ ... 425
Peak RF Grid-No.1 Voltage. . ... .............ceoumun.. &1
DC Plate Current. . ... ... ..oviveiinns i 80
DC Grid-No.2 Current. . .......covieurniiiaereinn. 10
DC Grid-No.1 Current (APProX.)..o..ovvveernenennn.. 2
Driving Power (Approx.) . . ... ..., 0.1
Power OQutput (Approx.) .. ... ... ... 21

b max
45 max
3.6-max
26 mazx

200 mazx
200 max

450
260
25000
~46
22660
410
73
100

8

2
0.15
31

me
watts
watts
watts

volts
volts

volts
voltk
ohms
volts
ohme
ohms
volts
ma
ma
ma
watt
watts

¢ Obteined 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 reaistor, or by combination methods.

1616

HALF-WAVE VACUUM
RECTIFIER

Coated-filament type used in power supply
of transmitting and industrial equipment. Re-
quires a Small four-contact socket and may be
operated in vertical position with base down, or
in horizontal position with pins 1 and 4 in ver-
tical plane, Maximum over-all length, 6-13/16
inches; maximum diameter, 2-1/16 inches. Fil-
ament volts (ac), 2.5; amperes, 5. Maximum
CCS ratings as HALF-WAVE RECTIFIER:

¢ 1D

@

’

r

pesak inverse plate volts, 6000 max; peak plate ma., 800 max; average plate ma., 130 maz; fault amperes,
2.6 maz. The 1616 is a DISCONTINUED type listed for reference only.

1619

FILAMENT VOLTAGB (AC/DC)

FILAMENT CURRENT

TRANSCONDUCTANCE (For plate current of 50 milliamperes)

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 456 Mc. For operation
at 60 Mc, plate voltage and plate input should
be reduced to 90 per cent of maximum ratings;
at 90 Mec, to 77 per cent. Requires Octal socket
and may be operated in vertical position only,
base down or up. OUTLINE 21, Outlines Section.
‘The 1619 is used principally for renewal pur-
poses.

DIRECT INTERELECTRODE CAPACITANCES:

Grid No.1 to plate
Grid No.1 to filament, grid No.3, grid No.2, and shell

Plate to filament, grid No.3, grid No.2, andshell. . . ... .......... ...

DC PLATE VOLTAGE

DC GRrID-N0.2 VOLTAGE
MAXIMUM-SIGNAL DC PLATE CURRENT!
MAXIMUM-SIGNAL PLATE INPUT™
GRID-NO.Z2 INPUTE . e iara e aaas

PLATE DISSIPATION®

AF POWER AMPLIFIER AND MODULATOR—Class AB1
Maximum CCS Ratings:

® Averaged over any audio-frequency cycle of sine-wave form,
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400 max
300 max
76 max
30 max
3.6 max
16 mazx

volts
amperes
umhos

Hpf
Huf
uuf

volts
volts
ma
watts
watts
watts
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RF POWER AMPLIFIER AND OSCILLATOR—Ciass C Telegraphy
and
RF POWER AMPLIFIER-——Class C FM Telephony
Maximum CCS Ratings:
DC PLATE VOLTAGE . . . oo ottt taaoneneaenaanatorosonnaeanns 400 max volts
DC GRID-NO2 VOLTAGE . . . o ¢t ottt iiaiaenanananaaessatsiatnennss 300 max volts

DC Gri1o-NoO,1 VOLTAGE ... ................ -125 maz volts
DC PLATE CURBRENT . . . ..ot vivraniroenns . 75 max ma
DC Guip-No.1 CURRE 5 max ma
Prate Invur 30 max . watts
GRID-NO.2 INPUT . oo e i e e naaas e enans 3.5 mar watts
PLATE DISSIPATION . . . ottt ettt ittt eearaseeasoansiinsins 15 mar watts
Maximum Circuit Values:

Grid-No.1-Circuit Reslstance ... ... .. . . . . i iiiniiarsesssronees 25000 mazx ohms

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 Me and with reduced
input up to 100 Mc. Requires Small four-
contact socket and may be operated in vertical ‘623
position with base down, or in horizontal posi-
tion with pins 1 and 4 in vertical plane. OUTLINE
44, Outlines Section. Filament volts (ac/dc),
6.3; amperes, 2.3. Direct interelectrode capacitances: grid to plate, 6.7 uuf; grid to filament, 5.2 s
plate to filament, 0.9 uuf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR:
de plate volts, 750 mazx; dc grid volts, ~200 mazx; de plate ma., 100 maz; de grid ma., 25 mox; plate in-
put, 75 max watts; plate dissipation, 25 max watts, Plate does not show color when tube is operated at
maximum CCS ratings. Type 1623 is a DISCONTINUED type listed for reference only.

BEAM POWER TUBE

Coated-filament type used as rf power am-
plifier and oscillator. May be used with full .
input up to 60 Mc. For operation at 80 Me,
plate voltage and plate input should be reduced
to 80 per cent of maximum ratings; at 125 Mc, "624
to 55 per cent. Requires Small five-contact
socket and may be operated in vertical position
only, base up or down. OUTLINE 34, Outlines
Section, except has no bayonet pin. Plate shows
no color when tube is operated at maximum CCS ratings. The 1624 is used principally for renewal pur-
poses.

F1LAMENT VOLTAGE (AC/DC) 2.5 volts
FILAMENT CURRENT . . o0\ttt ittt it ns 2.0 amperes
TRANSCONDUCTANCE (For plate current of 50 milliamperes) ............... 4000 umhos
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l to plate (With external shielding) . .. .............. A 0.25 max uuf
Grid No.1 to filament, grid No.3, and grid No.2 . .. .................. 11 puf
Plate to filament, grid No.3, and grid No.2. . .. ... .................. 7.5 uuf

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
ond
RF POWER AMPLIFIER—Closs C FM Telephony
Maximum CCS Ratings:
DO PLATE VOLTAGE . . . . .. ottt ittt ittt anses 600 mazx volta

DC GRIp-N0.2 VOLTAGE 300 mazx volts
DC GRID-NoO.1 VOLTAGE -200 max volts
DC PLATE CURRENT . . o .00ttt ittt iinaaronanecaaeaatateaeansonss 90 max ma
DC GRrID-N0.1 CURRENT 5 max ma
PLATE INPUT . ... ... i i it eiaainens 54 mazx watts
GRrID-No.2 INPUT. ... .. . 3.5 max watts
PLATE DISSIPATION . . . . ...ttt it iiinarreneonarnrnrntatacreanans 25 max watts
Maximum Circvit Valves:

Grid-No.1-Circuit Resistance. ... ....cotiiiiiiiiiiiiiniiiieeianeanen 25000 max ohms
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BEAM POWER TUBE

Heater-cathode type used as af

'l 62 5 power amplifier and modulator and as

rf power amplifier and oscillator. Re-

quires Medium seven-contact socket

and may be operated in any position.

OUTLINE 34, Outlines Section, except has no bayonet pin. Heater voits (ac/dc), 12.6;
amperes, 0.45. Except for heater rating and base, this type is identical with type 807.

POWER TRIODE

Glass-octal heater-cathode type used as r{
power amplifier and oscillator, May be used with
full input up to 30 Mec. For operation at 60 Me,

]626 plate voltage and plate input should be reduced
to 96 per cent of maximum ratings; at 90 Mec,
to 93 per cent. Requires Octal socket and may
be operated in any position. OUTLINE 19, Oul-
lines Section. Plate shows no color when tube is
operated at maximum CCS ratings. The 1626 is
used principally for renewal purposes,

HBATER VOLTAGE (AC/DC) . ..t vttt e in e e iee e 12.6 volts
HEATER CURRENT . . . . o ittt ittt ittt iiie et enieis 0.26 ampere
AMPLIFICATION FACTOR ... ... ... ... e e e e e e 5
DIRECT INTERELECTRODE CAPACITANCES:

Grid to plate. ... ... .. e e e e 4.4 uuf

Grid to cathode and heater 3.2 puf

Plate to cathode and heater . ............ .. ... ..ottt 3.0 puf

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

Maximum CCS Ratings:
DC PLATE VOLTAGE . . . . . . ottt e ittt et et i e e 260 max volts
DC GRID VOLTAGE . . . . . .ttt ittt ettt et e ~150 max volts
DC PLATE CURRENT . . . ..ottt ittt et iiniiataeanannanaanans 25 max ma
DC GRID CURRENT .« . ottt ottt e it iie i sae s iieeonnaeanas 8 max ma
PLATE INPUT ... i i i e i i i 6.25 max watts
PLATE DISSIPATION . . . . ... .....vitennannn i 5 max watts
PEAK HBATER-CATHODE VOLTAGE:

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

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

HIGH-MU TWIN TRIODE

Glass-octal heater-cathode typg used as af
power amplifier, Class B AF Power Amplifier
maximum CCS plate dissipation (design-center

] 6 3 5 value, per plate), 3 watts. Requires Octal socket
and may be operated in any position. OUTLINE
18, Outlines Section. Plates show no color when
tube is operated at maximum ratings. The 1635
is used principally for renewal purposes.

HEATER VOLTAGE (AC/DC) . v v v vn r e e i e e e 6.3 volta
HEATER CURRENT. ....... v v e e i e et e, 0.6 ampere
AF POWER AMPLIFIER—Closs B

Maximum CCS Rotings:

DC PLATE VOLTAGE . . . . . oottt it taa et caatanerenannaennennns 300 mazx volts
PEAK PLATE CURRENT (Per plate) . .. oo vuvvnnennnaininnnenneernnnanns 90 max ma
PLATE DIssIPATION (Perplate) . . ......c.ooviviiiiiat, PPN 3 max watts



Technical Data

PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. . ..................... e 90 mazx volts

Heater positive with respect to eathode.................. . .0viinins 90 max volts
Typical Operation, (Unless otherwise specified, values are for £ units):
DCPlate Voltage. . .. ....... ...ttt raanens 300 300 volts
DCGrid Voltage . . .. .. ... . . s 0 0 volts
Peak AF Grid-to-Grid Voltage. . . ... ...... ... .. ... iiiiannn 70 108e volts
Zero-Signal DC Plate Current . .............. ... ... 6.6 6.6 ma
Maximum-Signal DC Plate Current .. ......................... 54 54 ma
Peak Grid Current (Perunit) . . .. ... . ... .. i, 38 39 ma
Plate-Supply Impedance...........covieiiiiiiriiniaorreanes 0 1000® ohms
Effective Load Resistance (Plate toplate) ... .................. 12000 12000 ohms
Effective Grid-Circuit Impedance (Perunit).................... 0 516@ ohms
Total Harmonic Distortion. ... .......... ... .. ... o ey 4 5 per cent
Maximum-Signal Power Output. ... ......... ... ... ... ... ..... 10.4 10.4 watts

® Includes peak voltage drop through the grid-circuit impedance.
® Practical design value.

® At 400 cycles for class B stage in which the effective resistance per grid circuit is 500 ohms, and the
leakage reactance of the coupling transformer is 50 millihenries. The driver stage should be capable of

supplying the grids of the class B stage with the specified values at low distortion.

HIGH-MU TRIODE

plifier or mixer at frequencies up to
1500 Mc and as cw oscillator up to
3500 Mec. Class C Telegraphy maxi-
mum platedissipation, 6.25 watts CCS.

Pencil type used as rf power am- 40 37

Requires Octal socket and may be operated in any position. OUTLINE 73, Quilines

Section. Will replace 2C40 planar type in most applications.

HEATER VOLTAGE. ...... B e e s 6.3
HEATER CURRENT. . ..\ oottt teeteeiaete ettt aiaananrasnaren 0.145
CATHODE WARM-UP TIME, To reach 90 per cent of typical

oscillator power output. ... ... ... . i e 10 max
AMPLIFICATION FACTOR . . . . .0\ ottt ittt i iieseanaaenanens 30
TRANSCONDUCTANCE® . . .. ittt aaasaennaaas e 5300
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Gridtoplate. .. ... ... . e 1.1

Gridto cathode. ... ... ... ... i i e e 1.8

Platetocathode. ... ..... ... ... ... it 0.06 max

Cathode to rf cathode terminal. .. ......... ... ... .. i i, .. 100
PLATE SEAL TEMPERATURE . . .. .00 ieiniternannetnacnasnaniasnans evas 175 mazx

° Plate volts, 250; plate milliamperes, 18.

Maximum CCS Ratings: RF AMPLIFIER—Class A1
For altitudes up to 100,000 feet and frequencies up lo 1700 Me
DC PLATE VOLTAGE . . . . oo ettt tie ettt iia e i ian e enenas 300 max
DC GRID VOLTAGE. . . . .o ittt it it ittt i iiias e enes —100 mazx
DC PLATE CURRENT. . . . . ittt ie s i ie e ainantaanaaes 25 max
PLATE DISSIPATION™. . . ... ... it an e oraane e 6.25 max
PEAK HEATER-CATHODE VOLTAGE: .
Heater negative with respect tocathode.................co0ivuins e 90 mazx
Heater positive with respect to cathode. . .................. Ciereaaen 90 max

Maximum Circuit Valves:
Grid-Circuit Resistance. . ......... ... ittt iiiiineneaanes 0.5 max

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
Maximum CCS Ratings:
For altitudes up lo 100,000 feet and frequencies up lo 2000 Me

DC PLATE VOLTAGE . . .o ottt ettt i ita e iit i a e aan s 360 max
DC GRID VOLTAGE. . .. ottt ia ettt caeiie et aie it aanans ~100 mazx
DC PLATE CURRENT ... iiivniriininteraninennaciasearonsansnsnnons 25 maz
DC GR1D CURRENT Cheavee .. 8 maz

PLATE INPUT. ... i iieeiiiiit it iiereaenennas 9 max
PLATE DISSIPATION® ....... e ey ersesrnnaes 6.25 max

volts
ampere

seconds
pmhos

pul
ppf
puf
pul
°C

volts
volts
ma
watts

volts
volts

megohm

volts
volts
ma
ma
watts
watts
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PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode... . .............. ... covnue. 90 maz volts
Heater positive with respect to cathode. ................... .. ....... 90 maz volts
Typical CCS Operation as Oscillator in Cathode-Drive Circuit:
At At At
500 Mc 2000 Mc 3000 Mc
DC Plate-to-Grid Voltage. . . .......covvevennnn..n 262 252 252 volts
DC Cathode-to-Grid Voltage® ..................... 12 2 2 volts
DCPlate Current, ..........cooviiiiveennnennnnn. 23 23 25 ma
DC Grid Current (Approx.). .. ........cveuuivnnann 6 3 4 ma
Useful Power Output (Approx.). . ........ccvvuueen.. 3 0.45 0.1 watts
Typical CCS Operation as RF Power Amplifer in Cathode-Drive Circuit at 500 Mc:
DC Plate-to-Grid Voltage. ... ... ...vvtiie it eiiin s 326 volts
DC Cathode-to-Grid Voltage®. . .. ... ... ... . i 51 volts
DCPlate CUITENt. . ...t it it i eaa it enes 23 ma
DC Grid Current (ADPProX.). ... ... otituriernreriiiiineseneeroeeennsas 7 ma
Driver Power Output (APProX.)......cuuiieirerreranrcornnosnennennse 2 watts
Useful Power Output (APPrOX.). ... covvrttuutnunrnnrnnaraninninoannnns 5 watts
Maximum Circuit Valves:
Grid-Cireuit Resistance. . .. ........ vttt i 0.1 mar megohm
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Ratings:
For altitudes up to 100,000 feet and frequencies up to 2000 Mc
DOC PLATE VOLTAGE. . . ..ottt iiie it e b ina s 275 max volts
DC GRID VOLTAGE . . ...\ i ittt iiiie it -100 max volts
DO PLATE CURRENT. .. ...ttt ittt i ia i et neanss 22 mazx ma
DO GRID CURRENT. . ... ottt ittt it ittt taa st iaeanennn 8 max ma
PLATE INPUT. . ... it it iars s iiee i aanan e anins 6 mazx watts
PLATE DISSIPATION® .. . . i i ittt s iaan s 4.25 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ... . e e e ey 90 max volts
Heater positive with respect to cathode. .. .............coiivviivnntn 90 maz volts
Maximum Circuit Values:
Grid-Circuit Resistance. . . ... ... ... . i 0.1 maxr megohm
Maximum CCS Ratings: FREQUENCY MULTIPLIER
For altitudes up to 100,000 feet and frequencies up to 1700 Me
DO PLATE VOLTAGE. . ... ..ottt ittt ittt et 330 max volts
DC GRID VOLTAGE. . ...ttt t et imeiie et r ot e e -100 maz volts
DC PLATE CURRENT. .. ..ottt ettt ettt enas 22 max ma
DO GRID CURRENT. . .« .ot i ettt ie ettt ittt e it as 8 max ma
PLATE INPUT. . . ..o i i i i it 7.5 max watts
PLATE DISSIPATION®. . . .. .. it ittt 6.25 maz watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............ ... ... .0 90 max volts
Heater positive with respect to cathode................ e 90 mazx volts
AVERAGE CHARACTERISTICS
TYPe 4037
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Tripler Doubler

Typical CCS Operation in Cathode-Drive Circvit: to 480 Mc 1o 960 Me

DC Piate-to-Mrid Voltage: . .. ... ... . ..ciiivienernanns . 390 370 volts
DC Cathode-to-Grid Voltagee .. ................ Cherraenas 90 70 . volts
DCPlateCurrent. ............c..viiinrirennes s 18 17.8 N ma
DC Grid Current (ApProX.) . .. ...ttt iiiirnenenneans 6 7 ma
Driver Power Output (Approx.).........cooiiiiriinnnennnans 2.1 2 watts
Useful Power Output (APProx.).........ccoivevvennanennn, 2.1 2 watts
Maximum Circuit Values:

Grid-Circuit Resistance. . ......... .. ... i ittt 0.1 mar megohm

® In applications where the plate dissipation exceeds 2.5 watts, it is important that a large area of con-
tact be provided between the plate cylinder and the terminal to provide adequate heat conduction.
® Obtained from grid resistor.

BEAM POWER TUBE

Small, forced-air-cooled, cermo-
lox, heater-cathode type; used as vol- 4600A
tage regulator tube in airborne and .
fixed-station equipment subject to

severe vibration. Maximum CCS rat-

ings: plate volts, 3500 max; plate dissipation, 1750 max watts. May be operated in
any position. OUTLINE 87, Outlines Section. Type 4600A has matrix cathode.

HEATER VOLTAGE (AC/DC). ... ittt e etsraenneennannennnenerins { 5.5 typieal  volts
6.0 max volta

HEATER CURRENT. . . .00ttt ittt et it e cne e tnntennnt i eens 17.3 amperes

MINIMUM HEATING TIME... . ... . i it 5 minutes

MU-FACTOR, GRID NO.2 TOGRID NO.1%. . .. ... ... ... ... ..o, 17

TERMINAL TEMPERATURE (Plate, grid No.2, grid-No.1, cathode, and heater): 250 max °C

° Plate volts, 2500; grid-No.2 volts, 600; plate milliamperes, 600.

YOLTAGE REGULATOR SERVICE
Maximum CCS Ratings:

DO PLATE VOLTAGE. . . ..ottt ittt ittt iai i eans 3500 mex volts
DCGRIDNOZVOLTAGE. 1ot tit it iiie it tiianenns e 1000 max volts
DO PLATE CURRENT. .. . ot ot ittt tiat e eateeranenreasanansens 1 maxr ampere
GRIDNO.Z INPUT. . oottt i i i 50 max watts
PLATE DISSIPATION: . . ..ottt ittt e ettt a i 1750 mazx watts

TYPICAL PLATE CHARACTERISTICS

’
T
TYPE 4600A
HEATER VOLTS»8.8 1
GRID-No.2 VOLTS * 400
I GRID-No. | VOLTSsEg;
Eors §
&
S
k3
-
= 28T
2 050
025
-20
2
-30
° 1000 2000 3000 4000
PLATE VOLTS 22CM-1098T
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BEAM POWER TUBE

4 60 4 Glass octal type having quick-

heating, coated filament; used as rf

power amplifier in push-to-talk mobile

andemergency-communicationsequip-

ment. May be used with full input up

to 60 Mc and with reduced input to 175 Mec. Class C Telegraphy maximum plate
dissipation, ICAS 25 watts.

FILAMENT VOLTAGE (AC/DC) . .« o ittt eeteetaaii it enaninnnenanaanann 6.3 volts
FILAMENT CURRENT. .. ..ot ttituntes it nvnn e tiaeaaeasanennns 0.65 ampere
FILAMENT HEATING TIME. . .. ... i iia e 1 second
TRANSCONDUCTANCE® . | . .\ ottt ettt ittt et ne v eaenes 6000 pmhos
Mu-FACTOR, GRID N0.2 To GRID No.1°........... e e 4 ’
DIRECT INTERELECTRODE CAPACITANCES:
Grid No. L to Plate. . . o.it et et et e 0.24 max puf
Grid No.1 to filament and grid No.3 and internal shield, base sleeve
and grid NO.2. ... . oo 11 puf
Plate to filament and grid No.3 and internal shield, base sleeve
and grid No. 2. ... it e 8.5 ppf
BuLB TEMPERATURE (At hottest point). . ..... ... ... ... ... .. ... . ... .... 220 mazx °C

° Plate volts, 200; grid-No.2 volts, 200; plate milliamperes, 100.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum ICAS Ratings: Up to 60 Mc
DC PLATE VOLTAGE . + . .ot i eeiu e vt e ianas e aseer e 750 max volts
DC GRID-NO.2 VOLTAGE. . ...« ottt tttetininieeetat et 250 max volts
DC GRID-NO.1 VOLTAGE. ... o« ttcittineeinarannaaeennrecneenansns -150 maz volts
DC PLATE CURRENT . . . . o vttt vaarannaeeeaensannaetonemeinnsos 150 mazx ma
DC GRID-NO.L CURRENT. ..t vittieinacvanianaanntinseacaranians 4 max ma
PLATE INPUT . . oottt e e ettt 90 max watts
GRID-NO.2 INPUT. . . ottt ittt i e 3 max watts
PLATE DDISSIPATION. . .ottt e ie et ine e eis e taaa ey 25 max watts
Typical Operation as Amplifier at 175 Mc:
DC Plate VOlbaEE. . .. ..ottt e et 400 volts
DC Grid-No.Z VoltaZe. . .. ..ot i ittt iie e 190 volts

From a series resistor of ... ... ... v e 18000 ohms
DC GHA-NO.L Volbage. .. ..o i e e e -60 volts

From a grid resistor of 30000 ohms
DO Plate Current. .. ... .. i i . 150 ma
DC Grid-No.2 Current. ... ... .ot 11 ma
DC Grid-No.1 Current (APProX.) . o oo vvverernonerceronamnerinaersones 2 ma
Driving Power (APPrOX.).. ... .vcerevnnnrnerssiinnreserionnoreneans 4.5 watts
Power OUtput (APProX.). ..o vvirveererunueunerniiaiierrnraeaeaaens 30 watts
Maximum Circuit Values:
Grid-No.1 Circuit Resistance. .. ...t ianeitinraans 30000 max ohms

OPERATING CONSIDERATIONS

Type 4604 requires Octal socket and may be operated in vertical position with
base up or down, or in horizontal position with pins 8 and 7 in vertical plane. Effec-
tive rf grounding and simplified shielding of input from output are facilitated by the
provision of a separate base-pin connection for the base sleeve and a single base-pin
connection for filament midtap, grid No.3, and internal shield. OUTLINE 18, Out-
lines Section.

For operation at 150 Mc, plate voltage and plate input should be reduced to
72 per cent and 58 per cent of maximum ratings, respectively; at 160 Mc, to 69 per
cent and 55 per cent, respectively; at 175 Mc, to 67 per cent and 54 per cent, respec-
tively. Plate shows no color when the tube is operated at maximum ICAS ratings.
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TYPICAL PLATE CHARACTERISTICS
I
TYPE 4604
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POWER TRIODE

Coated-filament type used as af
power amplifier and modulator and as
rf power amplifier and oscillator. May
be used with full input up to 6 Me
and at reduced ratings up to 30 Mec.

5556

Requires Small four-contact socket and may be operated in vertical position with
base up or down, or in horizontal position with pins 1 and 4 in vertical plane. OUT-
LINE 25, Outlines Section. Plate shows no color when tube is operated at maximum

CCS ratings.
FILAMENT VOLTAGE (AC/DC) . . ...vvuvaninn i e 4.5 volts
FILAMENT CURRENT. ... 0verrnneeronanascnnonassanaasnnsasos e 1.1 amperes
AMPLIFICATION FACTOR™ . ... ... i iiiiiiriiaisnnessannas socanonnns . 8.5
TRANSCONDUCTANCE . . . . . . o0tvieitiinnnsnearansassaatsassans [ . 1330 pmhos
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. .. .. . .. i i i i ens 6.7 puf
Grid tofilament. . . ... .. it i . e 2.3 upf
Plateto filament. . . .. .. ... ottt s i . 2.2 upf
* Plate volts, 3560; grid volts, -20; plate milliamperes, 19.
) : AF POWER AMPLIFIER AND MODULATOR—Class A
-‘Maximum CCS Ratings:
DC PLATE VOLTAGE . .. o it tvinneritnnsontsnnnrooonnaosnosss sanans 350 mazx volts
PLATE DISSIPATION . . .. ..oivivienrennns [ PN hraeeeraes 7.5 max watts



— = RCA Transmitting Tubes

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

Maximum CCS Ratings:

DC PLATE VOLTAGE. . .5« . vt eettnecia s dibeniacsansnaansnniosns ‘ 360 mazx volts
DC GRID VOLTAGE . . .. .« vt vinstrsane it anteioraesanscnerasenns ~150 mazx volts
DC PLATE CURRENT . . .0 . .ivtnvsnoannasarionsonnsns 40 max ma
DC GRrID CURRENT (Appros.) 10 max ma
PratE INPUT.............. PN . 14 mazx watts
PLATE DISSIPATION. .. ..... . 10 max watts
HALF-WAVE MERCURY- .
VAPOR RECTIFIER Awoe | ~G3°
. RETURN

Heater-cathode type used in

5558 power supply of transmitting and in-

dustrial equipment. Maximum peak
inverse anode volts, 5,000; maximum HHK

average anode amperes, 2.5. Requires
Small four-contact socket and may be operated in vertical position only, base down,
OUTLINE 48, Outlines Section.

HEATER VOLTAGE® . . . .\ttt teteteteanenatataenereenanitoneranannns 5.0 volts
HEATER CURRENT . . . ..ottt ettt it eeie s oasanaaaonnsnaans 4.6 amperes
PEAK TUBE VOLTAGE DROP (APProX.). ... i viiiiiitiiniiennincnnnnnes 12 volts
® Heater voltage must be applied at least 5 minutes before application of anode voltage.
HALF-WAVE RECTIFIER
Maximum Ratings:
PEAK INVERSE ANODE VOLTAGE : . c.vvvinnrirannrnnreans 2000 mazx 5000 max volts
ANODE CURRENT:
Peak . . e 15 max 15 maz amperes
AVETAZE® - - o v it 2.5 mar 2.5 max amperes
Fault, for duration of 0.1 second maximum........... 200 mazx 200 max amperes
CONDENSED-MERCURY-TEMPERATURE RANGE . . . .. .... .. 35 to 80 35 to 60 °C

@ Averaged over any interval of 15 seconds maximum.

HALF-WAVE MERCURY-
VAPOR RECTIFIER

Heater-cathode type wused in
556] power supply of transmitting and in-
dustrial equipment. Rating I: maxi- «
mum peak inverse anode volts, 3,000; “¢ anoot
maximum average anode amperes, 6.4.
Rating II: maximum peak inverse anode volts, 10,000; maximum average anode
amperes, 4. Requires Super-Jumbo four-contact socket and may be operated in
vertical position only, base down. OUTLINE 66, Outlines Section.

HEATER VOLTAGE® . . .. ...ttt rarnans vonneneeniassrons 5 volts
HEATER CURRENT . . . .4 ee et ettt es e iaanana i taaenaananaens 10 amperes
PEAK TUBE VOLTAGE DROP (APProX.). ... oirin e 15 volta

® feater voltage must be applied at least 5 minutes before application of anode voltage.

HALF-WAVE RECTIFIER
Maximum Ratings:

PEAK INVERSE ANODE VOLTAGE. . ... et 3000 mazx 10000 max volts
ANODE CURRENT:
Peak .. ... e e e 40 max 16 mar amperes
Averages . .. ) 6.4 maxr 4 mar aniperes
Fault, for duration of 0.1 second maximum . .......... 400 marx 160 mazx amperes
CONDENSED-MERCURY=-"TEMPERATURE RANGE. . .. ......... 40 to 80 26 to 50 °C

@ Averaged over any interval of 15 seconds maximum.
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POWER TRIODE

Forced-air-cooled heater-cathode type hav-

ing integral radiator used in cathode-drive cir-

cuits as rf power amplifier and -oscillator. May

G be used with full input up to 1200 Mc and at re- 5 5 8 8

duced ratings up to 2000 Mc. Type 5588 may

be operated in vertical position only, radiator

R up or down. OUTLINE 89, Oullines Section. A

H H minimum air flow of 10 cubic feet per minute

should be directed through the radiator toward
the bulb and grid terminal when the 5588 is operated at maximum rated dissipation. Air flow should
start before and continue during the application of any voltages to the tube. Maximum temperatures:
incoming air, 45°C; radiator, 180°C; and grid terminal, 140°C. The 5588 is used principally for renewal

purposes. For new equipment design, refer to type 6161.

HEATER VOLTAGE (AC/DC)° 6.3 volts
HEATER CURRENT . . ... iivirinnrenronnnctensans . . 2.6 amperes
AMPLIFICATION FACTOR .. ... ..ottt ittt caenannns AN 18
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. .. .vv it it i i i i i e i, 6.0 ym
Grid to cathodeand heater. .. .......... ... i il il 13 ppl
Plate to cathode and heater® .. ... ... ... .. ittt 0.82 maz puufl

° Rated heater voltage must be applied for a minimum time of one minute before voltages are applied
to the other electrodes.
0 External shield connected to grid.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
Maximum CCS Ratings: RF POWER AMPLIFIER—Class C FM Telephony
DCPLATE VOLTAGE . . .. ottt it i iaeannnrrsnnnanessanassesanssns 1000 max volts
DO GRID VOLTAGE . . . .. .ttt inantanansreeniasiacssaniasnnsass -200 max volts
DC PLATE CURRENT . . . o it tttvnerunerannanrssranesseeainsnensnnnas 300 max ma
DC GRID CURRENT . - .ttt tsennsnsannnoionsnasrananereanaoenennn 100 mazx ma
PLATE INPUT . . .ttt i ettt i i iae e e areaans 250 max watts

................................................. 200 max watts

POWER PENTODE

Seven-pin miniature type having
quick-heating, mid-tapped, coated 56]8
filament used as af power amplifier
and modulator, rf power amplifier and
oscillator, and frequency multiplier in
mobile and other communications equipment when compactness and low filament-
power consumption are primary requirements. Designed for intermittent operation
only. May be used with full input up to 100 Mc and with reduced input up to
165 Mec. Class C Telegraphy maximum ICAS plate dissipation, 5 watts. Type 5618
requires Miniature seven-contact socket and may be operated in vertical position
with base up or down, or in horizontal position with pins 3 and 7 in vertical plane.
OUTLINE 8, Outlines Section. For operation at 165 Mc, plate input should be re-
duced to 90 per cent of maximum rating. Plate shows no color when tube is oper-
ated at maximum ICAS ratings.

FILAMENT ARRANGEMENT Series Parallel
FILAMENT VOLTAGE (AC/DC) . . ...t viiinvianeennnns 6 - 3 volte
FILAMENT CURRENT. . ... o vitenenncnarnaee  sue e 0.23 0.46 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.dl to plate. . .. .ot it ittt 0.24 maz pupl
Grid Ne.1 to filament mid-tap, grid No.3, internal shield, and grid No.2 K n
Plate to filament mid-tap, grid No.3, internal shield, and grid No.2. .. b upf
AF POWER AMPLIFIER AND MODULATOR—Closs Al
Maximum ICAS Ratings: :
DCPLATE VOLTAGE. . .. .ot ieiviivinineaannen .. 300 max volts
DC GRID-N0.2 VOLTAGE ... ....c.0uts 125 mazx volts
GRrID-NO.2 INPUT. .. .......... 2 max watts
PLATE DISSIPATION .. .. ..vv0 o 5 max watts




RCA Transmitting Tubes

Cirevit Values:

Grid-No.1-Cireuit Resistance . .. ......... ..ot 5000 min ohms

100000 max ohms

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

Maximum ICAS Ratings:

DC PLATE VOLTAGE . . . o .t it vt tiectitiae e 300 max volts
DC GRID-NO.2 VOLTAGE . . . . .ottt iaiaeia i 125 mazx volts
DC GRID-NO.1 VOLTAGE . . . . o o oottt ittt ie e ~125 max volts
DC PLATE CURRENT . . . o\ttt tteee it snaasianaa et aannns 30 max ma
DC GRID-NO.1 CURRENT . . . ..t tetietinineiieinncnannneenssnoronnss 3 max ma
PLATE INPUT .. ... i ittt it e ia s easasasaatan s 7.5 max watts
GRID-NO.Z INPUT. .........viiiiinnnnnnns PN 2 max watts
PLATE DISSIPATION . .. . .. vivenenns i eeresereasrassereeaea e taarnans 5 mazx watte

Cirevit Values: 5000 mi h
b © . X min ohms
Grid-No.1-Circuit Resistance....eeecesnseestrrcsasvesronaecorancroeas 100000 maz ohms

MEDIUM-MU TRIODE s

Pencil-type tube used in eathode-
5675 drive circuits as rf power amplifier and G
oscillator. Designed for use in coaxial-
cylinder-type circuits, it may also be
used in parallel-line or lumped cir- W H
cuits. May be used with full input up to 3000 Mec. Class C maximum CCS plate
dissipation, 9 watts. The tube may be operated in any position. OUTLINE 70, Out-
lines Section.

HEATER VOLTAGE (AC/DC) . .« o ittt ittt 6.3 volts
HEATER CURRENT . « . . o ot ottt eteenenrasncntoenanaannonenonenesonen 0.135 ampere
TRANSCONDUCTANCE® . . . . .. ittt iniaiieaaeaanansaeiiaans 6200 umhos
AMPLIFICATION FACTOR® . ... ... ... . i 20
PLATE RESISTANCE (ADProX.)¥ . ..ttt 3225 ohms
Direct INTERELECTRODE CAPACITANCES:
Grid to plate. .. .. ... e 1.4 uul
Grid to cathode and heater. . . ... .. ... ... ... i . 2.3 pul
Plate to cathode and heater. .. ... ... . ... i 0.09 max pul

* Plate-supply volts, 135; eathode resistor, 68 ohins; plate milliamperes, 24.

RF POWER AMPLIFIER AND OSCILLATOR—Class C

Maximum CCS Ratings: .
DO PLATE VOLTAGE . . . .ot vttt vt eraesoaanaanaaetseeesnas 300 mazx volts

DC GRID VOLTAGE . . . oo v vt vstnntnsann s e ernnan e —90 mazx volts
DC PLATE CURRENT . . . ittt vttt enecnrnentataian et sannenonnn 30 mazx ma
DC GRID CURRENT. . ) 8 max ma
PLATE INPUT........ 5 max watts
PLATE DISSIPATION® . . . . .. . it tria e rae e 5 mazx watts
PEAX HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ........... ... .. v 90 max volts

Heater positive with respect toeathode. .......... .. ... . ... .00 90 max volts
PLATE-SEAL TEMPERATURE . . . . .. ottt vieeiieinaantonaecennscnsnrons 175 max °C
Typical Operation as Cathode-Drive Oscillator at 1700 Mc:®
DC Plate VOlbage . .« ..o ver vttt iiie e e icnae s 120 volts
DCGrd Voltage. . . . oottt it ci e i it -8 volts

Fromagridresistor of . . .. ... ... i s 2000 ohms
DC Plate CUITent . . . ..\ttt it v it r e inriaanaen iy 25 ma
DC Grid Current (APPLOX.) oo vt in vt i 4 ma
Power Output (ADPrOX.) . . oo vvot i RPN 478 mw

8 In applications where the plate dissipation exceeds 2.5 watts, it is important that a large area of con-
tact be provided between the plate cylinder and its lead connector to provide adequate heat conduction.
® At 3000 Mc, and with full ratings, a useful output of approximately 50 milliwatts may be obtained.
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AVERAGE CHARACTERISTICS

TYPE 5675
E£= 6.3 VOLTS

-
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BEAM POWER TUBE
Miniature, heater-cathode type used
as af power amplifier or as rf power 5686

amplifier at frequencies up to 160 Mec.
Requires Noval nine-contact socket
and may be operated in any position.

OUTLINE 6, Outlines Section. The 5686 is a premium type and is subjected to spe-

cial tests and controls during manufacture.

HEATER VOLTAGE (AC/DC) .. .\ et teetiementaniaonnassasnaneanassenans 6.3
HEATER CURRENT. . . ... tiiiiiaasraneasaranosetonniossiorseessns 0.35
Without With
External External
DIRECT INTERELECTRODE Capacitances: Shield Shield®
Grid No.ltoplate. . ... ... ... .. ... iiiiiiiiiinn, 0.11 max 0.08 max
Grid No.1 to cathode, heater, grid No.3, and grid No.2 . .. 6.4 6.5
Plate to cathode, heater, grid No.3, and grid No.2........ 4 8.5

° With external shield connected to cathode and grid No.3.

AF POWER AMPLIFIER—Class Ay

Maximum Ratings:

PLATE VOLTAGE. . . ottt ittt e tne ettt arias 276 max
GRID-NO.Z2 VOLTAGE. . . .ottt ittt i e iercnes e er i .. 275 max
GRID-NO.2 INPUT. . ..ottt it i iia e caaeanan 3.8 max
PLATE DISSIPATION 8.25 max
PEAK HEATER-CATHODE VOLTAGE:

Heater negative wirh respect to cathode. ... ..... ... ... iiiiianns 100 mazx

Heater positive with respect to cathode. ............... e 100 max
Typical Operation and Characteristics:
Plate Voltage. . ... ... .. ittt inararaans P e 250
Grid-No.2 Voltage. .. ... ... ..t it iiiriisniansnnes PN 250
Grid-No.1 Voltage . ... ... ..ttt asaansansanarenans -12.5
Peak AF Grid-No.1 Voltage. . . ... it it iiiarecnanennannes 12.5
Zero-Signal Plate Current. . . ... ... i ittt 27
Zero-Signal Grid-No.2 Current. . ... ..ottt iiiiaana e 3
Plate Resistance (APProX.). ... .uvrienn ettt rineroacnrsoasssons 45000
Transconductance. . ....... ... ... ..iiiviineerianvnans Meiieeae e, 3100
Load Resistance. . .. ... ... ittt it ieiaenariaroeroanes e 9000
Maximum-8ignal Power Qutput. .. ........cooiivininnen Cereeaaae 2.7

volts

ampere

pul
puf
put

volts
volts
walts
watts

volts
volts

volts
volts
volts
volts
ma
ma
ohma
pmhoe
ohms
watts
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Maximum Circuit Values:

Grid-No.1 Circuit Resistance:
For fixed-bias operation................ reibeeseeraaas
For cathode-bias operation............. Cetieiaece e PN

Maximum Ratings:
PLATE VOLTAGE. .. ...t iiiiiiiniinnninenainenne,
GRID-NO.2 VOLTAGE. . ...t tivttitianatiinranrer o etaeeaesnsanas
GRID-NO.1 VOLTAGE. . ...t v it tiinntinssoinntsentretannernanarennrsns
PLATE CURRENT. . . . ..ttt it inenaansannsnsnatanennonnonsnonans
GRID-NO.2Z CURRENT. . . .t ittitiiitn i inntesanernaetnatiatissnnnannn
GRID-NO. L CURRENT. . . 0\ vttt tieneetinesannneranaeennaennnnreons
PLATE INPUT. . oo i it i it ittt e
GRID-NO.2 INPUT. . . oottt it it ii e tin s aiaanaaneas
PLATE DISSIPATION. . . ¢ 1ttt ttitiaet ettt entaniaaiaeeeeenans
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode............... ... .. ... ...,

Heater positive with respect to cathode. ............ ... ... ...vls

Typical Operation: At frequencies up to 160 Mc
Plate Voltage. . . ..ot ittt ittt 260
Grid-No.2 Voltage. ... .c.ouiiinii i iiiiniinaann 180
Grid-No.1 Voltage. .. ..o ovev it iiiiiiiiiaie e -30
From grid-No.lresistorof... ......... ... ..o it 15000
Peak RF Grid-No.l Voltage. ...........coviiiiiiann. 50
Plate Current. .. .. ..ot i i e 30
Grid-No.2 Current (APProX.). .. ... .c.ovuriuirnvinrenennns 6.5
Grid-No.1 Current (APPrOX.) ... .civinvniirnienvrnonnennsn 2
RF Grid-No.1 Driving Power (Approx.)............... . 0.1
Power Qutput (ApProX.). .......ovviiirnrennnans e 5
Useful Power Output at 125 Me........c.oiviiiiiiinnnss -

Maximum Circuit Valves:
Grid-No.1 Circuit Resistance. .. ......cooviirinienn e rernoneennions

POWER TRIODE

Forced-air-cooled heater-cathode

57] 3 type having integral radiator used in
grid-drive ecircuits and in cathode-

drive circuits up to 220 Mec. Class C

Telegraphy maximum CCS plate dis-

0.1 maxz megohm
0.5 max megohm

275 max volts
275 max volts
-165 max volts
44 maz ma
16.5 max ma
3.3 max ma
11 max watts
3.3 max watts
8.25 mazx watts
100 max volts
100 mazx volts
250 volts
250 volts
-50 volts
25000 ohms
75 volts
40 ma
10.5 ma
2 ma
0.15 watt
6.6 watts
5.25 watts

50000 mazx ohms

K
H H

sipation, 250 watts. This type may be operated in vertical position only, radiator

up or down. OUTLINE 91, Outlines Section,

HEATER VOLTAGE {AC/DC)® . . . o ottt i i it it iia e iaaaans
HEATER CURRENT . « .t o tit it i tnie i iatieneraeasaanassassns sanoans
AMPLIFICATION FACTORX. .. ... . i i ettt
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid to plate. ... .o oe e e e
Grid to cathode and heater. . ... ... ... ... . . i it
Plate to cathode and heater. .. ... ... ... ... .. . i,

3.3 0.2 volts

11.5 amperes
25
10.3 puf
24 puf
0.5 puf

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

* Plate volts, 1000; plate milliamperes, 150.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and

RF POWER AMPLIFIER——Class C FM Telephony
Maximum CCS Ratings:
DC PLATE VOLTAGE . . o ot i ettt tie e aainanneeasaatnaansenaonnns
DC GRID VOLTAGE . . . ¢ v« v v etitaneinsserinneaen sansarsesensenssnas
DC PLATE CURRENT . .+ ¢t tvvtinstaronasnnnessnanssonnssenesesssss
DC GRID CURRENT . . oo v tivettnnsetnrnnnranannsennasssnessonaassss
PLATE INPUT . .. ittt ettt it ii e n i taar s st
PLATE DISSIPATION . 40ttt veie s esanansoncnnansnes soansaonesns

1500 max voltas
-250 mazx volts
300 max ma
50 mazx ma
450 max watts
250 max watts



Technical Data — e

MEDIUM-MU TRIODE

Premium subminiature heater- _
cathode type used as rf amplifier and

L One oseillator. May be used with full input 57 ] 8

up to 1000 Mec. Class C maximum

®, CCS plate dissipation, 3.3 watts. Tube

may be operated in any position. QUTLINE 3, Outlines Section. The flexible leads

of the 5718 are usually soldered to the circuit elements. Soldering of the leads may

be made close to the glass stem provided care is taken to conduct excessive heat

away from the lead seal. Otherwise, the heat of the soldering operation will erack

the seals of the leads and damage the tube. Plate shows no color when tube is oper-

ated at maximum CCS ratings.

HEATER VOLTAGE (AC/DC) .. ...ttt it in it ieiaea e cannnsss 6.3 volts
HEATER CURRENT . .. ..o\ttt it iitnesonanscanaasaneoneanoausnns 0.15 ampere
TRANSCONDUCTANCEX. .. .. .. .. .t eiiiutnneanennnansanaocennsesennans 6500 upmhos
AMPLIFICATION FACTORX .. .. .. . .. .. iitiirenrenrreneneanonserains 27
PLATE RESISTANCE (Approx.)*. . 4150 ohms
DirRECT INTERELECTRODE CAPACITANCES. .
Grid to plate. .. ... ... .. e 1.4 puf
Grid to cathode and heater. .. ... ... ... .. ... .. . il 2.2 upf
Plate to cathode and heater . ..... ... .. ... . .. ittt ennen 0.7 put
* Plate-supply volts, 150; cathode resistor, 180 ohms; plate milliamperes, 13.
Maximum CCS Ratings: RF AMPLIFIER AND OSCHLATOR—Class C
DC PLATE VOLTAGE . . . . oottt ettt e iieiaa ity 1656 maz volts
DO GRID VOLTAGE . . . . oot ittt it e nsanaannns senaeancenissns -b5 mazx volts
DC PLATE CURRENT . . o o\ ittt vt ettt et ciiiinansnnnaaacnnnnncans s 22 mazx ma
DC GRID CURRENT . . .« vt ettinemnsenarsunssonansesnnnnsssanonstons 5.5 mazx ma
PLATE DISSIPATION . . 3.8 max watts
PEAX HEATER-CATHODL VOLTA(‘.E
Heater negative with respect to cathode . . . ...... ... .. .coivvaiann, 200 max volts
Heater positive with respect to cathode.......... ... .. ciciiiiiaen 200 mazr volts
BULB TEMPERATURE . . .. c.0viiiinieianiranen Cieersenen Cesrereasanane 260 max °C
Maximum Circuit Values:
Grid-Circuit Resistance:
For cathode-bias operation............ccvvevienunens Crerrraaanene 1.2 max megohma
For fixed-bias operation. ........cocviveieans [ ceransenas Not recommended

BEAM POWER TUBE

Nine-pin miniature heater-

cathode type used as rf power ampli-

O\ (&), fier and oscillator and as frequency 5763
multiplier. May be used with full in-

put up to 50 Mec. For operation at 175

Me, plate input should be reduced to 80 per eent of maximum rating. Class C
Telegraphy maximum plate dissipation, CCS 12 watts, ICAS 13.5 watts. Requires
Noval nine-contact socket and may be operated in any position. OUTLINE 9, Oui-
lines Section. Plate shows no color when tube is operated at maximum CCS or
ICAS ratings.

P G,

HEATER VOLTAGE (AC/DC) . 6 volts
HEATER CURRENT. .......... 0.75 amperes
TRANSCONDUCTANCEX® . . . . .. . i ittt iirrnnirrennanonnoasonnas 7000 pmhos
MUu-FAcTOR, Grid No.2 to Grid No.1¥. . . ... .. ... it 16
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.L toplale. ... oo i e 0.8 max pul
Grid No.1 to cathode, grid No.3, grid No.2, and heater . .. ............ 4.6 unf
Plate to cathode, grid No.3, grid No.2, and heater. . . . .......... ... ... 4.5 puf

* Plate and grid-No.2 volts, 250; grid-No.1 volts, ~7.5; plate milliamperes, 45.
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: E ccs ICAS
DCPLATE VOLTAGE . . . . ..iviiietiiainnnnnsnnarnaranns 250 mazx 300 max - volts
DC GRID-NO0.3 VOLTAGE .. ... e e e e e 0 mazx "0 max volts
DC GRID-NO.2 VOLTAGE .. .. ..ovttiiiiriirainanns 250 max 250 max voits
DC GRID-NO.1 VOLTAGE . .. ..ohvi it ieiienes -125 maz -125 maz volts
DC PLATE CURRENT. ....... P 40 max 50 mazx ma
DC GRID-NO.2 CURRENT . . .. .ovvevnvieeennnn e 15 mazx 15 max ma
DC GRID-NO.L1 CURRENT . . ..o vt vvneenvnneennronnnnn 5 mazx . 5max ma
PLATEINPUT. . .. ... i i 10 max 15 mazx watts
GRID-NO.2 INPUT. ... ... i 1.5 max 1.5 mazx watts
PLATE DISSIPATION . . ........cotinnnnns e e 8 max 12 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 mazx volts
BULB TEMPERATURE (At hottest point).................. . 250 mazx 250 mazx °C

Typical Operation at Frequencies up to 30 Mc:

DCPlate Voltage. . . .. .....oovrinii it 250 300 volts
Grid No.3 . . .. e Connected to cathode at socket
DC Grid-No.2 Voltages . . ...covviniviinie i 250 250 volts
DC Grid-No.1 Voltage® ............ ... oo -39 -42.5 volts

From grid-No.lresistorof . . ..................... ... 39000 18000 ohms
Peak RF Grid-No.1 Voltage. ... ............ivinin 46.5 53.5 volts
DCPlate Current. . .. ... ... ... oiiiiiiiieiinnanans 40 50 ma
DC Grid-No.2 Current. ..........coiiiniiaieonnnain, 5.6 6 ma
DC Grid-No.1 Current (ApProx.) . .. ..c..cocvevvernninennn 1 2.4 ma
Driving Power (APPIOX.) . . .o .viviiitiininenanenannen 0.05 0.15 watt
Useful Power Qutput (APpProx.) . ..........c.ovvvuevinann 6.4% 10" watts

Maximum Circuit Yalues {CCS or |CAS conditions):

Grid-No.1-Circuit Resistance. ... ... ..... ... ... .. .. iiiiiionn.. 0.1 mazx megohm
& Obtained preferably from separate source modulated along with the plate supply, or from the modu-
lated plate supply through a series resistor.

> Obtained from grid-No.l resistor of value shown or from a combination of grid-No.l resistor with
either fixed supply or cathode resistor.

® Measured at load of output circuit.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: CcCS ICAS
DCPLATE VOLTAGE . . . . ...ttt it anneinanaan 300 mar 3560 max volts
DC GRID-NO.3 VOLTAGE . . . . . ce v iv e iavniennnsennns 0 max 0 mazx volts
DC GRID-NO.2 VOLTAGE . . . .. ciiviiiieviansnanannenns 260 max 250 max volts
DC GRID-NO.1 VOLTAGE . . ... . iiiiiiinrennanaennnn -126 mazx -125 mazx volts
DC PLATE CURRENT . .. ...ttt iinnnrirnnnearsnnseonon 50 max 50 max ma
DC GRID-NO.2Z CURRENT . . .. .ot virveirenaenanninnas . 16 max 15 max ma
DC GRID-NO.1 CURRENT . . .. vviitiievninnieennas R 5 mazx 5 max ma
PLATEINPUT. . ... o i cieen e e 15 mazx 17 maz watts
GRID-NO.2 INPUT. ... .ottt i RN 2 max 2 mazx watts
PLATE DISSIPATION . . .. ...ttt ianiintaaananans 12 max 13.6 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode.............. 100 max 100 mazx volts
BuLB TEMPERATURE (At hottest point) . ................ 250 max 250 max °C
Typical Operation: 30Mc  50Mc soMe
NC Plate Voltage. . .. ...oooviiiiiiruareonnns 300 300 250 volts
Grid No. 3. . oo i e Connected to cathode al socket
DC Grid-No.2 Voltage. . . . ..........cines e 250 250 250 volts
DC Grid-No.1l Voltaged . ........coviieiireras -28.6 -60 -28.5 volts

From grid-No.l resistorof . . ........... PN 18000 22000 18000 ohms
Peak RF Grid-No.1 Voltage. . .............. s 37.5 80 37 volts
DCPlateCurrent. . . ...........civiirnsane . 50 50 48.5 ma
DC Grid-No.2 Current. . . .......c.iivvierunens 6.6 5 6.2 ma
DC Grid-No.1 Current (Approx.) . .........c.... 1.6 3 1.6 msa
Driving Power (AppProx.) .. ........oevnves Ve 0.1 0.356 0.1 waltt
Useful Power Qutput (Approx.)...........oeues 10.3" 7 12% watts
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Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. .. ................ ..o i, Ceraees 0.1 mez  megohm
& Obtained from fixed supply or from grid-No.1 resistor of value shown.
® Measured at load of output circuit.
FREQUENCY MULTIPLIER
Maximum CCS Ratings, Same as for Plate-Modulated RF Power Amplifier, ICAS, except:

GRID-NO.2 INPUT . ...ttt et it aae s aaae e nenans 2 max watts
Typical Operation at Frequencies up to 175 Mc: Doubler Tripler
DCPlate Voltage. . .. ..ottt iiiirnariiraaneneronns 300 300 volts
Grid No.3. ... e i et e i s Connected to cathode at socket
DC Grid-No.2 Voltage. .. .. .. .......iiiiiiinnnnn e hid hid volts
DC Grid-No.1 Voltaged . .. .....cciiieriinetesrsraneaononsasnns =75 -100 volts
From grid-No.l resistorof . . ... ... ... iiiiiiiiiiiii, 75000 100000 ohms
Peak RF Grid-No.1 Voltage.. ... .....cooiiiiiieiiiiiiincennans 95 120 volts
DCPlate Current. ...........ccivvriivnvroanrennsan [ 40 35 ma
DC Grid-No.2 Current. . . .........c0ovvvns PP 4 5 ma
DC Grid-No.1 Current (APProX.) ... .cvvrvvreanrornnnroornnceees 1 1 ma
Driving Power (APProX.) . . ... ieieeiiniiivanranrannsaasosnass 0.6 0.6 watt
Useful Power Qutput (APProX.). . .. .cvuinieerurevirnnsoroennannes 2.1" 1.3% watts

Maximum Circuit Values:

Grid-No.1-Circuit Resistance .. .. ... .. ..ttt iiiniiriineiraanes 0.1 mazx megohm
#* Obtained from 300-volt supply with series resistor of 12,500 ohms.

4 Obtained from fixed supply or from grid-No.1 resistor of value shown.

® Measured at load of output circuit.

AVERAGE CHARACTERISTICS
60
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PLATE VOLTS 2CM-71407
G
F Forced-air-cooled thoriated-tung- o
sten-filament type having integral ra- 578 6
diator used as af power amplifier and ) )
modulator and as rf power amplifier
v F

and oscillator. May be used with full

input up to 160 Mec. Class C Telegraphy maximum CCS plate dissipation, 600
watts, May be operated in vertical position only, filament end up or down. QuUT-
LINE 94, Outlines Section.

FILAMENT VOLTAGE (AC/DC) .. .t tiit it ciiinnainnranennsnns 11 = 0.6 volts
FILAMENT CURRENT. ... ... .. .iiiiiiininnnarenns e 12.5 amperes
FILAMENT STARTING CURRENT 50 mazx amperes
AMPLIFICATION FACTOR* . .. ... ... ..iiiiiviiiniin, 32
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DirECT INTERELECTRODE CAPACITANCES:
Gridtoplate. ....................... Cre ettt aie e, .
Grid to filament mid-tap.......... ..
Plate to filament mid-tap. . .................

* Grid volts, ~25; plate milliamperes, 200.

. AF POWER AMPLIFIER AND MODULATOR—Class B
Maximum CCS Ratings:

DC PLATE VOLTAGE . . . . .« ottt ettt ieiee s e 4000 maz
MAXIMUM-SIGNAL DC PLATE CURRENT® 500 max
MAXIMUM-SIGNAL PLATE INPUT™. .. . ... i 1500 max
PLATE DISSIPATION® L L ittt i et s 600 max

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

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE . . .. ottt intiiiane i tinteciiianaennninaanannen 2500 maz
DC GRID VOLTAGE . . . .t v viiet s seninitoanaasesonnasronnersens ~500 max
DC PLATE CURRENT . . . .0t ttiit e eransinsnnnrssanarsanninaens 400 max
DC GRID CURRENT . . ..\ttt ettannnt s oot tenannoneonanrsnnns 150 mazx
PLATE INPUT . . . i i s 1000 mazx
PLATE DISSIPATION . . . . ..ot et et et e 400 max
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings:

DC PLATE VOLTAGE . . . ..ottt ittt RSN 3000 max
DCGRID VOLTAGE. . . . . ..ottt ainins e —500 max
DC PLATE CURRENT . . ..ottt iiiren e innneriinneeennaneranraanearens 500 max
DO GRID CURRENT . . .. oottt tvsnnannerreraninessenunenannnennnenos 150 mazx
T o 1 o 0 1500 mazx
PLATE DISSIPATION . . 0ttt iit st iiin e itnieis tervnnonnensnnnnnnes 600 max

FIXED-TUNED OSCILLATOR TRIODE

Pencil-type tube having integral resonators
used in radiosonde service at 1680 Me. Fixed- @
Tuned Oscillator maximum plate dissipation,
4 3.6 watts. May be operated in any position. The LOOP G
5794 5794 is identical with type 6562/5794A except COUPLING RESONATORS L]
that the 5794 does not have an external connec-
tion between the cathode and one side of the
heater and requires a socket for the heater pina.
QUTLINE 74, Outlines Section. The 5794 is a
DISCONTINUED typelisted for reference only.

INTEGRAL

5794A FIXED-TUNED OSCILLATOR TRIODE
See type 6562/5794A.
HIGH-MU TRIODE 2
5 876 Pencil types used as rf power am-
plifier and oscillator in airborne and <l

5876 A mobile equipment at altitudes up to «

100,000 feet without pressurized cham-
bers. May be used with full input up H

upf
upf
puft

volts
ma
watts
watts

volts
volts
ma
ma
watts
watts

volts
volts

ma
watts
watts

to 1700 Mc and with reduced input up to 3000 Mec. Designed for use in coaxial-
cylinder-type circuits, but may also be used in parallel-line and lumped circuits.
The 5876A meets the performance and environmental requirements of specifica~
tion MIL~-E-1D 1043 (AF). Type 5876 is used in applications not requiring special
performance and environmental characteristics; otherwise, the 5876 is electrically
and mechanically identical with type 5876 A. Tubes may be operated in any posi-

tion. OUTLINE 70, Qutlines Section.
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HEATER VOLTAGE (AC/DC) .. .o vt tieetinesiina i eanesnann 6.3 volts
HEATER CURRENT. ...ttt ttveant v inmnnannsnanan e sonesansnn 0.135 ampere
TRANSCONDUCTANCE®. . . ...\ttt sianer e irnasatananneaneananaennan 6500 umhos
AMPLIFICATION FACTOR®. ... ... . it ie i ceen s icnnesnans 56

PLATE RESISTANCE (Approx.)°........ 8625 ohms
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. . . ... i i i e e e 1.4 nuf
Grid to eathode and heater. . ....... ... . ... ... . e 2.4 pouf
Plate to cathode and heater. . . . ... ... ... . .. .. ... iy 0.035 puf
°Plate-supply volts, 250; cathode resistor, 75 ohms; plate milliamperes, 18.
RF AMPLIFIER-—Class AB1
Maximum CCS Ratings: Up 1o 1700 Me
DO PLATE VOLTAGE. . .. ..ottt ittt ie e aainanns 300 max volts
DC GRID VOLTAGE. . - .ottt i ittt ettt titiiiaii e et eaaensasanes ~100 mazx volts
DC PLATE CURRENT. .. ..ottt tititiine it s tiieneoneereranssansssin 25 max ma
PLATE DISBIPATION® . . . ... . it iaeaaaarans 6.25 maox watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................. ... ..., N 90 mazx volts
Heater positive with respect to cathode. ........... ... ... ... oiie. 90 mazx volts
Moximum Circuit Values:
Grid-Circuit Resistance. . ... ... ... ... ... i e 0.5 max megohm

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegrophy

Maximum CCS Ratings: Up to 1700 Me
DC PLATE VOLTAGE. . . . ...ttt titt it it taa it a ey 360 max volts
DC GRID VOLTAGE . . .. . oottt e ettt ie it e nnann -100 max volts
DC PLATE CURRENT. ... oo it te ettt e et iie it aanaaaas 25 max volts
DC GRID CURRENT. . . .. o\ ot et e et et ettt 8 max volts
PLATE INPUT . . . oot e e 9 mazx watts
PLATE DISSIPATION®. . . .. ... i 6.25 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode... .......................... 90 max volta
Heater positive with respect to cathode. .. ....................... ... 90 max volts

Typical CCS Operation as Oscillator in Cathode-Drive Circuit:

At At At
500 Mc 1700 Mc 3000 Mec .
DC Plate-to-Grid Voltage. . ....................... 262 252 252 volts
DC Cathode-to-Grid Voltage. ... .................. 12 2 2 * volts
DCPlateCurrent. ................. ..o 23 23 25 ma
DC Grid Current (Approx.). . ...... ... o 6 3 4 ma
Useful Power Output (Approx.)................ SR 3 0.75 0.1 watts
Typical CCS Operation as RF Power Amplifier in Cathode-Drive Circuit at 500 Me:
DC Plate-to-Grid Voltage. ... ... ... ... .. 326 volts
DC Cathode-to-Grid Voltage 51 volts
DCPlateCurrent. ..................iooinviann. 23 ma
DC Grid Current (ApPProX.) . . .. oot iine ittt iaraaraaaas 7 ma
Driver Power Output (APProX.). .. ..ottt ienaraes 2 watts
Useful Power Output (ADPDroX.}. . . vttt ii i ia s 5 watts
Maoximum Circuit Valves:
Grid Cireuit Resistance. . . ... ... ... .. . i e 0.1 max megohm
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum CCS Ratings: Up to 1700 Me
DC PLATE VOLTAGE 275 max volts
DC GRID VOLTAGE. . ... o oottt ettt i e e nenane ~100 max volts
DC PLATE CURRENT 22 max ma
DC GRID CURRENT. . . . .o\ttt e e iint i naae e nian s nnaeaenaarnanns 8 mazx ma
PLATEINPUT. ........... ... 6.0 max watts
PLATE DiIssIPATION® 4.25 max watts
PeAR HEATER-CATHODE VOLTACGE:

Heater negative with respect to cathode............ Ciareenarresa, . 90 max volts

Heater positive with respect to cathode........... hereveseraicerenes 90 max volts
Maximum Circuit Values: .
Grid-Circuit Resistance..... et reiseiessssetiaastenesarsarrarnereann 0.1 maz megohm
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FREQUENCY MULTIPLIER

Maximum CCS Ratings: Up to 1700 Mc
DC PLATE VOLTAGE. ....... R P 330 max volts
DC GRID VOLTAGE. ..... i eee st e ~100 max volts
DC PLATE CURRENT....... TS I 22 max ma
IXC GRID CURRENT, . . oo vt voe et beeeetinasaneenaaninsessairssronsonen 8 max ma
PLATE INPUT . « o ittt et it 7.5 mazx watts
PLATE DISSIPATION. . . . oottt et et te et oiaa e nneas 6.25 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode..............vviiiiinn 90 max volts
Heater positive with respect to cathode............ ... ..o 90 mazx volts
Typical CCS$ Operation in Cathode-Drive Circuit: toTZ;%le;lc ,,,D;ézﬂﬁc
DC Plate-to-Grid Voltage. . ... ... . iiiiiiiiiaiiiaees 390 370 volts
DC Cathode-to-Grid Voltage. . . .......... .o, 90 70 volts
DCPlate CUITent. . . . ..ot oot it iii it aiaanararaaseass 18 17.3 ma
DC Grid Current (APProX.). . ... ..coviiiniinrcarcnanarenas 6 7 ma
Driver Power Qutput (APProX.).......vveviuenenronsennuns 2.1 2 watts
Useful Power Output (APProX.). .. ovivrerierrcnanenanass 2.1 2 watts

Maximum Circuit Yalues:
Grid-Circuit Resistance. . ......... oo 0.1 max 0.1 mar megohm

® In applications where the plate dissipation exceeds 2.5 watts, it is important that a large area of con-
tact be provided between the plate cylinder and the terminal to provide adequate heat conduetion.

AVERAGE CHARACTERISTICS

TYPE 5876
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PLATE VOLTS 92CM~T4267
[
MEDIUM-MU TRIODE
Pencil-type tube used as plate-
5 89 3 pulsed oscillator, as rf power amplifier G
and oscillator, and as frequency dou-

bler. May be used with full input up to

2000 Mc in cw service and in pulsed o H
applications up to 4000 Mc. Designed for use in coaxial-cylinder-type circuits, it
may also be used in parallel-line and lumped circuits. Class C Telegraphy maxi-
mum plate dissipation, CCS 7 watts, ICAS 8 watts. May be operated in any posi-
tion. OUTLINE 71, OQuilines Section.

HEATER VOLTAGE (AC/DC):........ ereaesaeay e rrers ey 6.0 4 5% volta
-10%,

HEATER CURRENT........ et eveeesienteesenenraecnsessraenoresaae. 0.280 ampere

TRANSCONDUCTANCE*. . .. .. 6000 pmhos

AMPLIFICATION FACTORY . . . ..vuuuiiarsonnsnrossssessssssnosaassnrenss 27
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DirEcT INTERELECTRODE CAPACITANCES:

Gridtoplate. ...................... 1.7 puf
Grid to cathode and heater. . . .. 2.4 upf
Plate to cathode and heater. .. ............ ... 0oiurnunrunnnnn.n, 0.07 max upf
* Plate-supply volts, 200; cathode resistor, 100 ohms; plate milliamperes, 25.
RF AMPLIFIER—Class A1
Maximum CCS Ratings: Up to 8400 Me
DC PLATE VOLTAGE 330 max volts
DC GRib VOLTAGE. ........ . -100 maz volts
DC PLATE CURRENT 35 mazx ma
PLATE DIBSIPATION. ..ottt ittt st vt e T mazx watts
Prax HEATER CATHODE VOLTAGE:
Heater negative with respect to cathode..........ooueverrnnnennon... 90 mazx volts
Heater positive with respect tocathode. . ................. 0. uuu.... 90 nax volts
PLATE SEAL TEMPERATURE. ... ...ttt ettt itee e e ereeerannn, 175 maz °C
Maximum Circyuit Valye:
Grid Cireuit ResIStANCe. . .. ... . 0.5 mazx megohm
PLATE-PULSED OSCILLATOR*—Class C
Maximum CCS Ratings: For a mazimum oN time® of 5 microseconds Up to 4000 Me
PEAK POSITIVE-P'ULSE PLATE-SUPPLY VOLTAGE$ 1750 maz volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. . ........ e 160 max volts
PEAK PLATE CURRENT FROM PULSE SUPPLY . . 3 mazx amperes
PEAK RECTIFIED GRID CURRENT. ......... 1.3 mazx amperes

3 maz ma
1.8 max ma
6 maz watts
0.001 mazx
1.6 max pusece
175 maz °C

Typical Operation with Rectangular Wave Shape in Cathode-Drive Circuit at 3300 Mc:
With duty factor™ of 0.001

Peak Positive-Lulse Ylate-Supply Voltage®. .. ... .ooovveee oo, 1750 volts
Peak Negative-Tulse Grid Voltage. . .. ....... ... .............. 110 volts

From grid resistor of . . ... ... ... .. ... . . .. 100 ohms
Peak Plate Current from Pulse Supply . ... ... i, 3.0 aniperes
Peak Rectified Grid Current 1.1 amperes
DC Plate Current .. 3 ma
DC Grid Current. . ..o . 1.1 ma
Useful Power Output at Peak of Pulsed (APProx.) . ..o oveerennnnnn.. 1200 watts
Palse Duration. . ... . e 1 usec
Pulse Repetition Rate. .. ....... ... .. ... . . 1000 ppa

¢ In this class of service, the heuter should be allowed to warm up for a minimum of 60 geconds before
plate voltage is applied.

® ON time for this tube is the sum of the durations of alf the individual pulses which occur during any
5000-microsecond interval. Pulse duration is dofined as the time interval between the two points on the
pulse at which the instantancous value is 70 per cent of the peak value, The peak value is defined as the
maximum value of a smooth curve through the average of the fluctuations over the top portion of the
pulse.

¢ The magnitude of any spike on the plate voltage pulse should not exceed u value of 2000 volis with
respect to cathode, and its duration should not exceed 0,01 microsecond measured at the peak-pulse-
value level.

® In applications where the plate dissipation exceeds 2.5 watts, it is important that a large area of con-
tact be provided between the plate eylinder and the connector in order to provide adequate heat con-
duction,

® Duty factor is the product of pulse duration and repetition rate. For variable pulse durations and pulse
repetition rates, the duty factor for this tube is defined as the ratio of time “on” to total elapsed time
in any 5000-micrusecond interval.

@ This value is determined from the average power output using the duty factor of the peak power-
output pulse. This procedure is necessary because the power-output-pulse duty factor may be less than
the applied-voltage-pulse duty factor because of a delay in the start of rf power output.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: Up to 2000 Mc CcCS ICAS
260 max 320 mazx volts
~100 max -100 mazx volts
33 mazx 33 max ma
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DC GRID CURRENT .« v vvvsransanansosssssanesns 15 max 15 maz ma
PLATE INPUT. ... ..o vuues Ceeereeer e ey 8.5 max 10.5 mazx watts
PLATE DISSIPATION®. .. ... ......0n e [P & max 5.6 max watts
PEaK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.............. 90 max 90 max volts

Heater positive with respect to cathode..........o0... 90 max 90 max volts
PLATE-SEAL TEMPERATURE . . . . covvvrvunonnnenamsensens 175 max 175 mar °C
Typical Operation in Cathode-Drive Circuit ot 500 Mc: ccs ICAS
DC Plate-to-Grid Voltage ...... ... oo 286 345 volts
DC Cathode-to-Grid Voltageé .. . e 36 45 volts
DC Plate Current BN cae 30 30 ma
DC Grid Current (APPTOX.) ..ot v v v aamennenernanoctes 11 12 ma
Driver Power Qutput (APProX.) .. ....ocveeevecnrocenans 1.8 2.0 watts
Useful Power Output (APProX.} ... ...veviuerinnnnvaes 5.5 6.5 watts

Maximum Circuit Values {CCS or ICAS conditions):

Grid-Circuit Resistance. ...........¢ e e 0.1 marx megohm
©In applications where the plate dissipation exceeds 2.5 watts, it is important that a large area of con-
tact be provided between the plate cylinder and the connector in order to provide adequate heat con-

duction.
& Obtained from grid resistor.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: Up to 2000 Mc cCcs ICAS
DC PLATE VOLTAGE . « < o v v vennamnerasronnanconsssns 820 maxr 400 mar volts
DC GRID VOLTAGE . . . . . vveernavnnsnannanns e -100 mar -100 max volts
DC PLATE CURBENT . .. . .cvvuceecnorasinssasnasassasss 35 max 40 mazr ma
DC GRID CURRENT . . o\ vtvvenanneneirsonansensns e 15 max : 15 max ma
PLATE INPUT. . .....cooviennns 11 max 16 max watts
PLATE DISSIPATION® y 7 max 8 mazx watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.............. 90 max 90 mar volts

Heater positive with respect to cathode......... PP 90 max 90 max volts
PLATE-SEAL TEMPERATURE . o4+ v0vrenevvcnnnanveaesceans 176 max 175 max °C

Typical Operation as RF Power Amplifier in Cathode:-Drive Circuit:
500 Mec 1000 Mc 500 Mc 1000 Me

DC Plate-to-Grid Voltage. . ... ..oovvinivieiaeaens 347 330 401 383 voits
DC Cathode-to-Grid Voltagesd .. ...ovvrviivieeennaens 47 30 51 33 volta
DCPlate Current. .....cooeiiviarervonanonas e 33 33 35 a5 ma
DC Grid Current (APDroX.) . . ... civietnirareananeses 13 12 13 1 ma
Driver Power Qutput (Approx.) ............ J 2 1.9 2.6 2.4 .watts
Useful Power Output (APpProX.}.......ccovvvvivreeennns 7.6 6.5 8.5 6.0 watts
Typical Operation as Oscillator in Cathode-Drive Circuit at 500 Mc:

DC Plate-to-Grid Voltage . .. ... oo viiiniiineiiseernas 347 401 volts
DC Cathode-to-Grid Voltaged .....oooeeeniiainvenvnsee 47 51 volts
DC Plate Current. . .. ..ovveennsvrnerenoeesiqsassassess a3 35 ma
DC Grid Current (APProX.) .o einneenerooeanersans 13 13 ma
Useful Power Qutput (APPToX.)...v.vvn e vvrrrunannenns b 6 watts

Maximum Circuit Values {CCS or ICAS conditions):
Grid-Circuit ResiStance. .. .. .ovovvvrrrriienser o raseesnerares 0.1 max megohm

FREQUENCY DOUBLER

Maximum Ratings: Up to 2000 Me ccs ICAS
DC PLATE VOLTAGE. . . .... v eeeecassie i 260 max 320 maxr volts
DC GRID VOLTAGE. ... ... et e ee e -100 max -~100 mar volts
DC PLATE CURRENT . .t vvuvrvranoncerssnnaraeanssonsss 33 mar 33 max ma
DC GRID CURRENT . . oo vvunrerinssennaronnssotsns . 12 mazx 12 max ma
PLATE INPUT . . ot iieircunnamesascnreansasnessnns 8.5 max 10.5 mar watts
PLATE DISSIPATION®, .. .. .t iieranenrnenranacennans 6 mar 7.5 max watts
PEAK HEATER-CATHODE VOLTAGE!
Heater negative with respect to.cathode. ............. 90 max 90 max volts
Heater positive with respect to cathode.........c...t 90 mar 90 mazx volts
PLATE-SEAL TEMPERATURE . . . cvvatveroeraaranns [ 175 max 175 mazx °C
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Typical Operation as Doubler to 1000 Mc in Cathode-Drive Circult:

DC Plate-to-Grid Voltage .. .....ovveenniennnn.. e 290 350 volts
DC Cathode-to-Grid Voltaged .. ..voviveiiiirnnnnnanns 40 50 volts
DC Plate Current.............. as 33 ma
DC Grid Current (Approx.)...... eeteriiereriassenes 7 8 ma
Driver Power Qutput (ApProx.) . . veeeeeinersuiocinaeas .. 8.2 3.6 watts
Useful Power Output (Approx.)....... [N erae 2.75 3.0 watts

Maximum Circuit Values (CCS or ICAS conditions):
Grid-Circuit Resistance. .. ........ivvviiiniieiinnea. P N 0.1 maz megohm

@ In applications where the plate dissipation exceeds 2.5 watts, it is 1mportnnt that a large area of con-
tact be provided between the plate cylinder and the connector in order to provide adequate heat con-
duction.

& Obtained from grid resistor.

AVERAGE CHARACTERISTICS
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TWIN BEAM POWER TUBE

Small, heater-cathode type for af power
amplifier and rf power amplifier and oscillator,
and frequency-multiplier service at frequencies
up to 500 Mec. Heater volts (ac/de), 6.3 {par- 5894
allel), 12.6 (series); amperes, 1.8 (parallel), 0.9
(series). Direct interelectrode capacitances
(each unit): grid No.1 to.plate, 0.08 niazx uuf;
grid No.1 to cathode, grid No.3, internal shield,
grid No.2 and heater, 11 uuf; plate to cathode,
grid No.3, internal shield, grid No.2 and heater, 3.4 uuf. Requires Septar seven-contact socket and may
be operated in vertical position, base up or down, or in horizontal position with plate terminals in hori-~
zonlal plane. Maximum over-all length, 4-5/16 inches; maximum diameter, 1-15/16 inches. Maximum
CCS ratings as PUSH-PULL RF POWER AMPLIFIER AND OSCILLATOR: de plate volts, 600
max; grid-No.2 volts, 250 max; de grid-No.1 volts, —175 max; de plate ma., 220 max; de grid-No.1 ma.,
10 max; plate input 120 max watts; grid-No.2 input, 7 max watts; plate dissipation, 40 max watts. The
5894 is « DISCONTINUED type listed for reference only.

2 POWER TRIODE

Forced-air-cooled heater-cathode
type used as plate-pulsed oscillator 5946
and amplifier. May be used with full

K input up to 1300 Mc. For operation at

HDH 2000 Me, plate voltage and plate input

should be reduced to 75 per cent of maximum ratings. Class C maximum plate dis-

sipation, 250 watts. Tube may be operated in any position. OUTLINE 89, Outlines

Section. A minimum air flow of 16 cubic feet per minute should be directed through
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the radiator toward the bulb and grid terminal when the 5946 is operated at maxi-
mum rated dissipation. Air flow should start before and continue during application
of any voltages to the tube. Heater power, plate power, and air may be removed
simultaneously, Maximum temperatures: radiator (measured on core at end adja-
cent to plate ring), 180°C; grid terminal, 150°C; plate, grid, and cathode seals,
150°C.

HEATER VOLTAGE (AC/DC)° 6.3 volts
HEATER CURRENT. . ............ 3.4 amperes
AMPLIFICATION FACTOR* 25
DIRECT INTERELECTRODE CAPACITANCES:
Grid to Plate. ... ... e et 6 uuf
Grid to cathode and heater. ........... 11 uuf
Plate to cathode and heater® 0.19 puf

° Heater voltage must be applied for a minimum period of 1 minute before the application of plate
voltage.

* Grid volts, —15; plate milliamperes, 250,

8 With external shield conneccted to grid.

Maximum Ratings: PLATE-PULSED OSCILLATOR AND AMPLIFIER—Class C

For an ON time® of . . . 10 max 100 max usec
PEAK PoSITIVE-PULSE PLATE-SUPPLY VOLTAGE 7500 max 7500 max volts
PEAK NEGATIVE-PULSE GRID VOLTAGE . . . ... PN 600 max 600 max volts
Prak PLATE CURRENT From PULSE SUPPLY 4.5 max 3.5 max amperes
PEAK RECTIFIED GRID CURRENT. ... ...... 1.0 max 0.75 max amperes
DC PrLATE CURRENT . 45 max 250 max ma
DC GRID CURRENT. . ......... ee 10 max 70 max ma
PLATE INPUT. . .. . . iiiiiininrecnennanns P 340 maxr 340 max watts
PLATE DISSIPATION . . ... it ii it iaiaannecaenans 250 max 250 max watts

" AVERAGE CHARACTERISTICS
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Typical Operation with Rectangular Wave Shape in Cathode-Drive Oscillator Circuit at 1250 Mc:
With duty factor® of 0.01

Peak Posgitive-Pulse Plate-Supply Voltage4 5500 7500 volts
Peak Negative-Pulse Grid Voltage.......... e 375 500 volts

From cathode resistor of®. .. ........... N 100 100 ohms
Peak RF Grid Voltage. ... ......... ... .00 .. AN 625 850 volts
Peak Plate Current from Pulse Supply....... PPN 3.5 4.5 amperes
Peak Rectitied Grid Current . 0.26 0.50 amperes
DC Plate Current. . .. ......... N 35 45 ma
DC Grid Current. ... ... .. . ... i, 2.5 5 ma
Useful Power Output at Peak of Pulseé (Approx.)....... 8000 14000 watts

@ ON time for this tube is defined as the sum of the durations of all the individual pulses which oceur
during any 1000-microsecond interval. Pulse duration is defined as the time interval between the two
points on the pulse at which the instantaneous value is 70 per cent of the peak value. The peak value is
defined as the maximum value of a smooth curve through the average of the fluctuations over the top
portion of the pulse.
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4 The magnitude of any spike on the plate-voltage pulse should not exceed a value of 8.5 kilovolts with
respect to cathode, and its duration should not exceed 0.5 microsecond measured at the peak-pulse-
value level.

® Duty factor is the product of pulse duration and repetition rate. For variable pulse durations and pulse
repetition rates, the duty factor for this tube is defined as the ratio of “on’’ to total elapsed time in any
500-microsecond interval.

4 Obtained preferably from cathode resistor of value shown. In certain applications, partial grid-resistor
biag may be used.

% Determined from the average power output using the duty factor of the peak power output pulse.
This procedure is necessary because the power-output-pulse duty factor may be less than the applied-
voltage-pulse duty [actor because of a delay in the start of rf power output.

OSCILLATOR TRIODE

Subminiature heater-cathode
type used in radiosonde service at 400 6026

Me. Class C Telegraphy maximum

CCS plate dissipation, 3 watts., May

> be operated in any position. OUTLINE

4, Oullines Section. The flexible leads of the 6026 are usually soldered to the circuit
elements. Soldering of the leads may be made close to the glass-button base pro-
vided care is taken to conduct excessive heat away from the lead seal. Otherwise,
the heat of the soldering operation will crack the seals of the leads and damage the
tube. Plate shows no color when tube is operated at maximum CCS ratings.

HEATER VOLTAGE RANGE (AC/DC)® . Lo i ittt es 5.2106.6 volts
HEATER CURRENT (At (.3 volis) e . 0.2 ampere
TRANSCONDUCTANCE®* . ... ... ... 5900 pmbhos
AMPLIFICATION FACTOR¥. ... .. i i it i ia ittt ieiniannenn 24
PLATE RESISTANCE (Approx.)* 4000 ohms
DiRECT INTERELECTRODE CAIACITANCES:
Grid to plate 1.3 pul
Grid to cathode and heater . 2.0 puf
Plate to cathode and heater. .. ... ... .. ... ... ... .. it 0.42 nuf

‘® For radiosonde applications in which the heater is supplied from batteries and the equipment-design
requirements of minimum size, light weight, and high efficieney are the primary considerations even
though the average life expectancy of the 6026 in such service is only a few hours.

* Plate-supply volts, 120; cathode resistor, 220 ohms; plate milliamperes, 12.

OSCILLATOR—Class C Telegraphy
Maximum CCS Ratings:
DC PLATE VOLTAGE . . . . ittt aia s ie et e easianannas 150 max volts
DC GRID VOLTAGE. . . ............. . -50 max volts

ToraL CATHODE CURRENT 40 mazx ma
DC GRID CURRENT. . ., . .......... 10 maz ma
PraTE INPUT . 3.8 mazx watts
PLATE DISSIPATION . 3.0 mar watts
PEAK HEATER-CATHODE VOLTAGE . 0 max volts
Typical Operation as an Oscillator at 400 Mc:

DC Plate Voltage. .. P 135 volts
Grid Resistor....... . 1300 ohms
DC Plate Current. .. ............. 20 ma
DC Grid Current (Approx.)......... . . 9.5 ma
Useful Power OUtPUL. ... ..ttt iira et intinerienansaennanns c. 1.25 watts

BEAM POWER TUBE

Small, sturdy, glass-octal heater-
cathode type used as af power ampli- 6] 46

fier and modulator and as rf power

amplifier and oscillator. May be used

with full input up to 60 Mc and with

reduced input up to 175 Me. Class C Telegraphy maximum plate dissipation,
CCS 20 watts, ICAS 25 watts.
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HEATER VOLTAGE (AC/DC) . ..t tvvivencarrronnnansns . . 6.3 volts
1izATER CURRENT .. 1.26 amperes
TRANSCONDUCTANCE® . . .. ... .. oreeennnn 7000 pmhos
MUu-FACTOR, Grid No.2 to Grid No.1* 4.5
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l toplate. . .....o it - 0.24 max puf
Grid No.1 to cathode, grid No.3, grid No.2, internal shield, base sleeve,
and heater. . ...ttt i 13 pupl
Plate to cathode, grid No.3, grid No.2, internal shield, base sleeve, and
R 7S AT R EEE R 8.5 puf

* Plate and grid-No.2 volts, 200; plate milliamperes, 100.
AF POWER AMPLIFIER AND MODULATOR—Class ABy

Maximum Ratings: ccs ICAS

DC PLATE VOLTAGE. . ..ot iviv i mecannaraaes 600 max 750 max volts
1DC GRrID-NO.2 VOLTAGE 250 max 250 mazx volts
MAXIMUM-51GNAL DC PLATE CURREN 125 mazr 135 max ma
MAXIMUM-SIGNAL PLATE INPUT™. . .. 60 max 85 max watts
MAXIMUM-SIGNAL GRID-N 0.2 InpUT®. 3 mazx 3 max watts

PLATE DISSIPATION®. | oottt it ie e ciiinnienaaaeas 20 max 25 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 135 max 135 max volts
Heater positive with respect to cathode. ............ ... 135 max 135 max volts
<3 N
Typical Operation: Values are for 2 tubes ccs 1CAS
PCPlate Voltage. .. .. ..ovvvevrenienn 400 500 G600 600 750 volts
DC Grid-No.2 Voltage®. ..........coovivnn 190 185 180 200 195 volts
DC Grid-No.1 Voltage:

With fixed-biassource. ........ ... ... . —-40 -40 45 -50 -50 volts
Peak AF Grid-No.l-to-Grid-No.1 Voltage®. . 80 80 90 100 100 volts
Zero-Signal DC Plate Current. ............ 63 57 26 28 23 ma
Maximum-Signal DC Plate Current. . 228 215 200 229 220 ma
Zero-Signal DC Grid-No.2 Current......... 2.5 2 1 1 1 ma
Maximum-Signal DC Grid-No.2 Current.... 25 25 23 27 26 ma
Effective Load Resistance (Plate to plate) .. 4000 5500 7000 6000 8000 ohms
Maximum-Signal Driving Power (Approx.) . 0 0 0 0 0 watts
Maximum-Signal Power Qutput (Approx.).. 55 70 82 95 120 watts

Maximum Circuit Values {CCS or ICAS):
Grid-No.1-Circuit Resistance under any condition:®
With fixed DIAS. ..o ivve i erreneenarniarean s 0.1 max megohm
With cathode bias Not recommended
© The driver stage should be capable of supplying the No.1 grids of the class ABi stage with the specified
driving voltage at low distortion.
@ The type of input coupling network used should not introduce too much resistance in the grid-No.1
circuit. Transformer or impedance coupling devices are recommended.

AF POWER AMPLIFIER AND MODULATOR—CLASS AB2

Maximum Ratings: CCS ICAS
DC PLATE VOLTAGE , . . ¢ o iivseeeaertnenuunnnansoscotns 600 mazx 760 max volts
DC Grip-No0.2 (SCREEN-GRID) VOLTAGE 250 max 250 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. . ... . oovnnins 125 max 135 max ma
MAXIMUM-SIGNAL PLATE INPUT®. . . ..... e 62.5 max 90 max watts
MAXIMUM-SIGNAL GRID-NoO.2 INPUT® . 3 max 3 max watts
PLATE DISSIPATION® ., . ... it tiiiiierai e 20 mazx 25 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ............. 135 max 185 mazx volts

Heater positive with respect to cathode. . .. 135 max 135 max volts
BuLs TEMPERATURE (At hottest point) . ................ 220 max 220 max °C
Typical Operation (Values are for 2 tubes):
DCPlate Voltage. . .. ... ccvvvirneaeeerans 400 500 600 600 750 volts
DC Grid-No.2 Voltage®. ............oveeee 175 175 165 190 165 volts
DC Grid-No.1 (Control-Grid) Voltage...... -41 -44 44 -48 46 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage... 95 102 97 109 108 volts
Zero-Signal DC Plate Current. ............ 33 27 22 28 22 ma
Maximum-Signal DC Plate Current. 232 242 207 270 240 ma
Zero-Signal DC Grid-No.2 Current... cee 1.1 0.7 0.6 1.2 0.3 ma
Maximum-Signal DC Grid-No.2 Current.... 18 18 17 20 20 ma
Maximum-Signal DC Grid-No.1 Current.... 1.6 1.9 1.1 2 2.6 ma
Effective Load Resistance (Plate to plate) .. 3700 4600 6800 5000 7400 ohms
Maximum-Signal Driving Power (Approx.) . 0.2 0.3 0.2 0.3 0.4 watt
Maximum-Signal Power Output (Approx.).. 62 83 90 113 131 watts
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Maximum Circuit Yalues {CCS or ICAS conditions):
Grid-No.1-Cireuit Resistance. ...................00euuii oo, 30000% max ohms

® Averaged over any audio-frequency cycle of sine-wave form.
© Obtained preferably from a separate source or from the plate-voltage supply with a voltage divider.
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

Maximum Ratings: cCcs IcAS
DCPLATE VOLTAGE . .. ... ... it 480 max 600 max volts
DC Grip-N0.2 VOLTAGE, . .., ......... 250 max 250 mazx volts
DC GrID-NO0.1 VOUTAGE. ., . ... ......... -150 max ~150 maz volts
DC PLATE CURRENT . 117 max 125 max ma
DC Grip-No.1 CURRENT L 3.5 max 4.0 max ma
PLATE INPUT. . ......... . 45 max 67.b max watts
GRID-No.2 INPUT. . ... .. .. 2 max 2 max watts
PLATE DISSIPATION . . .. ...ttt tiiiiiiiaeeannann, 13.3 maxr 16.7 max waits
PeEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . ............ 135 murr 135 max volts
Heater positive with respect to cathode .. 135 muar 135 max voits
Burs TEMPERATURE (At hottest point) . ................ 220 inar 220 max °C
Typical Operation:
DC Plate Voltage. . ............ooiiiiiiiiiiin. 400 475 600 volts
DC Grid-No.2 Voltage# . ................. 150 135 150 volts
From series resistor of . .. .............. 33000 51000 56000 ohms
DC Grid-No.1 Voltaged . ................. -87 -77 —87 volts
From grid-No.1l resistorof . . ... . ....... 27000 27000 27000 ohms
Peak RF Grid-No.1 Voltage. .............. 1067 95 107 volts
DCPlate Current............ ... .. ... cvuiviinnnon... 112 94 112 ma
DC Grid-No.2 Current. .. ....... ... coiiviiinnn .. 7.8 6.4 7.8 ma
DC Grid-No.1 Current (Approx.)....... 3.4 2.8 3.4 ma
Driving Power (Approx.).............. 0.4 0.3 0.4 watt
Power Qutput (APDTOX.) . ot ve et e et eie e e 32 34 52 watts
Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. .................. ... .. .. .. cciiv.o... 30000% max ohms

& Obtained preferably from a separate source modulated along with the plate supply, or from the modu-
lated plate supply through a series resistor of value shown.

& Obtained from grid-No.1 resistor of value shown or from a combination of grid-No.1 resistor with
either fixed supply or cathode resistor.

1 For operation at less than maximum rated conditions, this value may be as high as 100000 ohms.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegrophy

and
RF POWER AMPLIFIER—Class C FM Telephony

Muximum Ratings: ces ICAS
DC PLATE VOLTAGE . ... .. i ittt e 600 mur 750 max volts
DC Grip-No.2 VOLTAGE. . . . 250 mar 250 max volts
DC Grip-No.1 VOLTAGE. . . . ~150 max -150 max volts
DC PLATE CURRENT 140 max 150 max ma
DC Grip-No.1 CURRENT 3.5 mar 4.0 max ma
PraTEINPUT. ... ... ...l . 67.5 max 90 max watts
Grip-No.2 INPUT. . ..., 3 mar 3 max watts
PLATE DISSIPATION. . .. 20 ma.c 25 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode 135 mas 135 maz volts
BULB TEMPERATURE (At hottest point) . .. .............. 220 mar 220 max °C
Typical Operation as Amplifier up to 60 Mc:
DC Plate Voltage. . ..., 500 600 600 750 volts
DC Grid-No.2 Voltage*, ... ..................... 170 150 180 160 volts

From series resistor of . .. ..................... 36000 51000 43000 56000 ohms
DC Grid-No.1 Voltage “f . ~66  —b& -1 -62 volts

From grid-No.1 resistor of .. ... ......... N 27000 20000 24000 20000 ohms

From cathode resistor of . . . ... .. 470 470 430 470 ohms
Peak RF Grid-No.1 Voltage. ... 84 73 91 79 volts
DC Plate Current. ............ 135 112 150 120 ma
DC Grid-No.2 Current. . . ................ 9 9 10 11 ma
DC Grid-No.1 Current (Approx.).......... 2.5 2.8 2.8 8.1 ma
Driving Power (ADProx.). ......o.vvvevnn. .. 0.2 0.2 0.3 0.2 watt
Power Output (Approx.).......cov cevvneenannn, 48 52 66 70 walts
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Typical Operation as Amplifier at 175 Mc:
DCPlate Voltage. .......c.civiiirirnirercascarasanonss 320
DC Grid-No.2 Voltage* e .

From series resistor of . . . ..... .. 13000
DC Grid-No.1 Voltage™t ......... . -51

From grid-No.1 resistorof . ... ... ......00ts .. 27000

From cathode resistor of . . .. .... resasaenaenn .. 330
Peak RF Grid-No.1 Voltage...........ccvvevennns v 64
DC Plate Current. .......... iiiieeannerncnees .. 140
DC Grid-No.2 Current. . .. ... . .ciiviiionainnee 10
DC Grid-No.1 Current (Approx.).... 2
Driving Power (APProOX.) . ... c.oinuvnsenonasnssonse o 3
Power Qutput (APProX.) . ....ceiienivreenaoorsonronsorans 25

Maximum Circuit Values {CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. .. .. ......oiiiiraeneneiiae i,

300003 mas

volts
volts
ohms
volts
ohms
ohms
volts
ma
ma
ma
watts
watts

ohms

4 Obtained preferably from separate source, from plate-voltage supply with a voltage divider, or
through series resistor of value shown. Grid-No.2 voltage must not exceed 400 volts under key-up con-

ditions.

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

AVERAGE CHARACTERISTICS

AVERAGE CHARACTERISTICS

TYPE 6146 TYPE 6146
| E¢£=6.3 VOLTS E£=6.3 VOLTS
GRID-N£2 VOLTS = {50 GRID~N£2 VOLTS =150
120
00 »100)
W i
5 -4
g 4
< 80 § 80
d 3
3 3
& 60 & 0
b+ n z
a [}
4 e
8 \ g
40 “ Al
+20) DN VOLTS £c)za20
N
20 ——GRID-N4I VOLTS ECi=+10] ] 201N bt
\ o]
N
-20
1] 200 400 600 800 [ 200 400 €00
PLATE VOLTS PLATE VOLTS
92Cs-8141T Q2CS-Bl42T
AVERAGE PLATE CHARACTERISTICS
T u T Y
TYPE 6146
E¢z6.3 VOLTS
[— ocRib-Nt2 voLTS =150
2]
w
[
an €CyT 420
3 -
< T
3 ]
3 +O
W, e
5 — i
: GRID- NI VOLTS E¢)=0
[
L/ N ‘
20
L—“' -20
i
£Cy=-30
o - 40
) 100 200 300 400 500 550 700 ()
* PLATE VOLTS 92CM-8143T

184

800



Technical Data =

OPERATING CONSIDERATIONS

Type 6146 requires Octal socket and may be operated in any position. Simpli-
fied shielding and good performance are facilitated by the base sleeve with separate
base-pin connection and the triple base-pin connection for cathode, grid No.3, and
internal shield. OUTLINE 17, Outlines Section.

For operation at 120 Mec, plate voltage should be reduced to 67 per cent of
maximum rating; plate input to 79 per cent. At 175 Me, plate voltage should be
reduced to 53 per cent of maximum rating; plate input to 66 per cent.

Plate shows no color when tube is operated at maximum CCS or ICAS ratings.
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BEAM POWER TUBE

6] 55/ Forced-air-cooled, thoriated-

4 ]2 5 A tungsten filament type used as af
= power amplifier and modulator, and

as rf power amplifier and oscillator.
May be used with full input to 120

Me, and with reduced input up to 250 Mec. Class C Telegraphy maximum CCS
plate dissipation, 125 watts. Requires Giant five-contact socket and may be oper-
ated in vertical position only, base up or down. OUTLINE 30, Outlines Section.

FILAMENT VOLTAGE (AC/DC) . . . .t v i iuinrueenanessraeneencnenasanes 5.0
FILAMENT CURRENT. . 0\ttt iitiniianaannnscaaontassotnnoeirnaeans 6.5
MuU~FACTOR GRID NO.2 TOGRIDNO.I*, .. ... .. o e 6.2
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.l toplate. . ... ... . i it iinenesaancnrranoanss e 0.07 max

Grid No.1 to filament and grid No.2. ... ... . civii it iannennnns 11

Plate to filament and grid No.2. . .. ... . oot 3

: SEAL TEMPERATURE:

24 F N I I A 220 maz

Grid No.2, gnd No.1 and filament 180 mazx
* Plate volts, 3000; grid-No.2 volts, 400; plate milliamperes, 50.

AF POWER AMPLIFIER AND MODULATOR
Maximum CCS Ratings: Cluss AB; Class AB,
DC PLATE VOLTAGE. .. ..ottt iiancasanaeennns 3000 max 3000 mazx
DC GRID-NO.Z VOLTAGE. . ... . ittt anea 600 max 400 mazx
DC GRID-NO.1 VOLTAGE. .. ... ittt ~500 max -500 max
MAXIMUM-SIGNAL DC PLATE CURRENT®. ..........0oovnnnnen 225 max 225 max
MAXIMUM-SIGNAL PLATEINPUT®. . ... ... . i 3560 max 500 max
MAXIMUM-SIGNAL GRID-NO.2 INPUT®. ... .. ... ... vnitn 20 max 20 mazx
PLATE DISSIPATION® . ...t 125 max 125 max
RF POWER AMPLIFIER—Class B Telephony

Maximum CCS Ratings:
DC PLATE VOLTAGE. . ...ttt ittt i c i inenaans 3000 max
DC GRID-NO.2 VOLTAGE. .. ..ottt it ittt e it aaat e taans 400 mazx
DO PLATE CURRENT. ... ottt ittt iiaia et aasnons 135 mazx
PLATE INPUT. . . .ot i ittt aaas 200 max
GRID-NO.Z INPUT. . .o ottt i ittt ia et ienanans 14 maz
PLATE DISSIPATION. . . ot ittt ittt ittt iearan e naee e 125 max

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Ratings: i

PIC PLATE VOLTAGE. . .\t tetteetnennnnsiai it innnaaisaeiaiaannenn 2500 mazx
IDC GRID-NO.2 VOLTAGE. ... i it iiin it ennnanrrnaenaeaenesneatsnnass 400 mazx
DC GRID-NO.L VOLTAGE. .1ttt iiitt it etiataeanatianacecnonenrsans ~500 mazx
DC PLATE CURRENT. ...ttt tiits inensnraanasiononnsonsoneanisnsss 200 max
DC GRID-NO.L CURRENT. . . ..o it v teiiniannsiianeatonrearaanarannnnis 15 max
PLATE INPUT. . ..ot it it te et en s na i anaenns 415 max
GRID-NOZ INPUT. . oottt it it ittt ittt en e iaaa e 20 max
PLATE DISSIPATION. . . ottt ittt iite et s ia e rno e anataeeanneenn 83 max

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPUFIER—Class C FM Telephony
Maximum CCS Ratings:
1DC PLATE VOLTAGE, . ... 00veveeree . 3000 max

DC GRID-N0.2 VOLTAGE 4100 max
DC GRID-NO.1 VOLTAGB -500 naz
DC PLATE CURRENT. . . ... vvivnnn creen 225 max
DC GRID-N0.1 CURRENT . 15 max
PLATEINPUT. . .......civveenns . 625 max
GRID-No0.2 INPUT. ..... . 20 mazx
PLATE IISSIPATION. . . v v v e vivnenseoanacasioaronsa . .. 125 max

° Averaged over any audio-frequency of sine-wave form.
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— Technical Data

BEAM POWER TUBE

Forced-air-cooled thoriated-
tungsten-filament type used as af 6] 56/
power amplifier and modulator, and
as rf power amplifier and oscillator. 4-250A
May be used with full input up to 75
Mc and with reduced input up to 120 Mc. Class C Telegraphy maximum CCS
plate dissipation, 250 watts. Requires Giant five-contact socket and may be oper-
ated in vertical position only, base up or down. QUTLINE 35, Qutlines Section.

FILAMENT VOLTAGE (AC/DC) - ¢ ottt it iiiit ittt iiast e iie s 5.0 volts
FILAMENT CURRENT . . . o\ttt itittinnaenaannnrasasoensiiaseianiosos 14.1 amperes
MU-FACTOR, GRID N0.2 TO GRID NO.I¥, .. ... it 5.1
DIRECT INTERELECTRODE ‘CAPACITANCES:

Grid No L to plate. ..o vttt it iinerenanaroronaeneaananas 0.14 max i

Grid No.l to filament and grid No.2...... et i e e e 13 pul

Plate to filamentand grid No.2. .. .. ... i iiii i 4.6 ppf
SEAL TEMPERATURE:

220 mazx ot
180 max °C
# Plate volts, 3000; grid No.2 volts, 500; plate milliamperes, 100.
AF POWER AMPLIFIER AND MODULATOR
Maximum CCS Ratings: Class ABy Class ABs
DC PEATE VOLTAGE. . ..ottt ittt iiiie i ia e sionaaanns 4000 max 4000 mazx volts
DC Grip-No.2 VOLTAGE 600 max 600 max volts
DC Grip-No.l VOLTAGE -500 max —500 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. ., ..o ivvvvannnnns 350 max 350 max ma
MAXIMUM-SIGNAL PLATE INPUT®. . .. .o e 750 max 1000 max watts
MAXIMUM-SIGNAL GRID-NO.2 INPUT®. .. .. . el 35 mazx 35 max watls
PLATE DISSIPATION® . . ittt 250 max 250 max watls
RF POWER AMPLIFIER—Class B Telephony

Maximum CCS Ratings:
DC PLATE VOUTAGE, oo vsvvaennennnn e eeees e 4000 mox volts
DC GRID-NO.Z VOLTAGE. . ..o tiiiiiintrraannrosrtroseniaasencannonss 600 mazx volts
DO PLATE CURRENT. ..« oot v tne i vanesararsaneanassanssonnssenaseonn 210 max ma
PLATEINPUT. .. ... i i i iiancceaanen e et 400 max watts
GRID-NOZINPUT. .. ovvhvivnvnnns e [N P 23 max watts
PLATR DISSIPATION. . . ... ..ovivinn e e ettt s 250 muzx watts

PLATE-MODULATED RF POWER AMPLIFIER-~Class C Telephony
Maximum CCS Ratings:

DO PLATE VOLTAGE . . ..ottt it et iae it it ii e iiieeionnanans 3200 max volts
DC GRID-NO.2 VOLTAGE. + 1 o ot ettt iin e cii i aaans 600 max volts
PO GRID-NO.I VOLTAGE., ... .. vttt ittt et e i iiannaaannas ~500 max volts
DO PLATE CURRENT. .. oot ottt ittt iin e cia e amenennns 275 max ma
DC GRID-NO.L CURBBENT. ., .ot vi ittt it iin i atarranaronnss 20 mazx ma
PLATE INPUT. . .. it i e et st ettt e s craasens 825 max watts
GRID-NO.Z INPUT. . .. ettt e it e e e e i e it 35 max watts
PLATE DISSIPATION. . o ot ittt ie i s et ettt aaaaes 165 max wattys

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and

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

DO PLATE VOLTAGE. .+ ottt i itarntiatn e astaetaeornisieannens 4000 mazx volts
DO GRID-NO.2 VOLTAGE. . ..ot vettinenminnrincneanraseoriosssnsensnns 600 mazx volts
DC GRID-NO.1 VOLTAGE. . ..ttt ittinnrnrnerenrnasassotnarsrrsaanars =500 mazx volts
DC PLATE CURRENT. .. o 1ot ettt it eiaraatiasasesssstssanans 350 max ma
DC GRID-NO.1 CURRENT. .. ..o tiitiiniae e ninaransaone e 20 max ma
PLATE INPUT. . . ittt it it ittt ii e saaaaes Ceeeean e 1250 max watts
GRID-NO.Z INPUT. . ..ttt iii ittt ci s iaarrnansananss rseasans 35 mazx watts
PLATE DISSIPATION. . . ottt t ittt iiiie i nariananaassonsonss N 250 mazx watts

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



RCA Transmitting Tubes ===

BEAM POWER TUBE A

Small, sturdy, glass-octal heater-
6" 59 cathode type used as af power ampli- G

fier and modulator and as rf power

amplifier and osecillator. May be used K

with full input up to 60 Mec and with H H
reduced input up to 175 Me. Class C Telegraphy maximum plate dissipation, CCS
20 watts, ICAS 25 watts. OUTLINE 17, Oullines Section. Heater volts, 26.5; am-
peres, 0.3. Except for heater rating, this type is identical with type 6146.

B
POWER TRIODE
Compact forced-air-cooled heater- I3
6" 6" cathode type having integral radiator
used as rf power amplifier and oscilla-
tor and as frequency multiplier. Coax- wid.,

ial terminal arrangement facilitates
use in cathode-drive circuits of the coaxial-cylinder type. May be used with full
input up to 900 Me and with reduced input up to 2000 Mec. Class C Telegraphy
maximum CCS plate dissipation, 250 watts.

HEATER VOLTAGE (AC/DC):°

Average 6.30 volts
Maximum. .. ..., 6.9 volts
HEATER CURRENT (At 6.8 volts) 3.4 amperes
AMPLIFICATION FACTORX. . ............ 25
DirECT INTERELECTRODE CAPACITANCES:
Grid toplate. ... i i i e e 6 nuuf
Grid to cathode and heater. 11 uuf
Plate to cathode and heaterD 0.22 uut

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

(J Average heater voltage must be applied for a minimum period of one minute hefore the application
of plate voltage.

* Grid volts, ~15; plate mllhamperes, 250.

3'With external flat shield having minimum diameter of 714 inches located in plane of grid terminal
and perpendicular to axis of tube. Shicld is connected to grid terminal.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Raotings:

DC PLATE VOLPAGE . . . .. ittt e teeie e tranan e tie e naeaenn 1300 max volts
DC GRID VOLTAGE. .. ....... . -300 max volts

DC PLATE CURRENT. ........ . . 210 max ma
DC GRID CURRENT. ......... e e . See Rating Chart
PraTE INPUT .. . 270 max watts
PLATE DISSIPATION 167 max watts
Typical Operation in Cathode-Drive Circuit: 600 Mc 900 Me

DC P’late-to-Grid Voltage. . ...... ... ... ciiiiieeaianenne. enn 1400 1400 volts
DC Cathode-to-Grid Voltage. . ... .. .. . 150 150 volts
P'eak RF Cathode-to-Grid Voltage 200 200 volts
DC Dlate Current. .............. .. 210 210 ma
DC Grid Current (Approx.)...... 70 70 ma
Driver Power Output (Approx.)® .. e 704 Toé watts
Output Circuit Efficiency (APProx.) . ... .vvevrerenrenneran AN 80 60 per cent
Useful Power Output (APProx.) . .. cvuvernervennanroaenannaenen 180 120 watts

# Tn this type of service, the 6161 can be modulated 100 per cent if the rf driver stage is also modulated
100 per cent simultaneously. Care should be taken to insure that the driver-moduiation and amplifier-
modulation voltages are exactly in phase.

2 This value includes 18 watts of circuit loss and 40 watts added to plate input.

4 This value includes 28 watts of circuit loss and 40 watts added to plate input.
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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 . . .\ ittt ittt iinie e etnneeranasansaannrsons 1600 max volts
DC GRID VOLTAGE. ... .. .... et et i i e -300 max volts
DC PLATE CURRENT . . . ..ttt iitrsrnasennnsainernnsseananaonnsnanes 260 max ma
DO GRID CURRENT. . .ttt te e vnt et it taassaneeeensocsssnassaasasnin See Rating Chart
PraTE INPUT 400 max watts
PLATE DISSIPATION . L .. it tin i iian s iinertnnonsansnanensnnsennnns 250 mazx watts
Typical Operation in Cathode-Drive Circuit: 600 Mc 900 Mc
DC Plate-to-Grid Voltage. .........ooviiiiiiiiianinans PR 1650 1650 volts
DC Cathode-to-Grid Voltage. . .........ccovvviniiinvenas PP 150 150 volts

From grid resistor of . . ... .. ..ttt itiirirnrtranannnnes 3000 15000 ohms
Peak RF Cathode-to-Grid Voltage. . .. ... ..ot iiiieniiinnnns 200 200 volts
DC Plate Current. ... ... ittt it i is e ianraierananoes 250 260 ma
DC Grid Current (AppProX.) . . ..o viiniirecneeeenaannnnn e 50 10 ma
Driver Power Output (ApProX.). ... .. .cuveeenreneeaenaonansen 75° 80¢ watts
Qutput Circuit Efficiency (Approx.). ...... ... .o, 82 60 per cent
Useful Power Outputl (Approx.) . .. cvvininineenonnvnrenncnns 270 180 watts
© This value includes 18 watts of circuit loss and 45 watts added to plate input.
® This value includes 23 watts of circuit loss and 45 watts added to plate input.

FREQUENCY MULTIPLIER—Class C

Maximum CCS Ratings:
DC PLATE VOLTAGE . . . ..o it iiitiiiiiiiinssereenastsanacanarassnnnn 1600 mazx volts
DC GRID VOLTAGE -300 max volts
DC PLATE CURREN 250 max ma

DC GRID CURRENT See Rating Chart

PLATE INPUT . .ottt it i iae i int et iiee e sanaarrnenesnneas 400 mazx watts
PLATE Di1SsSIPATION 250 max watts
Typical Operation as Doubler in Cathode-Drive Circuit: 600 Mc 900 Mc
DC Plate-to-Grid Voltage........... ... coiviiiiiiiiaen, 1760 1675 volts
DC Cathode-to-Grid Voltage. . ...... ... Ve 260 176 volts
From cathoderesistor of . . ......... it iininnss 860 645 ohms
Peak RF Cathode-to-Grid Voltage. .. ............ ... 0. 300 300 volts
DCPlate Current. ... ...ttt iieiirinencanrs 250 250 ma
DC Grid Current (Approx.)..... P 50 21 ma
Driver Power Qutput (Approx.) ' ........................ 125 100 watls
Qutput Circuit Efficiency (Approx.). ...... .. ..oiiviiuat, 90 80 per cent
Useful Power Output (Approx.) ..... e 180 140 watts

& Approximate total driving power required. A portion of this power appears in the plate circuit.

AVERAGE CHARACTERISTICS

TYPE 6161
E4=63 VOLTS
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RATING CHART

T
— TYPE 616l
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OPERATING FREQUENCY ~ Mc
92CM~832iT

OPERATING CONSIDERATIONS

Type 6161 may be operated in any position. OUTLINE 89, Outlines Section.

For operation at 1200 Mec, plate voltage and plate input should be reduced to
80 per cent of maximum ratings; at 1400 Me, to 71 per cent; at 1650 Me, to 62.5
per cent; at 2000 Me, to 62.5 per cent.

A minimum air flow of 16 cubic feet per minute should be directed by a blower
through the radiator toward the bulb and the grid terminal when the 6161 is oper-
ated at maximum rated dissipation. Air flow should start before and continue dur-
ing the application of any voltages to the 6161. Maximum temperatures; radiator
(measured on core at end adjacent to plate ring), 180°C; grid terminal, 150°C;
cathode terminal, 150°C; plate, grid, and cathode seals, 150°C.

The 6161 supersedes the 5588 for new equipment design.

P
- UHF DIODE
Small, sturdy, pencil type used in
6] 73 pulse-detection and pulse-power-meas-
uring service at frequencies up to 3300
Mec. Type 6173 may be operated in any N 4
position. OQUTLINE 69, Outlines Section.
HEATER VOLTAGE (AC/DC) e 6.3 volts
HEATER CURRENT. . ............ 0.135 ampere
RESONANT FREQUENCY (ADDIOX.) . oo ittt it ciinene i iiaaenns 1600 Me
DIRECT INTERELECTRODE CAPACITANCE (Approx.):

Plate tocathode. . ... ... it e e i e 1.1 pul
TERMINAL TEMPERATURE (Plate and cathode). . ...... ... ... oo il 175 max °C
PULSE-DETECTION and PULSE-POWER-MEASURING SERVICE}

Maximum Ratings: For altitudes up lo 10,000 feel
PEAK INVERSE PLATE VOLTAGE. . ...ttt i vaans 1000 max volts
PEAK PULSE PLATE VOLTAGE. . . .. ... .. . ittt e 150 max volts
PEAK PULSE PLATE CURRENT. .. ..ottt ii s nnsinnsnns 1 ez  ampere
DC PLATE CURRENT . . . o4t ittt ettt eiinannrtnacneensnnannanns 1 max ma
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to eathode............. ..o vt 90 max volis

Heater positive with respect to cathode. . ....... ... ... .. il 90 max volils

HALF-WAVE RECTIFIER
Maximum Ratings: For altitudes up to 100,000 fect
PEAK INVERSE PLATE VOLTAGE. .. oo viit v eiinennnsrnnoen [ 375 wmax volts
PEAK PLATE CURRENT . . ..ttt ienaieinnonnransnasnasnrnionss . 50 max ma
HoT-SWITCHING TRANSIENT PLATE CURRENT:

For duration of 0.2 second maximum. .. ........... . .00 e 250 mar ma
DC OUTPUT CURRENT. . . ottt ttiettnntiasaneannnonansrarsoennrennsns 5.5 max ma
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ... .......... ... oo, 90 max volts

Heater positive with respect tocathode. . ........... ... ... oo il 90 max volts

t In this class of service, the heater should be allowed to warm up for a minjmum of 60 seconds before
plate voltage ia applied in order to allow the cathode to reach normal operating temperature and to be
able to supply the high peak plate currents encountered in this class of service.

° A minimum plate-load impedance (including the source impedance) of 300 ohms is required to limit
the hot-switching transient plate current and thereby prevent damage to the tube when the plate vol-
tage is applied.
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OPERATING CONSIDERATIONS

Connections to the cathode terminal and the plate terminal should be made by
flexible spring contacts only. The connectors must make firm, large-surface contact,
yet must be sufficiently flexible so that no part of the tube is subjected to strain.
Unless this recommendation is observed, the glass-to-metal seals may be damaged.

The heater leads should not be soldered to the circuit elements. The heat of the
soldering operation may crack the glass seals of the heater leads and damage the tube.

The Pulse Rating Chart represents graphically the relationships between pulse
duration, pulse-repetition rate, and peak-pulse plate current. This chart provides
a wide choice of operating parameters within the tube’s ratings. Dotted boundary’
line ABC is the locus of the maximum peak-pulse-plate-current values for various
pulse durations. When two of the three parameters shown are known, the maximum

_allowable value of the third parameter can be selected from the chart. For example,
if an application requires a 1-microsecond pulse and a pulse-repetition rate of 1000
pulses per second, the maximum allowable peak-pulse plate current is 1 ampere.
Sinee the pulse-repetition rate of 1000 is a maximum value for a pulse duration of 1
microsecond, it follows that any pulse-repetition rate up to 1000 may be used under
these conditions. If a longer pulse duration is required, e.g., 1.5 microseconds, and
the same pulse-repetition rate of 1000 is required, the maximum allowable peak-
pulse plate current is 0.67 ampere.

In applications where groups of pulses are employed, the total pulse duration
of the individual pulses in any one group may be determined and treated as the
pulse duration of the group as a single wide pulse.
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: RCA Transmitting Tubes

BEAM POWER TUBE

Ceramic-metal, forced-air cooled,

6] 8] heater-cathode typeused asanrf power

amplifier and oscillator. May be used

with full input up to 200 Me. Class C

Telegraphy maximum plate dissipa-

pation, CCS 2000 watts; must be operated in vertical position, either end up. OUT-

LINE 92, Outlines Section. Air flow must be adequate to limit the radiator-core and

the terminal temperatures to their specified maximum values. Heater power, plate
power, and air flow may be removed simultaneously.

HEATER VOLTAGEY (AC/DC) . . oottt it et e iie it iiainiseriaaaasnann 120 max volts
HEATER CURRENT (At 120 volts)........ ... 1.6 amperes
MINIMUM HEATING T1ME (At 117 volts).. 5 minutes

Mu-FACTOR, Grid No.2 to Grid No.19. 7
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.ltoplate®, .. ... . iiiiiienns .. 0;1160 max uuf

Grid No.1 to cathode and heater. ........... ppf

Plate to cathode and heater®® . ... 0,10 max ppf

Grid No.l togrid No.2........ 50 puf

Grid No2toplate. . ........... 22 ppf

Grid No.2 to cathode and heater® 4.4 max pui
RADIATOR TEMPERATURE (Measured on core at end adjacent to plate-

terminal flANZe) . ... .. i e e 180 max °C
SEAL AND TERMINAL TEMPERATURE:

Cathode, heater, grid No.1, grid No.2, and plate. . . .................. 180 max °C

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

° With external flat metal shield having a diameter of 8 inches and center hole approximately 3-7/16
inches in diameter. Shield is located in plane of the grid-No.2 terminal, perpendicular to the tube axis,
and is eonnected to grid-No.2 terminal.

® Same as preceding, except that center hole has diameter of approximately 3 inches, and ghield is con-
neeted to grid-No.1 terminal.

9 For plate volts, 1000; grid-No.2 volts, 400; plate amperes, 1.

PLATE-MODULATED RF POWER AMPLIFIER~—Class C Telephony

Maximum CCS Ratings:
DC PLATE VOLTAGE. .. ... iiacennans 1600 mux volts

DC GRID-N0.2 VOLTAGE 400 max volts
DC Grip-No.1 VOLTAGE . —300 max volts
DC PLATE CURRENT. ... ....... . 1.05 7max amperes

DC GRID-NO.1 CURRENT . 0.2 max  ampere
Prave Invur. .. .. RN . 1850 mox watts
GRID-N 0.2 INPUT. . . . . . 25 max watts
PLATE DISSIPATION. . .. o\ttt et ettt n s taasn e 1300 mux watts

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

Maximum CCS Ratings:
DCPIATE VOLTAGE. .. ... it ianann 2000 max volts

DC GRID-NO.2 VOLTAGE 500 max volts
DC GRiD-NO.I VOLTACGE. . -300 max volts
DC PrLATE CURRENT. .. ... 1.25 max amperes
DC GRID-N 0.1 CURRENT. . 0.2 maxr ampere
PLATE INPUT. . ... ...h.a 2500 max watts
GriD-No.2 INPUT. . . 40 mar watts
PLATE DISSIPATION. o 1t o v ettt ittt ciaanen s raeraaaneasarasnesaens 2000 max watts
P

MEDIUM-MU TRIODE

626 3 Pencil-type tubes having integral .
radiator; used as rf power amplifier

626 3 A and oscillator in mobile equipment and K
in aireraft transmitters at altitudes up

to 60,000 feet without pressurized
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chambers. The 6263A is used in applications requiring dependable performance
under severe environmental conditions. The 6263A is unilaterally interchangeable
with the 6263. Tubes may be used with full input up to 500 Mc and with reduced
input up to 1700 Mec. Class C Telegraphy maximum plate dissipation, CCS 8
watts, [CAS 13 watts.

HEATER VOLTAGE (AC/DC):

Under transmitting conditions 6.0 volts

Under stand-by conditions. ... .. . e .- 6.3 max volts
HEATER CURRENT at 6.0 volts. ... . 0.280 ampere
TRANSCONDUCTANCE®, .. ..., ..... .. 7000 pmhos
AMPLIFICATION FFACTOR . . oL oottt i ieen e eracos e 27
DIRECT INTERELECTRODES CAPACITANCES (Without external shield):

Grid Lo PIALE. « L ettt e 1.7 pupf

Grid to cathode and heater. .. ............ 2.8 puf

Plate to cathode and heater. . ............ 0.08 max puf
INCOMING ATR TEMPERATURE. . ..ottt aaeanes e 40 mazx °C
PLATE-TERMINAL TEMPERATURE (Mcasured at plate terminal) ............ 175 mazx °C

# Plate volts, 200; plate milliamperes, 27.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
For altitudes up to 60,000 feet

Maximum Ratings: ces 1CAS
IDC PLATE VOLTAGE, . oot ivtiveinnennnsessranonanennns 330 max 400 mazx volts
13C GRID VOLTAGE, . e -100 max -100 max volts
DC PLATE CURRENT. ... ... ieancnsennne 40 max 55 max ma
DDC GRID CURRENT.. .. .. . 25 max 25 max ma
NC CATHODE CURRENT 55 max 70 max ma
PLATE INPUT (6263A)°. 13.2 max 22 max watts
PLATE DISSIPATION . . oot its i iinarona v 8 mazx 13 maux watts
PrAK HEATER-CATHODE VOLTAGE:

Heater negative with respeet to cathode 50 max 50 max volts

Heater positive with respect to cathode. .. .. .. 50 mazx 50 max volts
° CCS plate input 6263, 13 max watts.

Typical Operation as Oscillator in Cathode-Drive Circwit:
560 Me 1700 Me 500 Mc

CS CCS ICAS
DC Plate-to-Grid Voltage. . ... .o 330 270 385 volts
DC Cathode-to-Grid Voltage®™. . ... .. 30 20 35 volts
DC Plate Current. . .............. 35 40 40 ma
DC Grid Current (Approx.). . 11 9 14 ma
Useful Power OQutput (Approx.) 5 0.9 7 watts

Typical Operation as RF Power Amplifier in Cathode-Drive Circuit at 500 Mc:

CcC8 I1CAS
DC Plate-to-Grid Voltage. . ... oo vt iaa ey 348 408 volts
DC Cathode-to-Grid Voltage®. ... .. .. 48 58 volts
DC Plate Current. ............... 35 40 ma
1DC Grid Current (Approx.)....... 13 15 ma
Driver Power Qutput (Approx.}.... 2.2 3 watts
Useful Power Output (Approx.)......c.oenviiineniiiaeaans 7 10¢ walts

Maximum Circuit Values:
Grid-Circuit Resistanee. . ... .oov e iiiaiiranes 0.1 max 0.1 max megobm

PLATE-MODULATED RF POWER AMPUFIER—Class C Telephony
For altitudes up to 60,000 feet
Maximum Ratings: cCs I1CAS
DC PLATE VOLTAGE .. 275 max 330 max volts

DC GRID VOLTAGE. . ........ e -100 max —100 maz volts
DC PLATE CURRENT 33 mazx 46 max ma
DC Grip CURRENT 25 mazx 25 max ma
DC CATHODE CURR 50 max 60 max ma
PLATE INPUT. .. .....oovvennn . 9 max 15 mazx watts
PLATE DISSIPATION. . . .ot vcvcenvrnnonnnes Chareenaeeann . 5.5 max 9 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode....... ... vvvee 50 max 60 mazx volts

Heater positive with respect to cathode.............. v 50 max 50 max volts
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Typical Operation in Cathode-Drive Circuit at 500 Mc:

CcCS ICAS
DC Plate-to-Grid Voltage. . ... .. coiiviiii i, 317 372 volts
DC Cathode-to-Grid Voltage 42 52 volts
DC Plate Current. ........ 385 35 ma
DC Grid Current (Approx.).... 13 12 ma
Driver Power Qutput (Approx.)... o 2 2.4 watts
Useful Power Qutput (ADProx.). ... .coviunvrnininnnnranns 6.7¢ B* watts

Maximum Circuit Values:
Grid-Circuit Resistance. . ... .oiviii it iinenrnenenna 0.1 maxs 0.1 max megohm

® Prom a grid resistor, or {from a suitable combination of grid resistor and fixed supply or grid resistor
and cathede resistor.

® This value of useful power is measured at load of output circuit having an efficieney of about 75 per
cent.

OPERATING CONSIDERATIONS

Types 6263 and 6263A may be operated in any position. OUTLINE 72, Oullines
Section. Cooling must be sufficient to limit the plate-terminal temperature to 175°C.
In most applications, natural air-cooling will be adequate. When natural air circu-
lation is not adequate, a small blower should be used to direct sufficient air through
the radiator fins.

To avoid possible tube damage, do not solder heater leads directly to circuit
elements. The cathode should preferably be connected to one side of the heater.
‘When the heater is not connected directly to the cathode, take care to keep the peak
heater-cathode voltage within the maximum ratings.

AVERAGE CHARACTERISTICS
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MEDIUM-MU TRIODE
6264 Bencil-type tubes having integral o
626 4 A radiator; used as rf power amplifier
and oscillator and as frequency multi- K
plier in mobile equipment and in air- A 4

craft transmitters at altitudes up to
60,000 feet without pressurized chambers and under severe vibration conditions.
May be used with full input up to 500 Mc and with reduced input up to 1700 Mec.
Class C Telegraphy maximum plate dissipation, CCS 8 watts, ICAS 13 watts. The
6264A may beoperated in any position. OUTLINE72, Outlines Section. For other consid-
erations refer to types 6263 and 6263A. The 6264 is a DISCONTINUED type
listed for reference only. As a replacement, the 6264A is directly interchangeable.
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HEATER VOLTAGE (AC/DC):

Under transmitting conditions........... 6 volts
Under standby conditions. ............ 6.3 max volts
HEATER CURRENT (At 6 volts) 0.28 ampere
AMPLIFICATION FACTOR. . ....... .. 40
TRANSCONDUCTANCE® . . ..\ttt irvennensanassvonssasreaensanossos 6800 pmhos
With
Ezxternal
DIRECT INTERELECTRODE CAPACITANCES: Shieldt
Gridtoplate. . ........ov vt iiinanens 1.5 uul
Grid to cathode. . ......... - fn)
Plate to cathode. . ......... pul

INCOMING-AIR TEMPERATURE. .. .. 40 max °C
PLATE-TERMINAL TEMPERATURE 175 mazx °C

1 A flat plate shield, 1-1/4 inches in diameter, located parallel to the plane of the grid flange and mid-
way between the grid flange and the radiator plate terminal. The shield is tied to the cathode.
# For de plate ma., 18.5; de plate volts, 200.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
For altitudes up to 60,000 feel
S

Maximum Ratings: CcCS
DC Pt.ATE VOLTAGE. P 330 max 400 mazx volts
DC GRID VOLTAGE. . . . hes . ~100 max -100 mazx volts
DC PLATE CURRENT. .. .. ccvvvunnnans RN . 40 mazx 55 max ma
DC GRID CURRENT.. . ....ovvvnonnnsaan PP . 25 max 25 max ma
DC CATHODE CURRENT . . .. .vvnvvnnrenns 55 max 70 max ma
PLATEINPUT. . .. vttt iiiinn e 13.2 max 22 max watts
PLATE DISSIPATION. . 00 ciiieinananoisestraosnsioaonnns 8 mazx 13 max watts
PEAX HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode................. 50 maex 50 max volts

Heater positive with respect to cathode................. 50 max 50 max volts
Typical Operation as Oscillator in Cathade-Drive Circuit:

At 500 Me Al 1700 Mc
: cCcs  ICAS CcCS

DC Plate-to-Grid Voltage. . .. ... ..o 325 380 263 volts
DC Cathode-to-Grid Voltage 25 30 13 volts
DC Plate Current........... . 35 35 40 ma
DC Grid Current (Approx.).. .. 11 13 13 ma
Useful Power Qutput (Approx.)® 5 6 1 watts

Typical Operation as RF Power Amplifier in Cathode-Drive Circuit at 500 Mc:

CcCS ICAS

DC Plate-to-Grid Voltage. . .......... 342 395 volts
DC Cathode-to-Grid Voltage®. ... N . 42 45 volts
DC Plate Current. . .............. e 35 40 ma
DC Grid Current (Approx.)..... 13 15 ma
Driver Power Qutput (Approx.). . 2.4 3 watts
Useful Power OQutput (ApPprox.)®. ..o, 7.5 10 watts
Maximum Circuit Values:

Grid-Circuit Resistance. . . ......oviiiiiiiiiiiiaianies 0.1 mmax 0.1 mar megohm

For altitudes up to 60,000 feet

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE. . .. ..o viviiveraatnssssecacacnasnons 300 max 350 max volts
DC GRID VOLTAGE. . ........ —125 max —140 max volts
DC PLATE CURRENT. .. ... .. .. 33 max 45 max ma
DC GRID CURRENT.. ........... .. 25 max 25 mazx ma
DC CaTHODE CURRENT .. 45 mazx 55 max ma
PLATEINPUT. . .....oiviineneennann . 9.9 max 15.9 max watts
PLATE DISSIPATION . . .ottt iit et iiieaeasatansnrnntinasnes 6 max 9.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 50 max 50 max volts

Heater positive with respect to cathode 50 max 50 max volts
Typical Operation as Tripler to 510 Mc in Cathode-Drive Circuit:

CcCS ICAS

DC Plate-to-Grid Voltage. .........0ovnn 410 472 volts
DC Cathode-to-Grid Voltage®.. . ........ 110 122 ° volts
DCPlate Current. .........coevvnrane . 26 36.5 ma
DC Grid Current (Approx.)......... 4.1 5.8 ma
Driver Power Qutput (Approx.)........ e 2.75 4.5 watts
Useful Power Output (Approx.)®............ . 2.1 3.4 watts
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Maximum Circuit Values:
Grid-Circuit Resistance. ... .....coviiiiiii i, 0.1 max 0.1 max megohm
° From a grid resistor, or from a suitable combination of grid resistor and fixed supply or grid resistor

and cathode resistor.
* This value of useful power is measured at load of output circuit having an efficiency of about 75 percent.

AVERAGE CHARACTERISTICS
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BEAM POWER TUBE

Heater-cathode type used as rec-

6 2 9 3 tangular-wave pulse modulator. Rated

for service with duty factors up to 0.1

at a maximum averaging time of 10,000

microseconds. Rectangular-Wave

Modulator maximum plate dissipation, 10 watts. Requires Octal socket and may be

operated in any position. QUTLINE 17, Oulflines Section. Plate shows no color when
tube is operated at maximum CCS ratings.

HEATER VOLTAGE (AC/DC) . . v i vvteiinrinerannanennnone 6.3 volts
HEATER CURRENT . . ... .ovveenenrnnnnns b .. 1.25 amperes

TRANSCONDUCTANCE 7000 pmhos
Mu-Facror, Grid No.2 to Grid No.1* 4.5
DirEcT INTERELECTRODE CAPACITANCES:
Grid No.lto plate. . ... i e 0.24 max pul
Grid No.1 to cathode, grid No.3, grid No.2, internal shield, base steeve,
AN BOALET . o ottt ittt e e 13 puf
Plate to cathode, grid No.3, grid No.2, internal shield, base sleeve, and
Ty 1) I 8.5 puul

# Plate and grid-No.2 volts, 200; platc milliamperes, 100.

MODULATOR—Rectangular-Wave Modulation

Maximum and Minimum CCS Ratings:
For Duty Factor®™ up to 0.008
and Maximum Averaging Time of 10,000 Microseconds in Any Inferval

DC PLATE-SUPPLY VOLTAGE*. ,...... . 2000 max 3500 wmazx volts
INSTANTANEOUS PLATE VOLTAGE®. . ... .. 2300 max 4000 mazx volts
DC GrD-N0.2 SUPPLY VOLTAGE® . . (. ......c0ocvennns 500 marx 200 max volts
\ > " (-300 max -300 max volts
DC Grip-No0.1 SUPPLY VOLTAGEY . ... ....0vvuuvennnns | 250 ain 180 min voits
GRID-NO.1 VOLTAGE:
Instantaneous Negative Value...... ererereerenas 400 maz 400 nax volts
Teak Positive Value., .. ... ecies vaseraessaraans 100 max 100 maz volis
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PEAK PLATE CURRENT........ Cereenaes 34 mazx 32 mazx amperes
PEAK GRID-N0.2 CURRENT. ...... . 0.756 max 0.75 mazx ampere
PEAK GRID-NO.1 CURRENT. ...... P .. 0.6 max 0.5 mazx ampere
PLATE INPUT............. . 80 max 80 mazx watts
GrID-No.2 INPUT. . ... . 1.75 max 1.76 mazx watts
Grin-No.1l INPUT..... . . 0.5 mazx 0.6 mazx watt
PLATE DISSIPATION¢ 7 max 10 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. ......... .. 135 mazx 135 mazx volts
BuLs TEMPERATURE (At hottest point) .. ............. 175 max 176 mazx °C

® Duty factor is defined as the ON time in microseconds divided by 10,000 microseconds. ON time
for this tpbe is defined as the sum of the durations of all the individual pulses which occur during any
10,000-microsecond interval. Pulse duration is defined as the time interval between the two points on
the pulse at which the instantaneous value is 70 per cent of the peak value. The peak value is defined
as the maximum value of a smooth curve through the average of the fluctuations over the top portion
of the pulse.

4 For tube protection, it is essential that sufficient resistance be used in the plate-supply circuit, the
grid-No.-2 supply circuit, and the grid-No.1-supply circuit so that the short-circuit current is limited to
0.5 ampere in each circuit.

® This value is approximately 115 per cent of the maximum de plate-supply voltage.

4 For higher duty factors, the peak plate current must be reduced. The maximum rated current for a
duty factor of 1.0 is 0.2 ampere.

¢ Averaged over any interval not exceeding 10,000 microseconds. Care should be used in determining
the plate dissipation. A calculated value based on rectangular pulse can be considerably in error when
the actual pulses have a finite rise and fall time. Plate dissipation should preferably be determined by
measuring the bulb temperature under actual operating conditions; then, with the tube in the same
socket and under the same ambient-temperature conditions, apply to the tube sufficient de input to
obtain the same bulb temperature. This value of de input is a measure of the plate dissipation.

POWER TRIODE

Compact liquid-and-forced-air-cooled type

having heater cathode; used as af power ampli-

fier and modulator, as rf power amplifier and os-

cillator, and as frequency multiplier at frequen- 6383

cies up to 2800 Mc. Coaxial terminal arrange-

ment facilitates use in cathode-drive circuits of
K the coaxial-cylinder type. Maximum over-all
H H length, 4-9/32 inches; maximum diameter, 1.760

inches. Heater volts (ac/dc), 6.3; amperes, 3.4;
amplification factor, 25. Direct interelectrode capacitances: grid to plate, 6 ppuf; grid to cathode and
heater, 11 uuf; plate to cathode and heater (with external flat shield in plane of grid terminal), 0.19 ppf.
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate volts, 1500 mazx;
de grid volts, ~300 max; de plate ma., 400 maz; de grid ma. (up to 900 Mc), 75 max; plate input, 600
maz watts; plate dissipation, 600 max watts. The 6383 is a DISCONTINUED type listed for reference
only. As u replacement, the 6161 is a similar type, although not directly intcrchangeable.

BEAM POWER TUBE

Nine-pin miniature heater-cath-
ode type used as rf power amplifier 64]7
and oscillator and as frequency mul-

tiplier. May be used with full input up

to 50 Mec. Class C Telegraphy maxi-

mum plate dissipation, CCS 12 watts, ICAS 13.5 watts. Requires Noval nine-
contact socket and may be operated in any position. OUTLINE 9, Outlines Section.
Heater volts (ac/dc), 12.6; amperes, 0.375. Except for heater ratings, the 6417 is
identical with type 5763.

K,Ga,iS

TWIN BEAM POWER TUBE

Small, sturdy, heater-cathode type
used as af power amplifier and modu-
lator, as push-pull rf power amplifier 65 24
and oscillator, and as frequency tripler.
May be used with full input up to 100

Ial
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Mec and with reduced input up to 470 Mc. Class C Telegraphy maximum plate
dissipation (per tube), CCS 20 watts, ICAS 25 watts. Requires Septar seven-contact
socket and may be operated in any position. OUTLINE 14, Outlines Section. Some
forced-air cooling may be required to prevent exceeding the maximum bulb-tem-
perature rating. Plates show no color when tube is operated at maximum CCS or
ICAS ratings.

HEATER VOLTAGE (AC/DC)..vvvvurevnnns rieseeras e 6.3 volts
HEATER CURRENT. . ...v.vinnenrennenns .. e P 1.25 amperes
TRANSCONDUCTANCE (Each unit)* Crrerariee e, 4500 umhos
Mu-FacTor, Grid No.2 to Grid No.1 (Each unit)*........ [N 8.5
DIRECT INTERELECTRODE CAPACITANCES (Each unit):
Grid No.l toplate. . ...ttt it it cisnenennnenen 0.11 mazx puf
Grid No.1 to cathode, grid No.3, internal shield, grid No.2 (pins1 and 7),
and heRter. . . ... .t i et i e bt 7 upl
Plate to cathode, grid No.3, internal shield, grid No.2 (pins 1 and 7), and
Y2 2 3.4 puf
BuLB TEMPERATURE (At hotteat point)............................ 210 maz °C

* Plate and grid-No.2 volts, 200; plate milliamperes, 50.
PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER—Class C Telephony

Values are on a per-tube basis

Maximum Ratings: CCS ICAS
DC PLATE VOLTAGE. .. . covvtiinernnnenans e, 400 mazx 500 max volts
DC GRID-NO.2Z VOLTAGE . + .« . vt vvviuivvnnnonnvanonns 300 max 300 mazx volts
DC GRID-NO.2 SUPPLY VOLTAGE. .. ..ovvvennnvrnnsnnn 400 maz 400 max volts
DC GRID-NO.1 VOLTAGE. .« .t cv e rniienannnarnsons ~200 mazx -200 mazx volts
DC PLATE CURRENT. ... ...t viinnennnnnnnnonannasns 125 maz 125 maz ma
DC GRID-NO.1 CURRENT. . . .vviinvnnnnrannanananns 4 max 4 max ma
PLATE INPUT..............ciiian.. ereeenaa e 45 max 55 max watts
GRID-NO2 INPUT. . ... v iiii it e iieiaansan . 2 max 2 maz watts
PLATE DISSIPATION. ... .. viininnnnnn e . 13.5 max 16.7 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode........... R 135 max 135 maz volts

Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. .. ... .ot iiiiiiiiinininiane.. 30000 mazx ohms

PUSH-PULL RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
PUSH-PULL RF POWER AMPUFIER—Class C FM Telephony

YValues are on a per-tube basgis

Maximum Ratings: ccs I1CAS
DC PLATE VOLTAGE., . ...t tititininsaencnsntonniines 500 mazx 600 mazx- volts
DC GRID-NO.2 VOLTAGE. . .ot vvivrrennnnnnnnsinnss 300 maz 300 max volts
DC GRID-NO.2 SUPPLY VOLTAGE. . . .. ccnvrvennnnsonns 400 maz 400 maz volts
DC GRID-NO.1 VOLTAGE. ..« .t viiivviainrennnaenonns —200 max ~200 maz volts
DC PLATE CURRENT . .. ... ttitiiiieiansnvennnaannnas 150 max 150 max ma
DC GRID-NO.1 CURRENT. ... it iivneerrensarnsnannes 4 max 4 max ma
PLATE INPUT. ... ... i inancanns PN 70 max 85 max watts
GRID-NO.2 INPUT. . ... .. iiii i eans e 3 max 3 mazx waits
PLATE DISSIPATION. . ottt i ittt eiareannecnanas 20 mazx 25 mazx watts
PEAK HEATER-CATHODE VOLTAGE:

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

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

Maximum Circuit Values: {CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. . .. ... .ot iiiiiinreeenennen.. 30000 max ohms

FIXED-TUNED OSCILLATOR TRIODE
UHF pencil-type tubes
having integral resona-

tors; used in radiosonde -
6562 D

service at a frequency of
INTEGRAL

6562/ 155 Me May be med st filie esmons

5794A ranging from -55°C to
+75°C. Fixed-Tuned Os-
cillator maximum plate h KA

dissipation, 3.6 watts. The
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6562 is a DISCONTINUED type listed for reference only. As a replacement, the
6562/5797A is directly interchangeable.

HEATER VOLTAGE RANGE® (AC/DC) ..t vinneresiosannusnnesonanans 5.2 t0 6.6 volis
HEATER CURRENT (At 6.0 VOIM8) . ... vvvvivniieianneniianiiiioianes 0.160 ampere
FREQUENCY (ADDIOX.) . ..t v tvveennerissnetesinstnrasssusonsseaneans 1680 Me
FREQUENCY-ADJUSTMENT RANGE™. ... ... ..o =12 Me

© This range of heater voltage is for radiosonde applications in which the heater is supplied from bat-
teries and in which the equipment design requirements of minimum size, light weight, and high efficiency
are the primary considerations even though the average life expectancy of the 6562/5794A in such serv-
ice is only a few hours.

m As supplied, tubes are adjusted to 1680 = 4 megacycles.

FIXED-TUNED OSCILLATOR
Maximum Ratings:

DC PLATE VOLTAGE . . .. .. naersonsans e e 120 mazx volts
DC PLATE CURRENT, . .« i vvrenrraesscanssonnessnasecsnaens .. 32 max ma
DC GRID CURRENT. .+ v vvneneiossnrssns . 8 max ma
PLATEINPUT. . .....oiiiiieniiinnninnnans AN . 4 max watts
PLATE DISSIPATION . . .. o c v iinir e carsosnssnonannassons . 3.6 max watts
PEAK HEATER-CATHODE VOLTAGE. . . .. v cieenrvoranrcnans . ce 0 maz volts
AMBIENT-TEMPERATURE RANGE. . ... .o eivvr civinn e . —55 to +76 °c
Operating Frequency Drift:
Maximum Frequency Drift:

For heater-voltage range of 5.2 tu 6.6 volts, plate-voltage range of 95

to 117 volts, and ambient-temperature range of +22° to —40°C..... +4 to -1 Me

OPERATING CONSIDERATIONS

Type 6562/5794A may be operated in any position, OUTLINE 74, OQuflines

Section. :
The flexible heater leads of the 6562 /5794A are usually soldered to the circuit
elements. Soldering of these connections should not be made closer than 34" from
the end of the tube (excluding cathode tab). If this precaution is not followed, the
heat of the soldering operation may crack the glass seals of the leads and damage
the tube. Under no circumstances should any of the electrodes be soldered to the cir-
cuit elements. Connections to the electrodes should be made by spring contact only.

The 6562/5794A should be supported by a suitable clamp around the metal
shell either above or below the frequency-adjustment screw. It is essential, however,
that the pressure exerted on the shell by the clamp be held to a minimum because
excessive pressure can distort the resonators and result in a change of frequency.

The plate connection should have a flexible lead which will accommodate var-
iations in the relative position of the plate terminal in individual tubes.

The 6562/ 5794A may be mechanically tuned by adjustment of the frequency-
adjustment screw located on the metal shell of the tube. A clockwise rotation of the
frequency-adjustment screw will decrease the frequency, while a counterclockwise
rotation will increase the frequency. The range of adjustment provided by the
serew is = 12 megacycles.

BEAM POWER TUBE

Small, sturdy, uhf, forced-air-
cooled, heater-cathode, cermolox type; 681 6
used as af power amplifier and modu-

lator, and as rf power amplifier and

oscillator in compact mobile and fixed

equipment. Useful at frequencies up to 2000 Mc and beyond. Class C Telegraphy
maximum plate dissipation, CCS 115 watts.

HEATER VOLTAGE] (AC DO, c 0t v e

6.3 volts
HEATER CURRENT. « oo oot e oo et et 2.1

amperes



MINIMUM HEATING TIME. .. .. ..t ii e iiiceninnnnns PPN 60 seconds

MU-FACTOR, Grid No.2 to Grid Nolsdk .o oo vvnnevnnnn Ceserraaaeae PN 18

DIRECT INTERELECTRODE CAPACITANCES:®
Grid No. L to plate. .. ...ttt iiiien e ianeannnen P e 0.065 max puf
Grid No.1 to cathode and heater. ......... R, . 14 upf
Plate to cathode and heater. . ... ... .. .. . i i i it . 0.015 mazx puf
Grid Noltogrid No.2. . ... . i i it ieansnennes . 17 puf
Grid No2toplate.................... . 4.4 puf
Grid No.2 to cathodeand heater. . ........ ... ... ... 0 .. 0.4 max upf

TEMINAL TEMPERATURE (Plate, Grid No.2, Grid No.1, Cathode, and Heater) 250 maox °C

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

% For plate and grid-No.2 volts, 250; plate ma., 100.

® Measured with special adapter.

AF POWER AMPLIFIER AND MODULATOR-—Class ABj
Maximum CCS Ratings:

DOC PLATE VOLTAGE. ..ot tiii ittt ittt aaar i anansaans 1000 max volts
DC GRID-NO.2 VOLTAGE. ..ottt iieenann .. 300 max volts
MAxmMUM-S16NAL DC PLATE CURRENT® . 180 mazx ma
MAXIMUM-SIGNAL PraTE INPUT®. .. ... ... oot .. 180 maz watts
MAX1MUM-SIGNAL GRID-No0.2 INPUT® .. 4.5 max watts
PLATE DISSIPATION™ . o ittt iii i tna e 115 max watts
Typical CCS Operation: Values are for 2 tubes
DC Plate Voltage. . ... ot it iin i e et iaaans 650 850 volts
DC Grid-No.2 Voltage®™ . ... ... . ittt iiiiinnaan 300 300 volts
DC Grid-No.1 Voltage, From fixed-bias souree.............. ~15 ~-15 volls
Peak AF Grid-No.1-to-Grid-No.1 Voltage®®....... N 30 30 volts
Zero-Signal DC Plate Current. . .. .............. .. 80 80 ma
Maximum-Signal DC Plate Current 200 200 ma
Zero-Signal DC Grid-No.2 Current. . .. .. 0 0 ma
Maximum-Signal DC Grid-No.2 Current. ........... 20 20 ma
Effective Load Resistance (Plate to plate). . ......... 4330 7000 ohms
Maximum-Signal Driving Power (Approx.).......... 0 0 watts
Maximum-8ignal Power OQutput (Approx.)................. 50 80 watts
Maximum Circvit Values:
Grid-No.1-Circuit Resistance under Any Condition:e e

Withfixed bias. ... ... e 30000 mazx ohms

With cathode bias. . ... .. e Not recommended

20 The driver stage should be capable of supplying the No.1 grids of the Class AB; stage with the speci-
fied driving voltage at low distortion.

#e The resistance introdueed into the grid-No.1 circuit by the input coupling should be held to a low
value. In no case should it exceed the specified maximum value. Transformer- or impedance-coupling
devices are recommended.

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

DO PLATE VOLTACGE . . . . oottt et ittt it ianan ettt im ittt 1000 maz volts
DC GRID-NO.Z VOLTAGE. . ..ottt it ie it i e vt ii i aae 300 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT™. . ... .. it 180 mazx ma
MAaxIMuM-SIGNAL DC GRID-N0.1 CURRENT® .. 30 max ma
MAXIMUM-SIGNAL PLATE INPUT™. . ... ... 180 max watts
MAXIMUM-SIGNAL GRID-N0.2 INPUT". . 4.5 max watts
PrLATE DISSIPATION®, . .o i i i e 115 mazx watts
Typical CCS Operation: Valies are for 2 tubes

DC Plate Voltage. . .. . 650 850 volts
DC Grid-No.2 Voltage** 300 300 volts
DC Grid-No.1 Voltage, From fixed-bias source ~15 -15 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage. . ................ 46 16 volts
Zero-Signal DC Plate Current. . .. ....... .. oiiiiiniiiuisas. 80 80 ma
Maximum-Signal DC Plate Current. . ................. . 355 355 ma
Zero-Signal DC Grid-No.2 Current. ................... 0 0 ma
Maximum-Signal DC Grid-No.2 Current, .............. v 25 25 ma
Maximum-Signal DC Grid-No.1 Current. .............. . 15 15 ma
Effective Load Resistance (Plate to plate).. 2450 3960 ohms
Maximum-Signal Driving Power (Approx.)® ......... N 0.3 0.3 watt
Maximum-Signal Power Qutput (AppProxX.j.........c.cveunvns 85 110 walts
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Moximum CCS Ratings:

DC PLATE VOLTAGE. . ... 800 maz volts
DC GRID-NO.2 VOLTAGE. 300 maz volts
DC GRID-NoO.1 VOLTAGE. . ~-100 mazx volts
DC PLATE CURRENT..........ovnvunnn . 150 max nfa
DC GRID-No0.1 CURRENT e 30 max ma
PLATE INPUT. . . .ot i i it i i it st e caaaaanas 120 max watts
GRID-NO.Z INPUT. .« ottt itti ittt it iianaatnaiessat s ssnaranes 3 max watts
PLATE DISSIPATION. . .1t ectt ittt te et ciansssssassnseatssiarssons 75 max watts
Typical CCS Operation: At 400 Mce
DCPlate Voltage. . ... covvitn it niiesneneriinsnnnns 400 700 volts
DC Grid-No.2 Voltage . [N 200 250 volts
DC Grid-No.1 Voltage* . . 20 -50 volts
DC Piate Current. . . .. 100 130 ma
DC Grid-No.2 Current... .. P . 5 10 ma
DC Grid-No.1 Current...... 5 10 ma
Driver Power Qutput (Approx. 2 3 watts
Useful Power Output (AppProxX.).....coovvvuiiinnnraenevnonns 16 45 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance under any condition. ............coovvvnann 30000fmazx ohms
RF POWER AMPLIFIER AND OSCILLATOR—--Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
DC PLATE VOLTAGE. . .. oo it tiv i eiessnneunrssnasnnasseesreananaeesnns 1000 max voits
DC GRID-NO.2 VOLTAGE. .4 ottt et iett i ianasetnaaatatuncosaasaesss 300 max volts
DC GRID-NO.1 VOLTAGE. S G ~100 mazx volts
DC PLATE CURRENT. . . ettt 180 max ma
DC GRiD-N0.1 CURRE . . 30 max ma
PLATE INPUT. ... ... ..o ont . . 180 max watts
GRID-NO2ZINPUT. ... ivit e nieeeans . . 4.6 mazx watts
PLATE DISSIPATION. . . o0ttt ittt it inaearaaaanaanssuonsascnonnnasnosns 115 mazx watts
Typical CCS Operation: At 400 Me At 1200 Me
DCPlate Voltage. . . ......oviviiiiiiinneerrannan 400 900 900 volts
DC Grid-No.2 Voltage®. .. .......coviiiiiiniinnnn 200 300 300 volts
DC Grid-No.1 Voltaget . ........... i --35 -30 -22 volts
DCPlateCurrent. .. ......oooniiiiiiiiinanaenaas 150 170 170 ma
DC Grid-No.2 Current.......... . oiiiinievenasasnn 5 1 1 ma
DC Grid-No.1 Current..........ocoviiiiinnnnanen. 3 10 4 ma
Driver Power Qutput (Approx)*. ..., ... .. avvnn 3 3 5 watts
Useful Power Output (Approx.)......... . cveunene, 23 80 40 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance under any condition................cvvuen 300004mazx ohms

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

® Driver stage should be capable of supplying the specified driving power at low distortion to the No.1
grids of the AB- stage. To minimize distortion, the effective resistance per grid-No.1 circuit of the AB2
stage should be held at a low value. For this purpose, the use of transformer coupling is recommended.
3 Obtained preferably from a separate source modulated along with the plate supply.

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

* The driver stage is required to supply tube losses and ri-circuit losses. It should be designed to provide
an excess of power above the indicated values to take care of variations in line voltage, in components,
in initial tube characteristics, and in tube characteristics during life.

# If this value is insufficient to provide adequate bias, the additional required bias must be supplied by
a cathode resistor or fixed supply.

*¥ Preferably obtained from a fixed supply.

® Obtained preferably from a fixed supply, or from the plate-supply voltage with a voltage divider.

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

OPERATING CONSIDERATIONS

Type 6816 may be operated in any position. OUTLINE 78, Outlines Section.
Adequate forced-air cooling must be provided to limit the terminal temperatures to
their specified value. Typical cooling requirements are shown in the accompanying
graph; reduced air flow requirements may be achieved by placing a suitable cowling
around the radiator to direct the air flow through radiator. Air flow should be estab-
lished before and during the application of plate, grid-No.2, and grid-No.1 voltages.
Plate power, grid-No.2 power, and air flow may be removed simultaneously. Cool-
ing air is not normally required when only heater voltage is applied to the tube.
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TYPICAL PLATE CHARACTERISTICS
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6850

TWIN BEAM POWER TUBE

Small, sturdy, heater-cathode
type used as af power amplifier and
modulator, as push-pull rf power am-
plifier and oscillator, and as frequency
tripler. May be used with full input up
to 100 Mc and with reduced input up to 470 Mec. Class C Telegraphy maximum
plate dissipation (per tube), CCS 20 watts, ICAS 25 watts. Requires Septar seven-
contact socket and may be operated in any position. OUTLINE 14, Outlines Section.
Heater volts (ac/de), 12.6; amperes, 0.625. Except for heater rating, the 6850 is

identieal with type 6524.
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Technical Data

BEAM POWER TUBE

Small,sturdy, heater-cathode type
used as af power amplifier and modu-
lator and as rf power amplifier and 6883
oscillator. May be used with full input
up to 60 Mc and with reduced input
up to 17 5 Me. Class C Telegraphy maximum plate dissipation, CCS 20 watts, ICAS
25 watts. Requires Octal socket and may be operated in any position. OUTLINE 18,
QOutlines Section. Heater volts (ac/dc), 12.6; amperes, 0.625. Except for heater
rating and base, the 6883 is identical with type 6146. .

BEAM POWER TUBE

Small, sturdy, uhf, forced-air
cooled, heater-cathode, cermolox type 68 84
used as af power amplifier and modu-
lator, and rf power amplifier and osecil-
lator in compact and mobile and fixed
equipment. Useful at frequencies up to 2000 Mc and beyond. Class C Telegraphy
maximum plate dissipation, CCS 115 watts. May be operated in any position. QUT-
LINE 78, Outlines Section. Heater volts (ac/dc), 26.5; amperes, 0.52. Except for
heater rating, the 6834 is identical with type 6816.

'BEAM POWER TUBE

Small, sturdy, heater-cathode
type used as rf power amplifier and 6893
modulator and as rf power amplifier

and oscillator. May be used with full

input up to 125 Mec and with reduced

mput up to 175 Me. Class C Telegraphy maximum plate dissipation, CCS 10 watts,
ICAS 13.5 watts. Requires Octal socket and may be operated in any position. QUT~
LINE 15, Outlines Section. Heater volts (ac/dc), 12.6; amperes, 0.4. Except for
heater rating, the 6893 is identical to the 2E26.

4

UHF POWER TRIODE

Forced-air-cooled type used as rf
¢ power amplifier and oscillator. May be 6897

used at full input up to 2500 Mc in
K cathode-drive circuits of the coaxial-

cylinder type. Class C Telegraphy max-
imum CCS plate dissipation, 100 watts. May be operated in any position. OuT-
LINE 86, Qutlines Section. Adequate air must be provided to prevent the tempera-
ture of the seals and the radiator from exceeding 250°C.

H

HEATER VOLTAGE (AC/DCI%. . ... ittt iineaiiiinnes 6.3 volts
HEATER CURRENT. ..t ittt it iaeriiisannnrainsssssssnas 1.05 amperes
TRANSCONDUCTANCE®, | ... . . it iinasennasns 24800 umhos
AMPLIFICATION FACTOR. . . ..ottt it iiiinianeananes 95
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. . ...ttt i i e e et 2.0 upf
Gridtocathode . ... ... it iiinenaanaas 6.5 nuf
Platetocathode. .. ... ..ot i 0.024 pupf

° 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, 75.
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE........ v [ ceen 600%max
GRID VOLTAGE:

DC... i, -150 mazx

Peak Negative RI*. .. ............. heeienraan e 400 max

Peak Positive RIF. . ......viiiiiiiiieaieenienes Chaaee 30 max
DC GRID CURRENT, . . 50 max
DC CAaTHODE CURREN Cereerenaas Ceiven 100 max
GRID INPUT. . ... ittt it tn i eserntananreinnrnes .. 2 max
PLATE DISSIPATION. . . .ottt iiitn it sasnaneannsnasroncnss 70 max

volts

volts
volts
volts
ma
ma
watts
watts

® For a modulation factor less than 1.0, it is permissible to use a higher de plate voltage provided thesum

of the peak positive modulation voltage and the de plate voltage does not exceed 1200 volts.

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

DC PLATE VOLTAGE. .+ .« i it ittt iieiaanissaoaannroarannn 1000 mex
GRID VOLTAGE:
.70 N ~150 mux

Peak Negative R. 400 mazx
Peak Positive RF. ... 30 max
DC GRID CURRENT...... . . . 50 max
DC CATHODE CURRENT. .. ovvvvivrnnnrnsnnn . . 125 max
GRIDINPUT ........ciiivinnnnnn ettt i 2 max
PLATE DISSIPATION ......... e 100 max

TWIN POWER PENTODE

Miniature, heater-cathode type

6939 used as push-pull, rf-power-amplifier
and oscillator; as plate-modulated,

push-pull rf ampliﬁer' and as fre-
quency-multiplier in communications

volts

volts
volts
volts
ma
ma
watts
watts

equipment operating at frequencles up to 500 Mc. Tube is internally neutralized
for push-pull amplifier service. At 500 Mc, tube delivers useful power output of 5

watts in CCS or 6 watts in ICAS.

HEATER ARRANGEMENT: Series Parallel
HEATER VOLTAGE (AC/DC) ...t iietiiiiitiianannn e 12.6 6.3
HEATER CURRENT. .. .0ttt iennarranacansnnnecannsans 0.3 0.6

TRANSCONDUCTANCE (Flach unit)®. .. .......... 10500
Mu FacTor, Grid No.2 to Grid No.1 (Fach unit)° . .. 31
DIRECT INTERE LECTRODE CAPACITANCES (Approx., Ea N un
Grid No.d toplate. ... ..o it 0.15
Grid No.1 to cathode, heater, grid No.3, and grid No.2. .. .... .. 6,
Plate to cathode, hearer, grid No.3, and grid No.2......ovvevn e 1.6

° Plate and grid-No.2 volts, 150; plate ma., 25.
® Without external shield.

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

Values arc on o per-tube basis unless specified otherwise

volts
ampere
pmhos

ppf
pul
puf

For operation at frequencies up to 500 Mc

Maoximum Ratings: cCS 1CcAS
DC PLATE VOLTAGE. . .. .t tiiinrienaasaronssasstnsonsn 250 max 250 mac
DC GRID-NO.2Z VOLTAGE .« o vt vt inernrnannsnscanaeensn, 200 max 200 maz
DC GRID-NO.LI VOLTAGE .. o0 vt vsvnnrnronnrraasonnsoassos -100 max ~100 max
DCPIATE CURRENT. .. . .. vititertavennrasontassonssencns 90 maw 100 wnax
DC GRID-NO.L1 CURRENT. . ..ot vvivivanrvacnsanos e 6 mazx 8 mazx

DC CATHODE CURRENT . . ..o vttenesennsennatosssenseecnss 100 wmax 120 mazx

PLATEINPUT. . . ... it iiie e scnrnnaraaans s 12 max 14 max
Grip-No.2 INpUT. 3 mur 3.5 max
GRID-NO.1 INPUT. . ... . . . 0.2 mux 0.24 max
PLATE DISSIPATION. . .. .. ..iviiiiiinnes .. . 6 max 7.5 max
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode ................ 100 max 100 max
Heater positive with respect to cathode...... e 100 max 100 mazx
BuLie TEMPERATURE (At hottest point). . .....coovvivienae, 225 max 225 max
Typical Operation at 500 Me: cCS ICAS
DC Plate Voltage. ........ e erberesrsasasraaran 180 200
DC Grid-No.2 Voltage . PPN 180 200

volts
volts
volts
ma
ma
ma
watts
watts
watt
watts

volts
volts
°C

volts
volts



DC Grid-No.l Voltage. . ... oo vt aaa -20 -20 volts

From grid resistor for cach grid of. .. 27000 27000 ohms
Peak-to-Peak RF Grid-No.1 Voltage.. 50 50 volts
DC Plate Current. ..........ovvn... 55 60 ma
DC Grid-No.2 Current. . . .. 12.5 14 ma
DC Grid-No.1 Current............... ce 1.5 1.5 ma
Driver Power Output (Approx.)...... . 1.2 1.2 watts
Useful Power Quftput (Approx.)®. .. ... .. i iiviaiiennns 5 6 watts

PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER—Class C Telephony
Values arc on a per-tube busis
For operation at frequencies up to 500 M

Maximum Ratings: cCs ICAS
DCPLATE VOLTAGE. .. ...\t tiieiiinineinnnaanaseaenss 200 maz 200 max volts
DC GRID-NO.2 VOLTAGE. .. ............ 200 max 200 mazx volts
DC GRID-N 0.1 VOLTAGE. -100 max -100 max volts
DC PLATE CURRENT. .. .. 64 max 80 max ma
DC GRip-No0.1 CURRENT, 6 max 8 max ma
DC CATHODE CURRENT. . . 80 max 96 max ma
PLATE INPUT.............. 8 max 10 max watts
GrRID-No.2 InpUT. .. ....... 2 max 2.3 maz watts
GRID-No.1 INPUT. 0.2 max 0.24 max watt
PLATE DISSIPATION. . ... .. 4 maz 5 maz watts
PEAK HEATER-CATIHODE VOLTAGE:

Heater negative with respect to cathode 100 max 100 max volts

Heater positive with respect to cathode. . e 100 max 100 max volts
BuLs TEMPERATURE (At hottestpoint). . . ........ ... ... .. 225 max 225 max °C
Typical Operation at 500 Mc: CCS ICAS
DCPlate Voltage. .. ..ot i a i aaas 180 180 volts
DC Grid-No.2 Voltage. ..... 180 180 volts
DC Grid-No.1 Voltage....... -20 ~20 volts

From grid resistor for each grid of.. .. ... . . £8000 27000 ohms
Peak-to-Peak RF Grid-No.1 Voltage ........ PN 435 50 volts
DCPlateCurrent. . .......oovivuvenan 40 55 ma
DC Grid-No.2 Current. .. ...y 9.5 12.5 ma
DC Grid-No.1 Current. ... ... ...t cee 0.6 1.5 ma
Driver Power Output (Approx.)............... - 1 1.2 watts
Useful Power Output (Approx.)®. .. ... ... .ciiiiiiianns 3.5 5 watts

FREQUENCY TRIPLER—Class C
Vulues are on a per-tube basis
For operation at frequencies up to 500 Me

Maximum Ratings: cCcsS IcAS
DCPLATE VOLTAGE. . ... citii it iaiaianonananans 250 max 250 max volts
DC GRID-N0.2 VOLTAGE. . ..... . 200 max 200 max volts
DC GRID-NO.1 VOLTAGE. ......... . ~100 max -100 max volts
DC PLATE CURRENT.............. . 60 max 80 max ma
DC GRi1D-N0.1 CURRENT........... . 6 mazx 8 max ma
DC CATHODE CURRENT. ... .......... . 70 max 80 max ma
PLATEINPUT. .. ...ivinein e . 8 max 10 maz watts
GRID-NO.2 INPUT. .. .....oiveitn . 3 max 3.5 max watts
GRID-No.1 INPUT. . e 0.2 max 0.24 max watt
PLATE DISSIPATION. . ..o vveie e 6 max 7.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode .. 100 mazx 100 max volts
BuLs TEMPERATURE (At hottest point). ................... 225 nmax 225 max °C
Typical Operotion to 500 Mc: cCs ICAS
DC Plate VOltaZe . .. oo o v i e acaannn . 180 200 volts
DC Grid-No.2 Voltage (Approx.)... 180 190 volts

Through resistor of 1200 1200 uhms
DC Grid-No.1 Voltage —74 -74 volts

From grid resistor (each grid) of 82000 82000 ohms
Peak-to-Peak RF Grid-No.l Voltage. .. .. .. .. 165 165 volts
DCPlateCurrent. .. ...oovvuvinnn-. .. 40 46 ma
DC Grid-No.2 Current. ............. .. 9.7 11 ma
DC Grid-No.1 Current, .. ... 1.8 1.8 ma
Driver Power Output (Approx.). N 1.1 1.1 watts
Useful Power Output (Approx.)®.........c.ccivunrnens 1.8 2.2 watts

® Measured at load of output cireuit.

OPERATING CONSIDERATIONS

The 6939 requires a Noval nine-contact socket and may be operated in any
position. QUTLINE 9, Outlines Section.

In “straight-through” rf amplifier service, shielding may be required for stable
operation. To minimize external feedback from the plate to grid No.1, a grounded
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shield, crossing the terminal end of the tube socket through the space between pins
4 and 5 and the space between pins 1 and 9, is generally adequate.

The heater may be effectively bypassed by grounding one heater pin at the
tube socket and bypassing the other heater pin to ground with a low inductance
capacitor. If further isolation of the ungrounded heater pin is required, a suitable
rf choke, followed by another low-inductance bypass capacitor, is recommended.

To reduce the effect of cathode lead inductance, the cathode of the 6939 should
be grounded by the shortest possible connection.

The rf impedance between grid No.2 and the cathode must be kept low, usually
by a suitable bypass capacitor. In telephony service when grid No.2 is modulated,
a smaller bypass capacitor may be required than is used for telegraphy service to
avoid excessive af bypassing. If the capacitance value used is too small, rf feedback
may occur between the plate and grid No.1, depending on the circuit layout, oper-
ating frequency, and power gain of the stage. AF bypassing difficulties can usually
be eliminated if the grid-No.2 bypass capacitor is replaced by a series-resonant
circuit tuned to resonate at the operating frequency. This circuit will present a high
impedance to audio frequencies but a very low impedance to its resonant frequency.

It is recommended that a 100-ohm resistor be connected in series with grid No.2,
as close ag possible to the socket, to prevent the generation of parasitic oscillations.

AVERAGE CHARACTERISTICS
EACH UNIT

[
TYPE 6939

[ E;=6.3voLTS

PARALLEL HEATER ARRANGEMENT
GRID-No. 2 VOLTS » 200

300
]
Lt
@x
& 250 o
2 1p [0
- |
= "
2 7.3
3 200
I~ GRID-Na.1 VOLTS ECi= 8 g
w 30w
w150 w
5
3 ] 2 H
- 3
100 0 203
e E
ICI - bl et GRID=~No.1 VOLTS Ec("10 3
Lo === o} e o e o e
] = Jio 2
so R e s =T S =L i
=T e — b —— —gE =t
e e ik P
° 20 40 €0 80 100 120 140 160 180 200 220 240 260 5
PLATE VOLTS 92CM~106I3T
AVERAGE GRID-No.2 CHARACTERISTICS
EACH UNIT
i
H
i
TYPE 6939
w 300} E4263 VOLTS
W PARALLEL HEATER ARRANGEMENT,
& GRID-No,2 VOLTS»200
2 250
5
2
=
“o 200
id SRID-No v
= ~Y0r
S
S 150 .\I'/o
g
! »
5 \\\?
Z 100 Nas—N \
&
sol N S
-2.5| ——
=3
T
© 20 40 &0 B8O 100 120 140 160 180
PLATE VOLTS 92CM~I0606T

206



p— S Technical Data

FULL-WAVE GAS AND
MERCURY-VAPOR RECTIFIER 7014
See type 604/7014.

HALF-WAVE MERCURY-
VAPOR RECTIFIER 7018
See type 615/7018.

HALF-WAVE GAS AND
MERCURY-VAPOR RECTIFIER

See type 635/7019. . 70] 9
Sce type 635L,/7020, 7020

BEAM POWER TUBE 7034/
Glass-metal, forced-air-cooled, 4X]50A

heater-cathode types having integral
plate radiators; used as af power am- 7 035

plifiers and modulators and as rf power

amplifiers and oscillators. Class C Te- 4X] 5 OD
legraphy maximum CCS plate dissipation, 250 watts. Full ratings to 150 Mc; re-
duced ratings to 500 Mc. May be operated in any position. OUTLINE 82, Qutlines
Section. Air flow must be adequate to limit the plate and seal temperatures to their
specified maximum values. A minimum air flow of 5.3 ¢fm must pass through the

radiator. Less air flow is required when an air-system socket is used to direct the
flow of air through the radiator. V

7084/4X150A 7085/4X150D
5.

HEATER VOLTAGE (AC/DC)......... bt ¢ 26.5 volts
HEATER CURRENT. ........o0uun.n . 0.58 amperes
HzaTING T1ME (Minimum) 30 seconds
MU-FACTOR, Grid No.2 to Grid No.1%. . ...t iin it 5
DIRECT INTEREGLECTRODE CAPACITANCES:®

Grid No.L to plate. ... ..o i et et 0.03 uul

Grid No.l to cathode, grid No.2, and heater. .......... ... .. .. .. 16 pul

Plate to cathode, grid No.2, and heater. .. ........... .. ... ccvvn. ... 4.4 uuf
PLATE TEMPERATURE (Measured on base end of plate surface

at junction with fing) . ... ... i i i i it e e 250 mazx °C
TEMPERATURE OF PLATE SEAL. . .. .0t vttt iiiien e einnrenaneennnn. 200 mazx °C
TEMPERATURE OF DASE SEALS AND GRID-NO.2 SEAL .. .....c.ovnvunnnn.. 175 max °C
® Grid-No.2 volts, 300; grid-No.2 milliamperes, 50.

AF POWER AMPLIFIER AND MODULATOR--Class AB1

Maximum CCS Ratings:
DCPLATEVOLTAGE . ..ttt iin i iinsann P 2000 max volts
DC GRID-NO.2 VOLTAGE. ... ... cvivinninnnnns T 400 mox volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. . ... .. Creereaeaea PN 250 max ma
PLATE DisgirATION® 2560 mazx watts
GRID-NO.2 DISSIPATION 12 max watts
PrAX HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.......... e 150 max volts

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

Maximum Circuit Values:
Grid-No.1-Circuit Resistance (Per tube). . oo vii it e eeeinenean, 0.1 max megohm
AF POWER AMPLIFIER AND MODULATOR—Class AB2

Maximum CCS Ratings:
DC PLATE VOLTAGE ... ... v vvvinnnnns e e 2000 max volts
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DC GRID-NO.2Z VOLTAGE. .. .ottt ie it it ivantanaacoureresssastanannn 400 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT™. . ... tttirvnncnnrsnaeennroone 250 mazx ma
PLATE DISSIPATION™. . .. . .o ittt enns TN 250 max watts
GRID-NO.2ZINPUT". . . .. ot iiiiienannes s e 12 mazx watts
GRID-NOLINPUT....... ... oiiiiiiiiiaens [N P 2 max watts
PrAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. .. ... ovveveiniiienennn o 150 max volts

Heater positive with respect tocathode ... ..o viiiiiiiiiinnt. 150 max volts

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
U

Maximum CCS Ratings: 150p1{;¢: 51()5()01{20
DOCPLATE VOLTAGE. o« ittt iii i aiinenc et 1600 mazx 1000 max volts
DC GRID-NO.2 VOLTAGE . . . . .ottt ittt eaens 300 max 300 max volts
DC GRID-NO.L VOLTAGE. -« .o oiveee i iianeeen e ~250 max 250 max volts
IDC PLATE CURRENT. ..« v ot etvei it it i cieniamaannnen 200 muz 200 max ma
PLATE DISSTPATION. .+ v ot ieoe e ot eie et ie e e 165 max 165 max watts
GRID-NO.2 INPUT . ..ottt it 10 maz 10 mazx watts
GRID-NO.J INPUT . .. otvtve et ttiiia i e 2 max 2 mazx watts
Peak HEATER-CATHODE VOLTAGE:

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

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

Maximum Circuit Valves:
Grid-No.1-Circuit Resistance, Under any condition . . .........covoiot. 25000 max ohms

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
) RF POWER AMPLIFIER—Class C FM Telephony
U

Maximum CCS Ratings: 153 ﬁ){c 52.?)0]\?,;

DC PLATE VOLTAGE. .. ...vvienennaonaes v eereraee e 2000 max 1250 maz volts
DC GRID-NO.2 VOLTAGE. . ....vvvvearaianane e . 300 mozx 300 max volts
DC GRID-NO.1 VOLTAGE ., ........... Cerieeeenes [P ~250 max -250 max volts
DC PLATE CURRENT. ... cevverrvnnennrsnes Cireesrsreenan 250 mazx 250 max ma
PLATE DISSTPATION. . ..ot venvnviasocennaas Ceresreasaens 250 mazx 250 mazx walts
GRID-NO.2 INPUT. .. ..vvvenernns eresenanas Ceereesrannae 12 mazx 12 max watts
GRID-NO.LINPUT. .. ..viiiiienvnaansen P errreesaes 2 max 2 max watts
Maximum Circuit Values:

Grid-No.1-Circuit Resistance, Under any condition ......... Creseieasee 25000 mazx ohms

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

° With cylindrical shield having inside diameter of 1-13/16 inches completely surrounding radiator, and
insulated from the top and sides of it hy a 1/16-inch thickness of insulating material; and with a cylin-
drical shield having inside diameter of 1.460 inches and length of 5/16 inch surrounding the grid-No.2
ring terminal and insulated from it. Both shiclds are connccted to ground.

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

POWER PENTODE
See type 8077,/7054.

MEDIUM-MU TRIODE—
POWER PENTODE

Miniature heater-cathode type

7 060 used in mobile communication equip-

ment operating from 12-volt storage-

battery systems. Pentode unit is used

in Class C rf amplifier and frequency-

multiplier applications at frequencies up to 40 Mc; triode unit is used in reactance

modulator circuits. Requires Miniature nine-contact socket and may be operated

in any position. OUTLINE 6, Ouilines Section. During manufacture, this tube is sub-

jected to special controls and tests for heater-cycling, heater-cathode leakage, in-

terelectrode leakage, low-frequency-vibration performance, 500-hour intermittent
life performance, and intermittent shorts.
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HEATER VOLTAGE RANGE (AC/DC). ... ..0vvvinns PRI volts
HeATER CURRENT (Approx.) at 18.5 volts. .. amperc
DIRECT INTERELECTRODE CAPACITANCES:®
Triode Unit:
Grid to Plate . 2.2 wuf
Grid to Cathode and Heater . 2.4 puf
Plate to Cathode and Heater .. 0.22 o puf
Pentode Unit: e
GridNo.ltoPlate...........oivviiiiiiin i . 0.044 puf
Grid No.1 to all Other Electrodes except Plate........ 7.1 uuf
Plate to all Other Electrodes except Grid No.1...... . 2.5 uuf
Triode Grid to Pentode Plate. .................... ... 0.022 max puf
Pentode Grid No.1 to Triode Plate 0.015 mazx uuf

Pentode Plate to Triode Plate. . .. ... ... it 0.16 g
® Without external shield.
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AMPLIFIER—Class A1

. Triode Pentode
Maximum Ratings: Unit Unit
PLATE VOLTAGE.....v0ue . . 300 max 300 mazx volts
GRID-N0.2 SUPPLY VoLTA .. . . - 300 mazx volts
GRID-NO.2 VOLTAGE. . v vvvvniennnnns See grid-No.2 Input Rating Chart
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THIS CURVE ALSO APPLIES TO TYPES
IN WHICH GRIDS N22 & N24 ARE
CONNECTED TOGETHER WITHIN THE TUBE

M
100 AXIMUM OPERATING COND”_/O‘

o
[=3

o
(=]

AREA OF
PERMISSIBLE OPERATION

MAX. GRID-N22 INPUT RATING
»H
Qo

GRID=-N22 INPUT EXPRESSED AS PER CENT OF
n
[l

20 40 60 80 00
GRID-N22 VOLTAGE EXPRESSED AS PER CENT OF
MAX. GRID-N22 SUPPLY VOLTAGE RATING
92CM-7586TVI

GRID-NO.1 VOLTAGE, Positive bias value.. ... .......... ... 0 max 0 max volts
GRID-N0.2 INPUT:
For grid-No.2 voltages up to 150 volts. . .............0ns - 1 max watt
For grid-No.2 voltages between 150 and 300 volts........ See grid-No.2 Input Rating Chart
PLATE DISSIPATION. . .. .0 it iiiiia i iinaviareaensnns .. 2.5 max 3 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode, .. 120 max 120 max volts
Heater positive with respect to cathode................. 120 max 120 max volts
Characteristics with 13.5 Volts on Heater: 1{,}3?; Pe(}l,t:}‘tie
Plate Supply Voltage. . . ... vttt iiin i acancnnnns 150 200 volts
Grid-No.2 Supply Voltage. . - 125 volts
(athode Resistor.......... 150 82 ohms
Amplification Factor....... 40 -
Plate Resistance (Approx.)............... 8200 150000 ohms
Transconductance. ............. 4900 7000 umhos
Plate Current............. 9 15 ma
Grid-No.2 Current - 3.4 ma
Grid-No.l Voltage (Approx.) for plate eurrent of 100 ga...... -6.5 -8 volts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. .. ....... .. iivseeresvtoannnn 0.5 max 0.25 max megohm
For cathode-bias operation. . - 1 max 1 mex megohm

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

Maximum CCS Ratings, (Pentode Unit}:
DC PLATE VOLTAGE, .. ottt viirtcivrviiaennasrssscassransconsnssen . 300 max volts
DC GRID-NO.2 VOLTAGE. ...ttt ivivrvnnrenronseasassans v e 150 max volts
DC GRID-NO.1 VOLTAGE:
Negative-bias value
Positive-biag value. .. ............... ... 0.t

50 max volts
0 max volts
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DC PrATE CURRENT, .. ..... erreeenas 20 max ma
DC GRID-NO.2 CURRENT ... sscervttrrsensassesosrassossoassosnssennsss 7 mazx ma
DC GRID-N0.1 CURRENT., . .0coverons 3 max ma
GRID-NO.2 INPUT. . .......... N 0.8 mazx watt
PLATE DISSIPATION 2.76 max watts
PeEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.......coveeiveiiereenisanernn 120 max volts

Heater positive with respect to cathode...... [N eriiaeseans 120 maz volts
Typical Operation with 13.5 VYolts on Heater: Al frequencies up to 40 Mc
DCPlate Voltage. . . .....vvviiiienneeenn PN 200 250 300 volts
DC Grid-No.2 Voltage........... e PR 86 1056 125 volts
DC Grid-No.1 Voltage..... Ceareeaes [ -1 -9 -11 volta
DC Plate Current. .......... Ceereienenn Cereseenee 11 15 20 ma
DC Grid-No.2 Current. . . ..ovvvinnnreenanes e 3.2 4.5 6 ma
DC Grid-No.l Current (ADPPTOX.} . v evvavsanssnsnone 0.9 1.2 1.6 ma
Driving Power (AppProx.)......... [ N 9 15 25 mw
Power Output. s v ovvovvenen 1.3 2.1 3.5 watts
Maximum Circvit Values:
Grid-No.1-Circuit Resigtance. .o cvicieestessetcassarssssssossssssvsesn 0.1 max wegohm

BEAM POWER TUBE
Sturdy heater-cathode type used
as af power amplifier and modulator, 7094

and as rf power amplifier and oscillator.
May be used with full input up to 60
Mec. For operation at 100 Mec, plate

voltage and plate input should be reduced to 80 per cent of maximum ratings; at
175 Me, to 70 per cent. Class C Telegraphy maximum plate dissipation, CCS 100
watts, ICAS 125 watts. May be operated in any position. OUTLINE 29, Outlines
Section. Under operating conditions at maximum ratings, some forced-air cooling
will be required to limit the maximum bulb temperature to its specified value.

HEATER VOLTAGE (AC/DC) ...t ii vt iiviennsninstoncacnesans e 6.3
HEATER CURRENT at 6.8 VOIta. . ... vi ittt iiiscnarnesrennns 2.85
MU-FACTOR, GRID NO.2 TOGRIDNO.I¥, . ... .oiiiiiiiei it e 7
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.Ltoplate. . ..o vviiii it iiirernensenitnaccnerenns v 0.
Grid No.1 to grid No.2 and internal shield. . ...........cooiiiiiienen 1
Grid No.1 to cathodeand heater. ... ... ... iiiiiiiniiiiiinnaenns 8
Grid No.2 and internal shield toplate. .................... [P 9
Grid No.2 and internal shield to cathode and heater........ Ceeeaeen 2.
Plate to cathodeand heater. .. ... .. oot e 0
BuLB TEMPERATURE (At hottest POINtY. . ..t P ve 2

% For plate and grid-No.2 volts, 300; plate ma., 250.

maxr

AF POWER AMPLIFIER AND MODULATOR—Class AB1

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE. . ... .couann e eiss e [ 1500 max 2000 max
DC GRID-NO.2 VOLTAGE. ..ot ivivierivresnsocssansns e 400 mazx 400 mazr
MAXIMUM-SIGNAL DC PLATE CURRENT}............ PPN 350 mazx 350 max
MAXIMUM-SIGNAL PLATE INPUTS. ... oo i eeieninans PR 300 max 400 mazx
MAXIMUM-SIGNAL GRID-No0.2 INPUTE. ..., P N 20 mazx 20 max
PLATE DISSIPATIONE. . ... ooivvinvaneen, i eeaabreaaaeanen 100 mazx 125 max
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode...... Ceeeenaaaen 135 max 135 max

Heater positive with respect to cathode......... P 135 max 135 max

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: cCs ICAS

DC PLATE VOLTAGE. . ... cicviiainananss eeeearaeaaeaan o 1000 maz 1200 maz

DC GRID-NO.2 VOLTACGE. ......... Cieeeenaa PRI N 400 mazx 400 max

DC GRID-NO.1 VOLTAGE. ..... eeeen hieraeserienans A -300 max —300 max

DC PLATE CURRENT........ erienaaas Cahieaens 280 max 280 max
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— RCA Transmitting Tubes

DC GRID-NO.1 CURRENT 40 evvresrastvssennsoasnanosnanns 25 maz 30 maz
PLATEINPUT. ... .cvovvunvenn [P 250 mazx 335 max
GRID-NO.2Z INPUT. .....0vvennns 13.5 max 13.5 mazx
PLATE DISSIPATION. . .. ... civivtvannnnnns 67 mazx 83 max

PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode..

136 mazx 135 max

Heater positive with respect to eathode................ . 135 max 135 maz
Maximum Circuit Values:
Grid-No.1-Circuit Resistance®. ............... [ 30000 max 30000 mazx

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: cCs ICAS
DC PLATE VOLTAGE. . ..o vt vvvvannsnnrsensaenssrassansnan 1250 mazx 1500 max
DC GRID-NO.2 VOLTAGE. ...t vttvevrevienenisnsnvannnsans 400 max 400 mazx
DC GRID-NO.1 VOLTAGE . .. 1ottt ineraenoransanannnns -300 max -300 max
DCPLATE CURRENT. .. .ot hiiniaansiararunonersannnne 340 mazx 340 mazx
DC GRID-NO.1 CURRENT. . ... .titiiiiieiinnaaiatanianes 25 max 30 max
PLATE INPUT. . ..ttt iiti it iis i ianeeesiacaaananaaans 375 max 500 mazx
GRID-NO.Z INPUT. . . . ov ittt it ininnrirannrsnaniraaanee 20 max 20 max
PLATE DISSIPATION. . .. ot vttt it enenraaaononnans .. 100 mazx 125 max
PEAXK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode................. 135 mazx 185 max

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

Maximum Circuit Values:
Grid-No.1-Circuit Resistance®, .........cociiviinenneinnes 30000 max 30000 mazx
1 Averaged over any audio-frequency cycle of sine-wave form.
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ma
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© When grid No.1 is driven positive, the total de grid-No.1-circuit resistance should not exceed the speci-
fied maximum value of 30,000 ohms. If this value is insufficient to provide adequate bias, the additional

required bias must be supplied by a cathode resistor or fixed supply.

BEAM POWER TUBE

7203 / Ceramic-metal, forced-air-cooled,
ACX250B Lo o s v
7204/ o malien s maliion oy
4CX250F S, igeany, mumam pic

7203/ 7204/
4CX250B 4CX250F
HEATER VOLTAGEL (AC/DC). . ittt it iiiiieanenriaannss 6 26.5
HEATER CURRENT. . ...t vie i iianernnrononotenanonans .. 2.6 0.58 .
MINIMUM HEATING TIME. ... ... it iieeennenas v - 30
MU-FACTOR, GRID NO.2 TOGRIDNO.Idk . . it iiiiiiiiienioiaenenoanss 5
DIRECT INTERELECTRODE CAPACITANCES:®
Grid No.Lto plate. . o oot viviiit i it iiesianaerernraasanannas 0.03
Grid No.1 to cathode, grid No.2, and heater. ................... PR 16
Plate to cathode, grid No.2, and heater. . ................. ... PPN 4.4
PLATE TEMPERATURE (Measured on base end of plate surface at
junetion with fing). ... ..t i e e 250 max
TEMPERATURE OF PLATE SEAL, GRID-N 0.2 SEAL, AND BASE SEALS. ..... “ee 250 max

* For grid-No.2 volts, 300; grid-No.2 ma., 50.

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

DC PLATE VOLTAGE. . ..« ot vt s e tvtonaontionoansnresransarecatasnssanss 2000 mazx
DC GRID-NO.Z VOLTAGE. ..ottt eiteanrsatntaosutassnonsoansansnnss 400 max
MAXIMUM-SIGNAL DC PLATE CURRENT®. ......... P 250 max
PLATE DISSIPATION®. . ... .. ittt inaeaenss e, 250 max
GRID-NO.Z INPUT™ . . ... ittt it iiaiaanans Cieaeeraaaaas ves 12 max
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode...... Ceteresisaanscaaaananns 150 max

Heater positive with respect to cathode.......... eserssassnersenann 150 mazx

volts
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Typical CCS Operation: Values are for 2 tubes
DC Plate Voltage. ............ teresserssaanseerss 1000 1500 2000 volts
DC Grid-No.2 Voltage. . ....... et cerescessersanan 350 350 350 volts
DC Grid-No.1 Voltage...........ouvvns Cerreanaens -55 -55 -55 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage........... 94 94 94 volts
Zero-Signal DC Plate Current. . ........ eeereseenn 166 166 166 ma
Maximum-Signal DC Plate Current.......... NP 500 500 500 ma
Zero-Signal DC Grid-No.2 Current. ............ . 0 0 0 ma
Maximum-Signal DC Grid-No.2 Current (Approx. ).. . 10 8 8 ma
Effective Load Resistance (Plate to plate)......... .. 3300 6000 8700 ohms
Maximum-Signal Driving Power (Approx.)..... PN 0 0 0 watts
Maximum-Signal Power Output (Approx.)...... Cheas 220 400 590 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance (Per tube),......... Cereeanans Ceeesrerseaan 0.1 max megohm
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Up to 500 Me
DO PLATE VOLTAGE. ...\t isititininaianetososoantnssosoananannsass . 1500 max volts
DC GRID-NO.Z VOLTAGE. ...t vvetinrereranrntrsoreeanrsns [ 300 max volts
DC GRID-NO.1 VOLTAGE. . .. oottt evinennrreneernrsnasennssnaranasnns -250 mazx volts
DC PLATE CURRENT. .0ttt tisvtenssectnavannsnsostanaonsrrassansans 200 max ma
PLATE DISSIPATION. . 0 it te ittt euiaeranornesrnnesnssnasonnasanss . 165 mazx watts
GRID-NO.2 INPUT .ttt ie i iii i aain it saansansaronesneennsoonns . 8 max watts
GRID-NO.L INPUT . .o oottt i ivetnnnonrecnnosnssssnsennssnsronanss 2 mazx watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............... Ceerierraceee . 150 max volts
Heater positive with respect to cathode...... Ceieieseean Cheeereeaen 150 maz volts
Typical CCS Operation: Al frequencies up o 175 Mec
DCPlate Voltage. . ......cciviiiiiiininnenann., 500 1000 1500 volts
DC Grid-No.2 Voltage (Modulated approx. 559). ... 250 250 250 volts
DC Grid-No.1 Voltage*. . ....... .. .cciiiiiiuiunen. -100 -100 -100 volts
Peak RF Grid-No.1 Voltage. .. ..............00t 113 113 113 volta
DCPlate Current. . ........ii i iriinnanan.. 200 200 200 ma
DC Grid-No.2 Current..........coiiiviinnenansins 32 31 31 ma
DC Grid-No.1 Current (APProX.). .....ceeuisuennes 6 6 6 ma
Driving Power (ApProx.}®. .....covviiveiiernunnnen 0.7 0.7 0.7 watt
Power Qutput (APProx.)........ooeeeun e 50 140 235 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under any condition..........ocoviviuienn 25000 max ohms
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings: Up to 500 Me
DC PLATE VOLTAGE. . ..t vhtivtrertenessorsrosansestatosnesstasanns 2000 mazx volts
DC GRID-NO.2 VOLTAGE. ... ..cviivennne e, Ceeiaiaaeen 300 mazx volts
DCGRID-NO.L VOLTAGE. .. .. iiitietienraensroaatoansanssnonssennnns ~250 max volts
DC PLATE CURRENT. .. oo itisen e ieiiananrearosarsasasnssoarcinasnans 250 mazx ma
PLATE DISSIPATION. .« e ot i vte it tatnnrisaenosneassoasasasnasnansans 250 mazx watts
GRID-NO.ZINPUT .. ..ttt it i iir et innesnesnnnrnnasonsnn e 12 mazx watts
GRID-NOLINPUT .. ..o it i ittt et iaeiassansarnes ceen 2 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode........................ AN 150 mazx volts
Heater positive with respect to cathode. ....................... veenn 150 mazx volts
Typical CCS Operation: At frequencies up lo 175 Me
DC Plate Voltage. . ......ooovviianss eeres 500 1000 1500 2000 volts
DC Grid-No.2 Voltage. ........... 250 250 250 250 volts
DC Grid-No.1 Voltage. .......... ces -90 -90 -90 -90 volts
Peak RF Grid-No.l1 Voltage. ... 109 109 109 109 volts
DC Plate Current. . ........... . .. - 250 250 250 250 ma
DC Grid-No.2 Current. . ........... . 48 45 36 30 ma
DC Grid-No.1 Current (APProX.)...ossvsvsuss 12 12 11 11 ma
Driving Power (APProX.). .. .cceceesnsesacns 1 1 1 watt
Power Output (Approx.)...... rersersanasnes 65 180 290 400 watts
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At frequency of 500 Me with coaxial cavity _

DC Plate Voltage...... e e re st bsaa st 2000 volts
DC Grid-No.2 Voltage.......oovenen vees ' 300 volts
DC Grid-No.1 Voltage. .. .oovvaenenienas -90 volts
DC Plate Current......... Cerrenaas 250 ma
DC Grid-No.2 Current.......... . RN Ceesrenreennrsaasneaes 10 ma
DC Grid-No.1 Current (Approx. 25 ma
Driver Power Output (Approx.) Cesrrssiscansrrnnanes 18 watts
Useful Power Output (Approx.)........ Chteesarerersesatsertracnenrann 250 watta

Maximum Circuvit Values:
Grid-No.1-Circuit Resistance, Under any condition.........ccveivevnnna. 25000 maz ohms

LINEAR RF POWER AMPLIFIER—
Single-Sideband Suppressed-Carrier Service

Maximum CCS Ratings: ] Usp to 500 Mec
DC PLATE VOLTAGE, ... oovivvnovineonnsnes Ceeerareee sty 2000 maz volts
DC GRID-NO.2 VOLTAGE. . . ........ Cereraeeseer i, R 400 mazx volts
MAXIMUM-SIGNAL DC PLATE CURRENT . + oo vvtvtinnnnnerrsrannneseenns 250 maz ma
PLATE DISSIPATION. . ..o v i ii it cnironnnans e e e 250 mazx watte
GRID-NO.2Z INPUT . .. ..ot iiiiiiiiis it inccannans [N 12 max watta
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.,..ovvovivvinrinernneeenninn 150 max volts

Heater positive with respect to cathode. ..., 150 max volts
Typical CCS Operation: With two-tone modulation at 30 Me:
DC Plate Voltage. . ..........covvvinns [ 1000 1500 2000 volta
DC Grid-No.2 Voltage® ... . ... ... civiiiirencennenns 350 350 350 volts
DC Grid-No.1 Voltage**. .. .......... PN ~55 -55 -55 volts
Zero-Signal DC Plate Current............. e 83 83 83 ma
Effective RF Load Resistance.................uvus, 1650 3000 4350 ohms
DC Plate Current at Peak of Envelope............. 250 250 250 ma
Average DC Plate Current. . ......covvivenrvnennn . 176 175 175 ma
DC Grid-No.2 Current at Peak of Envelope. ........ 30 30 30 ma
Average DC Grid-No.2 Current.................... 6 9.5 15 ma
Average DC Grid-No.1 Current. . ................0s 0 0 0 ma
Peak-Envelope Driver Power (ADPProX.)........veue. 1 1 1 watt
Output-Circuit Efficiency (APProx.).....vvvveevsess 95 95 95 %
Distortion Products Level:®

ThirdOrder. . ...t iiiinnns b 29 29 30 db

FifthOrder.......coovviiiiiininiiens [N 40 38 35 db
Useful Power Output (Approx.):t

BN c) < ¥ T e 55 100 147.5 watts

Peak Envelope........coiiviiiiiiiiinnean, o 110 200 295 watts

Maximum Circvit Valves:

Grid-No.1-Circuit Resistance, Under any condition:
Withfixed bias. . ... it i i ittt et sae i .. 25000 max ohms
With eathode bias. . ......... ... .. .o i i, N . Not recommended

1 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 the cathode and resuitant short life.

°With cylindrical shield JETEC No0.320 surrounding radiator, and with a cylindrical shield JETEC
No0.321 surrounding the grid-No.2 ring terminal. Both shields are connected to ground.

BAveraged over any audio-frequency cycle of sine-wave form.

®The driver stage is required to supply tube losses and ri-circuit losses. The driver stage should be de-
signed to provide an excess of power above the indicated values to take care of variations in line voltage,
in components, in initial tube characteristics, and in tube characteristics during life.

9The de grid-No.2 voltage must be modulated approximately 55% in phase with the plate modulation
in order to obtain 1009, modulation of the 7203. The use of a series grid-No.2 resistor or reactor may not
give satisfactory performance and is therefore not recommended.

420btained from grid-No.1 resistor or from a combination of grid-No.1 resistor with either fixed supply
or cathode resistor.

*Preferably obtained from a fixed supply.

# Two-tone modulation operation refers to that class of amplifier service in which the input consists of
two equal monofrequency rf signals having constant amplitude. These signals are produced in a single-
sideband suppressed-carrier system when two equal-and-constant-amplitude audio frequencies are
applied to the input of the system.

*#*()btained from a fixed supply.

® Without the use of feedback to enhance linearity.

tMeasured at load of output circuit having indicated efficiency.
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OPERATING CONSIDERATIONS

Types 7203/4CX250B and 7204/4CX250F may be operated in any position.
OUTLINE 83, Outlines Section. It is essential that adequate cooling air be directed
over the base seals, past the envelope, and through the radiator. Under these con-
ditions and with the tube operating at maximum plate dissipation for each class of
service, a minimum air flow of 3.6 c¢fm must pass through the radiator. The cor-
responding pressure drop is approximately 0.1 inch of water. These requirements
are for operation at sea level and at an ambient temperature of 20°C. At higher alti-
tudes and ambient temperatures, the air flow must be increased to maintain the
respective seal temperatures and the plate temperature within maximum ratings.
Less air flow will be needed if an air-system socket is used to direct the flow of air
through the radiator.

TYPICAL PLATE CHARACTERISTICS
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TYPICAL CONSTANT- CURRENT CHARACTERISTICS

60 T T | ]
<04 TYPE 7203/4CX2508
R0
203 €¢*6 VOLTS
40 P S0 L MR GRID-No.2 VOLTS#250 ]|
rd % Y] Ip= PLATE AMPERES
P eglanas =i 0.2 Ibala | 1c sGRID-No.| AMPERES
20, 3 — 1.2 1p* GRID-No.2 AMPERES —
: &Y =B
‘“ '1 0.05 08
- 'a 0.6/
g pran 25
3 \A i~y ~tat [«X)
g -20! —x\ '.‘ 02
= ! 7
a AL ol
& a0l i
¢ s
A
~50] g £~ 1he0
l"
-80
1095 400 800 1200 1600 2000
PLATE VOLTS 92CM-9760T
TYPICAL CONSTANT - CURRENT CHARACTERISTICS
60
bt I 1 |
s tcp08 TYPE 7203/4CX250B
M _—.&r.—_--— E¢*6 VOLTS
i [ Sind SIS Sup R GRID~Na.2 VOLTS »350
-~ 03
H I,*PLATE AMPERES
—t4 °,'-:---—o.z' I¢*GRID-No.I AMPERES
20 = ,-ﬁ'o; <51 Iy14 T~ Icp°GRID-No2 AMPERES
== 005 1.2
L ———
2 o =3 10
é — ‘m\hf 0. [°X
'77\ Ra) 0.6]
3 -20 17
= Y B
y =l T [X)
2 —] i
x© X 0.
© .40 N
- ol
_60 ~ 0.0
-80 \
NC
-100
Q 400 800 1200 1600 2000
PLATE VOLTS 92CM-9761T
A

BEAM POWER TUBE

Small, rugged, heater-cathode

72]2 type used as af power amplifier and

modulator and as rf amplifier and os-

cillator in applications where depend-

able performance under severe shock AA'=PLANE OF ELECTRODES

and vibration is essential. May be used with full input up to 60 Mc and with re-

duced input up to 175 Mec. Class C Telegraphy maximum plate dissipation, CCS

20 watts, ICAS 25 watts. Requires Octal socket and may be operated in any posi-

tion. OUTLINE 18, Oullines Section. Except for base and special ratings and perform-
ance data for shock and vibration, the 7212 is identical with type 6146.
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Technical Data

BEAM POWER TUBE

Sturdy, uhf, forced-air-cooled,
heater-cathode, cermolox type used as 7 2] 3

rf power amplifier and oscillatorin com-

pact mobile and fixed equipment. Tube

employs matrix-type cathode. Useful

with full ratings at frequencies up to 1215 Mec. Class C Telegraphy maximum plate
dissipation, CCS 1500 watts.

HEATER VOLTAGE {AC/DO) Y. . ... . i i i iiannens PP 6.6 typical  volts

6 maz volts

HEATER CURRENT (At 5.5 volts). . ... ... .. i i, Cerreana. 17.3 amperes

MINIMUM HEATING TIME (At 5.5 volts). . . ... . .o nentn PN 6 minutes
MU-FACTOR, GRID NO.2 TOGRID NO. Ik . .. ... ittt it inisnnnes 17

DiIRECT INTERELECTRODE CAPACITANCES:

Grid No.l toplate®. .. ... i et e 0.17 max T |

Grid No.l to cathode and heater. ..........covuirtiriininnneennnsns 42 puf

Plate to cathode and heater®®, . ... . ... . .. ... ittt 0.017 upt

55 puf

16 puuf

1.4 maz puf

SEAL TEMPERATURE (Plate, grid No.2, grid No.1, cathode, and heater)..... 250 mazx °C

% For plate volts, 2500; grid-No.2 volts, 600; plate ma., 600.
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum CCS Ratings: Up to 1215 Mec
DCPLATE VOLTAGE. .....cvvvnennins : 2000 mazx volts
DC GRrip-N0.2 VOLTAGE 1000 max volts
DC Grip-NoO.1 VOLTAGE .. ~300 max volts
DC PLATE CURRENT. ... ivivinennnnanns Caeeens 0.85 maz  ampere
DC GRID-NO.1 CURRENT. .. ..viirinennnnnnns T PN RPN 0.2 max  ampere
PLATEINPUT. ..........covvnn e e e 1700 mazx watts
GRID-NO.2 INPUT. . .. i i ittt i i ses v rtatnsaaseans 3b mazx watts
PLATE DISSIPATION. . . L i i i et e i eaaasssenraaans 1000 maz watts
Typical CCS Operation: In grid-drive circuit at 600 Mc
DC Plate Voltage. . ... .. oot i et et eniann 1800 2000 volts
DC Grid-No.2 Voltage®. . ... .. . it iia s 500 500 volts
DC Grid-No.1 Voltage™. . ... ... it e cnnanen -30 -30 - volta
DC Plate Current, .. ...ttt et in e 0.75 0.83 ampere
DC Grid-No.2 Current. ... ... .oii i i i s 0.0156 0.015 ampere
DC Grid-No.1 Current (APpProx.). .. ............cuuiuoun. 0.04 0.04 ampere
Driver Power Qutput (Approx.)*.. ... ... ... .. ...l 50 55 watts
Useful Power Output (Approx.)*. .. ... ... .. ... . ........ 650 800 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under any condition. . ...............outs 50004 max ohms
RF POWER AMPLIFIER AND OSCILLATOR-~Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings: Up ta 1215 Mc
DC PLATE VOLTAGE. . ..ttt cii v rnnsanaeinasransas e 2500 mnax volts
DC GRID-NO.2 VOLTAGE. .. .......... e, erearessereenana e 1000 mazx volts
DC GRID-NO.1 VOLTAGE. ., ......... e Ceiisieaa e PN -300 mazx volts
DC PLATE CURRENT. ...t vvvevnnsn i eaeeaes [N e 1 maz ampere
DC GRID-N0.1 CURRENT..... S e 0.2 max  ampere
PLATEINPUT.............ccovvinn e hrees et raae ey 2500 max watts
GRID-NO2INPUT. . ., .ovvvninns rrreseerreeenere s 50 mazx watts
PLATE DISSIPATION. ... ... oo vs TS N .. 1500 maz watts
Typical CCS Operation: In grid-drive eircuit at 600 Mc
DC Plate Voltage. ............. 2250 2500 volts
DC Grid-No.2 Voltage® , .., ... .ciiiiiirnosrnnssnssrsense 500 500 volts
DC Grid-No.l Voltage®, . ... e iereere ey -30 -30 volts
DC Plate Current. . .....oovvvenn Cherereeaaae e 0.9 1 ampere
DC Grid-No.2 Current............... e Ceare e 0.02 0.02 ampere
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DC Grid-No.1 Current (APDIOK.) . v e v vervnnnnssseannsssnas 0.07 0.07 ampere
Driver Power Qutput (Approx.)}*.. Cietrseraean 70 75 watts
Useful Power Output (Approx.)*........... Ceresreenanennns 1050 1350 watts

Maximum Circuit Valuves:
Grid-No.1-Circuit Resistance, Under any condition. . ..o vvunvinniinnn.. 5000 max ohms

tBecause 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 the cathode and resultant short life.

°With external, flat, metal shield having diameter of 8 inches, and center hole approximately 3 inches in
diameter, provided with spring fingers that connect the shield to grid-No.2 terminal. Shield is located
in plane of grid-No.2 terminal perpendicular to the tube axis.

"With external, flat, metal shield having diameter of 8 inches, and center hole approximately 234 inches
in diameter, provided with spring fingers that connect the shield to grid-No. 1 terminal. Shield is located
in plane of grid-No.1 terminal perpendicular to the tube axis.

#Obtained preferably from a separatc source modulated along with the plate supply.

B0btained from grid-No.1 resistor or from a combination of grid-No.1 resistor with either fixed supply
or cathode resistor.

AThe driver stage is required to supply tube losses and rf-circuit losses. It should be designed to provide
an excess of power above the indicated value to take care of variationa in line voltage, in components, in
initial tube characteristics, and in tube characteristics during life.

*This value of useful power is measured in load of output circuit.

*If this value is insufficient to provide adequate bias, the additional required bias must be supplied by a
cathode resistor or fixed supply.

#*(Obtained preferably from a fixed supply, or from the plate-supply voltage with a voltage divider.

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

OPERATING CONSIDERATIONS

Type 7213 may be operated in any position. OUTLINE 88, Outlines Section.
Adequate forced-air cooling must be provided to limit the terminal temperatures
to their specified values. Typical cooling requirements are shown in the accompany-
ing graph for air flow through the radiator. An air flow of 10 cfm is usually adequate
to grid-No.2, grid-No.1, cathode, and heater terminals.
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TYPICAL PLATE CHARACTERISTICS
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BEAM POWER TUBE

Sturdy, uhf, foreed-air-cooled,
heater-cathode, cermolox type used as 7 2] 4
ri-pulse power amplifier in compact

mobile and fixed equipment. Useful

with full ratings at frequencies up to

1215 Me. Plate-and-Screen-Pulsed RF Amplifier maximum average plate dissipa-
tion, 1500 watts; maximum pulse duration, 10 microseconds. Tube has matrix-type
cathode.

HEATER VOLTAGE (AC/DC) §. ... ittt iii i inaeniaenanaenens 5.6 typical  volts
6 mux volts
HEATER CURRENT (At 5.5 VOlt8) . . .. oot ii it iianaennnnns 17.3 amperes
MiNMuM HEATING TIME (At 5.5 volts) . . .. 5 minutes
MU-FacTOR, GRID NO2 TO GRIDNOI*, . ... e 19
DIRECT INTERELECTRODE CAPACITANCES:
Grid No. L to plate®. ... ..o i e a et 0.17 nox pul
Grid No.l to eathode and heater. ........... 42 pol
Plate to cathode and heater®®. .. ... 0.017 mazx put
Grid No.ltogridNo.2............... 55 pul
Grid No.2 to plate 16 pul
Grid N0.2 to cathode and heater™. . ........ ... ... .. ... ... ciiiin... 1.4 max puf
SEAL TEMPERATURE (Plate, grid No.2, grid No.1, cathode, and heater).. . .. 250 mazx °C

# For plate volts, 2500; grid-No.2 volts, 600; plate ma., 600,
GRID-PULSED RF AMPLIFIER

A 7 P I 1l Y g
Maximum CCS Ratings: For mazimum ON time® of 10 microseconds Up to 1215 Mo
DO PIATE VOLTAGE . o1 oot it i ie i ia et ea e 5000 max volts
DC GRID-N0.2 VOLTAGE. 1200 max volts
DC GRID-NO.1 VOLTAGE. ................ -300 max volts
DC PLATE CURRENT DURING PULSE 18 max amperes
DC PrATE CURRENT 0.2 max  amperc

GRID-N0.2 INrUT (Average). . 50 max watts
Grip-No.1 INCUT (Average) . . 30 mar watty
PLATE DISSIPATION {AVETABC) . . . ot ve et inananeiaraensntsitaennnn 1500 max watts

Typical Operation:
In Cluss C cathode-drive circwit with rectangular-wave pulses at 1215 Me and with duty foctor3 of 0,01
DO Plate Volbage . . oottt it ittt 4500 volls
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DC Grid-No.2 VOltage. .« . .. oottt i teasitaeneainannerenannraraaasss 1000 volts
DC Grid-No.1 Voltage. .. ...... .. —&0 volts
DC Plate Current during pulse .. .. 11 amperes
DCPlateCurrent. ......... ...t iranranrinesesnaans .. 0.11 ampere
DC Grid-No.2 Current. 0.005 ampere
DC Grid-No.1 Current... .. 0.01 ampere
Driver Power Output at peak of pulse (ApproxJ)*.............. . 1.5 kw
Useful Power Output at peak of pulse (APpProx.). ........veuievvrnn 20 kw

PLATE-AND-SCREEN-PULSED RF AMPLIFIER

For maximuni ON time® of 10 microseconds
Maximum CCS Ratings: f Upto1215 Me
PEAK POSITIVE-PULSE PLATE VOLTAGE. . . .. ... iviti i iiiiieenes 10000 max volts
PEAK PoOSITIVE-PULSE GRID-NO.2 VOLTAGE. . . ... tititiitneiniiaanens 1200 max volts
DC GRID-NO.I VOLTAGE. . ..ottt iieiiiiananateaanensrasasaennnns -300 mox volts
DC PLATE CURRENT DURING PULSE.. . .. ... ittt 18 maxz amperes
TC PLATE CURRENT. .4 ot v tv e eercamncntasonsnnatsannssrasessnannes 0.2 mex  ampere
GRID-NO.2 INPUT (AVCIAZC) . . ot i e ettt tat i natassataetssaeneenns 50 max watts
GRID-NO.L INPUT (AVErage) . .o oottt ittt iir it asneseansancasnsnnans 30 max watts
PLATE DISSIPATION (Average)...... . I 1500 max watts

Typical Operation:
In Class C cathode-drive cirenit with rectanygulor-wave pulses at 1215 Mc and with duty fector™ of 0.01

Peak Positive-Pulse Plate Voltage. . ...........viiinonn 9000 10000 volts
Peak Positive-Pulse Grid-No.2 Voltage. 1000 1000 volts
DC Grid-No.l Voltage. .............. . —80 —80 volts
DC Plate Current during pulse. . . 16 18 amperes
DC Plate Current. . . . 0.16 0.18 ampere
DC Grid-No.2 Current e, .. 0.008 0. 009 ampere
DC Grid-No.l Current, .......oitiveiitniareecnnsaaess 0.014 0.016 ampere
Driver Power Ourtput at peak of pulse (Approx.)4 10 11 kw
Usecful Power Output at peak of pulse (Approx.)............ 50 G5 kw

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

°With external, flat, metal shield having diameter of 8 inches, and center hole approximately 3 inches in
diameter provided with spring fingers that connect the shield to grid-No.2 terminal. Shield is located
in plane of grid-No.2 terminal perpendicular to the tube axis,

"With external, flat, metal shield having diameter of 8 inches, and center hole approximately 2-3/8
inches in diameter provided with spring fingers that connect the shield to grid-No.1 terminal. Shield is
located in plane of grid-No.1 terminal perpendicular to the tube axis.

®ON time is defined as the sum of the durations of all the individual pulses which occur during any 1000-
microsecond interval. Pulse duration is defined as the time interval between the two points on the pulse
at which the instantancous value is 70 per cent of the peak value. The peak value is defined as the maxi-
mum value of a smooth eurve through the average of the fluctuations over the top portion of the pulse.

° Puty faetor for the 7214 is defined as the ON time in microseconds divided by 1000 microseconds.
+The driver stage is required to supply tube losses, rf-circuit losses, and in cathode-drive circuits, the rf
power added to the plate input. The driver stage should be designed to provide an ¢xecss of power above
the indicated value to take care of variations in line voltage, in components, in initial tube charaeteris-
ties, and in tube characteristics during life.

TYPICAL PLATE CHARACTERISTICS

TYPE 7214
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OPERATING CONSIDERATIONS

Type 7214 may be operated in any position. OUTLINE 88, Outlines Section.
Adequate forced-air cooling must be provided to limit the terminal temperatures
to their specified values. For typical cooling requirements for air flow through the
radiator refer to graph for type 7213. An air flow of 10 ¢fm is usually adequate to
grid-No.2, grid-No.1, cathode, and heater terminals.

BEAM POWER TUBE

Sturdy heater-cathode types used 72 70
as af power amplifier and modulator
and rf power amplifier and oscillator. 727]

May be used with full input at fre-

quencies up to 60 Mc. For operation at

100 Mc, plate voltage should be reduced to 80 per cent and plate input should be
reduced to 85 per cent of maximum ratings; at 175 Mc, reduce plate voltage to 62
per cent and plate input to 70 per cent. Class C Telegraphy maximum plate dissipa-
tion, CCS 60 watts, ICAS 80 watts. Requires Septar 7-contact socket and may be
operated in any position. OUTLINE 28, Outlines Section. Under operating conditions
at maximum ratings, some forced-air cooling will be required to limit the maximum
bulb temperature to its specified value. The plate shows no color when the tube is
operated at maximum rated plate dissipation under CCS conditions. At maximum
rated plate dissipation under ICAS conditions, the plate may show a barely dis-
cernible color in a dark room.

7270 7271
HEATER VOLTAGE (AC/DC) .. oo vvvervnns [ feaveanes 6.3 13.5¢410% volts
~209,
HEATER CURRENT. . ... 0vivnrnsvennnsoananns Creeennaeaaas 2.85 1.25 amperes
7270 & 7271
MU-FACTOR, GRID N0.2 To GRID No.1". .......... irseseeneeearaaes . 8.25
DIRECT INTERBLECTRODE CAPACITANCES (Approx.):
Grid No.ltoplate. .. oot iie i iiieiieeissaaersasaan PR 0.4 nuf
Grid No.1 to grid No.2 and internat shield. . .. ............... veesens 10 nuf
Grid No.1 to cathode and heater. ........... ... i i viviies reene 8 puf
Grid No.2 and internal shield toplate. . . ....... ... i iiiiiennen . 10 puf
Grid No.2 and internal shield to cathode and heater........... eeeens 2.2 puf
Plate to cathode and heater N 0.14 nuf
Heater to cathode. ... .ottt i ittt et iian e ensanans 17 puuf
BULB TEMPERATURE (At hottest point). .. ..... ... .. oo, 250 max °C
® For plate volts, 250; grid-No.2 voits, 250; plate ma., 10.
AF POWER AMPLIFIER AND MODULATOR—Class AB1
Maximum Ratings: cCs ICAS
DCPLATE VOLTAGE. ottt ie i aesianaaessanenanans 1100 nax 1350 mazx volts
DC GRID-N0.2 VOLTAGE 425 max 425 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT] . ... vvvnevennn, e 340 max 340 mazx ma
MAXIMUM-SIGNAL PLATEINPUTY. .. ..o 180 mazx 250 max watts
MAXIMUM-SIGNAL GRID-NO.2 INPUT) . oo v e 20 mazx 20 mazx watts
PLATE DISSIPATIOND . . ..ottt it i ieia et eananse 60 max 80 max watts
PrAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................. 135 mazx 135 max volts
Heater positive with respect to cathode...... PPN 135 max 135 max volts
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum Ratings: cCsS 1CAS
DC PLATE VOLTAGE. ... vvvviiianannns PN Cereaen o 900 mazx 1100 max volts
DC GRID-NO.2 VOLTAGE. . ........0. e ressereaaaaiaasn 425 mazx 425 max volts
DC GRID-NO.1 VOLTAGE. .......... e i -300 max ~-300 mazx volts
DC PLATE CURRENT.......... [ Ceeaaerr e .. 280 mazx 280 mazx ma
DC GRID-NO.1 CURRENT, .. .covven Chereciar e RPN 25 max 30 max ma
PLATE INPUT. . .......ovvunns erareseaes Cehrraeeenen e 160 mazx 210 mazx watts
GRID-NO.2 INPUT. .. ...e0vuns 13.5 max 13.5 max watts
PLATE DISSIPATION. ... .ovvinnnnn N TR 40 max 50 max watts
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PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. ... .......... 133 max 135 max volts
Heater positive with respect to cathode., ................ 135 snax 135 max volts

Maximum Circuit Values: .
Grid-No.1-Circuit Resistance® .......... .00, P 30000 maex 30000 max ohms

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

Maximum Ratings: ccs . IcAS
DCPLATE VOLTAGE. .. .\ o vttt iiiiiiiianecniasnannnenss 1100 max 1350 max volts
DC GRID-NO.2 VOLTAGE. . ..o v ittt iva i inrenenrnaaans 425 max 425 muac volts
DC GRID-NO.I VOLTAGE. .. ... iviiiineiiriainvaasns . ~300 max ~-300 max volts
DCPLATE CURRENT. .. .ot iiieienirannens i 340 max 340 max ma
DC GRID-NO.L CURRENT. .. ..o ovteniinnenssreannnnnsnenn 25 max 30 max ma
PLATE INPUT. ... it et s e anarnannes ee 235 max 315 mux watts
GRID-NO2INPUT. . . ... it iiiennan eeeeraeaaas 20 max 20 max watts
PLATE DISSIPATION. . oot iiiv e iii i irannnnn e 60 max 80 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to eathode............... .. 136 max 135 max volts

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

Maximum Circuit Values:

Grid-No.1-Circuit Resistance®. . ... ... ..o iiivvnniinnne. 30000 max 30000 max ohms
tAveraged over any audio-frequency cyele of sinc-wave form.

°If this value is insufficient to provide adequate bias, the additional required bias must be supplied by a

cathode resistor or fixed supply. 63K e 61
Py IS
\Gg G3, K
BEAM POWER TUBE © Opa
Small, rugged, heater-cathode " u
7357 type used as af power amplifier and ™~

modulator and as rf power amplifier
and oscillator in applications where
dependable performance under severe
shock and vibration is essential. May be used with full input up to 60 Mc and with
reduced input up to 175 Me. Class C Telegraphy maximum plate dissipation, CCS
20 watts, ICAS 25 watts. Requires Octal socket and may be operated in any posi-
tion. OUTLINE 18, Outlines Section. Heater volts (ac/dc), 26.5; amperes, 0.3. Except
for heater rating, base, and special ratings and performance, the 7357 is identical
with type 6146.

AN =PLANE OF ELECTRODES

BEAM POWER TUBE

Rugged, heater-cathode type used
735 8 as rectangular-wave pulse modulator

in applications where dependable per-

formance under severe shock and vi-

bration is essential. Rated for service AA'=PLANE OF ELECTRODES
with duty factors up to 1.0 at 2 maximum averaging time of 10000 microseconds.
Rectangular-wave modulator maximum plate dissipation, 10 watts.

HEATER VOLTAGE (AC/DC) .t ittt itn e ittt ineeeiieruee e insenneoann 6.3 volts
HEATER CURRENT at 6.8 volts. . . ... n i i i e i ieees 1.25 amperes
TRANSCONDUCTANCE® . . .. ottt ea it ts e teoresaenenernonneas 7000 umhos
MU-FACTOR, GRID N0.2 To GrRID No.1® 4.5
DIRECT INTERELECTRODE CAPACITANCES:
Grid No. 1 toplate. ..u vttt et i e et 0.24 max puf
Grid No.1 to cathode and grid No.3 and internal shield, grid No.2,
basesleeve,and heater. .. .....vi ittt iiennnnnn PN 13 upf
Plate to cathode and grid No.3 and internal shield, grid No.2,
base sleeve,and heater. ... .......c. v iiiiririaiiarnnnanns R 8.5 e
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BuLs TEMPERATURE (At hottest point) ., . .. .coiiiiiiiinenn Ceereeenenes 220 max °C
® ¥or plate volts, 200; grid-No.2 volts, 200; plate ma., 100,

MODULATOR—Rectangular-Wave Modulation
For duty factort between 0.001 and 1 and maximum averaging time of 10,000 microseconds in any inlerval

Maximum CCS Ratings:

DC PLATE SUPPLY VOLTAGE (Fbb)°..0\.n.. esrarecreseresesreanesanns See Rating Chart I
INSTANTANEOUS PLATE VOLTAGE. . .. - 1159, of Ebb
DC GRID-No0.2 SuPPLY VOLTAGE®, . . 6500 max volts
DC Grip-No.1 SUPPLY VOLTACGE®, . . 300 mazx volts

(Minimum) . . ........o0evnnen.. vae . See Rating Chart I
GRID-NoO.1 VOLTAGE:

Instantaneous-negative value 400 maz volts

Peak positive value........... ... oo P - 100 maz volts
PEAK PLATE CURRENT. ........ Sce Rating Chart I
Prak GRID-N0.2 CORRENT. ... 0.75 mar ampere
PEAK GRID-N0.1 CURRENT. . 0.5 mar ampere

PLATEINPUT. ............. v 80 mazx watts
GRID-NO.2 INPUT. .. ... 1.75 max watts
GRID-NO.1 INPUT......... . . 0.5 mazx watt
PLATE DISSIPATION®. . . . .ttt i iian e aanns . . See Rating Chart I
Prak HEATER-CATIODE VOLTAGH:

Heater negative with respect to cathode. . oo vivviiiiieinacernernnes 135 mazx volts

Heater positive with respeet to eathode. .. ... i eeiaseestasaasausnne 135 maz volts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance. . . ... ... .. it iiier it iaronroecnrnenns 380000 max ohms

TYPICAL CHARACTERISTICS TYPICAL CHARACTERISTICS
TYPE_7358 TYPE 7358
150 —\ Ef+6.3 VOLTS E¢=63 VOLTS

(]
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1 Duty factor for the 7358 is defined as the ON time in microseconds divided by 10,000 mieroseconds.
ON time is defined as the sum of the durations of all the individual pulses which oceur during any 10,000-
microsecond interval.

Pulse duration is defined as the time interval between the two points on the pulse at which the in-
stantaneous value is 70 per cent of the peak vatue. The peak value is defined as the maximum value ofa
smooth curve through the average of the fluctuations over the top portion of the pulse.

° For tube protection, sufficient resistance must be used in the plate supply circuit, the grid-No. 2 supply
circuit, and the grid-No.1 supply circuit so that the short-circuit current is limited to 0.5 ampere in each
circuit.

= Averaged over any interval not exceeding 10,000 microseconds. Care should be used in determining
the plate dissipation. A ealculated value based on rectangular pulses can be considerably in error when
the actual pulses have a finite rise and fall time. Plate dissipation should preferably be determined by
messuring the bulb temperature under actual operating conditions; then, with the tube in the same
socket and under the same ambient-temperature conditions, apply sufficient de input to the tube to ob-
tain the same bulb temperature. This value of dc input is a measure of the plate dissipation.

OPERATING CONSIDERATIONS
Requires Octal socket and may be operated in any position. OUTLINE 18, Out-

lines Section. The bulb becomes hot dur-

RATING CHART II ing operation. To insure adequate cooling,

REE,{E.?ES;.ME'..}QOO: therefore, free circulation of air must be

3 Y MICROSECONDS MAX. - provided around the 7358. The plateshows
no color when operated with maximum

N rated dissipation. Connection to the plate

cap should be made with a flexible lead to
prevent any strain on the seal of the cap.

For tube protection, sufficient resist-
ance must be used in the plate supply cir-
= cuit, the grid-No.2 supply circuit, and the
O3+ FR 7 46 grid-No.1 supply circuit so that the short-
001 OIOIDUTY . AC%R ! circuit current is limited to 0.5 ampere in

92¢cs-soisTs each cireuit.

TYPICAL PLATE CHARACTERISTICS
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BEAM-DEFLECTION TUBE

Miniature heater-cathode type

7 3 60 having unique design and mount strue-
ture consisting of two plates, two de-

flecting electrodes, together with a

cathode, grid No.l, and grid No.2.
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Technical Data

Used for modulator, demodulator, and frequency-converter applications in single-
and double-sideband, suppressed-carrier communications equipment operating at
frequencies up to 100 Me; used with single-ended or push-pull input to provide
push-pull balanced output; used in low-cost balanced-modulator, balanced-mixer,
and product-detector service.

HEATER VOLTAGE (AC/DC) v vt v evevias s ettt inenaanesiaineeeernans 6.8 volts
HEATER CUBRENT. . . .0ttt iet ettt et itane ettt eenian e ceeneeninnns 0.36 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):°®
Grid No.1 to all other electrodes, except.plate. . ..................... 7.5 puf
Grid No.1 to deflecting electrode No.1........ . 0.15 nuf
Grid No.1 to deflecting electrode No.2. ... .... 0.15 nuuf
Grid No.l1toplate No.t..................... 0.003 npuf

Grid No.L £0 plate NO-Z. .. .. ..o vooeeee et T 0.008 pud

Plate No.l to all other electrodes, except deflecting-electrode No.2...... 0.8 puf
Plate No.2 to all other electrodes, except deflecting-electrode No.2. .. 0.8 puuf
Plate No.ltoplate No.2. . ... ... . . i .. 0.3 puf
Deflecting-electrode No.1 to all other electrodes, except plate No.1. . ... 4.6 puf
Deflecting-electrode No.2 to all other electrodes, except plate No.2. .. .. 4.6 puf
Deflecting-electrode No.1 toplate No.1. .. ............ ... .. .. .. 4 unf
Deflecting-electrode No.2 toplate No.2. . . ... .. ... ... ... .. .. 4 puf
Deflecting-electrode No.1 to deflecting-electrode No.2. .. ... ... ... ... 1.4 uuf
°Without external shield.
Characteristics, Class A1 Amplifier:
Plate-No.1 Supply Voltage. .. ... ... .. i i 1560 volts
Plate-No.2 Supply Voltage. . ................... 150 volte
Deflecting-Electrode-No.1 Supply Voltage 25 volts
Deflecting-Electrode-No.2 Supply Voltage .. 26 volts
Grid-No.2 Supply Voltage....................... .. .. 175 volts
Cathode ResiSEOT . ... ..ttt i i e s 150 ohms
Total Beam Current (plate-No.1 current plus plate-No.2 current), ........ 8.5 ma
Grid-No.2 Current. . . . ..ottt i it e e 2.1 ma
Transconductance:
Grid No.1 to both plates connected together................... . 5400 umhos
Detlecting-electrode No.l1 to plate No.1". . .. 800 umhos
Deflecting-electrode No.2 to plate No.2®. .. 800 umhos

Switching Voltage®. . . ... .o i i 11 volts
* Defined as the partial derivative of the plate current with respect to the difference between the de-
flecting-electrode voltages, evaluated about the point of equal plate currents.

* Defined as the sum of (a)} the absolute value of the difference between the deflecting-electrode voltages
when the current to one plate is equal to 90 per cent of the total beam current and (b) the absolute value
of the difference between the deflecting-electrode voltages when the current to the same plate is equal to
10 per cent of the total beam current. This sum, expressed in terms of signal voltage, corresponds to the
peak-to-peak value of signal voltage that is required between the deflecting electrodes to produce peak-
to-peak signal current at either plate equal to 80 per cent of the total beam current.

Maximum Ratings: BALANCED-MODULATOR SERVICE

PLATE-NO.1 VOLTAGE, . .. .. oottt it ie e i 300 max volts
PLATE-NO.2 VOLTAGE. .. .............. .. .. 300 max volts
DEFLECTING-ELECTRODE N 0.1 VOLTAGE =100 max volts
DEFLECTING-ELECTRODE N 0.2 VOLTAGE +100 mazx volts

GRID-NO.2 VOLTAGE. .. .................... .. 250 max volts

PLATE-NO0.1 DISSIPATION. . .. ... .. 1.5 max watts
PLATE-NO0.2 DISSIPATION. .. ... ... 1.5 max watts
GRID-N0.2 INPUT 0.5 max watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode 180 max volts
Heater positive with respect to cathode. ... ... ... . ... .. . 180%max volts

Typical Operation:
In accompanying balanced-modulator eircuit using separate cxeitation™
Plate Voitage, Each plate. . ....... ... .. .. ... .. i 150 volts

Deflecting-Electrode Voltage, Each electrode (Approx.)..... .. 25 volts
Grid-No.2 Voltage 175 volts
Cathode Resistor............ .. ..o, 1200 ohms
Peak-to-peak AF Deflecting Electrode Voltag . .. 2.8 volta
Peak-to-peak RF Grid-No.l Voltage. . ......... ... ..o iiiiiinn, 10 volts
Plate Current, Eachplate. . . ... .. ... i i it i 1.5 ma
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Grid-No.2 Current. ... .. covviiii it iiiarenarannenenornen Cerre s 0.76 ma
Plate-to-Plate Load Impedance (APProxX.) ......oecuvveaviennsennn PPN 5000 ohms
Push-Pull, Peak-to-Peak, Double-Sideband Output Voltage....... NP 4 volts
Carrier SuPPressiont. .. ... oviie ittt i i i e et 60 db
Third-Order Distortiont. .. . .. .o ittt it i ciiiii e -47 db
TFourth-Order Distortiont. . ... ... oottt i it anes e —45 db

Maximum Circvit

Valves:

Grid-No.1-Circuit Resistance:

For fixed-biag operation....... .ol e 0.5 max megohm
For cathode-biasoperation. .. ....... ..ottt 2.2 maxr megohms
Deflecting-Electrode-Circuit Resistance, Each. . ........... .. .. ... 00 0.05 max megohm

Balanced-Modulator Circuit

O
PUSH-PULL
DOUBLE-SIDEBAND
OUTPUT TO
SINGLE~-SIDEBAND
FILTER
—O
CARRIER INPUT QR;
(250 TO
5000 KC) +250V
Ris
22Cs5-10258
C1: 0.001 uf Ri: 0.47 megohm Rui: 2700 ohms
C20.22 uf Raz: 1200 ohms Riz2: Quadrature Balance
C3: 0.001 uf Rs3, R4: 68000 ohms Potentiometer, 2500 ohms
Ca: 0.01 uf Rs: 47000 ohms Ri3, Rie: 2700 ohms
Cs, Ce: 0.0033 uf Re: 12000 ochms Ris: 0.1 megohm
Cr: 0.1 pf Ri: 47000 ohms NOTE: All resistors !4 watt, =10
Cs, Co: Sufficient to resonate Rs: 0.1 megohm percent, unless specified. All ca-
Input of SSB filter Ra: 2700 ohms pacitors 400 volts.
Cro: 0.22 pf Rue: Carrier Balance Potenti-
Cu: 0.47 uf ometer, 5000 ohms
Maximum Ratings: BALANCED-MIXER SERVICE
PLATE-NO.1 VOLTAGE. ... ... ittt 300 max volts
PLATE-NO.2 VOLTAGE. .« oot ittt it e e et e e e e 300 volts
DEFLECTING-ELECTRODE-NO.1 VOLTAGE. . ... ... ... ... .. ... ... =100 mar volts
DEFLECTING-ELECTRODE-NO.2 VOLTAGE. . .. ... ... o =100 mar volts
GRID-NO.2 VOLTAGE. . . .0ttt tiiitie e et s 250 mae volts
PLATE-N 0.1 DISSIPATION 1.5 max watts
PLATE-NO0.2 DISSIPATION 1.5 max watts
GRID-NOZENPUT. . . oot i e e 0.5 max walt
Prak HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . ... . ... ... ... .. ... .. .. .. 180 max volts
Heater positive with respect to cathode. . ....... ... ... oo 1807 max volts

Typical Operation:

In accompanying balanced-miver circuit using separate cxeitation®

Plate Voltage, Each plate. . . ... .. i 150 volts
Deflecting-Electrode Voltage, Each electrode (Approx.).................. 25 volts
Grid-No.2 Volbage. .. .. .. e i e e 175 volts
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Cathode ResIStOr. . . .o v ettt eiee e iiaa s e nae e aaneee s 1200 ohms
Peak-to-Peak Single-Sideband Deflecting-Electrode Voltage®*. ., .......... 8 volts
Peak-to-Peak RF Grid-No.1 Voltage. ........ e e it etei et 10 volts
Plate Current, Eachplate. . ...... ... ... i N 1.5 ma
Grid-No.2Current. . .. ...ttt i it te e e, P 0.75 ma
Plate-to-Plate Load Impedance (APpProx.). . .........ooevvusennn P 40000 ohms
Push-Pull, Peak-to-Peak, Single-Sideband Qutput Voltage......... P 25 volts
Oscillator Suppressiont. . ... ... i i i e i e P -40 db
Third-Order Distortiont. ... ... . . o it e . -40 db
Fourth-Order Distortiont. .. ... .ottt it ittt arenanss -39 db
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-biasoperation. . . .. ... .. i i e 0.5 maxr megohm
For cathode-bias operation. .. ... .. ... . i .. 2.2 mar megohms
Deflecting-Electrode-Cireuit Resistance, Bach ... .. ..o o0 oo (.06 max megohm
Balanced-Mixer Circuit
Ly
A S SINGLE-
Cb(__:,—‘ }, & SIDEBAND
; [ OUTPUT
...... L N
O—
SINGLE- |
SIDEBAND | ¢ # 3250V
INPUT |
Q—-——:_ _______________ -
o—<!
RF R <
OSCILLATOR
INPUT

f

92CS-10256R!1

C3:0.001 uf Ta: Inductor ometer, 5000 ohms

C:: 0.04 uf Ri: 0.47 megohm Rs: 0.1 megohm

Cs, Cs: 0.001 uf Re: 1200 ohms Ro, Rio: 2700 ohma

Cs: 0.04 uf R, Ry: 68000 ohms T:: Tuned Input Transformer

Cs: Split-Stator Tuning Capacitor Rs: 0.1 megohm NOTFE: All resistors, ¥4 watt, =10
to Resonate with L; Re: 12000 ohms percent unless specified; all ca-

Cs, Cs: 0.04 uf Ri: Oscillator Rejection Potenti- pacitors 400 volts

IThe de component must not exceed 100 volts.

*Qperation with self-excitation and cathode resistor of 300 ohms is similar to operation with separate
excitation.

#% To either electrode: the other electrode is by passed.

tReferred to single-sideband output voltage.

OPERATING CONSIDERATIONS

QUTLINE 9, Outlines Section. Tube requires miniature nine-contsct socket and
may be operated in any position. To avoid excessive distortion, the plate voltage
must be sufficiently high so that the instantaneous plate-voltage excursion does not
enter the knee region of the tube characteristic where the grid-No.2 current in-
creases rapidly. A deflecting-electrode voltage in the range of 20 to 35 volts for
each electrode is satisfactory for most applications. Some means should be provided
for varying one of the deflecting-electrode voltages for balancing purposes. The
balance control should allow the positive dc bias voltage to vary approximately
=10 per cent about the mean value. To minimize distortion, the peak signal voltage
applied to grid No.1 should be smaller than the grid-No.1 bias voltage so that the
instantaneous grid-No.1 voltage never reaches zero.

Deflecting-electrode-circuit resistance should be kept below 50000 ohms to
prevent nonlinear tube operation. The resistances of the two deflecting-electrode
circuits should be approximately equal to minimize unbalance. The current drawn
by each deflecting-electrode is in the order of 40 microamperes.

&)
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AVERAGE CHARACTERISTICS
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MICROMHOS

RCA Transmitting Tubes

Magnetic fields adversely
affect the intrinsic operating
plate-current balance of the
7360. Although this tube is in-
ternally shielded to minimize
this effect, the tube should be
mounted as far as possible from
all devices producing extrane-
ous magnetic fields such as
transformers, chokes, motors,
or similar components. Itisrec-
ommended that an external
shield be used in those applica-
tions critical for balance.

Chassis layout should be
such that all components and
wiring associated with the
plates and deflecting electrodes
are symmetrical. This consid-
eration is particularly impor-
tant in rf applications where
very small differences in stray
capacitance can result in un-
balance. Chassis layouts which
permit heat or vibration to af-
fect the components associated
with one deflecting-electrode
circuit or plate circuit more
thantheothershould be
avoided. All components
should be rigidly mounted.

OPERATION CHARACTERISTICS
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AVERAGE CHARACTERISTICS
T

TYPE 7360 !

E476.3 VOLTS
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BEAM POWER TUBE

Small, rugged, uhf, forced-air,
cooled, heater-cathode, cermolox type 7457

used as af power amplifier and modu-

lator, and as rf power amplifier and os-

cillator in compact mobile and fixed

equipment where dependable performance under severe shock and vibration is es-
sential. Useful at frequencies up to 2000 Mc and heyond. Class C Telegraphy max-
imum plate dissipation, CCS 115 watts. May be operated in any position. OUuT-
LINE 78, Outlines Section. Except for special ratings and performance data, in-
ternal construction, and minor differences in general characteristics as shown be-
low, the 7457 is identical with type 6816. Tube has matrix cathode.

HEATBR VOLTAGE (AC/DC) . ittt ittt ietaceriiaaenersaaenecanaasas 6.3 volts
HEATER CURRENT. . ..ottt itnernnevrnnctanessasaunessnnesnasonaesans 3.2 amperes
HEeATING TIME, MINIMUM. . ...... 60 seconds
MUFACTOR® . ... ... ... .. ... 0. 18
DIrECT INTERELECTRODE CAPACITANCES .. 6
Grid No.ltoplate. . ...t .. 0.065 maz upf
Grid No.1 to cathode and heater............ .. .. 14 euf
Plate to cathode and heater 0.019 maz ppf
Grid No.1 to grid No.2........ 19 upf

Grid No2toplate. .............. .. 4.5 puf
Grid No.2 to cathode and heater 1.3 maz puf
°Because the cathode is subjected to considerable back bombardment as the {requency is increased with
resultant increase in tempcerature, the heater voltage should be reduced depending on operating condi-
tions and frequency to prevent overheating the cathode and resultant short life.
*For plate volts, 250; grid-No.2 volts, 250; plate ma., 100.
®Measured with special shield adapter.

| A TUNABLE OSCILLATOR
T TRIODE
OUTPUT G
TERMINAL RESONATORS Heater-cathode, pencil type hav- 7
ing integral resonators; used as uhf 533

oscillator in radiosonde equipment,
Tunable at frequencies between 1660
wn B8 and 1700 Me. May be used at ambient
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temperatures ranging from —55 to +75°C. UHF Oscillator maximum plate dissi-
pation, 3.6 watts.

HEATER VOLTAGE RANGE (AC/DC). vt v it ivneniiesnascnnonnansonesns 5.2t06.67 volts
HEATER CURRENT 2t 6 VOIES. . ..o h ittt ci e 0.16 ampere
FREQUENCY (ADDPLOX.) ot o vt inetetiia e anseniseanesssaensseos 1680° Me
TUNING RANGE . .......... 1660 to 1700 Mec
RF CoAXIAL OUTPUT TERMINAL: Characteristic impedance (Approx.}.... .. 50 ohms

TUNING SCREWS (2):
Maximum Torque (Absolute) at tuning-range stops. . ................ 6.5 oz-in.

Maximum Ratings: UHF OSCILLATOR—Class C
Al frequencics between 1660 and 1700 Me and altitudes up to 100,000 feel

DC PLATE-TO-GRID VOLTAGE, ..« ot ottt ii e ea i entnes 130 max volts
DIC PLATE CURRENT. o1ttt v ieatat o inniaan et aear e s 34 max ma
DC GRrID CURRENT 8 mux ma
PLATE INPU T . o o ottt it et et a i aaa e ae e aaass 4 max watts
PLATE DISSIPATION. . ot ottt ettt cntaennneosan et aeaasiarencns 3.6 max walls
AMBIENT-TEMPERATURE IRANGE. . . ..ot it ~55 to +75 °C

As cathode-driver oscillutor at frequency of

Typical Operation: 1660 Mc 1680 Mce 1700 Mc
Heater Voltage. . . .o cvvt it 6 6 6 volts
DO Plate-to-Grid Voltage. . ... ..o, 124.5 124 123 volts
DC Cathode-to-Grid Voltage. .. ... ... 7.5 6.75 6 volts
From grid resistor of 1500 1500 1500 ohms
DC Cathode Current. . . 35 31.5 32 ma
DC Grid Current......... 5 4.5 6 ma
Useful Power Qutput (Approx.)...... 575 575 475 mw
Circuit Values:
Grid-Cireuit Resistanee, Maximum. . .. ... ...t 2400 ohms
Grid-Cireuit Resistance, minimum . . ...... ... 1300 ohms

1 This range of heater voltage is for radiosonde applications in which the heater is supplied from bat-
teries and in which the equipment design requirements of minimum size, light weight, and high effi-
cieney are the primary considerations even though the average life expectancy of the 7533 in such serv-
ice is only a few hours,

©Ag supplied, tubes are adjusted to 1680 =4 Mc.

OPERATING CONSIDERATIONS

Type 7533 may be operated in any position. OUTLINE 75, Oullines Section. The
flexible heater leads of the 7533 may be soldered to the circuit elements, but not
closer than 34-inch from the surface of the glass button. Otherwise the heat of the
soldering operation may crack the glass button and damage the tube.

Support for the 7533 should be provided by a suitable clamp around the metal
shell of the tube, preferably in the indicated zone shown on the dimensional outline.
Care must be taken to avoid clamping so tightly as to cause distortion of the resona-
tor cavity with resultant change in operating frequency. Connections to the grid
terminal and to the plate terminal should be made by means of spring contacts only.
Under no circumstances should connections be soldered to these terminals.

Accurate frequency adjustment in the 1660-t0-1700 Mc operating range, to-
gether with minimum frequency drift, may be obtained by using both tuning
screws. Alternately turn each tuning serew not more than one-half turn at a time,
in a clockwise direction, to lower the frequency. Repeat this procedure until the
desired lower frequency adjustment is reached. To reach a higher frequency, follow
the same procedure except that the tuning screws are turned in a counterclockwise
direction.

BEAM POWER TUBE

Miniature, heater-cathode type

7 5 5] used in mobile communications equip-
ment operating from 12-volt storage

battery systems. Used in rf amplifier,

oscillator, and frequency multiplier

service at frequencies up to 175 Mc; also used in modulator and af power-amplifier
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applications. During manufacture, the 7551 is subjected to special controls and tests
for heater-cycling, heater-cathode leakage, interelectrode leakage, low-frequency-
vibration performance, 500-hour intermittent life performance, and intermittent
shorts.

HEATER VOLTAGE RANGE 12 to 16 volts
HEATER CURRENT, at 13.5 0.36 ampere
DIRECT INTERELECTRODE CAPACITANCES:®
Grid No.ltoPlate. . ... ... . i i i it .. 0.15 max puf
Grid No.l to Cathode, Heater, Grid No.3, and Grid No.2. ............ 10 puf
Plate to Cathode, Heater, Grid No.3, and Grid No.2................. . 5.5 pul
° Without external shield.
Characteristics, Class At Amplifier, with 13.5 Volts on Heater:
Plate Voltage. .. ..o v ittt ittt ie ettt e 250 volts
Grid NoOB. .o e e e e e Connected to cathode at socket
Grid-No.2 VoOltage. .. ...t it et ettt ettt aaeneens 250 volts
Grid-No.Ll Voltage. .. ... ...ttt et et taanssoasasianaarsres -18 volts
Mu-Factor, Grid No.2 to Grid No.1. ... .. i iiiaia e 8.7
TransconduCtance. . . ........uuut ittt ettt 5300 wpmhos
Plate Current. . . ... . . i e e i e e 40 ma
Grid-No.2 Current. . . ... ... i i i i e e e i 3 ma

AF POWER AMPLIFIER AND MODULATOR—Class AB1
Maximum CCS Ratings:

DO PLATE VOLTAGE . . . oottt ittt it i i it en e e 300 max volts
Grid NoB. ..o e e e e Connect to cathode at socket
DC GRID-NO.2 VOLTAGE. . ... .ottt eraaertiacnsrennennsnn 250 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT™. . .. ... .. . it naannaes 70 max ma
MAXIMUM-SIGNAL PLATE INPUT™. ... ... ... it iiiernnees PIIINN 21 max watts
MAXIMUM-SIGNAL GRID-NO.2 INPUT". . ........ ... .. ut Ceeereen ceun 2 max watts
PLATE DISSIPATION®. ... . ittt iinannaanen P 10 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect toecathode................ ... ... oivts 100 max volts

Heater positive with respect to cathode. . ........... .. ... .. oot 100 max volts
BuLs TEMPERATURE (At hottestpoint). . ..... ... ..ot 225 max °C

Typical CCS Push-Pull Operation With 13.5 Volts on Heater:
Values are for two tubes

DCPlate Voltage. . ... .o oottt ie ettt tisiarean e iaaaseans 300 volts
GrA N0 . L. e e e Connected to cathode at socket
DC Grid-No.2 Voltage®. . ... .. ittt e ittt it rns 250 volts
DC Grid-No.1 Voltage®. . ... ... ... i it ittt iienaas -21 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage. . .......... ..o, 40 volts
Zero-Signal DC Plate Current. . . . .. ... iit ittt iiiiainarrnosann 40 ma
Maximum-Signal DC Plate Current. .. ..... ... ... i iiiiiviitaiarons, 125 ma
Zero-Signal DC Grid-No.2 Current. .......... .. iiiiiiieirninseensaaes 2 ma
Maximum-Signal DC Grid-No.2 Current. .......... ... ... ey 14 ma
Effective L.oad Resistance (Platetoplate) ...........c.viivviihiinnn PN 5000 ohms
Maximum-Signal Driving Power. . .......c. i i i [ watts
Total Harmonic Distortion. .. ... it i iiiinreaanans 5 per cent
Maximum-Signal Power Qutput (ADPProX.) . . .o iiuvnrnenoereinaannaun 20.5 watts
Maximum Circuit Values:

Grid-No.l-Circuit Resistance. .. ... ..c.coiiiennnnn e 0.1 mar megohm

RF POWER AMPLIFIER AND OSCILLATOR-—Class C Telegraphy
and

RF POWER AMPLIFIER—Class C FM Telephony
At frequencies up to 175 Me

Maximum Ratings: ccs 1CAS

DC PLATE VOLTAGE ... ....ovvenns 300 max 300 max volts
GRIDNO.3.............. s Connect to cathode at socket
DC GRID-NO.2 VOLTAGE PN 250 max 250 max volts
DC GRID-NoO.1 VOLTAGE . —125 max -125 max volts
DC PLATE CURRENT....... chaee 70 max 80 max ma
DC GRID-N0.2 CURRENT. .. 15 max 15 max ma
DC GRID-NoO.1 CURRENT.. . 6 max b max ma
PLATEINPUT.........coivveun, .. . 21 max 24 max watts
GRID-NO.2 INPUT. « ¢ oot iievenrrancaneerianns . 2 max 2 max watts
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PrATE DISSIPATION. . .o o v v it ii i it i cneaannnns PR TR TR
Peak HEATER-CATHODE VOLTAGE:

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

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

Typical Operation With 13.5 Volts on Heater:

DC Plate Voltage...... 250
GridNo3..............

DC Grid-No.2 Voltage®. . 200
DC Grid-No.1 Voltage*. ............ovnvivnn -40
Peak RF Grid-No.1 Voltage 47
DC Plate Current. .......... . 60
DC Grid-No.2 Current................ i 3.7
DC Grid-No.1 Current (Approx.) 1.5
Driver Power OQutput (Approx. )™ . . ... .. ... 0ovenn 1
Useful Power OQulput (Approx)f ... ... ..o 6.5

Maximum Circuit Values:
Grid-No.1-Circuit Resistance. . .. ...... . oiiiniiveenan

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings:
DCPLATE VOLTAGE. .. .. ..ottt it itiasecaaans
GRIDNO3..............
DC GRrID-N0.2 VOLTAGE. .
1DC Grip-No.1 VOLTAGE. .
DC PLATE CURRENT.... ..
DC GRID-N0.2 CURRENT..
DC GRID-NO.1 CURRENT. .
PLATE INPUT. .. ........
Grip-No.2 INpUT. .. ... ..
PLATE DISSIPATION. . o .. vttt ivetisan v etannsonaenn oo
PEAK HEATER-CATHODE VOLTAGE:

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

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

Typical Operation with 13.5 Volts on Heater:
At 175 Me
PC Plate Voltage. ........
GridNoJ3................
DC Grid-No.2 Voltage*. ... ...
DC Grid-No.1 Voltage**. ... ... ... ........
From a grid-No.1 resistor of . .............
RF Grid-No.1 Voltage. ........
DC Plate Current. ...........
DC Grid-No.2 Current........
DC Grid-No.1 Current (Approx.)......
Driving Power (Approx.)®, ... ..... e
Useful Power Outputt. . ..ovniiviniieinrasennnrennaans

Maximum Circuit Values:
Grid-No.1-Circuit Resistance. . .

Maximum Ratings:
DC PLATE VOLTAGE. .
GRIDNO3............
DC GRID-NO.2 VOLTAGE. ........
DC GriD-NO.1 VOLTAGE. ........
DC PLATE CURRENT, . ...vvieunianns
DC GrID-N 0.2 CURRENT.........
DC GRID-NO.1 CURRENT.........
PLATE INPUT. .. ... PN
GRiD-N 0.2 INPUT. . .
PrLATE DISSIPATION. . .o v ovinnonnnrcann
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode..

Heater positive with respect to cathode. ...

10 mazx 12 max watts

100 max 100 max volts

100 maz 100 max volts

225 mazx 225 mazx °C

As amplifier at 175 Mc
CcCS ICAS

300 300 volts
Connected to cathode at socket

200 250 volts

—42 -55 volts

52 62 volts

70 80 ma

3.7 5.1 ma

2.1 1.6 ma

1 1.5 walts

8.5 10 watts

0.1 max 0.1 wmaxr megohm

At frequencies up to 175 Me
CCS ICAS
250 max 250 mar volts

Conneet to cathode at socket

250 max 250 nax volts
-125 max -125 maex volts
60 maxw 70 max ma
10 mex 10 maz ma
5 max 5 max ma
15 max 17.5 max watts
1.4 max 1.4 max walts
T max 8 max watts
100 max 100 max volts
100 max 100 wmax volts
225 max 225 nax °C
CCS ICAS
250 250 volts
Connected to cathode at socket
250 250 volts
-70 -5 volts
33000 33000 ohms
75 80 vollg
60 70 ma
2.5 3 ma
2.1 2.3 ma
1 1 watt
6.5 7.5 watts
0.1 maz 0.1 maz megohm
CCS ICAS
300 mazx 300 maz volts
Connect to cathode at socket
250 mazx 250 max volts
-125 mazx -125 max volts
60 mazx 60 mazx ma
15 mazx 15 maz ma
5 max 5 max ma
13 maz 15 maz watts
2 max 2 max watis
10 mazx 12 mazx watts
100 mazx 100 max volts
100 maz 100 mazx volts
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BuLs TEMPERATURE (At hottest point). . .................. 225 max 225 max °C
Typical Operation With 13.5 Volts on Heater: As doubler to 175 Mec
DCPlate Voltage . . ..o ooii it et cin e anasannn 250 300 volts
Grid No.B. ..o .. Connected to cathode at socket
DC Grid-No.2 Voltage. . 200 250 volts
DC Grid-No.1 Voltage* .. -53 ~66 volts
From a grid-No.lresistorof. .. ... ... ... .. i, 53000 44000 ohms
Peak RF Grid-No.1 Voltage. ... . ........oiiiiiinarennn.. 60 74 volts
DC Plate Current. ................. cen 50 60 ma
DC Grid-No.2 Current............... . 2.6 3.5 ma
DC Grid-No.1 Current (Approx.). ... 1 1.5 ma
Driving Power (Approx.)** 0.4 0.6 watt
Useful Power Outputf 3 4.5 watts
As tripler to 175 Mc
DC Plate Voltage 200 250 volts
GridNo.3.............. Connected to cathode at socket
DC Grid-No.2 Voltage. . . L. 200 250 volts
DC Grid-No.1 Voltage. . ... . =90 -120 volts
From a grid-No.lresistor of . . ... ... .. ... ... ot 50000 70000 ohms
Peak RF Grid-No.1 Voltage............. 1056 130 volts
DC Plate Current. ......... 50 60 ma
DC Grid-No.2 Current 3 3.9 ma
DC Grid-No.1 Current (Approx.)....... 1.85 1.7 ma
Driving Power (Approx.)® . ... .......... 0.4 0.6 watt
Useful Power Qutputt. .. ..... ... .. .. 1.4 2.3 watts
Maximum Circuit Values:
Grid-No.1-Cireuit Resistance. . . ............coiiiiaiua.. 0.1 max 0.1 mar megohm

= Averaged over any audio-[requency cyecle of sinc-wave form.

® Obtained preferably from a fixed supply.

9 Obtained preferably from a separate source or from the plate-voltage supply with a voltage divider.
If a series resistor is used, it should be adjustable to permit obtaining the desired operating plate current
after initial tuning adjustments are completed.

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

#t Driver stage is required to supply tube losses and rf circuit losses. The driver stage should be designed
to provide an excess of power above the indicated values to take care of variations in line voltage, com-
ponents, initial tube characteristics, and tube characteristics during life.

1 Measured at load.

4 Obtained preferably from a separate source modulated along with the plate supply, or from the modu-
lated plate supply through a series resistor. It is recommended that this resistor be adjustable to permit
obtaining the desired operating plate current after initial tuning adjustments are made.

41 Obtained from a grid-No.1 resistor or from a combination of grid-No.1 resistor with either fixed sup-
ply or cathode resistor. The combination of grid resistor and fixed supply has the advantage of not only
protecting the tube from damage through loss of excitation but also of minimizing distortion by bias-
supply compensation.

AVERAGE CHARACTERISTICS
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OPERATING CONSIDERATIONS

Type 7551 requires Miniature nine-contact socket and may be operated in any
position. QUTLINE 9, Outlines Section.

Shielding of the 7551 in straight-through rf amplifier service is required for
stable operation. To minimize external feedback from the plate to grid No.1, a
grounded shield crossing the terminal end of the tube socket through the space be-
tween pins 2 and 8 and the space between pins 8 and 9, is generally adequate for this
purpose.

The heater may be effectively bypassed by grounding one heater pin at the
tube socket and by passing the other heater pin to ground with a low inductance
capacitor. To reduce degeneration in the cathode circuit, two base-pin connections
(pins 1 and 9) are provided. The cathode circuit should be arranged so that the in-
put ac current flows through one cathode connection and the output ac current
flows through the other. This circuit arrangement will reduce the effect of the
cathode lead inductance. Both cathode circuit returns should be grounded through
the shortest possible connection.

The rf impedance between grid No.2 and the cathode must be kept low, usually
by means of a suitable bypass capacitor. In telephony service when grid No.2 is

modulated, a smaller bypass capacitor

AVERAGE CHARACTER'ST'CS than is used for telegraphy service may be

T T

TYPE 7551 required to avoid excessive af bypassing.

- ::;'mg 3 O LONNECTED To catwope—|  However, if the capacitance value is too
gzs LeiD-Na2 VOLTS=250 | small, rf feedback may occur between
g \ \ plate and grid No.1, depending on the cir-
220 cuit layout, operating frequency, and
g \ 5 power gain of the stage. AF bypassing diffi-
=15 \ P culties can usually be eliminated if the
S 0 - —T grid-No.2 bypass capacitor is replaced by
2 bﬁlo-m.l VOLTS IEc|=5 a series-resonant circuit which is tuned to
© gl * resonate at the operating frequency. This
\L I l ‘ 1 0 circuit presents a high impedance to audio

0 100 200 300 frequencies but a very low impedance to

PLATE VOLTS 0265 103671 its resonant frequency.
p
HIGH-MU TRIODE
Heater-cathode, ceramic-metal, o
75 52 pencil type used as a low-noise ampli-
fier in receiver applications up to 1500 K

Me. It is also useful in applications

requiring fast warm-up time and in
equipment where dependable service under severe environmental conditions and
long life are essential.

H H

HEATER VOLTAGE (AC/DC) . .ot ie ittt 6.3 volts
HEATER CURRENTat 6.3 volts. . ... ... .. ... . i, 0.225 ampere
CATHODE WARM-UP TIME (Average, to reach 809, of operating plate cur-

rent: for heater volts, 6.3; dc plate supply volts, 80; dc¢ grid volts, 0;

cathode resistor, 0 ohms, load resistor, 10 ohms). .. .................. 10 seconds
DIRECT INTERELECTRODE CAPACITANCES:

Grid 10 pPlate. .. . o i i e i e e e e e 2.4 unf
Grid to cathode and heater. .. ... ...ttt i e 4.4 puf
Plate to eathodeand heater. . . ....... .. ... i i, 0.04 max puf
Heatertoeathode. . ... .. .. ittt ittt e einans 2.6 uuf
Cathode toplate. ... ... i i e e 0.04 max puf
Cathode togridand heater.........covviviii i 7 upf
Platetogridand heater. .. ... ..ottt i 2.0 puf
PLATE SEAL TEMPERATURE. . ...ttt iiieiananariinarnnnens 225 max °C



Technical Data

Characteristics, Class A1 Amplifier:

Plate VOltage. . .o v vveiee it iiivnnseacnsoanas retaeree ey e 125 volts
Cathode ReBIStOT. . . .. civeriiieioirien v ennearonosenaesasassnsenin 50 ohms
Amplification Factor.........cooiiiiin it e 80
Plate Resistance (APProX.)......covvevverrranennenenns e 6000 ohms
TransconAUCEAIICE. . . .ot vttt it ie e v ensaaaonnasorermontonosesnonnsnans 13500 umhos
Plate CUITENE. . . ottt i et et bian s nannaaaenneanane s 13 ma
RF AMPLIFIER—Class A1
Maximum CCS Ratings: For altitudes up to 100,000 feet and frequencies up to 1500 Mc
DC PLATE VOLTAGE . .. - o1t ie et cin e iia it taanasn s 250 max volts
DC GRID VOLTAGE. . ..ttt it inn s ecnananns e —50 max volts
DC PLATE CURRENT. .. .ottt ee e et s s aanarssasssnencenasensres 25 max ma
PLATE DISSIPATION, .ottt ettt iinaia i ianarassasasseans 2.5 mar watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . ......... ... ... v iuhtn 50 mazx volts
Heater positive with respect to cathode. ........ ... ..o 50 mazx volts
Typical CCS Operation in Cathode-Drive Circuits: .45 5Alfli5lgal‘f¢;width with ﬁ)t;;co%gfzfiwidth
DC Plate-to-Grid Voltage. . ... .. ooviiiriiriririaarenssres 125 150 volts
Cathode ResiStor. .. ... ovii it . B0 50 . ohms
Input Signal Level Range.........coooiviiiiiiiiieiansaens -70to~20 70 to -20 dbm
DCPlate CUrTent. . . ... vvvt ittt ii e iaraae s 13 13.5 ma
Power Gaill ... ... e e 16.5 16 db
Noise FigUIe. ... ottt o it ina i ia s 6.5 12.5 db

Maximum Circuit Valves:

Grid-Circuit Resistance:
For fixed-bias operation. ... ... ... . i it i Not recommended
For cathode-bias operation. . .. ....... ... it 0.25 max megohm

OPERATING CONSIDERATIONS

Type 7552 may be operated in any position. OUTLINE 68, OQutlines Section.
Connections to the cathode cylinder, grid flange, and plate cylinder should be made
by flexible spring contacts. The connectors should make firm, large-surface contact,
yet must be sufficiently flexible to insure that no part of the tube is subjected to
excessive strain.

The cathode should preferably be connected to one side of the heater. When,
in some circuit designs, the heater is not connected directly to the cathode, pre-
cautions must be taken to hold the peak heater-cathode voltage within the maxi-
mum rated values. For curve of average plate characteristics in cathode-drive
service, refer to type 7553.

GAIN CHARACTERISTICS
CATHODE - DRIVE SERVICE

T T T T T T T
E'%J?&%s NOISE FIGURE CHARACTERISTIC
[~ o109 ATHO RIVE- [
PLATETO-GRID SUPPLY __CATHODE DRIVE-SERVICE
[ b e 5 8%,
2 24 (dbm=-70 » o [ PLATE-TO-GRID SUPPLY vOLTS=125 |
3 | [ 1t s | CATHODE RESISTOR (OHMS)=50
L22 T gl J, |"BANDWIDTH (Mcl+I0 -
= WO o
8 20— ohNS 5 310
@ - [
Y g e S " T
E3 Lt 10 R
2 // o o o]
16 —— 15 z ——
| et e o [
1a—=f—r—f 20
P |
ot 3
12— 400 600 800 1000
10 FREQUENCY-M¢
350 650 750 950 92¢5-10270T2
FREQUENCY~ Mc

92CM - 02TITH
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HIGH-MU TRIODE

Heater-cathode, ceramic-metal,
75 5 3 pencil type used as a low-noise ampli-
fier in receiver applications up to 1500 K
Me. It is also useful in applications
requiring fast warm-up time and in
equipment where dependable service under severe environmental conditions and
long life are essential. The 7553 is similar to type 7552, but has superior performance
and environmental features. Type 7553 may be operated in any position. OUT-
LINE 68, Oullinies Section. For other considerations, refer to type 7552.

H H

HEATER VOLTAGE (AC/DC). v v civruecnssrsnsnsnens e N 6.3 volts
HEATER CURRENT at 6.8 volts. . .......0oveneinneenr i e 0.225 ampere
CaTHODE WARM-UP TIME to reach 80% of operating plate currentf . 10 max  scconds
DIRECT INTERELECTRODE CAPACITANCES:{
Gridtoplate. . .........ciiiiiiiiiiiiaa, e heaseresteat et 2.4 uuf
Grid to cathode and heater...........iiiiiiiiriieirineerenennsan. 4.4 puuf
Plate to cathode and heater........ i asec e s ettt 0.03 max puf
Heater to cathode............... et s s e 2.6 puf
Cathodetoplate................ PPN 0.03 max puf
Cathode to grid and heater....... [ 7 puf
Plate to grid and heater.............. et ereea et [N 2.4 ppf
PLATE SEAL TEMPERATURE. . ... vvvvenennns Cereserareae e 225 max °C

t For heater volts, 6.3; dc plate volts, 80; dec grid volts, 0; cathode resistor, 0 chms,
1 Without external shield.

AVERAGE PLATE CHARACTERISTICS
CATHODE - DRIVE SERVICE
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Technical Data

Characteristics, Class A1 Amplifier;

Plate Voltage. .............ciiiiiiviinnse e . . 125 volts
Cathode Resistor. .. ...... ... .ovviiievnnns . P . 50 ohms
Amplification Factor....... ... .. .. o iiiiineinn . 80
Plate Resistance (Approx.). . 6150 ohms
Transconductance. . ... ..... 13000 pmhos
Plate Current. . . 12.5 ma
Maximum CCS Ratings: For altitudes up to 100,000 feet and frequencies up to 1500 Mc
DCPLATE VOLTAGE. ..........oviiinnnnnnn o 250 mazx volts
DC GRID VOLTAGE. . .... ... .. ~50 max volts
DC PLATE CURRENT. . 25 maz ma
PLATE DISSIPATION. . .. ... i ittt ciaan e iaiaaases 2.5 mazx walts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.............. ..o iiiins 50 max volts
Heater positive with respect to cathode. .. ...... ... .o, 50 max volts
Typical CCS Operation in Cathode-Drive Circvit: At 550 Me At 1100 Mc
DC Plate-to-Grid Voltage. . .. ...t inrannns 125 150 volts
Cathode Resistor.............. P 50 50 ohms
Input-Signal Level Range ve..~70t0~20 -T70 to -20 dbm
DCPlate Current. .. ...ttt it iinernansneaeans 12.6 14 ma
Power Gain for bandwidth of:
AMe. ... - 20 db
16.5 - db
- 18 db
6.5 11.6 db
Maximum Circuit Valves:
Grid-Circuit Resistance:
For fixed-bias operation., ........... .. . Not recommended
For cathode-bias operation . 0.25 max megohm
P
HIGH-MU TRIODE
¢ Heater-cathode, ceramic-metal,
pencil type used as rf amplifier, oscil- 7 5 54
K lator, and muiltiplier in airborne equip-
o o ment up to 100,000 feet without pres-

surization and where dependable per-

formance under severe shock and vibration is essential. Useful with full input at
frequencies up to 5000 Me. Class C Telegraphy maximum plate dissipation, CCS
2.5 watts.

HEATER VOLTAGE (AC/DC) .+« o e oottt e 6.3 volts
HEATER CURRENT at 6.3 volts 0.225 ampere
CATHODE WARM-UP TIME to reach 809 of operating plate currentt........ 10 geconds
DIRECT INTERELECTRODE CAPACITANCES:{
Grid to Plate. . o oottt s 2.4 ppf
Grid to cathode and heater. ............... .. 4.4 ppf
Plate to cathode and heater. . . . 0.04 max puf
Heater to cathode........... 2.6 puf
Cathode to plate........... 0.04 max puf
Cathode to grid and heater. . 7 upl
Plate to grid and heater... .. 2.4 ppi

PLATE-SEAL TEMPERATURE. . < ..ottt vavinetvannmnasaaantananeeaans 225 maz °C
t For heater volts, 6.3; de plate volts, 80; grid volts, 0; cathode resistor, 0 ohms; load resistor, 10 ohms.

1 Without external shield.

Characteristics, Class A} Amplifier:

Plate Voltage. . ............cvivunn vees 125 volts
Cathode Resistor.............coevuusn 50 ohms
Amplification Factor. . ........ . 70

Plate Resistance (Approx.)...... 4400 ohms
Transconductance e . . 16000 pmhos
Plate Current........................ . 14 ma
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RE POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony
At frequencies up to 5000 Mc and altitudes:

Maximum CCS Ratings: So,ggot}ecl
DC PLATE VOLTAGE., . ..o et iinvrinrcbianannanenoaransanns 250 max
DCGRIDVOLTAGE. . ¢t iiieiiivinincnsnenracaceonseans —50 max
DC CATHODE CURBRENT. . ..t vvieinesnonnnocsrranenssns 25 max
DC GRID CURRENT.. . ..o iicvvtiaevranasusasseosssonnonns 6 max
PLATE DISSIPATION. . ..ot ittt vran s asassnsnsarensosons 2.5 max
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode................. 50 max

Heater positive with respect to cathode................. 50 max

Typical CCS Operation in Cathode-Drive Circuit:

As oscillator
At At At At
500 1000 2000 8000
Me Me Me Me

DC-Plate-to-Grid Voltage................. 205 203 151 125
DC Cathode-to-Grid Voltage.............. b 3 1 0.1

From a grid resistorof................. 1000 600 250 500
DC Cathode Cuarrent............c.couennn 21 24 24 20
DC Grid Current .. 5 5 4 0.2
Useful Power Output (Approx.)............ 1.6 1.3 0.5 0.15

As amplifier At
500 Me

DC Plate-to-Grid Voltage. ... ........... et 204
DC Cathode-to-Grid Voltage. . . ..ot

Fromagridresistorof . ..... ... ..o il 800
DC Cathode Current. . ...oovvveviinr e en et rens 21
DCGrid Current. . ... .ottt ittt iornsns 5
Driver Power Qutput (APProX.) ... .vvevrreinraeneenasvennn 0.2
Useful Power Qutput (APProX.). .. covivienennneruenennns 2.2
Maximum Circuit Valves:
Grid-Cireuit ResiStance. .« v v ettt enie it iietaia s

FREQUENCY DOUBLER—Class C
At frequencies up fo 2000 Mc and qltitudes:

Maximum CCS Ratings: SO,E)Igi)t;'eet
DC PLATE VOLTAGE . + .t tv it eviivinsiaaecarsnsnsasenans 250 max
DCGRID VOLTAGE. . .ot o i vinnnerraanrsnenseasacnnerens —50 max
DC CATHODE CURRENT. . .ot vvninrstnnnsnrcensaenssnenn 22 max
DC GRID CURRENT. . ..t iavvennentoasnssarasssninnans 6 mux
PLATE DISSIPATION. . .ot ctviiierianreanentareatsersnannss 2.5 mux

Typical CCS Operation in Cathode-Drive Circuit:

Between
80,000 and
100,000 feet
200 max volts
—50 mazx volts
25 max ma
6 mazx ma
2.5 max watts
50 max volts
50 max volts
At
4150
Me
200 volts
0.26 volts
130 ohms
23 ma
2 ma
0.1 watts
At
1000 Me
185 volts
10 volts
2000 ohms
24 ma
5 ma
0.2 walt
1.4 watts

0.25 max megohm

Between
80,000 and
100,000 feet
200 max volts
—50 max volts
22 max ma
6 max ma
2.5 max watts

Up to 550 Mc Up to 1000 Me

DC Plate-to-Grid Voltage............... e 193 207 218
DC Cathode-to-Grid Voltage 18 7 18

From a grid resistorof . .. ..... 3600 2300 2600
DC Cathode Current............. ’ 20 18 21
DCGridCurrent. . ...oovvvviuianeeerranen 5 8 5
Driver Power Output (APProx.)......coeevnn 0.8 0.2 0.8
Useful Power Output (APpProx.). .. ....covev.. 1.8 0.75 0.9

Maximum Circvit Valves:
Grid-Circuit Resistance. ......... e eesecetai e e

FREQUENCY TRIPLER—Class C

At frequencies up to 2000 Me and altitudes:
Up t
Maximum CCS Ratings: 80,0(5:)1,;')%:
DC PLATE VOLTAGE. . ..o vttt iinienntossenatesnasnsunans 250 max
DC GRID VOLTAGE, . ot evverrrrnencnnosossssresans R —50 max
DC CATHODE CURRENT. ..\ vovverenrsnns e 20 max
DC GRID CURRENT . ...uvvnnvevanns e Ceresaans Cheees 6 max
PLATE DISSIPATION . o« o v v v tvrasvsnssnsacssassnonsesssos 2.5 maxr

181 volts
6 volts
2000 ohms
19 ma

3 ma
0.2 watt
0.4 watts

0.25 mur megohm

Between
80,000 and
100,000 fect
200 mazx volts
-50 max volts
20 max ma
6 max ma
2.5 max watts
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Typicol CCS Operation in Cathode-Drive Circuit: Up to 645 Mec
DC Plate-to-Grid Voltage. ... vve ittt iiiinrrcnnneneens 202 240 volts
DC Cathode-to-Grid Voltage. . . ... oiiiiiiiinanennes 27 15 volts
Fromagridresistorof .. ... ... 0 i i i it 9000 25000 ohms
DC Cathode Current. . ... .. i i iiiiiiie it 19 13 ma
DOCGrid CUITent. o oot it it e i iian s 3 0.6 ma
Driver Power Qutput (APProx.). . ... .iveinririnrnannans 0.6 0.2 watt
Useful Power Output (APProX.) . . v.eeveenreennennnnnneens 0.7 0.4 watt

Up to 1000 Mec
DC Plate-to-Grid Voltage. . ... ittt iiiiritinnnnnn. 205 185 volts
DC Cathode-to-Grid Voltage. . . ...... ...ttt ivinnan.. 30 10 volts
Fromagridresistorof .. ... ... .. .. o i i, 10000 14000 ohms
DC Cathode Current. . ... ... .. iiiiiiiriinnennns 19 12 ma
DC Grid Current. .. ... .. i i i e 3 0.7 ma
Driver Power Output (AppProx.).....c.ceieniunnenneennnnans 0.6 0.2 watt
Useful Power Output (ApPProX.) . ..o ivinnierenennnianns 0.4 0.15 wattl

Maximum Circuit Values:
Grid-Circuit Resistance. ... . o ittt it i i i e 0.25 megohm

OPERATING CONSIDERATIONS

Type 7554 may be operated in any position. OUTLINE 68, Quilines Section.
Connections to the cathode cylinder, grid flange, and plate cylinder should be made
by flexible spring contacts. The connectors should make firm, large-surface contact,
yet must be sufficiently flexible to insure that no part of the tube is subjected to
excessive strain.

AVERAGE CHARACTERISTICS
CATHODE - DRIVE SERVICE

Tvpe 7554
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BEAM POWER TUBE

Miniature, heater-cathode type
used in fixed-station communications 7 558
equipment; used in Class C rf ampli-
fier, oscillator, and frequency-multi-
plier service; also used in modulator
and af power-amplifier applications. Requires Miniature, nine-contact socket and
may be operated in any position. OUTLINE 9, Ouilines Section. Heater volts, 6.3;
amperes, 0.8; characteristics range (with 6.3 volts on heater): heater amperes, 0.745
min, 0.855 max. Except for heater ratings, the 7558 is electrically identical with
type 7551; the characteristics curves shown for type 7551 also apply to the 7558.
For mobile applications, use type 7551.
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BEAM POWER TUBE

7 5 80 Ceramic-metal, forced-air-cooled,
heater-cathode type used as a linear
rf power amplifier for Single-Sideband
Suppressed-Carrierand AM Telephony
service in compact mobile and fixed

equipment. May be used with full input up to 500 Mc. Maximum plate dissipation

for either service, CCS 250 watts.

HEATER VOLTAGE (AC/DC) L ... it
HEATER CURRENT at 6 volts. . . ..
MiINIMUM HEATING TIME .. .................. .. R 30

Mu-FACTOR, GRID No0.2 To GrID No.1% 4
DIRECT INTERELECTRODE CAPACITANCES (Approx.):°
Grid No.ltoplate. . ... oo i e 0.03
Grid No.1 to cathode, grid No.2, and heater . 17
Plate to cathode, grid No.2, and heater.................. .. 4.5
PLATE TEMPERATURE (Measured on base end of plate surlace at junction
WIth fiN8) . . . oot e 250 wmer
TEMPERATURE OF PLATE SEAL, GRID N0.2 SEAL, AND BASE SEALs . ....... 250 max

tFor grid-No.2 volts, 300; grid-No.2 ma., 50.

LINEAR RF POWER AMPLIFIER
Single-Sideband Suppressed-Carrier Service

volts
amperes
seconds

ol
)
uul

°C
°C

Peak envelope conditions for a signal having ¢ minimum peuk-to-average power ratio of 2

Maximum CCS Ratings: For altitudes up to 20,000 feet and frequencies up lo 500 Me
DC PLATE VOLTAGE. ...ttt it iie it iaaie e aaeneeans . 2000 max

DC GRID-N0.2 VOLTAGE 500 max
DC GRiD-N0.1 VOLTAGE —250 max
DC PLATE CURRENT AT PEAK OF ENVELOPE 350 maxz"®
PLATE DISSIPATION. . . ..ttt ii i i eenas 250 max

GRID-NO.Z INPUT. . . oottt ettt ittt en e et s 12 max
PeAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. e 150 max

Heater positive with respect to cathode. ........... .. ... ... ... ... 150 max
Typical CCS Operation with Two-Tone Modulation:® AL 30 Mce At 500 Mec
DCPlate Voltage. . . ... .ottt ittt iannaan 2000 2000
DC Grid-No.2 Voltage®. ................. . 400 400
DC Grid-No.1: With fixed bias source .. =17 -7
Zero-Signal DC Plate Current. .. ........ .. civunnn .. 70 70
Effective RF Load Resistance. . .. ........ooo i, 3050 3050
DC Plate Current:

Peak enveloPe. . . ..o ooii it i e 350 850

AVeIaAZe. . . ot ey 225 225
DC Grid-No.2 Current:

Peak envelope 35 25

AVerage......ooniiennanannan ca 16 10
Average DC Grid-No.1 Current* 0.05 0.05
Peak-Envelope Driver Power Qutput (Approx.)* - 1 12
OQutput-Circuit Efficiency (ApPprox.) .........ciiivevnn.n. 95 85
Distortion Products Level:#

Third order... .. ..ottt ittt inrearnraaans 21 —

Fifthorder. . .... ..ottt inarranns 29 —
Useful Power Output (Approx.):

Peak envelope™ . . . ... .. i e 400 360

AVErage et 200 180

Maximum Circvit Valves:

Grid-No.1-Circuit Resistance, Under any condition:
With fixedbias. .. ......... ..o, 25000 max
With cathode bias

LINEAR RF POWER AMPLIFIER—AM Telephony
Maximum CCS Ratings: For altitudes up to 20,000 feet and frequencies up to 550 Me
DC PLATE VOLTAGE. + oo\ et te v s et ai ittt aisnacinaraananaass 2000 max
DC GRID-NG.2 VOLTAGE. . ..ottt iinaneianneann e 500 mac

volts
volts
volts
ma
watts
watts

volts
volts

volts
volts
volts

ma
ohms

ma
ma

ma
ma
ma
watts

%

db
db

watts
watts

ohms

Not recommended

volts
volts
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DC GRID-NO.1 VOLTAGE. . ......vivavvnns Cereraecenans Ceviersar e . —250 mazx volts
DO PLATE CURRENT. .. ..ttt etiatsnonstnsassonsanenonass 180 mazx ma
PLATE DISSIPATION . .. ..ottt ittt vt srosanssoanaatooniniorscsnans 250 mazx watts
GRrID-No.2 INpUT 12 mazx watts
GRriD-No.1 INPUY 2 max watts
Prax HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ....... ... .. ... at 150 mazx volts

Heater positive with respect to cathode. . ... . .. ... ...t 150 max volts
Typical CCS Operation: At 80 Me At 500 Mc
DC Plate Voltage. .. .. ..o i e et 2000 2000 volts
DC Grid-No.2 Voltage™. . .. i 400 400 volts
DC Grid-No.1 Voltage:

With fixed-biaS SOUTCE. . . ... iereanans =17 -7 volts
DC Plate Current. . .. ... i et i 175 175 ma
DC Grid-No.2 Current. .. ...t ieeeiecanaenan 6 4 ma
Effective RF Lioad Resistanee.. . ...... 3050 3050 ohms
Driver Power Output (Approx.)* 0.25 3 walts
Output-Circeuit Efficiency (Approx.) 95 85 per cent
Usefu! Power Qutput (Approx.) 100 90 watlts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under any condition:

With fixed bias. .. ... ... ... e e e 25000 max ohms

With cathode bias. . ... .. i e Not recommended

“Because the cathode is subjected to considerable back bombardment as the [requency is increased with
resultant inerease in temperature, the heater voltage should be reduced depending on operating condi-
tions and frequency to prevent overheating the cathode and resultant short life.
°With eylindrieal shield JEDEC No0.320 surrounding radiator, and with a cylindrical shield JEDEC
No0.821 surrounding the grid-No.2 ring terminal. Both shields are connected to ground.

®The maximum rating for 2 signal having a minimum peak-to-average power ratio less than 2, such as is
obtained in Single-Tone operation, is 250 ma. During short periods of circuit adjustment under Single-
Tone conditions, the average plate current may be as high as 350 ma.

o Two-Tone Modulation operation refers to that class of amplifier servicein which the input consists of two
cqual movofrequency rf signals having constant amplitude. These signals are produced in a single-side-
band suppressed-carrier system when two equal-and-constant amplitude audio frequencies are applied to
the input of the system.

'Obtained preferably from a fixed supply.

AThis valuc represents the approximate grid-No.1 current obtained due to initial electron velocities and
contact-potential effects when grid No.l is driven to zero volts at maximum signal.
#Priver power output represents circuit losses and is the actual power measured at input to grid-No.1
cireuait of the 7580, The actual power required depends on the operating frequency and the circuit used.
The tube driving power is approximately zero watts.
#Without the use of feedback to enhaunce linearity.
w#This value of useful power is measured at load of output circuit having indicated efficiency.

TYPICAL PLATE CHARACTERISTICS

TYPE 7580
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TYPICAL CHARACTERISTICS

TYPE 7580
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TYPICAL CONSTANT-CURRENT CHARACTERISTICS

l |
TYPE 7580 '
E¢=6 VOLTS |
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OPERATING CONSIDERATIONS
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Type 7580 may be operated in any position. OUTLINE 83, Outlines Section. It is
essential that adequate cooling air be directed over the base seals, past the envelope,
and through the radiator. Under these conditions and with the tube operating at
maximum plate dissipation for each class of service, a minimum air flow of 3.6 cfm
must pass through the radiator. The corresponding pressure drop is approximately
0.1 inch of water. These requirements are for operation at sea level and at an ambi-
ent temperature of 20 C. At higher altitudes and ambient temperatures, the air flow
must be increased to maintain the respective seal temperatures and the plate tem-
perature within maximum ratings. Less air flow is needed if an air-system socket is
used to direct the flow of air through the radiator.
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BEAM POWER TUBE

Small, rugged, uhf, forced-air-
cooled, heater-cathode, cermolox type 7649
usedasrfpulsed-poweramplifierin com-
pact mobile and fixed equipment where
dependable performance under severe
shock and vibration is essential. Useful at frequencies up to 2000 Mc and beyond.
Plate-and-Screen-Pulsed RF Amplifier maximum average plate dissipation, CCS
115 watts; maximum pulse duration, 10 microseconds during any 1000-microsecond
interval. Tube has matrix-type cathode.

HEATER VOLTAGE (AC/DC) . . . oottt i et e et ananses 6.3 volts
HEATER CURRENT at 6.3 volts. . ....... .. 3.2 amperes
MINMUM HEATING TIME. ... ............... 60 seconds
Mu-FacTor, GrRib No.2 To GRID No.19 18
DIRECT INTERELECTRODE CAPACITANCES:}
Grid No.Ltoplate. . ... ..o i et iai e e 0.13 max nuf
Grid No.1 to cathode and heater. .............. ... ooviiiina... 14 uud
Plate to cathode and heater. . . ..... ... ... ... . i i 0.019 max puf
Grid No.ltogrid No.2Z. .. ... e 20 puf
Grid No.2toplate. ... ... . i 6.5 puf
Grid No.2 to ecathode and heater. .. ......... .. .. ... .. i, 1.3 maz puf
TERMINAL TEMPERATURE (Plate, grid No.2, grid No.1, cathode, and heater) 250 max °C
B ¥or plate volts, 1000; grid-No.2 volts, 500; plate ma., 115.
GRID-AND-SCREEN-PULSED RF AMPLIFIER
For mazximum ON time® of 10 microseconds
Maximum CCS Ratings: Upto 1215 Mc
DO PLATE VOLTAGE . . ..ottt it ee ittt et e 2250 max volts
PEAK POSITIVE PULSE-GRID-N 0.2 VOLTAGE 750 max volts
DC GRID-NO.1 VOLTAGE. . ... .....oivtvnnnn.. —200 maix velis
DC PraTE CUKRENT DURING PULSE 3000 max ma
DCPLATE CURRENT. .. .........00unv... 80 ma.c ma
GRID-N0.2 INPUT (Average) . ............ 4.5 max watts
GRID-NO.1 INPUT (Average)............. e 2 max watts
PLATE DISSIPATION {AVETAZE) . . o . ittt ittt ittt aaer i anann 115 max watts

Typical Operation:
In Class-AB:cathode-drive® circuit with reclangular-wave pulses at 1215 Mec and with duty fuctor® 0f0.01

DC Plate Voltage. .. ... i it i 1350 1500 volts
Peak Positive-Pulse Grid-No.2 Voltage 700 700 volts
DC Grid-No.1 Voltage.................. 0 0 volts
DC Plate Current, during pulse. 2700 3000 ma
DC Plate Current............ 47 53 ma
DC Grid-No.2 Current 1.6 2 ma
DC Grid-No.1 Current 5 5 ma
Driver Power Output at peak of pulse (Approx.)4........... 390 4600 watts
Useful Power Output at peak of pulse (Approx)*........... 1600 2300 watts
Maximum Circuit Vaives:

Grid-No.1-Circuit Resistance, Under any condition.......... 30000 max ohms

PLATE-AND-SCREEN-PULSED RF AMPLIFIER

Maximum CCS Ratings: For maximum ON time® of 10 microseconds Upto1215 Me

PrAK POSITIVE-PULSE PLATE VOLTAGE. ... ................. 3000 mac volts
PEAK POSITIVE-PULSE GRID-NO.2 VOLTAGE . ................ 750 max volts
DC GRID-NO.L VOLTAGE. .. ..ot ii ittt aas ~200 max volts

DC PLATE CURRENT DURING PULSE. . ...... .. .. chiininun 3000 max ma

DC PLATE CURRENT . ... ovhnviiinnn nn, 50 max ma
GRID-NO.2 INPUT (Average). . 4.5 mux watts
GRID-No.1 INPUT (Average) . ... 2.0 mar watts
PLATE DISSIPATION (Average) 115 max watts

Typical Operation:
In Class A B: cathode-drice™ cireuit with rectangular-wave pulses af 1215 Mc and with duly faclor® of 0.01
Peak Positive-Pulse Plate Voltage. . . ...........ciiivva... 2700 3000 volts
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Peak Positive-Pulse Grid-No.2 Voltage. . 700 700 volts
DCGrid-No.l Voltage. .. ...... it iriiiniiieiiranesens 0 0 volts
DC Plate Current during pulse. . .. .....cc0ues e PP 2700 3000 ma
DCPlateCurrent. . .......ooeiiiinnneennn ereerans e 32 35 ma
DC Grid-No.2 Current............ccooveinnnns eraaan ee 1 2 ma
DC Grid-No.1Current. .. ...ttt ieiinernannses 9 8 ma
Driver Power Qutput at peak of pulse (Approx.)*........... 350 450 watts
Useful Power OQutput at peak of pulse (Approx.)*.......... . 3700 4500 watts

Maximum Circuit Valves:

Grid-No.1-Circuit Resistance, Under any condition.......... 30000 max ohms
t Measured with special shield adapter.

° ON time ig defined as the sum of the duration of all the individual pulses which occur during any 1000~
microsecond interval. An increase in de plate current during the pulse may be permissible at shorter ON
times, and a decrease is usually required at longer ON times. Puige duration is defined as the time interval
between the two points on the pulse at which the instantaneous value is 70 per cent of the peak value.
The peak value is defined as the maximum value of a smooth curve through the average of the fluctua-
tions over the top portion of the pulse.

® Cathode is at dc ground potential.

® Duty factor is defined as the ratio of ON time to total elapsed time in any 1000-microsecond interval.
4 Driver power output includes circuit losses and feed-through power. It is actual power measured at
input to the tube drive circuit. It will vary with frequency of operation and driver circuitry.

*This value of useful power is measured in load of output eircuit.

OPERATING CONSIDERATIONS

Type 7649 may be operated in any position. OUTLINE 78, Outlines Section. Ade-~
quate forced-air cooling must be provided to limit the terminal temperatures to
their specified values. Typical cooling requirements are shown in the accompanying
graph; air flow requirements may be reduced by placing a suitable cowling around
the radiator to direct the air flow through radiator. Air flow should be effected
before and during the application of plate, grid-No.2, and grid-No.1 voltages. Plate
power, grid-No.2 power, and air flow may be removed simultaneously. Cooling air
is not normally required when only heater voltage is applied to the tube.

TYPICAL COOLING TYPICAL CHARACTERISTICS
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TYPICAL PLATE CHARACTERISTICS
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BEAM POWER TUBE

heater-cathode, cermolox type used as
af power amplifier and modulator and
as rf power amplifier and oscillator in
compact mobile and fixed equipment

Rugged, uhf, forced-air-cooled, 7650

where dependable performance under severe shock and vibration is essential. May
be useful with full input at frequencies up to 1215 Mc and higher. Class C Teleg-
raphy maximum plate dissipation, CCS 700 watts. Tube has matrix-type cathode.

HEATER VOLTAGE (AC/DC). .. .. i e e 6.3
HEATER CURRENT at 6.3 volts . ........ ... .oiiivinann s 7.85
MINIMUM HEATING TIME. ... . ... .o i iiii i v 120
MU-FACTOR, GRID-NO.2 To GRID NO.I*. . ... ... ... ... v.., 13
DIRECT INTERELECTRODE CAPACITANCES:®
Grid No.ltoplate. . ... ... iiiiiiiinrrennsen 0.01L mux
Grid No.1 to cathode and heater. . 29
Plate to cathode and heater. . .. 0.011 mux
Grid No.1 to grid No.2...... .. .. 37
Grid No.2toplate. . .......... .. 5.3
Grid No.2 to cathode and heater. . N 1.1 max
PLATE-CORE TEMPERATURE. ... ..ottt tintnancneneraes 250 max
TERMINAL TEMPERATURE
(Plate, Grid No.2, Grid No.1, Cathode, and Heater)...... 250 nmax
#For plate volts, 225; grid-No.2 volts, 225; and plate ma., 100,
AF POWER AMPLIFIER AND MODULATOR~~Class AB}
Maximum CCS Ratings:
DCPLATE VOLTAGE. . . ...ttt iiia i inaoananns 3000 inux
DC GRID-NO.2 VOLTAGE. .. ......... .. 1200 max
MAXIMUM-SIGNAL DC PLATE CURRENT™. ... ... ... .00ene. 500 mux
MAXIMUM-SIGNAL GRID-NO.1 CURRENT®. .. ................ 100 max
MAXIMUM-SIGNAL PLATE INvUT® 1500 max
MAXIMUM-SIGNAL GRID-N 0.2 INPUT™. e 25 max
PLATE DISSIPATION™. .. ... ... ... . 0oenennn N e 600 max
Typical CCS Operation: Values are for 2 tubes
DCPlate Voltage. . . ... oo ittt iaiaenatanianans 2700 3000
DC Grid-No.2 Voltage® . 450 450
DC Grid-No.1 Voltage rom fixed-bias source -40 -40
Peak AF Grid-No.1-to-Grid-No.1 Voltage. .......... .. 80 80
Zero-Signal DC Plate Current. .. ... ..o 200 200

volts
amperes
seconds

ppl
gl
pul
ppl
uul
puf

o

°C

volts
volts
ma
ma
watts
watts
watts

volts
volts
volts
volts
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Maximum-Signal DC Plate Current. . ..............0vvuue. 900
Zero-Signal DC Grid-No.2 Current. ........... PN 0
Maximum-Signal DC Grid-No.2 Current................. . 6
Effective Load Resistance (Plate to plate)...... 6000
Maximum-Signal Driving Power (Approx.)........ . 0
Maximum-Signal Power Qutput (Approx.)..........c.o..n. 1400

Maximum Circvit Values:

Grid-No.1-Circuit Resistance, Under any condition:
With fixed bias. ... ... . i
With cathode bias. ... .. ... ... .. . i

LINEAR RF POWER AMPLIFIER
Single-Sideband Suppressed-Carrier Service
Maximum CCS Ratings:

1000 ma
0 ma
5 ma
6400 ohms
0 watts
1600 watls

15000 snax  ohms
Notrecommended

Upto 1215 Mc

DCPLATE VOLTAGE. ................... .. 2500 max volts
DC GRID-NO.2 VOLTAGE. .. ..ot cainanns 1200 max volts
MaXiMUM-SIGNAL DC PLATE CURRENT. . ... ... .o, 500 max ma
MAXIMUM-SIGNAL DC GRID-NO.1 CURRENT. .. .. ... ....... 100 max ma
MAXIMUM-SIGNAL PLATE INPUT. .. ... ov i iie i eas 1250 max watts
MAXIMUM-SIGNAL GRID-N 0.2 INPUT 25 max watts
PLATE DISSIPATION . . oottt iein e aenen 600 mux watts
Typical CCS Operation with Two-Tone Modulation:t At 80 Me
DCPlate Voltage. .. ..ot it 2250 2500 volts
DC Grid-No.2 Voltage®. ............. 450 450 volis
DC Grid-No.1 Voltage®.............. -37 -37 volts
Zero-Signal DC Plate Current 160 160 " ma
Effective RF Load Resistance. . ............. 2500 2700 ohms
DC Plate Current at Peak of Envelope. .. ........... ... ... 450 500 ma
Average DC Plate Current. ... ... ... ... it 315 350 ma
DC Grid-No.2 Current at Peak of Envelope. . ........ ... .. 3 4 ma
Average DC Grid-No.2 Current. ... ... oo, 1.8 2.5 ma
Average DC Grid-No.1 Current 0.005 0.05 ma
Peak-Envelope Driver Power (Approx.)......... .. 1 1 watt
Output-Circuit Efficiency (Approx.). ..., 90 90 %
Distortion Produets Levet:44

Third Order .. -381 =31 db

Fifth Order............... -36 -36 db
Useful Power Qutput (Approx.):

290 340 watts
580 680 watts

tTwo-Tone Modulation operation refers to that class of amplifier service in which the input consists of

two monofrequency rf signals having equal peak amplitude.

AaWith maximum signal output used as a reference, and without the use of feedback to enhancelinearity.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum CCS Ratings:

Upto 1215 Me

DCPLATE VOLTAGE. .. ..ottt iseeni et nannaens 2000 wnax volts
DC GRID-NO.2 VOLTAGE 1200 snac volts
DC GRID-N0.1 VOLTAGE —250 max volts
DC PLATE CURRENT. .. 500 max ma
DC GRrID-N0.1 CURRE 100 mazx ma
PLATE INPUT 1000 sy watts
GRID-NO.ZINPUT. . oottt it et ii e aeaiia s 17 mar watts
PLATE DISSIPATION. . .1\ttt vt iaie et aaanas 400 nax watts
Typical CCS Operation: In cothode-drive® cirenit of 100 Me

DC Plate Voltage. . . ..o o it i 1800 2000 volts
DC Grid-No.2 Voltage*. 400 400 volts
DC Grid-No.1 Voltage#. -45 -35 volts
DC Plate Current. .. ... 450 500 ma
DC Grid-No.2 Current. ... ...ocovvinnervneenanaeeiiiaen, 6 8 ma
DC Grid-No.1 Current (APProX.) . .o ovv e 15 12 ma
Output-Circuit Efficiency (ApProx.). ... 80 30 A
Driver Power Output (Approx.)® .. ... ... e 35 35 watts
Useful Power OQutput (Approx.)=. . ... ... .. 500 500 watts
Maximum Circuit Values:

Grid-No.1-Circuit Resistance, Under any condition. ..., . 15000 max ohms
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RF POWER AMPLIFIER AND OSCIiLLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings: Upto 1215Mc

DC PLATE VOLTAGE, .+« ot ivvenrarenocnnesennsoananas 2500 mazx volts
DC GRID-NO.2 VOLTAGE. . 1200 max volts
DC GRID-N0O.1 VOLTAGE. . —250 max volts
DC PLATE CURRENT 500 max ma
DC GrID-NO.1 CURRENT......... .. 100 mazx ma
PLATE INPUT. . o ittt it ii i ca e ianaans 1250 max watts
GRID-NO.ZINPUT. ... ottt reeeciinianenaaas 25 mar watts
PLATE DISSIPATION. . . o oo ot iieen e ianaentaiaoinans 700 max watts
Typical CCS Operation: At 400 Me At1215 Me

DC Plate Voltage. ... ... ..o cinananss 2250 2500 2500 volts
DC Grid-No.2 Voltage®. ....... 400 400 400 volts
DC Grid-No.l1 Voltage......... —45 -35 —50 volts
DC Plate Current. . ........... 450 500 500 ma
DC Grid-No.2 Current.......... 7 8 6 ma
DC Grid-No.1 Current (Approx.).............. 10 12 10 ma
Output-Circuit Efficiency (Approx.)........... 80 80 70 per cent
Driver Power Output (Approx.)**, .. .......... .. 30 35 80 watts
Useful Power Output (Approx.)=................. .. 650 800 875 watts

Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under any condition:
With fixed bias. .. ....cooviii 15000 max ohms
With cathode bias Not recommended
t Because the cathode is subjected to considerable back bombardment as the frequency is increased
with resultant increase in temperature, the heater voltage should be reduced depending on operating
conditions and frequency to prevent overheating the cathode and resultant short life.
° Measured with special shield adapter.
= Averaged over any audio-frequency cycle of sine-wave form.
® Preferably obtained from a fixed supply.
O This value of useful power is measured in load of output cireuit.
4 Cathode is at de ground potential.
* Obtained preferably from a separate source modulated along with the plate supply.
# Obtained from grid-No.1 resistor or from a combination of grid-No.1 resistor with either fixed supply
or cathode resistor.
% Driver power output includes circuit losses and feed-through power. It is the actual power measurcd

at input to drive circuit.
9 (btained preferably from a fixed supply, or from the plate supply voltage with a voltage divider.

OPERATING CONSIDERATIONS

Type 7650 may be operated in any position. QUTLINE 84, Oullines Section.
Adequate forced-air cooling must be provided to limit the plate core and terminal
temperatures to their specific values. Typical values of air flow directed through

TYPICAL PLATE CHARACTERISTICS

I T
TYPE 7650
| Eg=6.3 vouTs
GRID-No.2 VOLTS « 400
3000

" Ec;=+20

w | ~

 2s00 I

3 / +15

3 2000 / e 5

3

w / i +5

u

5 1500 72 GRID-No.| VOLTS Ec;0

@
/ =5

1000
L~ -10
P -15
500 L T
L1 Eg»-20
et
o 200 800 1200 1600 2066 2400 2800
PLATE VOLTS 92CM~1048TT

247



RCA Transmitting Tubes

TYPICAL CHARACTERISTICS
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the radiator to maintain the plate core at 250 C with an incoming air temperature
of 25 C and with no restrictions at the plate-contact flange are:

Plate Dissipation. ..........ciiiiiinnnn.s 100 300 600 700 watts
AIrFlow. ..o i e 2 4 11 16 cu ft/min
Statie Pressure. . .......ooiiiiiiiiiiiiian, 0.04 0.14 0.66 0.96 in. water

A sufficient quantity of air should be directed at the heater terminal and al-
lowed to flow past each of the terminals so that no terminal temperature exceeds
the specified maximum value of 250 C; an air flow of 2.5 efm is usually adequate.
Forced-air cooling of heater and cathode terminals is usually required during stand-
by (heater only) operation. Air flow may be removed simultaneously with all volt-
ages.

BEAM POWER TUBE

Rugged, uhf, forced-air-cooled,

7 65] heater-cathode, cermolox type used as
rf-pulse power amplifier in compact

mobile and fixed equipment where de-

pendable performance under severe

shock and vibration is essential. May be used with full input up to 1215 Mec, and
with reduced efficiency at higher frequencies. Plate-and-Screen Pulsed RF Amplifier
maximum average plate dissipation, CCS 600 watts; maximum pulse duration, 10
microseconds in any 1000-microsecond interval. Tube has matrix-type cathode.

248



— Technical Data

HEATER VOLTAGE (AC/DC) v\ tvvvvevrnnnnnnnronaranes 6.3 volts
HEATER CURRENT at 6.3 volts.......... 7.5 amperes
MiNiMUM HEATING TIME. .. ......... 0.0y 120 seconds
Mu-FACTOR, GRID-N0.2 To GRID NO.1*%. ... 13
DIRECT INTERELECTRODE CAPACITANCES:]
Grid No.dtoplate. . ... ... ittt iiiiieeenrarsssnrsnansaas 0.13 max puf
Grid No.1 to eathode and heater. ................. .. .. 29 npuf
Plate to cathode and heater. . .. 0.01 max ppf
Grid No.l to grid No.2........ . 38 npf
Grid No.2toplate. . . ......... 6.5 puf
Grid No.2 to cathode and heater. ............ 0.8 max pupf
PLATE-CORE TEMPERATURE . ..t ittintrannae e et senins 250 max °C
TERMINAL TEMPERATURE (Plate, Grid No.2, Grid No.1, Cathode, and Heater) 250 max °C
* For plate volts, 225; grid-No.2 volts, 225; plate ma., 100.
GRID-PULSED RF AMPLIFIER
and
GRID-AND-SCREEN-PULSED RF AMPLIFIER
For maximum ON time® of 10 microseconds
Maximum CCS Ratings: Up to 1215 Mc
DO PLATE VOLTAGE . o 0ottt et tar v ransansrenansoassnnstsaneennns 5000 max volts
PEAK PosITIVE-PULSE GRID-N 0.2 VOLTAGE 1200 max volts
DC GRID-NO.1 VOLTAGE. .. ......covvitvinnnns e -250 maz volts
DC PLATE CURRENT DURING PULSE. .. ... .. .. 9 mex amperes
DC PLATE CURRENT. .....ovvvnnennns N e 0.5 max  ampere
GRID-N0.2 INPUT (Average). ... . 25 max watts
GRID-NO.1 INPUT (AVETage) . .. vovrrnvernennereeonn e 10 max watts
PLATE DISSTPATION (AVETALZE) .« v v vt v tenrneinnasnsonaneaesanocnasssnoes 600 max watts
In grid-pulsed cathode-drive® circiuit with rectangular-
Typical Operation: wave pulse at 1215 Me and with duty factor® of 0.01
DCPlate Voltage. . . .. .ottt ittt iriancienanaricaanns 3600 4000 volts
Peak Positive-Pulse Grid- 800 1000 volts
DC Grid-No.I Voltage. .. ..ot v iiiaine e -100 -120 volts
DC Plate Current during pulse. . ... ... ..oty 8 9 amperes
DCPlate Current. . .« .ovvr i iiieinrareerarnearaeasnon 0.19 0.2 ampere
DC Grid-No.2 Current, .. ..o ov v iiiin it iieanreanenn 0.005 0.006 ampere
DCGrid-No. L1 CUITent. .. . ..o oo iieini e eianearrcsnss 0.02 0.02 ampere
Output-Circuit Efficiency (Approx.).......... 80 80 per cent
Driver Power Output at peak of pulse (Approx.)©. . 5.2 6.3 kw
Useful Power Output at peak of pulse (Approx.)*........... 15 20 kw
In grid-and-screen-pulsed cathode-drive® cirewit with rec-
tangular-wave pulses at 1215 Me with duty factor® of 0.01
DC Plate VOHAZE. v vt i et it iin it iaesenss 3600 4000 volts
Peak Positive-Pulse Grid-No.2 Voltage.......... 800 1000 volts
DC Grid-No.l1 Voltage. . ......oviiiiievencanns . 0 0 volts
DC Plate Current during pulse. ... ............. .. 8 9 amperes
DCPlate Current., .. .ovoviiviieei s .. 0.145 0.165 ampere
DC Grid-No.2 Current . 0.003 0.006 ampere
DC Grid-No.1 Current 0.017 0.017 ampere
Output-Circuit Efficiency (Approx.)............ 80 80 ampere
Driver Power Output at peak cf pulse (Approx.)? 2.4 2.9 kw
Useful Power Output at peak of pulse (Approx.)* 11 15 kw
PLATE-AND-SCREEN-PULSED RF AMPLIFIER
For maximum ON time® of 10 microseconds
Maximum CCS Ratings: Upto 1215 Mc¢
PEAK POSITIVE-PULSE PLATE VOLTAGE. . .« v s vt vnroenstrosnsntnnarsnsns 8000 mazx volts
PEAK POSITIVE-PULSE GRiD-NO0.2 VOLTAGE . 1200 max volts
DC GRID-NO.1 VOLTAGE. .. .0 cacenarvnrannsan -250 max volts
DC PLATE CURRENT DURING PULSE. 9 maxr amperes
DC PLATE CURRENT. .. ...vaonveens 0.12 max  ampere
GRID-N 0.2 INPUT (Average)........ 256 max watts
GRID-NO.1 INPUT (Average)........ 10 mazx watts
PLATE DiSSIPATION (Average)..... . 600 mazx watts




RCA Transmitting Tubes

TYPICAL PLATE CHARACTERISTICS

i I 1 T
| TvPE 7651
E¢e 6.3 VOLTS
GRID-No.2 VOLTS 21000
40
£¢)*+300
g 30 — +250
w
i / +200
w ul ]
§ 20 / GRID-No.l VOLTS Ecy=+150
/ +100
10 +50
/ o q ]
] 1000 2000 3000 4000 5000 6000 7000 8000
PLATE VOLTS 92CM~10491T
TYPICAL CHARACTERISTICS
T T
TYPE 7651
E§=6.3 VOLTS i S——
GRID-No.2 VOLTS!I0.00
12 T EC=+300
g0 &
w 10 +250
=
<
w9
O
S
‘: GRID-No.! VOLTS EC|2+200
2 e e g
=]
S
g 5 ‘ +150
L("_J 4 \
g \
| A T £100
E 2[MN}i50 L
© < I~L_EcI=+300
' <80 I EC 450
+, P—
0 +500 290 e Sy
- | | +100
1000 2000 3000 4000
PLATE VOLTS
92CM~1050IT
N . I'n cathode-drive® cirenit with rectangular-wave
Typical Operation: pulses at 1215 Me and with duly fuctor® of 0.01
Peak Positive-Pulse Plate Voltage............ 7200 8000 7200 8000 volts
Peak Positive-Pulse Grid-No.2 Voltage....... 800 1000 800 1000 volts
DC Grid-No.l Voltage. . ......ccvvvvunnnnn. 0 0 ~75 ~80 volts
DC Plate Current during pulse.............. 8 9 8 9 amperes
DCPlate Current. . ......coviiiinnnennnns 0.09 0.1 0.09 0.1 ampere
DC Grid-No.2Current. ..........0ivvinnn.. 0.003 0.008 0.003 0.004 ampersg
DC Grid-No.1 Current. . .........c..cvu... 0.015 0.016 0.019 0.02 ampere
Output-Circuit Efficiency (Approx.).......... 80 80 80 80 per cent
Driver Power Output at peak of pulse (Approx.)®© 1.8 2.2 4.5 5.3 kw
Useful Power Qutput at peak of pulse (Approx.)4 22 28 30 39 kw

} Measured with special shield adapter.

© ON time is defined as the sum of the durations of all the individual pulscs which occur during any
1000-microsecond interval. An increase in de¢ plate current during the pulse may be permissible at
shorter ON times, and a decrease is usually required at longer ON times,
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Pulse duration is defined as the time interval between the two points on the pulse at which the instan-
taneous 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.

® Cathode is at de ground potential.
® Duty factor is defined as the ratio of ON time to total elapsed time in any 1000-microsecond interval.

9 Driver power output includes circuit losses and feed-through power. It is actual power measured at
input to tube drive circuit. It will vary with frequency of operation and driver circuitry,

4 This value of useful power is measured in load of output circuit.

OPERATING CONSIDERATIONS

Type 7651 may be operated in any position. OUTLINE 84, Qutlines Section.
Within its maximum ratings, forced-air cooling considerations for the 7651 are iden-
tical with those given under Operating Considerations for Type 7650.

BEAM POWER TUBE

Very small, uhf, conduction-
cooled, heater-cathode, cermolox type 780]
used as rf power amplifier and oscilla-

tor in compact mobile and fixed equip-

ment where the use of air may not be

practical. May be useful at frequencies up to 3000 Mc and beyond. Class C Teleg-
raphy maximum plate input, CCS 52.5 watts. Type 7801 may be operated in any
position. OUTLINE 76, Qutlines Section. For thermal considerations, refer to Power
Tube Installation Section.

HEATER VOLTAGE (AC/DC) . .ot i i i vt e s 12.6 volts

HEATER CURRENT at 12.6 volts. 0.5 ampere

MiNiMUM HEATING TIME . 40 seconds

Muyu-FAcToR, GRID N0.2 To GRiD NoO. 1; 30

DIRECT INTERELECTRODE CAPACITANCE:
Grid No.ltoplate............... 0.025 max upf
Grid No.1 to cathode and heater e 9.5 pauf
Plate to eathode and heater....... L. 0.004 max puf
Grid No.1 to grid No.2. ... .. . 17 upf
Grid No.2 to plate. ........ 2.2 puf
Grid No.2 to eathode and heate . 0.18 max m

TERMINAL TEMPERATURE (Plate, grid No.2, grid No.1, cathode, and heater) 250 max °C

For plate volts, 250; grid-No.2 volts, 250; plate ma., 35.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
DO PLATE VOLTAGE. o ..ottt it et i s iiaeen e eranaas 760 max volts

DC GriID-NO0.2 VOLTAGE 250 max volts
DC GRID-N0.1 VOLTAGE -100 max volts
DC PLATE CURRENT. . 70 mazx ma
DC GRID-N0.1 CURRE? 15 max ma

PLATE INPUT. .. .. ... ... L .. 52.5 max watts
GRID-NOZ2INPUT. ... ... .ot .. 2 max watty
PLATE DISRIPATION . o . ittt ittt ettt v ittt ensnaananenan b
Typical CCS Operation in Cathode-Drive Circuit:

Shown graphically in the following three charts:
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Currier conditions per tube for use with ¢ mazimum modulation factor of 1

Maximum CCS Ratings:
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PLATE DISSIPATION. o o vt c e vote sttt aissrasneeeaneasosnsancssassane

Typical CCS Operation in Cathode-Drive Circuit:
Shown graphically in the following chart:
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AF POWER AMPLIFIER AND MODULATOR
and :
LINEAR RF POWER AMPLIFIER
Single-Sideband Suppressed-Carrier Service
Maximum CCS Ratings:

DC PLATE VOLTAGE. .. ........... 750 max volts
DC GRID-NO0.2 VOLTAGE. . ........ 250 mazx volts
MAXIMUM-SIGNAL DC PLATE CURRENT. . 70 mazx ma
MaxiMuM-SiGNaL DC Grip-No.1 CURRENTY 15 mazx ma

MAXIMUM-SIGNAL PLATE INPUT™. ... .. o i iii i ians .. 52.5 max watts

MAXIMUM-SIGNAL GRID-N0.2 INPUT®. . 2 mazx watts
PLATE DISSIPATIONT. . . i i it et iia et ainaans b
RF POWER AMPLIFIER—Class B Telephony

Maximum CCS Ratings:

DCPLATE VOLTAGE. .. .. ..ottt iiin e .. 750 mazx volts
DC GRID-NO.2 VOLTAGE. .. ....... .. 250 max volts
DC PLATE CURRENT. . .. ......... .. 35 max ma
DC GRrip-No.1 CURRENT 8 max ma
PLATE INPUT. . ....... 52.5 max watts
GRID-NO.2 INPUT. . . . . 2 max watts
PLATE DISSIPATION. . ot ittt etieeinnnneerassanarsnananossnaeonens o

Maximum Circuit Values:

Grid-No.1-Circuit Resistance, Under any condition.,...........covvniuns 30000 max* ohms
t Because the cathode is subjected to considerable back bembardment as the frequency is increased
with resultant increase in temperature, the heater voltage should be reduced depending on operating
conditions and frequency to prevent overheating the cathode and resultant short life.

° Measured with special shield adapter.

® Maximum plate dissipation is a function of the maximum plate input, efficiency of the class of service
and the effectiveness of the cooling system.

3 Averaged over any audio-frequency cycle of sinc-wave form for AF Power Amplifier and Modulator
Service.

4 If this value is insufficient to provide adequate bias, the additonal required bias must be supplied by a

cathode resistor or fixed supply. o
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TYPICAL PLATE CHARACTERISTICS
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7842 BEAM POWER TUBE
" Small, uhf, conduction-cooled,
7 843 heater-cathode, cermolox types used as
af power amplifier and modulator, and
7 844 rf power amplifier and oscillator in

compact mobile and fixed equipment
where the use of air may not be practical. Useful at frequencies up to 2000 Mc and
beyond. Class C Telegraphy maximum plate input, CCS 180 watts. Except for
heater rating, the 7843 is identical to type 7844. The 7842 is used in equipment
where dependable performance under severe shock and vibration is essential. Types
7842, 7843, and 7844 may be operated in any position. OUTLINE 77, Ouilines Sec-
tion. For thermal considerations, refer to Power Tube Installation Section. Except
for special ratings and performance data, internal construction, and minor changes
in general characteristics as shown below, the 7842 is identical to type 7844. Type
7842 has matrix-type cathode.



Technical Data s

7842 7848 784k
HEATER VOLTAGE (AC/DC)E .o oo oo iienanaeannns ' 6.3 26.5 6.3 volts
HEATER CURRENT. . ...t . 3.2 0.52 = 2.1 amperes
MiINIMUM HEATING TiME 60 60 60 seconds
7848, 7844

MU-FACTOR, GRID N0.2 To GRID NO.1#. .. ......... 18 18
DIRECT INTERELECTRODE CAPACITANCES:® ’

GridNo.ltoplate. ............. ..., 0.065 max 0.065 mux uuf

Grid No.1 to eathode and heater. ... 14 14 nuf

Plate to cathode and heater. .. ...... ... 0,019 max 0.015 mazx s

Grid No.ltogrid No.2. . .......... 19 17 ppf

Grid No.2toplate. ............... 4.5 4.4 ppi

Grid No.2 to cathode and heater. .. .... 1.3 max 0.4 max uul
CONDUCTION-CYLINDER TEMPERATURE. .. ... .vounn .. 250 mazx 250 mazx °C
SEAL TEMPERATURE (Plate, grid No.2, grid No.1, cathode

andheater).......... oot 250 max 250 mazx °C
# For plate volts, 250; grid-No.2 volts, 250; plate ma., 100.

AF POWER AMPLIFIER AND MODULATOR---Class ABt

Maximum CCS Ratings:
DC PLATE VOLTAGE. .. ..ttt iv i etaners o snnernanennenans 1000 maz volts
DC GRID-NO.Z VOLTAGE. . ..ttt ittt iteta st taenearnenns 300 mazx volts
MAXIMUM-SIGNAL DC PLATE CURRENT® 180 smax ma
MAXIMUM-SIGNAL PLATE INPUT". . . .......... RN 180 max watts
MAXIMUM-SIGNAL GRID-N0.2 INPUT .. 4.5 max watts
PLATE DISSIPATIONY. . ittt ane s nensrrernnsennsanas d
Typical CCS Push-Pull Operation: Valhees are for 2 tubes
DCPlate Voltage. . .. ..ot iiianennsas P 650 850 volts
DC Grid-No.2 Voltage® 300 300 volta
DC Grid-No.1 Voltage from fixed-bias source .. -15 -15 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage*. . ..... .. 30 30 volts
Zero-Signal DC Plate Current. .. ..............coviiunen. 80 80 ma
Maximum-Signal DC Plate Current. . ............ ... ..., 200 200 ma
Zero-Signal DC Grid-No.2 Current. . ............... .. 0 0 ma
Maximum-Signal DC Grid-No.2 Current......... .. 20 20 ma
Efective Load Resistance (Plate to plate)........ .. 4330 7000 ohms
Maximum-Signal Driving Power (Approx.) .. 0 ] watts
Maximum-Signal Power Qutput (Approx.).........cveuven. 50 80 watts
Maximum Circuit Yalues:
Grid-No.1-Circuit Resistance, Under any condition:#

Tor fixed-bias operation. . ... ... .. ittt et 30000 max ohms

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

AF POWER AMPLIFIER AND MODULATOR—CLASS AB2

Maximum CCS Ratings:
DC PLATE VOLTAGE. ... it e ittt tin i iianinneiine s vnnreaneenans 1000 maz volts
DC GRID-NO.2Z VOLTAGE. . ... ........oivuainnn .. 300 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. .. ...... .. 180 max ma
MAXIMUM-SIGNAL DC GRID-N 0.1 CURRENT® . 30 mazx ma
MAXIMUM-SIGNAL PLATE INPUT". . ............We .. .. 180 max watts
MAXIMUM-SIGNAL GRID-N0.2 INPUT® 4.5 mux watts
PLATE DISSIPATION® L. .t iree s snsoeransrasoransanennnns b
Typical CCS Push-Pull Operation: Values are for 2 tubes
DCPlate Voltage . .. .o oo ciiie i iiiicsirornasnoenencansans 650 850 volts
DC Grid-No.2 Voltage® PN \ 300 300 volts
DC Grid-No.1 Voltage from fixed-bias source........ .o -15 -15 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage........... N 46 46 volts
Zero-Signal DC Plate Current. . .......... .. . 80 80 ma
Maximum-Signal DC Plate Current. . . 3556 355 ma
Zero-Signal DC Grid-No.2 Current. ................. AP [} 0 ma
Maximum-Signal DC Grid-No.2 Current............ N 25 25 ma
Maximum-Signal DC Grid-No.1 Current. .. P 15 15 ma
Effective Load Resistance (Plate to plate).. 2450 3960 ohms
Maximum-Signal Driving Power (Approx.)® ., ... ...... . ¢.3 ¢.3 watt
Maximum-Signal Power Output {(Approx.)..............0. 85 140 watts
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum CCS Ratings: Upto 1215 Mc

DC PLATE VOLTAGE, .1 et e vrcn e iiasansaasssrsosnavaseannssnenssas . 800 max volts

DC GRID-NO0.2 VOLTAGE 300 max volts
-100 mazx volts

DC Grip-No0.1 VOLTAGE
DC PLATE CURRENT. .. ..... 150 max ma

DC Grip-No0.1 CURRENT 30 mazx ma
PrLATE INPUT 120 mazx watts
GRID-NO.2INPUT. . ... .vvveennnans . 3 max watts
PLATE DISSIPATION .

Typical CCS Operation: A 400 Me

DO Plate VOItage. . . oot oo e iiiaaiacetssosascaoeasnnse 400 700 volts
DC Grid-No.2 Voltage®. .. 200 250 volts
DC Grid-No.1 Voltaget...... -20 -50 volts
DC Plate Current...........ooenennn .. 100 130 ma
DC Grid-No.2 Current........... . 5 10 ma
NC Grid-No.1 Current........... . 5 10 ma
Driver Power Qutput (Approx.)*. .. .. 2 3 watts
Useful Power OQutput (APProx.). .....coovvnunrnaneaeroons 16 45 watts
Maximum Circuit Values:

Grid-No.1-Circuit Resistance, Under any condition................oonhn, 30000 % max ohms

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and

RF POWER AMPLIFIER—Class C FM Telepheny
Maximum CCS Ratings: Up to 1215 Mec
DC PLATE VOLTAGE. . . ...t vvevaaennan . 1000 max volts
DC GrID-NoO0.2 VOLTAGE 300 max volts
DC GRID-NO.1 VOLTAGE. . -100 mazx volts
DC PLATE CURRENT.. ..... 180 max ma
DC GrID-No.1 CURRENT. . .. 30 max ma
Prate INPUT. ... ... 180 max watts
GRID-No.2 INPUT 4.5 max watts
PLATE DISSIPATION hd
Typical CCS Operation: At 400 Mc A 1215 Me
DCPlate Voltage . . . ..... .o ciieennineannn 400 900 900 volts
DC Grid-No.2 Voltage®® 200 300 300 volts
DC Grid-No.1 Voltage k. . . -35 -30 —22 volts
DC Plate Current. ........ 150 170 170 ma
DC Grid-No.2 Current. .. .. . 5 1 1 ma
DC Grid-No.1 Current.........oovinvaven v 3 10 4 ma
Driver Power Output (Approx.)*4 e 3 3 5 watts
Useful Power Output (APProx.) ........ocveuns 23 80 40 walts

Maximum Circuit Values:

Grid-No.1-Circuit Resistance, Under any condition................... 30000k mac ohms
{ 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 the cathode and resultant short life.

° Measured with special shield adapter.

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

®Maximum plate dissipation is a function of the maximum plate input, efficiency of the class of service
and the effectiveness of the cooling system.

“Preferably obtained from a fixed supply.

2The driver stage should be capable of supplying the No.1 grids of the Class AB; stage with the specified
driving voltage at low distortion.

*The resistance introduced into the grid-No.1 circuit by the input coupling should be held to a low value.
In no case should it exceed the specified maximum value; transformer- or impedance-coupling devices are
recommended. :

wDriver stage should be capable of supplying the specified driving power at low distortion to the No.1
grids of the AB: stage. To minimize distortion, the effective resistance per grid-No.1 circuit of the ABz
stage should be held at a low value. For this purpose, the use of transformer coupling is recommended.
@(btained preferably from a separate source modulated along with the plate supply.
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tObtained from grid-No.1 resistor or from a combination of grid-No.1 resistor with either fixed supply or
cathode resistor.

AAThe driver stage is required to supply tube losses and rf-eircuit losses. It should be designed to provide
an excess of power above the indicated values to take care of variations in line voltage, components,
initial tube characteristics, and tube characteristics during life.

% 1f this value is insufficient to provide adequate bias, the additional required bias must be supplied by
cathode resistor or fixed supply.

®%(htained preferably from a fixed supply, or from the plate supply voltage with a voltage divider.
*k Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.

TYPICAL PLATE CHARACTERISTICS
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BEAM POWER TUBE

Very small, uhf, conduction-
cooled, heater-cathode, cermolox type
used as rf power amplifier and oscilla- 78 70
tor in ecompact mobile and fixed equip-
ment where forced-air cooling may not
be practical. Useful at frequencies up to 3000 Mc and beyond. Class C Telegraphy
maximum plate input CCS, 52.5 watts. Heater volts (ac/dc), 6.3; amperes, 1. May
be operated in any position. OUTLINE 76, Outlines Section. Exeept for heater rating,
the 7870 is identical to type 7801.
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BEAM POWER TUBE

790 5 Miniature, quick-heating filament
type used in rf power-amplifier, oscilla-
tor, and frequency-multiplier service
at frequencies up to 175 Mc in mobile-
and emergency-communicationsequip-
ment. Delivers 7 watts useful power
(ICAS) at 175 Me.

FILAMENT VOLTAGE (AC/DC) . 6.3 volts
FILAMENT CURRENT......0oovannnnnn 0.65 ampere
FILAMENT WARM-Up TIME. ... .. .. Less than one second
DIRECT INTERELECTRODE CAPACITANCE
Grid No.l toplate. .. ...ttt ittt iiaessaransenas 0,14 max ppf
Grid No.! to filament, grid No.3, and grid No.2. . ... N 8.5 npf
Plate to filament, grid No.3, and grid No.2. .. ... . viiiianeeinans 5.2 puf
oWithout external shield.
Characteristics, Class A1 Amplifier:
Plate VOltage. .ottt e ettt ittt sia s aaaennaassassaans 200 volts
Grid No3......... Connected to pin | at socket
Grid-No.2 Voltage. ... 185 volts
Grid-No.1 Voltage. .................. —-6 volts
Mu-Factor, Grid No.2 to grid No.1...... 11.5
Transconductance. ... . N 6700 wmhos
Plate Current........ . 36 ma
Grid-No.2 Current 2.5 ma

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony
Al frequencies np to 175 Me

Maximum Ratings: 1CAS

DC PLATE VOLTAGE. ..o o0 ittt it it baa et 300 smar volts
GRIDNOB. . ... i it Connect to pin 1 at socket
DC GRID-NO0.2 SUPPLY VOLTAGE. ... .. 300 mazx volts
DC GRID-NO.2 VOLTAGE............. 250 mauc volts
DC GRID-NO.1 VOLTAGE. . AN -125 ma.e volts
DC PLATE CURBRENT. ..ot ittt i ittt iii e iaiaaean e . 60 mar ma
DC GRID-NO.Z CURRENT....... it iinnaantanrannens . 10 max ma
DC GRID-NoO.1 CURRENT. 3 max ma
PLATE INPUT.. .......... 18 max walts
GRID-NO.2 INPUT. ....... 1.5 mux watts
PLATE DISSIPATION. .. ............... 10 smar watts
BuLB TEMPERATURE (At hottest point) 223 mex °C

As amplifier at 175 Mce®

Typical Operation: ICAS
DC Plate Voltage 300 300 volts
Grid No.3....... Connected to pin 1 at socket
DC Grid-No.2 Voltage* 160 185 volts
DC Grid-No.1 Voltage** -36 -39 volts
From a grid-No.lresistorof. .. ... .. .. ..o it 18000 18000 ohms
Peak RF Grid-No.1 Voltage. . ..., ...t iiieiiinnnnns 41 13 volts
DCPlateCurrent. . ..... ... i it 50 60 ma
DC Grid-No.2 Current...........ooiiiiiiiaiiianannann 2.5 1 ma
DC Grid-No.1 Current (APProx.). . ...coueneinenvnrnnennns 2 2.2 ma
Driving Power (ApProxX.)t....ov vt innrnvenen 1 1 wutt
Useful Power Output (Approx.)ff...... ... iiiiiins 5.3 7 watts

Maximum Circuit Values:
Grid-No.1-Circuit Resistancee. . . ... .ot iiiirinnanns 0.1 mux 0.1 mer megohm

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
At frequencics up to 175 Me
Maximum Ratings: IcAS

DCPLATE VOLTAGE. ...t iitiivieivarenrnesoonnrossesosons S 250 maox volts
GRID NO . . it ittt taseeearesenassoaancnnassnsnsnnsnens Conncet to pin 1 at socket
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DC GRID-NO.2 VOLTAGE. ... ..vss fesessireestnaniaas 250 max volts
DC GRID-NO.1 VOLTAGE. .......0nnn teaaarasesanennn [ Caseseens ~125 max volts
DC PLATE CURRENT........ouvs ireaesereaaaeasaane 60 max ma
DC GRID-NO.2 CURRENT... . vvvacecsssacnsonnsens 10 mazx ma
DC GRID-NO.1 CURRENT. .. c0vevsuasetanssvssnansnns 5 max ma
PLATEINPUT. .. ..t iiiiieiisenranostnnnnennes PN Cerseeneans 15 max watts
GRrID-NO.2 INPUT 1.4 mox watts
PLATE IDISSIPATION. . . . e v otieenrossaccarossosrsntsssssccns esn T mazx watts
BuLs TEMPERATURE (At hottest point), . ........onvvenn edereseantenan 225 max °C
Typical Operation:® AL 175 Me ICAS
DC Plate Voltage. . . ........e Ceeaas Ceseeressaariens 250 volts
GridNo3........covvieinns feettaeersaseesaananrans vevvvsesess. Connected to pin 1 at socket
DC Grid-No.2 Voltaged ....coveiiiererenreicesisecneanns e 250 volts
DC Grid-No.1 Voltage® ., . .. . ciirnrneeverrocereennees PN ~70 volts
From a grid-No.1 resistorof...... b tasetenattsaetitsacetbreenans 33000 ohms
Peak RF Grid-No.1 Voltage....... eserrasaerenenaneen eerebaeeeen e % volts
DCPlate Current. ........counne PPN eeeerasacastesatsensaianes .. 60 ma
DC Grid-No0.2 CUITCRE + oot vv it snrenenracasssvessssosscnsesasnes .. 2.6 ma
DC Grid-No.1 Current {(APPTOX.)} . o« s aevreeroonorrssseroanansssensnens 2.1 ma
Driving Power (APDIoX)t .uevveveactiinneranestortioineaianieoes .. 1 watt
Useful Power OQutput (Approx)tt.......... et aeeraneia i, . 6.5 watts
Maximum Circuit Values:
Grid-No.1-Circuit Registance, .« vvueieerrseassiiestetreirsssssnsaeans 0.1 maxr megohm
Maximum Ratings: ICAS
DC PLATE VOLTAGE . « .t e evstnnarcnsarnesssasserasaconsrsos hereaen 300 max volts
GRIDNO.3. . ...t Connect to pin 1 at socket
DC GRID-NO.2 SUPPLY VOLTAGE . 40t vvvve v et cvrirnansratsarasnceasaons 300 max volts
DC GRID-NO.2 VOLTAGE . .« ¢t verenraroersossrarasanaecnsstassetessns 250 max volts
DC GRID-NO.L VOLTAGE. « 1« vvteveraasctasansessssonsasasassoccsonen —125 max volts
DC PLATE CURRENT. .. . oot ctenvannossesosaunnansissannassastsasaoatns 50 mazx ma
DC GRID-NO.2 CURRENT. ..+t s vnvreasscsnsonsarassarsaenssosessuonss 10 max ma
DC GRID-NO.L CURRENT. .. e vvinrerearnuonesssensnnranssrsesannunes b mazx ma
PLATE INPUT. . oo vt viiniesevnnecnsrrsesonaneeassunesinnse [N 15 max watts
GRID-NO.Z INPUT. . oot vvnroaassnnsosssasasesctastrsassasnonenenss 1.5 max watts
PLATE DISSIPATION, . o .« c oo vreavasectsssssnnresnasestssssesnnnnnee 10 max watts
BuLi TEMPERATURE (At hottest point).....ooivevnionoiinnss P 225 mar °C
' As doubler ta 175 Me
Typical Operation:® ICAS
DC Plate Voltage. .. ......v0 eeerieeesiasaete e 250 300 volts
(3o T: I 1. % S L R R R Jonnected to pin 1 at socket
DC Grid-No.2 Voltage*. 200 215 volts
DC Grid-No.1 Voltage** -53 -80 volts
Trom a grid-No.t resistor of . . ... .ooviiiiii i 53000 53000 ohms
Peak RF Grid-No.1 Voltage .......veemvuniriencnneeannes 60 87 volts
DCPlate CUIrent. ... vvovveiieraneenasroanssoacnesssnes 45 50 ma
DC Grid-No.2 Current. . . .. voevnnercenonnereaasecsrsnass 3.4 3.4 ma
DC Grid-No.1 Current (APProX.).......coeeevsns PR 1 1.5 ma,
Driving Power (ADPProx)f......ovviiiiniiiiinnnen 0.4 0.5 walt
Useful Power Output (Approx.)tt..... e eeeereens 2.5 3.5 watts
As tripler to 175 Me
ICAS
DC Plate Voltage. . . .o vovvineiernriensenas erieeeas e 250 250 volts
GHA NS . i i eiann e rarseesssaassnnoansnse Connected to pin 1 at sockot
DC Grid-No.2 Voltage®. . ... cooviiaiianeons 180 225 volts
DC Grid-No.1 Voltage. . .......... -90 -108 volts
From a grid-No.1 resistor of 50000 60000 ohms
Peak RF Grid-No.1 Voltage. .......... ’ 105 118 volts
DC Plate CUITENt. . . .o vvevircvnenrssssoeonaasaonssssees 40 50 ma
DC Grid-No.2 Current. . . ... oveevernsessnerrroiannaseees 2.5 3.4 ma
DC Grid-No.1 Current (Approx.)........ e eeereein s 1.8 1.8 ma
Driving Power (Approx)t........vveeees eresiaeseeeen .. 0.4 0.6 wattl
Useful Power Output (Approx. )TT .............. veeeee 1.4 2 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance. .. ...... eesrsneeens evaeaan 0.1 max 0.1 maxr megohm
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® Pins 4 and 5 at rf ground.

* Obtained preferably from a separate source or from the plate-voltage supply with a voltage divider.
1f a series resistor is used, it should be adjustable to permit obtaining the desired operating plate current
after initial tuning adjustments are completed.

#% Obtained from a grid-Ne.1 resistor, or from a combination of grid-No.1 resistor and either fixed
supply or cathode resistor. The combination of grid resistor and fixed supply has the advantage of not
only protecting the tube from damage through loss of excitation but also of minimizing distortion by
bias-supply compensation.

t Driving power includes circuit losses and is the actual power measured at the input to the grid circuit.
tt Measured at load.

8 Obtained preferably from a separate source modulated along with the plate supply, or from the modu-
lated plate supply through a series resistor. It is recommended that this resistor be adjustable to permit
obtaining the desired operating plate current after initial tuning adjustments are made.

AVERAGE PLATE CHARACTERISTICS
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OPERATING CONSIDERATIONS

Type 7905 requires Minjature nine-contact socket and may be operated in
vertical position (base up or down), or in horizontal position with pins 2 and 8 in
vertical plane. OUTLINE 9, Outlines Section.

Shielding of the 7905 may be used in straight-through rf amplifier service to
minimize external feedback from the plate to grid No.1. A grounded shield crossing
the terminal end of the tube socket through the space between pins 2 and 3 and the
space between pins 8 and 9, is generally adequate for this purpose. No shielding is
necessary for either frequency doubler or tripler operation.

When operated from automotive electrical systems, the filament may be sub-
jected to voltage variations as great as = 20%. Although such extremes in filament
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voltage may be tolerated for short periods, increased equipment reliability can be
achieved with improved supply-voltage regulation.

The socket connections to pins 4 and 5, which are designated LC on the basing
diagram, may be used to minimize the absorption of 1f power in the filament circuit
by connecting pins 4 and 5 to ground through a capacitor, close to the socket. Pin 1
is directly grounded and pin 9 is bypassed by using a feedthrough capacitor when
bringing this filament lead through the chassis.

POWER TRIODE

Thoriated-tungsten-filament type

used as af power amplifier and modu- 8000
lator and as rf power amplifier and os-

cillator. May be used with full input

up to 30 Mc; for operation at 60 Mec,

plate voltage and plate input should be reduced to 70 per cent of maximum ratings;
at 100 Mec, to 50 per cent. Class C Telegraphy maximum plate dissipation, CCS 125
watts, ICAS 175 watts. Type 8000 requires Jumbo four-contact socket and may be
operated in vertical position with base down, or in horizontal position with pins 1
and 2 in vertical plane. OUTLINE 55, Outlines Section. Plate shows a barely percep-~
tible red color when tube is operated at maximum CCS ratings and a cherry-red
color at maximum ICAS ratings.

FILAMENT VOLTAGE (AC/DC) 10 volts
FILAMENT CURRENT. . .......c0vuuunn.. .. 4.5 amperes
AMPLIFICATION FACTOR 16.5
DIRECT INTERELECTRODE CAPACITANCES:

Grid to plate. . . ... ... i i e i e et it e, 6.4 puf

Gridto filament. . ... .. ... i e e it 5.0 uuf

Plate tofilament . . ........ ... ittt 3.8 wpf

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE . . . . .\veivetteentrtiennannanenrens 1600 max 2000 max volts
DC GRID VOLTAGE . . ...t ivetnieeinenenneennanannnns -500 max -500 mazx volts
DC PLATE CURRENT . .. .. ttvetnennrvannaenonescnnanas 210 max 250 mazx ma
DC GRID CURRENT . . .\ttt tiiiereetnenensnnnonnrasas 40 mazx 45 max ma
PLATE INPUT. . . ... iiiiiiriicnnnnannannnan 335 max 500 max watts
PLATE DISSIPATION . . .. .iit ittt iretnennnnnnnaansnrnns 85 max 125 max watts
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE . . . .o iviintierrnneennnsnnneenns 2000 max 2500 mazx volts
DCGRID VOLTAGE. . ... 0vititiiiiiiniiainaenenraans -500 max -500 max volts
DC PLATE CURRENT . ..\ .iviinetenneinnennoanneenannn 260 mazx 300 max ma
DC GRID CURRENT . . . .ttiieniinienetennannroaannanas 40 mazx 45 mazx ma
PLATE INPUT. .. it iiin i i iieniein i anneannnn 500 mazx 750 maz watts
PLATE DISSIPATION . . . oviii it ituntaneannnsasooesnn 125 max 175 max watts
BEAM POWER TUBE 8001

See type 4E27/8001.

POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplifier and modulator and as rf
power amplifier and oscillator. May be used
with full input up to 30 Mc and with reduced
input up to 50 Mec. Requires Jumbo four-
contact socket and may be operated in vertical 8003
position with base down, or in horizontal posi-
tion with pins 1 and 3 in vertical plane. Maxi-
mum length, 8-3/16 inches; maximum diameter,
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2-9/16 inches. For operation at 60 Mc, plate voltage and plate input should be reducedto 83 per cent of
maximum ratings. Filament volts (ac/dc), 10; amperes, 3.25. Direct interelectrode capacitances: grid to
plate, 11.7 uuf; grid to filament, 5.8 uuf; plate to filament, 8.4 uuf. Maximum CCS ratings as AF
POWER AMPLIFIER AND MODULATOR: dec plate volts, 1350 mar; maximum-signal de plate
milliamperes, 250 maz; maximum-signal plate input, 330 max watts; plate dissipation, 100 mazr watts.
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate volts, 1350 max;
de grid volts, ~400 maz; de plate milliamperes, 250 maz; de grid milliamperes, 50 mazx; plate input, 330
mazx watts; plate dissipation, 100 maz watts. Plate shows no color when tube is operated at maximum
CCS ratings. The 8003 is a DISCONTINUED type listed for reference only.

POWER TRIODE

Thoriated-tungsten-filament type

8005 used as af power amplifier and modu-

lator and as rf power amplifier and os-

cillator. May be used with full input

up to 60 Me. For operation at 80 Me,

plate voltage and plate input should be reduced to 75 per cent of maximum ratings;

at 100 M, to 60 per cent. Class C Telegraphy maximum plate dissipation, CCS 75

watts, ICAS 85 watts. Type 8005 requires Small four-contact socket and may be

operated in vertical position with base down, or in horizontal position with pins 2

and 8 in vertical plane. OUTLINE 45, Ouilines Section. Plate shows a cherry-red color

when tube is operated at maximum CCS ratings and an orange-red color at maxi-
mum ICAS ratings.

FILAMENT VOLTAGE (AC/DC) .. .. . vveninocncanvsnnnnns et 10 volts
FILAMENT CURRENT. . . ... 0vovenrncnnonnassonsocens PN 3.26 amperes
AMPLIFICATION FACTORX . . ... .. i iiena s tnoaentnsseannes 20
DIRECT INTEREL.ECTRODE CAPACITANCES:
(@] T R o) S R 5.0 puf
Grid to fllament. . . .o .vrrer et i 6.4 uuf
Plate to fillament. . . .o v vt erveennrnine  cesasscanecaaianes e 1.0 ppt

*Grid volts, 50; plate amperes, 0.5,
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: cCs ICAS

DC PLATE VOLTAGE . . .. o civtvvierrinnacnnsonrananss 1000 max 1250 max volts
DC GRID VOLTAGE . . . oo ieentaiicnvnannsceairenasnsnns ~200 ma:r —200 max volts
DC PLATE CURRENT . . .ot vveriivinaannnsronaensnrnans 160 max 200 max mu
DC GRID CUBRBENT . . v e ttiunravnnnacnnensnavennesscss 45 max 45 max ma
PLATE INPUT . . ..ottt iea e aninns 160 max 240 max watts
PLATE DISSIPATION . . .. iitiiiniian e eiv e ananaes 50 max 75 max watts

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

Maximum Ratings: ccs ICAS

DC PLATE VOLTAGE . . v v vvervanarranomcnnooraarsens 1250 max 1500 max volts
DC GRID VOLTAGE . . ..t vvnnrvrnnnrrnnnacsnssnnnenses -200 max -200 max volts
DC PLATE CURRENT ., ..o vvvrnsrenrornesnosnaanssonss- 200 max 200 max ma
DC Grip CURRENT. . ... PRI 45 max 45 max ma
PLATE INPUT. . .ot tvneniieornnnrnraeastoannnsnnns 240 max 300 max watts
PLATE DISSIPATION . . ..o vitreenrarenssorsersanssnanss 75 max 85 max watts

HALF-WAVE MERCURY-
VAPOR RECTIFIER

Coated-filament type used in

8008 power supply of transmitting and in-

dustrial equipment. Maximum peak

inverse anode volts, 10,000; maximum

average anode amperes, 1.25. Requires

Super-Jumbo four-contact socket and may be operated in vertical position only,

base down. OUTLINE 56, Outlines Section. Except for physical dimension and base,
the 8008 is identical to type 872A.
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POWER TRIODE

Thoriated-tungsten-filament type having
fitament mid-tap used as rf power amplifier and
oscillator. May be used with full input up to
500 Mc. For operation at 600 Mec, plate voltage
should be reduced to 70 per cent of maximum 80] 2A
rating. May be mounted in vertical position
onty, filament end down or up. Maximum length
(excluding flexible leads), 3-5/16 inches; maxi-
M mum radius, 1-5/64 inches. Filament volts
(ac/de), 6.8; amperes, 1.92. Direct interelectrode capacitances: grid to plate, 2.5 uuf; grid to filament
mid-tap, 2.7 puf; plate to filament mid-tap, 0.4 uuf. Maximum CCS ratings as RF POWER AMPLI-
FIER, Class C Telegraphy service: dc plate volts, 1000 sazx; de grid volts, -200 maz; dc plate ma., 80
maz; de grid ma., 20 maz; plate input, 50 max watts; plate dissipation, 40 maz watts. Forced-air cool-
ing is required when plate dissipation exceeds 75 per cent of the maximum rated value. Plate shows an
orange-red color when tube is operated at maximum CCS ratings. The 80124 is a DISCONTINUED

type listed for reference only.

POWER TRIODE

Thoriated-tungsten-filament type having
filament mid-tap used as rf power amplifier and
oscillator. May be used with full input up to 500
Me. For operation at 600 Mc, plate voltage 8025A
should be reduced to 70 per cent of maximum
ratings. Class C Telegraphy maximum plate dis-
sipation, CCS 40 watts with forced-air cooling,
G CAPS NEARER BASE ICAS 30 watts with natural cooling. Requires
P CAPS NEARER BULB TiP Small four-contact socket and may be mounted
in vertical position only, base down or up. Maximum length, 4-11/16 inches; maximum radius, 1-5/64
inches. Filament volts (ac/dc), 6.3; amperes, 1.92. Direct interelectrode capacitances: grid to plate,
3.0 ppf; grid to filament mid-tap, 2.7 ppf; plate to filament mid-tap, 0.4 ppf. Maximum CCS ratings as
RF POWER AMPLIFIER, Class C Telegraphy service: de plate volts, 1000 mex; de grid volts, —200
maz; de plate ma., 20 mazx; plate input, 75 max watts; plate dissipation, 40 max watts. Forced-air cool-
ing is required for operation near maximum ratings. Plate shows an orange-red color when tube is oper-
ated at maximum CCS ratings and a bright orange-red color at maximum ICAS ratings. The 8025A is
a DISCONTINUED type listed for reference only.

BEAM POWER TUBE

Small, ceramic-metal, conduction-
cooled, heater-cathodetype having pre- 807 2
cision-aligned grids, and used as linear

rf power amplifier and rf power ampli-

fier and oscillator in mobile or fixed

equipment where the use of cocling air may not be practical. Useful with full input
at frequencies up to 500 Mc. Type 8072 requires a special 11-contact socket such as
Mycalex No.CP464-2, or equivalent, and may be operated in any position. OUT-
LINE 80, Outlines Section. For thermal considerations, see Power Tube Installation

Section.

HEATER VOLTAGE RRANGE (AC/DC)f. ... i i e eiiie e £ volts
HEATER CURRENT at 13.5 volts. ....... amperes
MINIMUM HEATING TIME. .. ..., .. ... ..., seconds
Mu-¥Facrtor, GRID No.2 To GRID No.1x
DIRECT INTERELECTRODE CAPACITANCES:®
Grid No.dltoplate. ... oot i it ettt es e 0.13 mazx ppf
Grid No.l to cathode., ................. .. 16 pupf
Platetoecathode. . ....... ... ... ..., .. 0.011 uul
Grid No.1 to grid No.2, .. ... . 22 pupf
Grid No2toplate.......... ... ... ... .. 6.5 puf
Grid No.2 to cathode. .. .. 3.2 upf
Cathodeto heater...........coiuiiii i iiiiniarannnnns .. 3.4 upf
TERMINAL TEMPERATURE (All terminals)............ .. 250 max °C
PLATE CORE TEMPERATURE (See dimensional outline) 250 max °C

% For plate volts, 250; grid-No.2 volts, 200; plate amperes, 1.2.-
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Plate Circuit Impedance. . ... . v viveienrrinnen cees

RCA Transmitting Tubes

LINEAR RF POWER AMPLIFIER
Single-Sideband Suppressed-Carrier Service
Peak envelope conditions for a signal having a minimum peak-to-average power ratio of 2

Maximum CCS Ratings: Up to 500 Mec
DCPLATE VOLTAGE . ...t vv it it iiiiarnannsnsnrenns e, 2200 max volts
DC GRID-NO.2Z VOLTAGE . .ttt ittt iireiivssennrsrsarosetonnsronens 400 max volts
DC GRID-NO.1 VOLTAGE. ... ..ot iiiiivnnnns ~100 max volts
DC PLATE CURRENT AT PEAK OF ENVELOPE. .. . 450%nax ma
DC GRID-NO.1T CURRENT.. .. oovvvninnn. ST .. 100 max ma
PLATE DISSIPATION . . 100®%nax watts
GRID-NO2ZINPUT. ... .. i i iiiieennaas Ceee 8 max watts
PrAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode . 150 max volts

Heater positive with respect to cathode. ............ 150 max volts
Typical CCS Operation with Two-Tone Modulation: At 30 Me
DC Plate Vollage. oot e i ittt ee e issnoecnnsnosnns 700 volts
DC Grid-No.2 Voltage® 250 volts
DC Grid-No.1 Voltage . . ... . i i ittt tesatananonarosnens 20 volts
Zero-Signal DC Plate Current. . .. ..ot iinnetinnr o ivanernoeenn- 100 ma
Effective RF Load Resistance........ 1420 ohms
DC Plate Current at P’eak of Envelope 206 ma
Average DC Plate Current. . .......... e 150 ma
DC Grid-No.2 Current at Peak of Envelope. .. 16 ma
Average DC Grid-No.2 Current., . ... ...... 10 ma
Average DC Grid-No.1 Current. .................oou.. 1.0* ma
Peak-Envelope Driver Power Output (Approx.)¥ 0.3 watt
Output-Circuit Efficicncey (APProX.) . ..ottt iiiiiiiainrnnaans 95 per cent
Distortion Products Level:#

Third oTder. . . . oo i e i i i e 30 db

Tifth order. . ... o i e e i i i e 35 db
Useful Power Output (Approx.): ¥

Average......... ..., . 40 watts

Pesk Envelope. .. .. ..o cvviininenens 80 watts
Maximum Circvit Values:
Grid-No.1-Circuit Resistance, Under any condition:

With fixed biag. .. ..o it hreeer e 25000 nox ohms

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

Maximum CCS Ratings: Up to 500 Me
DO PLATE VOLTAGE. .ottt ittt ittt ittt ittt e e ena s 2200 max volts
DC GrID-N 0.2 VOLTAGE. . . 400 max volts
DC GrRID-No.1 VOLTAGE —100 max volts
DO PLATE CURRENT . . .ttt it ittt 300 max ma
DC Grip-No.1 CURRENT. .. 100 max ma
GRID-NO.2 INPUT. . ... 8 max watts
PLATE DISSIPATION. .. ....... 100®max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negalive with respect to cathode. .. ... ... .. oo i h 150 max volts

Heater positive with respect to eathode. ... ... .. oo ool 150 max volts

In Grid-Drive Circiit

Typical CCS Operation: At50Me  At175Me  ALi70 Me
DC Plate Voltage. ... v vvriniiiiniiinernavenas 500 700 500 700 700 volts
DC Grid-No.2 Voltage. . . .vvv i iiiiniinennenns 160 175 200 200 200 volts
DC Grid-No.1 Voltage. . v.vvvviinnenvinunrenanns -10 -10 -30 -30 -30 volts
DC Plate Current. .......... .. 300 300 300 300 300 ma
DC Grid-No.2 Current. ... 25 25 30 20 10 ma
DC Grid-No.I Cwrrent. ......... 50 50 40 40 20 ma
Driver Power Output (Approx.)t... creeesese. 1.2 1.2 3 3 5 watts
Useful Power Qutput™, , ... ... . iiiiiiiann. eee 85 110 70 105 85 watts
Maximum Circuit Value:
Grid-No.1-Circuit Resistance, Under any condition:

With fixed bias. .. ... .. ... oo Chesriisseennanen [ 25000 ohms
Grid-No.2 Circuit Impedance PPN 10000 mux ohms

See note®
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1 Because the cathode is subjected to back bombardment as the frequency is increased with resultant
increase in temperature, the heater voltage should, for optimum life, be reduced to a value such that at
the heater voltage obtained at minimum supply voltage conditions (all other voltages constant), the
tube performance just starts to show some degradation; e.g., at 470 Mc, heater volts =12.5 (Approx.).
° Measured with special shield adapter.

® The maximum rating for a signal havinga minimpm peak-to-a_verage power ratip less than 2, such as is
obtained in single-tone operation, is 300 ma. During short periods of circuit adjustment under single-
tone conditions, the average plate current may be as high as 450 ma.

® Maximum plate dissipation islimited by the maximum plate core temperature and the cooling system
to maintain tube operation below the specified maximum plate core temperature. With simple Jow-cost
cooling techniques, maximum plate dissipati.on may be only's,bout 100 watts; with more sophisticated
cooling techniques, maximum plate dissipation may be as high as 300 watts.

9 Obtained preferably from a separate well-regulated source.

4 This value represents the approximate grid-No.1 current obtained due to initial electron velocities
and contact-potential effects when grid-No.1 is driven to zero volts at maximum signal.

# Driver power output represents circuit losses and is the actual power measured at input to grid-No.1
circuit. The actual power required depends on the operating frequency and the circuit used. The tube
driving power is approximately zero watts.

# With maximum signal output used asa reference, and without the use of feedback to enhancelinearity.

*# This value of useful power is measured at load of output circuit.

® The tube should see an effective plate supply impedance which limits the peak current through the
tube under surge conditions to 15 amperes.

t Driver power output includes circuit losses and is the actual power measured at the input to the grid
circuit. It will vary depending upon the {requency of operation and the circuit used.
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RCA Transmitting Tubes

POWER PENTODE

807 7 / Miniature heater-cathode type

70 5 4 used in mobile communication equip-

ment operating from 12-volt storage-

battery systems. Used in Class C rf

power-amplifier, oscillator, and fre-

quency-multiplier service at frequencies up to 40 Mc; also used in modulator and af

power-amplifier applications. Requires Miniature nine-contact socket and may be

operated in any position. OUTLINE 6, Outlines Section. During manufacture, this

tube is subjected to special controls and tests for heater-cycling, heater-cathode

leakage, interelectrode leakage, low-frequency-vibration performance, 500-hour in-
termittent life performance, and intermittent shorts.

HEATER VOLTAGE RANGE (AC/DC) .. .0ttt viieeenininenennn 12 to 15 volte

HeaTER CURRENT (Approx.) at 18.5 volts 0.275 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):®

Grid No.ltoPlate. . . ....cooiviiinn e 0.063 ppf

Grid No.1 to All Other Electrodes except Plate. .. ....... 10.2 puf

Plate to All Other Electrodes except Grid No.1.......... 3.5 ppf
° Without external shield.

AMPLIFIER—Class A

Maximum Ratings:
PLATE VOLTAGE. .. ...t iistirnsvsoanancncncoasnonnns aees 330 max volts
GRID-NO.B VOLTAGE . . ..t iiiietaiananaeesonnnonanns v 0 mux volts
GRID-NO.2 VOLTAGE. . ...t vviveerceceasannnrsann TR 180 max volts
GRID-N 0.1 VOLTAGE:

Negative-bias value. ........... .. ... iiiiiiiiee, v 55 max volts

Positive-bias value. .. ... i 0 max volts
GRID-NO0.2 INPUT. . .. cee 1 mar watt
PLATE DISSIPATION. .. ..ttt ca i iiaaanas 5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............. ... 120 mazx volts

Heater positive with respect to cathode. ................ 120 mazx volts
Characteristics With 13.5 Volts on Heater:
Plate Supply Voltage. . ....... ... . 250 volts
Grid=-No.8. . i e e Connected to cathode at socket
Grid-No.2Z Voltage. .. .. ..o i ee e 150 volts
Cathode Resistor. . .. ..o 120 ohms
Plate Kesistanee (ADPDPTOX.) . oo v vttt vt eaan s 0.1 megohm
TranscondUCtANICE. . . vt vttt e et ea e 11500 pmhos
Plate CUITeNt, . . .\ vttt ea e e it o e e e 19 ma
Grid-NO.2Z CUITERt . + . o vt ettt ettt i it s 3.5 ma
Grid-No.1 Voltage (Approx.) for plate pa=20 ... ... .. ... ... ... ... ... -10 volts
Maximum Circuit Valuves:
Grid-No.1-Circuit Resistance:

For fixed-biag operation. . .. ... oot 0.1 max megohm

For cathode-biag operation. . . ... ... it iiinenrinens 0.25 mox  megohm

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

Maximum CCS Ratings:

DC PLATE VOLTAGE. . ..ottt eeravteivrnnnnenanesanassssinenenssannnen 300 max volts
DC GRID-NO.3 VOLTAGE . . ..t i teveniinrieteanenonnsiaresssissoensnnns 0 max volts
DC GRID-NO.2 VOLTAGE . « o« avtvnrvanrrsaanssosraasrnnseroacansnans 1756 max volts
DC GRID-NO.1 VOLTAGE. . ..t i iiittnenennonsoncesasnsrseaconssoscans -50 max volts
DC PLATE CURRENT. ... cs v vvienaionsenssenssannassssossssns e 38 max ma
DC GRID-NO.2 CURRENT. .. .ot vctvvratnsnsonnnoectssoneesensonsosansss 5.5 max ma
DC GRID-NO.L CURRENT. .. ..o ottt iiennraooroonsrsosnssrnnsossosess 3 mazx ma
GRID-NO.2ZINPUT. . . ... ittt iaeoanasanne P 1 max watt
PLATE DISSIPATION 5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . ... ..o viivviiivenieennes 120 max volts

Heater positive with respect to cathode...... Cesevesereranne et 120 max volts
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Typical Operation with 13.5 Volts on Heater: At frequencies up fo 40 Me

DC Plate Voltage. . .. ......... ..ot 200 250 300 volts
Grid No3............... Connected to cathode at socket
DC Grid-No.2 Voltage. . .. 115 145 175 volts
DC Grid-No.1 Voltage...... -7 -9 -12 volts
Peak RF Grid-No.1 Voltage . ... 9 11 16 volts
DC Plate Current. . ........ . 14.5 20 26 ma
DC Grid-No.2 Current 3 4.1 5.5 ma
DC Grid-No.1 Current (Approx.). ... 0.6 0.85 1 ma
Driving Power (APProxX.)... ... ..o rnnnnsoens 10 12 15 mw
Power Qutput (ApPProxX.). . ...ttt ninenennens 1.5 2.7 4 watts

Maximom Circuit Values:

Grid-No.1-Circuit Resistance. .. ......oiiviinenen PN

FREQUENCY MULTIPLIER

Maximvm CCS Ratings:

0.1 mar megohm

DO PLATE VOLTAGE. « ..ottt iiseranresansninsanonnseesnrons 300 mazx volts
DC GRID-N0.3 VOLTAGE 0 max volts
DC GRID-N0.2 VOLTAGE 175 mazx volts
DC Grip-No.1 VOLTAGE -50 max volts
DC PLATE CURRENT, .. .ottt e ciaennnannerenns 33 max ma
DCGRIDNOZ2 CURRENT . ... ottt iieninieinnnannnns 5.5 max ma
DC GRIDNO.1 CURRENT. .. ... oiivinnaennn 3 max ma
GRIDNOZ2INPUT. ... ... 1 mazx watt
PLATE DISSIPATION ., . . ........ N b5 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode........ ... ... .. oo 120 max volts
Heater positive with respect to cathode. .. ....... ... ..ot 120 max volts
Typical Operation as Doubler: At frequencies up lo 40 Me
DC Plate Voltage 200 250 300 volts
Grid No3........ Connected to cathode at socket
DC Grid-No2Voltage. . .........oviiveieiinnen. 115 145 175 volts
DC Grid-No.1 Voltage. ........ -16 —20 —25 volts
Peak RF Grid-No.1 Voltage . . 19 24 3L volts
DCPlate Current, .. .........oviiviaviannans R 11 15 20 ma
DC Grid-No.2 Current. .. .........coveraunaans e 2 3 4 ma
DC Grid-No.1 Current (Approx.). 0.3 0.45 0.6 ma
Driving Power (APProX.)........oovvvvneennn .. 5 9 13 mw
Useful Power Output (Approx.)...........c.uvuennn 1.4 1.9 2.5 watts
Maximum Circuit Values:
3rid-No.1-Cireuit Resistanee. . . ... .. . i i i 0.1 max megohm
AVERAGE CHARACTERISTICS
80
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RCA Transmitting Tubes

H RADIATOR
¢}

BEAM POWER TUBE

Small, ceramic-metal, forced-air-

8] 2] cooled, heater-cathode typehaving pre-

cision-aligned grids; used as linear rf

power amplifier and rf power amplifier

and oscillator in mobile or fixed equip-

ment. Useful with full input at frequencies up to 500 Mc. For plate and average
characteristies curves refer to type 8072.

HEATER VOLTAGE (AC/DC)} .\ vt vi ittt it etieetnaannnesanaannnnss 13.5 volts
HEATER CURRENT at 13.5 volts. .. .. oot 1.3 amperes
MINIMUM HEATING TIME. . . . ..ottt ciassaa s nansanenes 60 seconds
MU-FACTOR, GRID NO.2 TOGRID NO.Id ... ...t iin e 12
DIRECT INTERELECTRODE CAPACITANCES:®

Grid Nod toplate. . ... oot i i it n i ea i co s iniens 0.13 max unf

Grid-No.ltoecathode. ... ... ... ... . iiiiiiiiiianiiianaansnanns 16 ppuf

Plate tocathode. . ... .. ... . . it i e 0.011 ppf

Grid No.l to grid No.2. . .. ittt it e iie i eiaveinaranaaaeonans 22 puf

Grid No.2 to plate. . .o oottt ii i iie i eaaranreiaannarsanss 6.5 upf

Grid No.2 t0 eathode. ... o.vvvor it ettt naaeraanans 3.2 pof

Cathode to heater. . ... ....ouiuu ittt iaens 3.4 ppf
TERMINAL TEMPERATURE (All terminals) . ...... ... . i, 250 maz °C
RADIATOR CORE TEMPERATURE (See dimensional outline). ............... 250 max °C
Y For plate volts, 450; grid-No.2 volts, 325; plate amperes, 1.2.

LINEAR RF POWER AMPLIFIER
Single-Sideband Suppressed-Carrier Service
Peak envelope conditions for a signal having o minimum peak-to-averaye power ratio of 2

Maximum CCS Ratings: Up to 500 Mec
DC PLATE VOLTAGE. ...ttt iin it iae e nias e nnes 2200 max volts
DC GRID-NO.2 VOLTAGE . .. . . iet ittt tineaaner e iiinnaasenensnnss 400 maz volts
DC GRID-NO.L VOLTAGE . . ... ot iitei it caereiaannsrstasnneenans —100 max volts
DC PLATE CURRENT AT PEAK OF ENVELOPE ... .cvvrierenriinnnnnennns 450" max ma
DC GRrip-No.1 CURRENT 100 mazx ma
PLATEINPUT. ... ... ... in.. 150 max watts
GRID NO.2 DIBBIPATION . oo v et ieee ettt nan s anaranareannacnnsinns 8 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode........... ... ... oo, 150 mazx volts

Heater positive with respect to cathode. .............. ... ... v 150 max volts
Typical CCS Operation with Two-Tone Modulation: At 30 Mc
DC Plate Voltage. ..... 1000 1500 volta
DC Grid-No.2 Voltage®. 250 250 volts
DC Grid-No.1 Voltage® -20 -20 volts
Zero-Signal DC Plate Current. . .. ...... ... oo 100 100 ma
Effective RF Load Resistance. . . ..............0viuienenn 2270 3800 ohms
DC Plate Current at Peak of Envelope. . .......... ... ... 210 210 ma
Average DC Plate Current. . . ... ..o iiiiiniarennenns 160 160 mna
DC Grid-No.2 Current at Peak of Envelope................ 10 10 ma
Average DC Grid-No.2 Current... ... .....coiiiiiiiennns T 7 ma
Average DC Grid No.1 Current. ......oooviiiivnennaennss 0.05% 0.05° ma
Peak-Envelope Driver Power Qutput (Approx.)*............ 0.3 0.3 watt
Output-Cireuit Efficiency (Approx.).........covvvvveeennonn 90 85 %
Distortion Products Level :*

Third order. . ... ..o it it inaanrens 35 35 db

FifthOrder.. . ....oviitii ittt iinrrianrenanns e 40 40 db
Useful Power OQutput (Approx.):

Average#.. ... i e seraeas e 55 85 watts

Peakenvelope#f ... vvveriiinninenniiinanens PP 110 170 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under any conditions:

Withfixedbias. ........... ..o e PPN 25000 max ohms

With fixed bias (In Class AB; operation)......... e [ 100000 mazx ohms

With cathode bias...............civnvinnns earreeieaenas P . Not recommended
Grid-No.2 Circuit Impedance. .........ooiiieiiiiiiirnansienins N 10000 nax ohms
Plate Circuit Impedance. . .................... [P PN e See note **
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RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings: Up to 500 Mc
DC PLATE VOLTAGE. . ...... PN 2200 maz volts
DC GRID-N0.2 VOLTAGE 400 maz volts
DC Grip-No.1 VOLTAGE . -100 volts
DC PLATE CURRENT. . . vt vvnennevenncnnnssnns . .. 300 mazx ma
DC GRID-NO.L CURRENT. ...\ oiviiirriessnnronsssancnonsos . 100 mazx ma
GRID-N0.2 DISSIPATION. . ... . . 8 max watts
PLATE DISSIPATION. ...ttt i iiie it innernarans . ceen 150 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to eathode......... e seriesesesasanae 150 max volts

Heater positive with respect to cathode. . ................ setenaasaes 150 maz volts
Typical CCS Operation: I'n grid-drive circuit Al 50 Me At 470 Me
DC Plate Voltage. . . ................... 700 1000 1500 700 1000 1500 volts
DC Grid-No.2 Voltage. . . . 176 200 200 200 200 200 volts
DC Grid-No.1 Voltage......... . -10 -30 -30 ~30 -30 -30 volts
DC Plate Current. ............ . 300 300 300 300 300 300 ma
DC Grid-No.2 Current......... . 25 20 20 10 10 53 ma
DC Grid-No.1 Current............ .. 50 40 40 30 30 30 ma
Driver Power Output (Approx.)®.... .. 1.2 2 2 5 5 5 watts
Useful Power Qutput. .................. 1204 175# 2754 100t 165t 2851 watls
Maximum Circuit Valuves:
Grid-No.1-Circuit Resistance, Under any condition:

With fixed bias. ... ... ..o il e et 25000 max ohms
Grid-No.2 Circuit Impedance. .. .. . 10000 max ohms
Plate Circuit Impedance. ...... .. See note ¥*

1 Because the cathode is subjected to back bombardment as the frequency is increased with resultant
increase in temperature, the heater voltage should, for optimum life, be reduced to a value such that at
the heater voltage obtained at minimum supply voltage conditions (all other voltages constant) the
tube performance just starts to show some degradation; e.g., at 470 Me, heater volts=12.6 (Approx.)

© Measured with special shield adapter.

® The maximum rating for a signal having a minimum peak-to-average power ratio less than 2, such as
is obtained in single-tone operation, is 300 ma. During short periods of circuit adjustment under single-
tone conditions, the average plate current may be as high as 450 ma.

® Obtained preferably from a separate, well-regulated source.

BT his value represents the approximate grid-No.1 current obtained due to initial electron velocities and
contact-potential effects when grid-No.1 is driven to zero volts at maximum signal.

“Driver power output represents circuit losses and is the actual power measured at input to grid-No.1
circuit. The actual power required depends on the operating {requency and the cireuit used. The tube
driving power is approximately zero watts.

*With maximum signal output used as a reference, and without the use of feedback to enhance linearity.
*This value of useful power is measured at load of output circuit.

**The tube should see an effective plate supply impedance which limits the peak current through the
tube under surge conditions to 15 amperes.

®Driver power output includes circuit losses and is the actual power measured at the input to the grid
circuit. It will vary depending upon the frequency of operation and the circuit used.
tMeasured in a typical coaxial-cavity circuit.

OPERATING CONSIDERATIONS
Type 8121 requires a special 11-contact socket such as Mycalex No.CP464-2,
or equivalent, and may be operated in any position. OQUTLINE 79, Qutlines Section.
Adequate forced-air cooling must be provided simultaneously with electrode
voltages tolimit the radiator core and terminal temperatures to their specified values.

BEAM POWER TUBE

Small, ceramic-metal, forced-air-
cooled, heater-cathodetypehaving pre- 8] 2 2
cision-aligned grids and used as linear
rf power amplifier and rf power ampli-
fier and oscillator in mobile or fixed
equipment. Useful with full input at
frequencies up to 500 Mec.
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HEATER VOLTAGE (AC/DC)Y .. ... ..., PR N 13.5 volts
HEATER CURRENT at 13.5 volts. .. . v ittt ittt iiii e 1.3 amperes
MINIMUM HEATING TIME. .. ..ot ii i iin v nnscnanernanranaanonnoans €0 seconds
MU-FACTOR, GRID NO.2 TO GRIDNO.IJ .. v oiiniiiiiiiiiinnsnitnnnns 12
DIRECT INTERELECTRODE CAPACITANCES:®

Grid No.1 to pPlate. ...ttt ittt it i it e i ises e raananss 0.13 max T §

Grid No.l tocathode. ... ..iiiir ittt iineinansaanin 16 pupuf

Platetocathode. .. ... it i iiie it iene e i 0.011 )

Grid No.1 to grid No.2. . .. . it it ittt e ittt 22 uuf

Grid No.2 to plate. . ..o oo ittt ittt i 6.5 puul

Grid No.2tocathode. ... ... it it i 3.2 puf

Cathodetoheater................... ...t 3.4 ppf
TERMINAL TEMPERATURE (All terminals) 250 mox °C
RADIATOR CORE TEMPERATURE (See dimensional outline). ............... 250 mazx °C
* For plate volts, 450; grid-No.2 volts, 325; plate amperes, 1.2,

LINEAR RF POWER AMPLIFIER
Single-Sideband Suppressed-Carrier Service
Peak envelope conditions for a signal having a minimum peak-to-average power ratio of 2

Maximum CCS Ratings: Upto 500 Mc
DC PLATE VOLTAGE. . . ... ittt it eianiiacariannr e 2200 mazx volts
DC GRID-NO.2Z VOLTAGE. .« 4ottt onssenraaetaenarranneanensos 400 max volts
IDC GRID-NO.1 VOLTAGE. . ..\ ittt ittt titnre i iiianeanananns -100 max volts
DC PLATE CURRENT AT PEAK OF ENVELOPE . ... ...oviiv i iiiienneenas 450%mazx ma
DC GRID-NO. L CURRENT ...t ittt rernnsanesetnserianecnnanens 100 maz ma
PLATE DISSIPATION 400 max watts
GRID-NO.Z INPUT. . . .ttt in e i it it v e e iinanaanennn 8 inax watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . .. ........ ... ... .ot 150 max volts

Heater positive with respect to cathode. .......... . ... .o oy 150 max volts
Typical CCS Operation with Two-Tone Modulation: At 30 Me
DC Plate VolbaZe . . ..ot ittt c ittt ie e i enaaraanen 2000 volts
DC Grid-No.2 Voltage®. . ... ... i it i 400 volts
DC Grid-No.1 Voltage®. . .. .... oo it . -35 volts
Zero-Signal DC Plate Current . 100 ma
Effective RF Load Resistance . . . ... ... .iiiiiiiiiininerranranaans 3050 chms
DC Plate Current at Peak of Envelope. ... ..o ittt inrannen 335 ma
Average DC Plate Current. . ... .. ... . . i ittt N 250 ma
DC Grid-No.2 Current at Peak of Envelope. .......... .. .. .ot 10 ma
Average DC Grid-No.2 Current. .......... ittt 7 ma
Average DC Grid-No.1 Current. .. .....ooitiin it iiiniananraan 0.05% ma
Peak-EnvelopeDriver Power Output (Approx.)%. ... ... ... ovvviiaennn. 0.3 watt
Output-Circuit Efficiency (ApPDProX.) .. ... i ieaens 90 per cent
Distortion Products Level:*

B 11 T T4 L T 29 db

Fifth order. . ..oveeir it ittt ene e naan e 32 db
Useful Power Output (Approx.): .

Y Y N 190# watts

Peak envelope. . .. ov ottt ittt i it i et P 380# walts
Maximum Circuit Values:
Grid-No.1 Circuit Resistance, Under any condition:

With fixed bias. .. ... ..o i i i e e 25000 max ohms

With fixed bias (In Class ABroperation)...........iiiiivirnrennonn. 100000 max ohms

Witheathodebias. . ... ... i i e Not recommended
Grid-No.2 Cireuit Impedance. . .. ... . . i iiiiiaeaan 10000 mazx ohms
Plate Circuit Impedance. . . . ... vttt i i See note **

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

Maximum CCS Ratings: Up to 500 Mc
DO PLATE VOLTAGE. « o .t it it v et ieeiniaa e ia e ia s 2200 mazx volts
DC GRID-NO.Z VOLTAGE. « .« 1\ttt ittt ninaeeeroannannses 400 max volts
DC GRID-NO. 1 VOLTAGE. .« ...t ittt it iie it i asioans -100 mazx volts
DC PLATE CURRENT . . . . oottt i et iniientinamcinar e tasaastssenns 300 mazx ma
DC GRID-NO.T CURRENT. . .. vvenrvrancccnasses e e e 100 max ma
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GRID-NO.2ZINPUT. . ..ottt iiiaeans Cetaraaacate i 8 max watts
PLATE DISSIPATION. . ..o it iieinenrinnaennrann eeraaes e 400 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode..........covvvnins PP 150 maz volts

Heater positive with respect to eathode. ... oo, 150 max volts
Typical CCS Operation: In Grid-Drive Circuit at 50 Mc
DC Plate Voltage. ...........uune ceeensen 700 1000 1500 2000 volts
DC Grid-No.2 Voltage. . ........... e 175 200 200 200 volts
DC Grid-No.1 Voltage. .......... N =10 -30 =30 =30 volts
DC Plate Current. .. .. . . 300 300 300 300 ma
DC Grid-No.2 Current, . RN ae 25 20 20 20 ma
DC Grid-No.1 Current. .......... ees 50 40 40 30 ma
Driver Power Output (Approx.)®. . . .. 1.2 2 2 2 watts
Uscful Power Output#.............. essenne 120 175 275 375 watts

In Grid-Drive Circuit at 470 Mc

DC Plate Voltage. . ......ovvivneinans e 700 1000 1500 2000 volts
DC Grid-No.2 Voltage. . .. 200 200 200 200 volts
DC Grid-No.1 Voltage. . . -30 -30 -30 ~30 volts
DC Plate Current. .. ... 300 300 300 300 ma
DC Grid-No.2 Current. . 10 10 5 5 ma
DC Grid-No.1 Current...... 30 30 30 30 ma
Driver Power Output (Approx.) 5 5 5 5 watts
Useful Power Qutputf............... 100 165 235 300 watts
Maximum Circvit Values:
Grid-No.1 Circuit Resistance, Under any condition:

Withfixed bias. ... ...t iiiaenss 25000 max ohrs

Grid-No.2 Circuit Impedance. . 10000 max ohms
Plate Circuit Impedance. . . ..ottt See note ¥
1t Because the cathode is subjected to back bombardment as the frequency is increased with resultant
increase in temperature, the heater voltage should, for optimum life, be reduced to a value such that at
the heater voltage obtained at minimum supply voltage conditions (all other voltages constant) the
tube performance just starts to show some degradation; e.g., at 470 Me, heater volts=12.5 (approx.).
© Measured with special shield adapter.
* The maximum rating for a signal having a minimum peak-to-average power ratio less than 2, such
ag is obtained in single-tone operation, is 300 ma. During short periods of circuit adjustment under
single-tone conditions, the average plate current may be as high as 450 ma.
® Obtained preferably from a separate, well-regulated source.
O This value represents the approximate grid No.1 current obtained due to initial electron velocities
and contact-potential cffects when grid-No.1 is driven to zero volts at maximum signal.
4 Driver power output represents circuit losses and is the actual power measured at input to grid-No.1
circuit. The actual power required depends on the operating frequency and the circuit used. The tube
driving power is approximately zero watts.
# With maximum signal output used as a reference, and without the use of feedback to enhance linearity.
# This value of useful power is measured at load of output circuit.
## The tube should see an effective plate supply impedance which limits the peak current through the
tube under surge conditions to 15 amperes.
© Driver power output includes circuit losses and is the actual power measured at the input to the grid
cireuit. It wilt vary depending upon the frequency of operation and the circuit used.
t Measured in a typical coaxial-cavity circuit.

TYPICAL PLATE CHARACTERISTICS

TYPE 8122
HEATER VOLTS » I3.5
GRID=No.2 VOLTS = 400
2 Ecr10 GRID-No.1 VOLTS=E¢ ]
V4
s
go.s
3 - —
B 7 -5
<, | =3
-2
& - -10
€571
05 -20
-1 - 25
-0
-
o 500 1000 1500 2000 2560
BLATE VOLTS 92CM=11290T
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RCA Transmitting Tubes

TYPICAL COOLING
REQUIREMENTS

TYPE 8122
Fl DIREC THROUGH RADIATOR
TYPICAL CHARACTERISTICS A O D TR e P
Mc CULLOUGH INC), AND SOCKET
T T 1 CD464-2 (MYCALEX_ CORP_OF AMERICA}]
TYPE Bl122 AND BY-PASS CAPACITOR (E.F JOHNSON
I~ MEATER VOLTS=13.9 co.)
» GRID-No.2 VOLTS=400 PLATE-CORE_TEMP~250°C,
l&l I GRID-No.l VOLTS=EC) ] 41 [INCOMING-AIR TEMP-24°C.
w | Icy 5
z /
<:l _[CZ—- 6 /
3 e A /
2 300 w 7 y
~ [ 5 /
8‘ 15 w 4 /
2 2% h / /
o~ Ecp+15 Q 4 # A
S == Q K /
Zz ECi=5 .‘ 3
o 200 \ ' 1| /
8 E3—#
S 10 @ i ”
= 9 \ +10 32 4
Q
S o0 VA \
g NN\ N 1
o
c 50 \\‘ F5—
o N \\ N
NS 4] 100 200 300 400
PLATE DISSIPATION - WATTS
o 200 400 600 800 {SOLID LINE)
PLATE VOLTS
S ocw- 112037 0O 02 04 06 08

PRESSURE DROP -INCHES OF WATER

(DASHED LINE)
92CM-11299T

OPERATING CONSIDERATIONS

Type 8122 requires a special 11-contact socket such as Mycalex No.CP464-2,
or equivalent, and may be operated in any position. OUTLINE 81, Outlines Section.
Adequate forced-air cooling must be provided simultaneously with electrode
voltages tolimit the radiator core and terminal temperatures to their specified values.

MEDIUM-MU TRIODE

Seven-pin miniature heater-cathode type
used as af amplifier and as rf amplifier and oscil-
lator at frequencies up to 500 Mec. Class A; Am-

9002 plifier maximum CCS plate dissipation (design-
center value), 1.6 watts. Direct interelectrode
capacitances: grid to plate, 1.4 uuf; grid to cath-
ode and heater, 1.2 uuf; plate to cathode and
heater, 1.1 uuf. Requires Miniature seven-con-
tact socket and may be operated in any position.

Maximum over-all length, 1-3/4 inch; maximum diameter, 3/4 inch. Except for interelectrode capaci-
tances, the 9002 is electrically identical with type 956. The 9002 is a DISCONTINUED type listed for
reference only,
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Tube-Part Materials
Used in RCA-813 Beam Power Tube

10.
11.
12,
13.
14.

. MEDIUM METAL CAP—nickel-plated brass
. PLatE CONNECTOR-—nickel
. FILAMENT SUPPORT SPRINGS—tungsten

MOUNT SPACER---nickel-chromium strip

. MOUNT SUPPORT-—ceramic
. Tor SHIELD—-nickel
. HEAvY-DuTty FiLaMiNT-—thoriated

tungsten

. PLATE—zirconium-coated nickel
. ALIGNED-TURN CONTROL GRID (GRID

No.1) AND SCREEN GRID (GRID NoO, 2)—
nmiolybhdenum

15,
16.
17.

18.

273

BuLB or ENVELOPE—hard glass
BraM-FoRMING ELECTRODE-nickel
PLATE-SUPPORT SPACER-—ceramic
BoTToM SHIELD Disk--nickel

FiLaMENT CONNECTOR—nickel-plated
steel

DirecTIvE-TYPE GETTER
MovLpeDp-FLARSE STEM—hard glass

GIANT BasE—aluminum with ceramic
insert

TUNGSTEN-TO-GLASS SEAL



Outlines
OUTLINES 1-11

..’ "2y, tax . —»l
25,
/32 %2
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1332
)
e
-2~
400 MAX.
400 MAX., -~
- [“.366 MiN. r 366 MIN.
Vs
NG 075 AKX * 200
M‘IU‘ +060 2060
' Bl
,:/2 L 050 max. A ﬁ !\‘ L 050 max.
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x 52/5 75 2078
25 Tol 135 x. 2lg % 1031 MAX.
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425 =
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9 ~-10-

® Including eceentricity.

NOTE
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.,
)
r—‘/sa MAX

--13/‘J MAX, e
17y
2ly . PMAX
max | T2% ﬂxl DA
133,
_5-
— 3 Max
-
2%
MAX.
A
2% 71 2
MAX 2| s
-8~
1
——11/32 MAX. r—
|
e 3%
MT 83 MAX. MAX
1V 22
tVap
¥
i
£V
bt % taAX

Measured from bulb seat to bulb-lop line as determined by ring gauge of 0.210” = 0.001” 1.D.
Measured from base seat to bulb-top line as determined by ring gauge of 7/16" L.D.
: Where units are not given, dimensions are in inches.
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RCA Transmitting Tubes

OUTLINES 21-29

[+-848 1.002 SKIRT
~>{19%2 MaX. [— 050 008 D":‘:‘ ] 2% MAX =, smaLL &Re
N P Pay)| V2 the
1
3'%e
g
3314 45/)0 T8
MT 104 MAX, MAX, 3l T8
¥ 4% t¥%g 3
! MAX ; 4/
a2 ’ [4 ? MAX.
et %6 £ g 1%gR,, ] 235 Max.
T max
=2I- -22- . -23-

D

| =g MAX

° 1Y MAX.-»  SMALL
| ~CAP

(—\l
a7, 392
naX £k 7,
: O ally,
a l/2 MAX,
MAX
=
U U J ¥
L—Z'/ne MAX —s]
-24- -25- -26-
+.001
| 128 Toogeo, ||
39 MNm058 r002 - 86 206 = 1060 £.025
. aLL ¥ 240 MIN.
g MAX. <
T~ CaR
)
1
4.4
248 +08
! Y
ar3 [
- ' h¢4 MAX
%6 N
t% 50 .42 '
n alyy £ i ¥ 80 g2 *
MaX MIN. '7f o2
‘ 3 [
Vo . 444.08 MIN.
I le——Lora I 7 f I | a4 s
MAX. DIAT ¥
U U N ZOGD_J o — "“-3%.'2“‘ l
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-27- -28- ~29-

* Zone where condensed-mercury temperature should be measurcd.
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* Special Button Giant 5-pin base.
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OUTLINES 39-47
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* Zone where condensed-mercury temperature should be measured,
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Outlines

OUTLINES 48-53
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RCA Transmitting Tubes

OUTLINES 54-58

SKIRTED

e 2 9/,5 MAX ——( MED(UM 2 /16 MAX. —-»1 M[mUM
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| L. -
[ 1 2% / 2%
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5. |
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3
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o
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* Zone where condensed-mereury temperature should be measured.
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OUTLINES 59-63
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281

-63~

Vv 5
g




= RCA Transmitting Tulies s=—ne=

OUTLINES 64-67
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* Zone where condensed-mercury temperature should be measured.
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OUTLINES 68-73
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OUTLINES 74-76

.865"+.015™

425" MAX.

A" MAX,
FREQUENCY ot MAX
ADJUSTMENT 24 RF COAXIAL
SCREW 2.0 OUTPUT TERMINAL
DiA s 003" DIA.
283"+ 062" [l — 305"+ ot0"
MAX b Y 325" .
| .200"MIN. 'MIN. o
Lty 20 | 45%7°|45°¢
1.730" .
MAX, ,
! G /\
7970 .
%010 —— 270" MAX,
[
b ~{}e--040" £ 00" DIA,} COAXIAL
o 2 M OUTPUT
305" 0l0" . L TRl 81" 4 003" DIA.f TERMINAL
,_.—* 6" 283, ~»|[|}«305"+.010" DIA.
1,500 9" MAx, 062
MIN. Ay .020"£.002" =% 32"
] @ 2 HEATER TERMINALS e 2TMIN. M,
CATHODE TAB—
016" x100"* I INSULATOR
; FREQUENCY
R
74

s 797,
-865" £ 015" DIA. £.0(0
(NOTE 1)

.325" MAX. DIA.
: GLASS BUTTON

"

Y. 7.020"::%%% DIA.

U
HEATER, HEATER
LEAD

CATHOOE
LEAD
-75-
506"
[+ ags" DA™
—
EXHAUST-TIP COVER ___,,
(MAKE NO CONNECTION}
PLATE TERMINAL
CONTACT SURFACE 165"
£.030
"
738+ A : ess
GRID-No.2 TERMINAL NOTE 1 205
CONTACT SURFACE
GRID=No.! TERMINAL A4 4
CONTACT SURFACE Y -
.L___ | 2012° +0I5"
o | S ¥
; - —
10" Max.— 150° M, A ] ¥
10 MAX OIA. >~ |7 E | | ~———CENTERING PIN
HEATER ~CATHODE L_-SM, le——.073" MIN. 026" MAX. DIA,
TERMINAL 318
CONTACT SURFACE DIA.
=325, 01A.—>
HEATER TERMINAL :
CONTACT SURFACE 073" MIN—»]
STIPPLED REGION NOTE 2
B CERAMIC
_76_

# Applies to types 6562 and 6562/6794A only. Type 5794 does not have cathode tab and length of
heater terminal is only 0.200” = 0.040"".
NOTE 1: Stippled region (which extends around tube) indicates recommended clamping and contact
?S%E 2: Keep stippled regions clear; do not allow contacts or circuit components to protrude into
these annular volumes,
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OUTLINES 77-80

o335 oia.

BEE8  CERAMIC

STIPPLED
REGION
PLATE . NOTE
TERMINAL
CONTACT
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CONTACT SURFACE 4.070"
-.080"
77 200" MIN. r°g§°§‘mN
oy
CONTACT ¥
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-79- PLATE
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GRID~No.2 TERMINAL
CONTACT SURFACE

1.4

7 |
- 300"
+1020
— 080"
o 1

26" ¢+ 0i0" DIA.‘J -80~

NOTE 1: Keep stippled regions clear; do not allow contacts or eircuit components to protrude into

these annular volumes,
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RCA Transmitting Tubes

OUTLINES 81-82

PLATE TERMINAL—_j*———1.625" £ .0I5" DIA.——t
SMALL CAP
RADIATOR CORE —— 19207
TEMPERATURE 1 .065'
MEASUREMENT ——
POINT T
7507
PLATE TERMINAL— 040 226"
Max.
1.515 ",
125 " MAX. 085
DIA.
GRID=No.2 TERMINAL; o
CONTACT SURFACE . g'.ogo'
080"
MIN.

I
1.426" £ 010" DlA.——-’!

CERAMIC
STIPPLED
REGION
TE | ~8l=-
e 1.625" & 015" DIA s
T le— RADIATOR
750"
+.040" TERMINAL
780"
£.070
@
— 1 %, max. o,
780"
030
080" -GRID~No.2 TERMINAL
LN i — MAKE NO CONNECTION
'a i TO THIS SURFACE

— ¥
" 0
s34t % wax. § 005" MIN. R. U % wn.
080 f -360" MIN: kY 456" MAX.
o3I™ L) W i 088" & 020"
-

GRID-No.l TERMINAL

.260" £.005" DIA, —————nl
303" £.005"——» L——

NOTE 1: Keep stippled regions clear; do not allow contacts or circuit components to protrude into
these annular volumes.
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OUTLINES 83-84

pe——1.625" £ 015" O1A. ———>
568"
-—-‘ +.005"
-009
] DiA.
w +.025"
258" _gis”
T T | le—— RADIATOR
7505 ANODE PLATE
+040" TERMINAL
b~ 1.406" MAX. DIA.
" "
108 ‘Lﬁh : ; GRID-No.2 TERMINAL
020" *e— ————— MAKE NO CONNECTION
v ) TO THIS SECTION
a5 ¥ oasommax. # U Jﬂ MU—‘——#_F-——T
¥ qert ! W “
i . — 008" M. R LI L ¥ ;'3(’6 MIN. 4567 MAX.
X Py
GRID-No.| TERMINAL™ I ¥
:so'»\* 088", T—.osr‘
+.020
.260" £.005" DIA: e
le—.082" £ .004"
TR CERAMIC
1.425"% "
1,008 203, pia
OIA, K
8 PINS |
" 1022, oia.
NOTE | .
AR~ COOLED 240"
RADIATOR - 755" MAX,
2.020"
PLATE CORE ——— 1.94%
~ +.04"
PLATE_TERMINAL
CONTACT SURFACE——
1.80" — i 895°
1740 OR8> — 5757 +03°
GRID~No.2 TERMINAL 3.02‘5
CONTACT SURFACE — ¥ v
GRID=No.! TERMINAL ———— 43215" .40,
CONTACT SURFACE § 405" £.02"
- T T —+
_ ~ \ — 20" ¢ .02"
HEATER — CATHODE oI MAX N
CONTACT SURFACE DiA. N
LW' “\_HEATER TERMINAL
&7, DA CONTACT SURFACE
102, D|A.—~l
snppnﬁg%ﬁssnon B
BT CERAMIC 135 o1a-
" B84

NOTE 1: Keep stippled regions clear; do not allow contacts or circuit comp :nents to protrude inte
these annular volumes. Diameters of stippled area above air-cooled radiator, plate—t_ermmal contact
surface, and grid-No.2 terminal contact surface shall not be greater than its associated diameter.
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RCA Transmitting Tubes
OUTLINES 85-

87

"’54. ot Yean
I“" 4 * 54—’]
MIN. DiA.

1 ) RADIATOR
4 A
s MmN,
1 ||e7 + 012" DA o
¥ X
1 ' 365" MIN. L’32
2? " L PLATE
MAX MaX FLANGE
13097 | - r0007 | l‘*‘
+.020" 1 L% oo
\ "
13
=] L__ % DOIA-
187" MIN. G
] L3 = le—-.660" £ .008" DIA.
.53)"
+.05" 4001 | 341"
. l PAN WIN, 285" MIN.
[ * %q DA
2’3/- RADIATOR 320" & ooa—J
a
MAX. 7967 2|s A 005“
030 b Min
0" __§s MIN.
{NOTE 1) ¢ PLATE TERMINAL -85~
1 ¥ !
-ges! PLATE_TERMINAL
885" EX CONTACT SURFACE
Is030" L he-1.187" £ .007" DIA.
B le—1.030" £ .005" DIA.
9607 — 765" MAX. DIA,
+0rR — j«— 784" 008" DIA.
T
1309" 660" 2. 005%‘ L .o77"+.008"
020 GRID RF TERMINAL
; 545" MAX.
el e
.34-"‘|’M Qee” s

Tl 28"+ 005" Dia.

-86~ ™ .320"+ .005" DIA.
3.785"
3380 ey
AIR-
COOLED
ﬂAgATOR
NOTE 2 1.475"
2070
TERMNAL
it et
N NN
1615,
3.265"
%858, 0. +060"
"
NOTE 2 2558
33%*:;3»“ OIA. |3;g:
3 —_ T x4
o2 5 e
INAL- g
CONTACT o : N\
SURFACE g
250" -~
M. 'rﬁ_‘} \_GR)D‘NoI TERMINAL
NOTE > 7250 CONTACT SURFACE
J
INDICATES CERAMIC  n00" 690' HETER = CATHODE ~
posrs MiN. CONTACT SURFACE
STIPPLED REGION e 1749 01,
e AT
-87- 2392 o,

NOTE 1: Only this flange may be used as a socket stop and clamp.
NOTE 2: Keep stippled regions clear; do not allow contacts or circuit components to protrude into

these annular volumes.
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Outlines

w
378, ba
AR
CCOLED
RADIATOR
NOTE 1 / T
850" .
;o MIN 2%?;
PLATE = PY
T
. -
SURFACE R e
219"
04
1
CONTA(‘:T 46"T,03"
SURFACE WA - ‘ - l X
| EN ) REFERENCE
250" - !l |~.ns' MIN, UINE
noTe 1——" |1 on 200"+ 025"
. DIA. —
200", S5 :
MIN._/ 1764" GRID=No.| TERMINAL
g DiA. ———-\ CONTACT SURFACE

2.337"
2.307"

DIA, ———>]

E% INDICATES CERAMIC
BUSHING

HEATER~CATHQDE =
TERMINAL
CONTACT SURFACE

-~88~ HEATER-TERMINAL
STIPPLED REGION CONTACT SURFACE
NOTE |
fe— | /2 Dlﬂ —
RADIATOR—— T_
39
PLATE 16 -
FLANGE Fe %
1.4 800" —
|74O DiA-» - l
by s Ysp
prane Temmmac i e 2.000° 020" lA—
! “ > 566 e— RADIATOR
—1.560" MAX, +.007"
~ DIA, DIA. /- &
IS y" P « .
GRID TERMINAL 2Y / L
CONTACT SURFACE——-Df e, 2% Y6
1.395" Te I
130" 08— -~ L 3
Y thy 2 5.
fig MAX; 2. il
* g £
CATHODE _AND
HEATER  ERRINAL fe|— 2857 pua, l L
CONTACT SURFACE 370" 4/2
200" MIN. DIA. = > o
HEATER TERMINAL  oeo" . REE)
CONTACT SURFAGE —| ——0%0. oua, b
.
l/,, MAX._ ) MIN, & 3,
DIA.
s “
Ap 3 I ]
-8g= MiN, T |
G2 "
.JT_|_ the
e th
MmN, i 4

-

G2 G FF
2.375"¢ 010" olA.——-I

e 255 MAX. DIA, ——s]

e PINSn'
J33" % 005" DA,

-90~-

NOTE 1: Keep stippled regions clear; do not allow contacts or circuit components to protrude into

these annular volumes,
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= RCA Transmitting Tubes

OUTLINES 91-92

[~ 2.056" £ .006"DIA-™

— ’.— —— 773" 007" DA
. | 125" £ 004" DIA,
by R (il g

CATHODE-HEATER |
TERMINAL (NOTE 3) ~| —
N . EATER
\ L"a | TERMINAL
¥ < T~)% R.| (ROTE 2)
= .
1.238° T { \ | N +683n
§AX. g75* B r—5 " wn
MN.  e37* ! e .
l' e (NOTES 58 6}
H i T GRID
TERMINAL «
(NOTE 1) 425,
& QIO . ! 3/32 .
%733
3.200"
RADIATOR- £038 *
P
9. 15"
32 (]
1"-14 N.E_CLASS 2 MING gl
TRREAD 1'6

025" MIN abe— ! .
(NOTES 4 & 6) L e -— % max.ol. ~9|-
le— 2.000"+ 0I0"DIA—

R ——

3
AIR-COOLED 2%,
3,
W, * 3, « ¥
PLATE f6 *
g — =
093" MAX.
4285 04 28 {
R —3 ' 2y
SURFACE 3525" L e Ve, I MA;‘
Slanap " oe =l
ONTACT T —— ] *h 27 aly
341" ) e i
3. 325 el — £4g 2
ORI /—'1 ——
TERMINAL 3.426" MAX DIA. B
QONT: al
SORFACE 295" »] (P (3
R I-—z.szg;'AMAx. A
SATHODE, !
YERM!NAL '{ \ o
NTACT _& / Y% MIN.
SORFAGE L\ =25
BEVELED NQT To \\HEATER TERMINAL
EXCEED ¢’ 1841 067
1.795" 120 OA. -92-~

oia,

NOTE 1: Maximum eccentricity of the axis of the grid-terminal flange with respect to the axis of the
plate radiator is 0.040"’, measured within 1/32’/ of the bottom of the radiator.

NOTE 2: Maximum eccentricity of the axis of the heater terminal with respect to the axis of the
cathode-heater terminal is 0.020”.

NOTE 3: Maximum eccentricity of the axis of the cathode-heater terminal with respect to the axis of
the grid-terminal flange is 0.020”.

NOTE 4: Surface of annular area indicated by “/A’’ on bottom of radiator is in the same plane within
0.005", as determined by a gauge 1/16” wide and 0.005” thick. This gauge will not enter more than
1/16" with the bottom of the radiator resting on a flat plate.

NOTE b5: Surface of annular area indicated by B’ on the grid-terminal flange is in the same plane
within 0.008”’, as determined by the gauge method described in Note 4.

NOTE 6: Surface of annular area indicated by “A’” on bottom of radiator is parallel within 0.030” to
the surface of the annular area indicated by “B’’ on the grid-terminal flange.
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Outlines

OUTLINES 93-94

FILAMENT LEADS /
ARE IDENTIFIED ——_

BY AN "F" ON ~
FILAMENT SEALS !
\ -
GRID No.2—"\

\

R \
CRID~No.| LEADS N
ARE ICENTIFIED "\ 550" MAX. OIA.
BY A “G" ON ~ EXHAUST TUBE e
CAP—MAKE NO Y% max. 3

GRID SEALS ddgas CONNECTION
ST —Ser sl T
as* MULTIPLE 5624 9"
134" DIA. R “BBON LEADS ___ +.007* g MIN.
3l ———T— DiA.
“
MIN. S 33’3- o ?e"
] PERE A /'&AM“. t
] N .
n, +g l "
6 {MAX. T‘ ) 9%
- AL - RADIATOR B,
Y T -
g MIN. r,,«— 3"t Y3, DIA—» J tl
v 3 “
¥ " “ 5,
L—————-——a% £ Vp DIA.——J ! /|5'
+h
6
L. ¥
5t |
e RADIATOR
t1g /S
"
I 16, MAX
DiA.
3
29,
MAX.
13, "
3" F 25
R il vy B N5 0 £,
2" MAX. "t“‘—jj _ | V2 max. 1Al
o ke X T ‘
50" _I ! Lolle— 110" max. oA,
e 49/ % Ng DIA, ] e 075"+ 005" DIA.
~93- -~94~



RCA Transmitting Tubes

LIST OF CIRCUITS
Circuit No.

Variable-Frequency Oscillator (2.5-4.0 Mc)............ .. ... ... ...... 5-1
Variable-Frequency Oscillator (8.0-8.6 Mc)................. ... .. .... 5-2
Crystal Oscillator for Fundamental Qutput. .. ........................ 5-3
Crystal Oscillator for Harmonic OQutput............ ... ... ... .. ... 5-4
175-Mec Amplifier, Doubler, or Tripler. . .............. ... ... .. ... ... 5-5
Triode Amplifier, Class C Telegraphy Service......................... 5-6
Beam-Power-Tube Amplifier, Class C Telegraphy Service.............. 5-7
Push-Pull Triode Amplifier, Class C Plate-Modulated Service........... 5-8
Push-Pull Beam-Power-Tube Amplifier,

Class C Plate-Modulated Service............ ... . .. ... .. ... ..... 5-9
Class B Push-Pull Triode Modulator (690 watts)...................... 5-10
Class B Modulator with Type 807 in

Special Triode Connection (120 watts)........................... 5-11
Class AB,, Push-Pull Modulator (100 watts)......................... 5-12
Class B Linear RF Amplifier for Single-Sideband...................... 5-13
50-Mec Transmitter (120 watts). . ...... ... ... it 5-14
Single-Sideband Exciter (filter type)......... ... i 5-15
144-148 Mec Transmitter for Mobile Operation. ....................... 5-16
Five-Band 10-80 Meter Transmitter (90 watts). . ........ ... ... ... ... 5-17
Typical Coaxial Cavity for Beam Power Tube 7650. .. ................ 5-18

 462-Megacycle Transmitter for Fixed or Mobile Operation. ............ 5-19
Transmitter Power-Supply Circuit. . .. ... ... ... ... ... ... i, 5-20
Oscillator for Dielectric Heating (27 Mec)....... ... iieiiinennn.. 5-21
Oscillator for Induetion Heating (450 ke) . .. .. viviiininennvnenennn. 5-22
VHF Oscillator for Dieleetric Heating (160 Mc)..ovvvvvvvnnincnennnn. 5-23



Circuits

The circuits presented in the fol-
lowing pages have been included in this
Manual primarily to illustrate the use of
generictubetypesin diversified transmit-
ting and industrial applications. These
circuits have been conservatively de-
signed and are capable of excellent per-
formance. Several of these circuits,
namely 5-18, 5-15, 5-17, and 5-20, are
based on circuits which have been de-
scribed in articles in QST magazine.
These circuits are used with permission
of the American Radio Relay League.

Although relatively few circuitsare
given, it is often practical to usea portion
of one ecircuit in combination with por-
tions of other circuits to obtain a design
meeting specific requirements. In gen-
eral, almost any circuit shown using
a triode, beam power tube, or pentode
type is equally suitable for any other
tube type in the same generic group,
provided the necessary revisions are
made to meet the ratings of the tube
used.

Tlectrical specifications are given
for the circuit components to assist those
interested in home construction. Lay-
outs and mechanical details are omitted
because they vary widely with the re-
quirements of individual set builders
and with the sizes and shapes of the
components employed.

The results that may be expected
by those undertaking construction of
any of these circuits depend as much on
the quality of the components selected

and on the care employed in layout,
construction, and adjustment as on the
circuits themselves.

The voltage ratings specified for
capacitors are the minimum de working
voltages required. Where paper, mica,
or ceramic capacitors are called for, there
is no objection to using capacitors hav-
ing higher voltage ratings than those
specified, except insofar as the physical
sizes of such capacitors may affect equip-
ment layout. However, if electrolytic
capacitors having substantially higher.
voltage ratings than those specified are
used, they may not “form” completely
at the voltages present in these circuits,
with the result that the effective capaci-
tances of such units may be below their
rated values. The wattage ratings speci-
fied for resistors assume methods of con-
struction that provide adequate ventila-
tion; compact installations having poor
ventilation may require resistors of
higher wattage ratings.

Information on the characteristics
and application features of each tube
will be found in the T'ube Types— Tech-
nical Data Section of this Manual, or,
for the receiving-type tubes, in the Tube
Types— Technical Data Section of the
RCA RECEIVING TUBE MANUAL.
This information, as well as the material
in the early sections of this Manual on
installation, application, and operation
of power and rectifier tubes, will prove
of assistance in understanding and uti-
lizing the circuits
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(3-1)

RCA Tﬁmsmitting Tubes ==

VARIABLE-FREQUENCY OSCILLATOR

Frequency 3.5 to 4.0 Mc (80 meters)

TYPE
1Cto 6AG7

Ovutput 3 watts (approx.)

IA]

C1A

7

Ca2A

Lty Ls

TYPE
0A3 oc3

(!y=15 puf, ceramie, zero
temperature coefficient

C2=100 ppf, ceramic, negative
temperature coefficient
750 PPM

Cs=6-75 puf, trimmer, air gap
0.015 inch, Hammarlund
APC-75 or equivalent

C4=10-75 ppf, trimmer, air gap
0.060 inch, Bud GE-2014 or
equwalent

0550(0)—0 .001 uuf, silver mica,

C»=100 ppi, silver mica, 500 v.

Cs Co Cu Cua Cu—O 01 uf, disk
ceramic, 600

Cio=15 ppf, sﬂver mica, 500 v.

O

e R

IMPEDANCE
LIN

TO
CRYSTAL
JACKS

T

nv
AC

C12=20 uf, electrolytic 450 v.

Cis C16=3-30 puf, trimmer, mica

Ji=Closed-circuit jack for key

Je=Coaxial receptacle for P

L;=28 turns of No. 18 Enam. -
spaced over 23% inches on
134-inch diameter ceramic
form, National XR-13 or
equivalent

L2 L3=2.5 mh, 126 ma, rf choke

Ls=8 henries, 80 ma, choke

Ls=No. 26 Enam., close wound
for 13/16 inch on 1- 5/16-
inch diameter (B & W Mini-
ductor 3016 or equivalent
may be used)

Ls=38 turns No. 18 hookup wire
wound on Ls at “cold” end

294

Ly=056 turns No. 26 Enam.ran-
dom wound for approx. 3
inch on 11l¢-inch-diamete
coil form

Ls=3 turns No. 18 hookup wire
wound over ‘‘ground” end
of Lz

P=Coaxial plug for J2

Ri Rs=100000 ohms, 0.5 watt

R:2=27000 ohms, 0.5 watt

R4=2000 ohms, 10 watts

Rs=100 ohms, 0.5 watt

Re=15000 ohms, 1 watt

T=Power transiormer;
350-0-350 volts rms, 90 ma;
5 volts rms, 2 amperes; 6.3
volts rms, 3.5 amperes



Circuits

(5-2)

Frequency 8.0 to 8.6 Mc  Output 150 volts peak (Approx.) at 1

Cz

€3

VARIABLE-FREQUENCY OSCILLATOR
6-17.2 Mc
. |
lk—"]
Co
OU?’;UT
—7-41‘38 (2f)
r7s
! )
2.6 V. +250 V.
92CS-11719

C1=220 ppuf, ceramic, zero tem-
perature coefficient

C2=5.5-20 puf, variable, air gap
0.0245 inch, double-bearing
Hammarlund MC-20-§ or
equivalent

C3=4.6-25 puf, trimmer, ceramic,
zero temperature coefficient
Centralab 822-AZ or equiva-
lent

C1C;3=890 yuf, silver mica, zero
temperature coefficient

NOTE: Capacitor C:

and 2-meter transmitters. The tuned cir

quency. For an output at 8.0 to 8.

Cs C1=0.001 nf, disk ceramie,
600 v.

Cs=2.3-14.2 uuf, variable, min-
iature, air gap 0.017 inch,
Johnson 160-107 orequivalent

Cy=100 uuf, disk ceramic, 600 v.

11=82 turns of No. 24 Enam.
on l4-inch diameter ceramic
form, winding length 11/16
inch; form, CTC PLS7-2C4L
or equivalent; tuned with
powdered-iron slug

6 Mc, replace L

Le=R¥ choke, 750 uzh

L:;=26 turns of No. 28 Enam.
on Y4-inch diameter ceramic
form, winding length 34-inch;
form, CTC PLS6-2C4L or
equivalent; tuned with pow-
dered-iron slug

R1=68 ohms, 0.5 watt, carbon

R2:=47000 ohms, 0.6 watt,
carbon

R31=5000 ohms, 10 watts, wirc-
wound

tunes from 8.0 to 8.6 Mec to permit frequency multiplication for both 6-meter
cuit Ls and Cs provides an rf output at twice the VFO fre-
3 with 2.5-mh rf choke and eliminate Cs.

(5-3)

CRYSTAL OSCILLATOR FOR FUNDAMENTAL OUTPUT
Cay ~Mul_1:rlgL|ER'
TYPE 5763 [, " " OR BUFFER

L

l : @

X6 SRy :,-,1:’::cs
“ L.
: T

C1 C4=0.005 uf, mica, 600 v.

C2=1.0 puf per meter (approxi-
mate value for resonance at
frequency f), variable, air gap
0.015 inch

C3=50 uuf (approx.), mica (may

17V AC

be in range of 10 to 100 uuf),
600 v,

Cs=38-30 uuf air padder. (Nor-
mally omitted. Use only if it
is desired to vary operating
frequency slightly from
crystal frequency)

29

-

o

+250 V
40 MA (APPROX)

L=Tune to fundamenta

frequency f with Cz
R1=227000 ohms, 0.5 watt
R:=47000 chms, 0.5 watt
T=Filament transformer
X=Crystal



= RCA Transmitting Tubes i

(5-4)
CRYSTAL OSCILLATOR FOR HARMONIC OUTPUT

TYPE 5763 Lo Ly
Jéc4 OUTPUT
7 {27, 3F, or 46)

-
I

C
XS (f) =

o= %
+

hY
TR
e
<
<
=
0
l w)

O
H7v AC 250V
40 MA

600 v.
=1.5 upf per meter (approxi-
mate value for resonance at

(APPROX.)

frequency 2f, 8i, or 41),
variable air gap 0.023 inch
1.=2.5 mh, rf choke
ILe=Tune to harmonic
frequency 2f, 3f, or 4f with
Cs (See note)

Ls=2-turn link at rf ground
end of 1

Ri=100000 ohms, 0.8 watt

Ra=22000 ohms, 0.5 watt

T=Filament transformer

X =Crystal

NOTE: For tank-coil design information, refer to Paralle!-Tuned Tank Circuits in the Power-Tube Circuit-

Design Consideralions Section.

(5-5)

175-MC AMPLIFIER, DOUBLER, OR TRIPLER
Power Output (Approx.) 8.5 Watts for Amplifier, 3 Watts for Doubler,

L

RF
INPUT
()

Cy Co=T-45 ppf, trimmer, disk
ceramic; for doubler C1=4-30
puf disk ceramie

Ce Cy Cs Cr=1000 ppf, feed-
through, silver mica

C3 Co=1000 puf, silver mica

('3=3.6-15 ppf, variable, air gap
0.045 inch, Hammarlund HF-
15-X or equivalent

Kb=300 v. for amplifier; 250 v.
for doubler; 200 v, for tripler

Ie1=-42 v. for amplifier; -53 v.
for doubler; -90 v. for tripler

12ea= 200 v. for amplifier, doubler
and tripler

1.4 Watts for Tripler

Ef=:12-15 v. for 7551; 6.3 v. for
7558

{=175 Mefor ampllf‘or 87.5 Mc
for doubler, 58.5 Me for tripler

L1=2 turns of No. 18 Enam.
wound on l4-inch diameter
form, close wound

Li2=5 turns centertapped foram-
plifier, 7 turns center tapped
for doubler, 8 turns center
tapped for tripler; No. 18
Enam. wound on }4-inch di-
ameter form, close wound

Lz L=RF choke, 1.8 xh, 1000
ma, 80-200 Mec, Ohmite Z-144

296

RF
OUTPUT
(f, 21,31 )

or equivalent; for doubler and
tripler T.3=7.0 yxh, 1000 ma,
35 -110 Me, Ohmite Z-50 or
equivalent

T.;=4 turns center tapped No.
18 Enam. wound on 4-inch
diameter form, close wound

Ls=3 turns of No. 18 Enam.
wound on l4-inch diameter
form, close wound

R1=22000 ohms, 0.5 watt for
amplifier; 47000 ohms, 0.5
watt for doubler; 68000 ohms,
0.5 watt for tripler



== Circuits

(5-6)
TRIODE AMPLIFIER
Class C Telegraphy Service

TYPE 8000

2500V *
300 MA

M, =Milliammeter, 0-100 ma, dc

M:= Milliammeter, 0-500 ma, dc

R1=6000 ochms, 20 watts

R:=50 ohms, center-tapped,
wire-wound

T=Filament transformer, 10 v.,
4.5 amp, insulated for 2500 v.

Ci1=0.0005 uf, mica, 1500 v.
Cz (/8 Ci Cs=0.002 uf, mica,

Cs CrO 002 uf, mica, 5000 v.

C7=5-10 upf, neutrallzmg
capacitor, air gap 0.3 inch
mm

Co=0.75 puf per meter per
section (approximate value
for resonance at frequency f)

F=Fuse, 0.5 amp

Li1=2.5 mh, 100 ma, rf choke

L2=1 mh, 600 ma, rf choke

Ls=Tune to frequency f with Ce

Ls=2-turn link at center of Ls

Keying Circuit: Because this circuit is at a high de voltage, a relay-type circuit should be used for keying.

(5-7)
BEAM POWER TUBE AMPLIFIER
Class C Telegraphy Service
TYPE
RF
INPUT
#
X
7 vAC 630V
200 MA (APPROX.)
Ci=4-50 ppf trimmer, air gap 60 Mc use lowest value which ~ Mi= Milliammeter, 0-10 ma, de
0. 015 will permit tuning over de- M= Milliammeter, 0-200 ma, dc

0 01, disk ceramice,

Cs=0.005 uf, mica, 1500 v.

C¢:=2 uuf per meter (approx-
mate value, including tube
output capacitance, for reso-
nance. For operation above

<

sired range), air gap 0.075
inch min.

F=Fuse, 0.25 amp

L1=2.5 mh, rf choke

L2=Tune to frequency { with Cs

L3=2-turn link at rf ground end
of L

207

R1=5100 ohms, 1 watt

R2=3890 ohms, 10 watts

Ry=15000 ochms, 10 watts

R:=25000 ohms, 20 watts

T=Filament transformer,
6.3 v.,1.25amp



(5-8)

RCA Transmitting Tubes

PUSH-PULL TRIODE AMPLIFIER
Class C Plate-Modulated Service

TYPE 812-A

X

17 v AC

C1 Cs C6=0.005 uf, mica, 600 v.

C:=2 upf per meter per section
(approximate value for
resonance at frequency f),
air gap 0.026 inch, min.

C3 C4=4-10 upf neutralizing
capacitor, Hammarlund
NC-75 or equivalent

C7=0.002 uf, mica, 5000 v.

4460
OHMS M”DU[ ATO’(
+

=t 1250V
280 MA

Is=3-turn link at center of L

Ce=1.5 puf per meter per section
Milliammeter, 0-150 ma, de¢

(approximate value for reso- Mi=

nance at frequency f), air gap
0.170 inch min.
F=Fuse, 0.5 amp
La=3-turn link at center of L»
Lz=Tune to frequency f with C:
L3=2.5 mh, 500 ma, rf choke
Ls="Tune to frequency f with Cs

298

M.=Milliammeter, 0-500 ma, dc¢
R=1650 ohms, 20 watts
Ti1=Filament transformer,
6.3 v., 8 amp
Ts=Modulation transformer,
125 watts audio level
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PUSH-PULL BEAM POWER TUBE AMPLIFIER
Class C Plate-Modulated Service

TYPE:Z‘S
5 -
4

Ls
RF
ouTPUT

o )

(5-9)
L2 _[_
|NP5T C;
2
© =1
M
% F9 )(
0
T|—,—‘“O———
(31
"IV AC
C1=0.005 pi, mica, 600 v.
Co=2 puf per meter per section

(approximate value for reso-
nance at frequency f), air gap
0.030 inch min.
(3 C4=0.002 uf, mica, 500 v.
(s C6=0.003 uf, mica, 5000 v.
Cs=1.5 upf per meter per section
(approximate value for reso-
nance at frequency f), air gap

O
-45V +C  +350V
-B 80 MA

0.175 inch min.
Cs=0.002 pf, mica, 6000 v.
Co=4 uf, electrolytic, 600 v.
F=Fuse, 1 amp
Li=3-turn link at center of Lz
Ly=Tune to frequency f with Ca
L3=6 henries, 150 ma, choke
Ls=1 mh, 600 ma, rf choke,
Li=Tune to frequency f with Cy
Ls==3-turn link at center of Ls

299

T2

FROM
MODULATOR

+2000V
400 MA

M= Milliammeter, 0-800 ma, dc
Mz= Milliammeter, 0-50 ma, dc
R=4000 ohms, adjustable,
wire-wound, 25 watts
T, =Filament transformer,
10 v., 10 amp N
T.=Modulation transformer,
150 watts audio tevel



RCA Transmitting Tubes =

{5-10)
CLASS B PUSH-PULL TRIODE MODULATOR
Power Qutput 590 Watts (Approx.)

AF AF
INPUT OUTPUT
TYPET
_L l al0
= - 2000V *O
420 MA (MAX, SIG)

M=Milliammeter, 0-500 ma, de primary to one-half secondary T=Modulation transformer,
*Ty=Driver Transformer, plate- 1.5 to 1 (Note 2) load impedane¢e 11000 ohms
to-plate impedance 1500 Te=Filament trans{ormer, plate-to-plate; turns ratio

ohms, turns ratio of total 10 v., 9 amp, center-tapped depends on modulating im-

pedance of modulated stage

NOTES: 1, This voltage should be obtained from a low-impedance source such as a battery or a power
supply having a minimum bleeder current of 100 ma and a minimum filter output capacitance of 150 uf.

2. As the driver for this modulator stage, a circuit having a low oulput impedance and an output of
approximately 25 watts is recommended. For this circuit, four 2A8’s in push-pull-parallel Class AB;,
operating with a plate voltage of 300 volts and a fixed bias voltage of -62 volts, with the indicated driver
transformer T1, may be used.

(5-11)
CLASS B MODULATOR
WITH TYPE 807 IN SPECIAL TRIODE CONNECTION
Power Output 120 Watts (Approx.)

TYPE
807
T T2
AF Y AF
INPUT QUTPUT
O
+750 V
7 VAC 250 MA
Ri Re=20000 ohms, 1 watt, Stancor A4761 or cquivalent turns ratio depends on modu-
carbon Ts=Modulation transformer, lating impedance of modu-
Ti=Driver transformer, turns audio level 120 watts lated stage
ratio of total primary to (approx.), primary 6650 ohms T:=Tilament transformer,
one-half secondary 1:1.25; (approx.), center-tapped; 6.3 volts rms, 1.8 amp

NOTE: As the driver for this modulator stage, a circuit having a low output impedance and an output
of approximately 10 watts is recommended. For this circuit, with the indicated driver transformer Ty,
two 2A3’s in push-pull Class AB; operating with a plate voltage of 300 volts and a cathode-bias resistor
of 780 ohms may be used.
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Circuits

(5-12)

CLASS AB, PUSH-PULL MODULATOR
Power Output 100 Watts (Approx.)

HIGH-
IMPECANCE

MICROPHONE
INPUT

(Ca=16 pf, miniature electroly tie,
12 v,
C3=25 pf, miniature electrolytie,

2v.
Cs1 Ce=25 uf, electrolytlic 25 v.
C5=0.01 pf, paper, 400 v.
C7=0.002 pf, paper, 400 v.
CsCoCro=8 uf,electrolytic,450 v.
C11=0.5 upf, paper, 750 v.
C12=0.005 uf, mica, 1500 v.
Cy3=0.1 pf, paper, 750 v.
Cys Cus C15=20 uf, clectrolytie,
150 v.
C17=8 uf, electrolytie, 150 v.
CR=Silicon rectifier, type IN-
3193

TRANSMITTER
FINAL
AMPLIFIER

SUPPLY

= RT choke, 2.5 mh, 125 ma.
M iliammeter, 0-100 ma, de
R1=3300 ohms, 0.5 wait
R2=220000 ohms, 0.5 watt
R3R11 R13=1000 ohms, 0.5 watt
R1=470 ohms, 0.5 watt
R;=Potentiometer, 0.25 meg-
ohm
Rs R9=270000 ohms, 0.5 watt
R;=2200 ohms, 0.5 watt
R3=390 ohms, 1 watt
R1p=22000 ohms, 1 watt
Ri2 R11=47 ohms, 1 watt
R1;=1000 ohms, 1 watt
R14=2200 ohms, 2 watts
R17=10000 ohms, adjustable, 25
watts
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+
ue 10
750v

’ vVV l
l Ris MM8) T Ci3
+

T, =Transistor input transform-
er, primary 200000 ohms, scc-
ondary 1000 ohms.

T=Interstage transformer, sin-
gle plate to single grid, 1.3
turns ratio

Ts=Driver transformer, single
plate to push-pull grids, pri-
mary 10000 ohms, turns ratio
primary—to one half second-
ary 1.5:1.1. Stancor A-4752
orequivalent

Ti=Modulation transformer,
100-115 watts, UTC S-21 or
equivalent

T;=Filament transformer, 117
v. to 6.3 v.,, 1 amp



icmmmm e RCA Transmitting Tubes =

(5-13)

CLASS B LINEAR RF AMPLIFIER FOR SINGLE SIDEBAND
Power Output 875 Watts (Approx.) Frequency 3.5-28 Mc

AR

¢ C
Oz
600 v.
;== Neutralizing capacitor, 6uuf
(Approx.) air gap 0.06 inch,
Bud C¥K-2028 or equivalent
1z Cs Ci=100 i, electrolytic,

CiCiCsCsCoCro Cuy
.01 uf, disk ceramic,

450 v.

Ci»=VHF by-pass;4-inchlength
of coaxial cable RG-58/U
used as connecting lead with
outer shield connected to
chasgis

Cis Crs Ca1=1000 upuf, disk cer-
amic, 6000 v.

C17=Tuning capacitor, 19-488
puf, air gap 0.045 inch. 2000
v., Johnson 154-3 or equiva-
lent

C1y=1500 puf, silver mica, 2500 v,

{'2.=0utput (loading) capacitor,
3-section, 10-365 uuf per sec-
tion with sections connected
in parallel.

F == Fuge, 10 amperes

Ci2 3

I=Indicator lamp, 6.3 v.

J=Closed-circuit jack. For ap-
plication of 100 volts negative
standby hias

Li=RF choke, bifilar, B & W
F(-15 or equivalent

Le=Filter choke, 5-8 h, 300 ma,
Stancor C-1722 or equivalent

L3=6 turns of No. 14 Enam.
close wound on }4-inch dia-
meter form

Ls=5 turns of insulated hook-
up wire wound over Ls

L5 Lis L7 Ls=Parasitic suppressor
choke; 7 turnsof No.18 Enam.
wound on and connected
across Rs, Rs, Re, and Ry,

Ls=RF choke, 1 mh, 600 ma,
National R 154-U or equiva-
lent

Liy Lu=Pi-network inductor,
Hlumitronic Pi Dux No. 195-1
or equivalent, tapped at 0.4,
0.7, 1, 2.2 and 4.5 ph, re-
spectively for 10 to 80 meters.
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i
Ci4 ,-,L,

Lo wound with No. 8 wire;
L. with Ys-inch copper strap.
About half the turns from
close-wound end of coil ean
be removed.

Lj2=RF choke, 2.5 mh

Mh= Milliammeter, 0-1000 ma,

¢

Me=Milliammeter, 0-200 ma, de

R R2 Rs=25000 ohms, 25 watts

R1R: Re R1=39 ohms, 1 watt

S18:=8witch, single-pole, singlc-
throw

S:=Band swilch, rotary, single-
pole, 5-position, heavy duty

Ti=Filament transformer, 6.3
v., 16 amp., Triad I-22A or
equivalent

Te:=Filament transformer, 2.5
v., 10 amp., Stancor P-3024
or equivalent

T3;=Plate transformer, 1250 v.,
300 ma, Stancor PT-8313 or
equivalent.



Circuits

(5-14)

50-MEGACYCLE TRANSMITTER
Power Output 120 Watts (Approx.)

OSCILLATOR
AMPLIFIER MULTIPLIER
TYPE

128Y7A

DOUBLER
TYPE
Co 2E26

L
8
Y
yes
Cog| /
oUTPUT
G20 F Coq
A (7 Ly
()
Ri4SRiSE Rw—':Czs b_lczg
e TC26 € »—i
Rig
2, 83
‘0(],?\533
o 1
LigEc Lis g
C38 c 42 ~J
——C39
8+ )| } Ca3 S3b
+300TO 4B+ 8+
350V TO 500710
6.3 MOD. 600V

. = .
METER AC

11 =220 upf, mica, 500 v.

C2=10 ppf, mica, 500 v.

C3Cs5 Ci Cy Cro Gt C12 C1a Cua
Cis Ci7 C1s Coy Can Cos Caa
Can Cs1 Csz Caz Cas Car=1000
upuf, disk ceramic, 1000 v.

C4=100 ppf, mica, 500 v.

C1 Cas=8.7-52 puf, variable, air
gap 0.015 inch, Hammarlund
HF-50 or equivalent

Coa=47 ppf, mica, 500 v.

C15=5.2-30 ppf, variable, air
gap 0.045 inch, Hammarlund
HF-30-X or equivalent

C19=5.0-28.5 pupf, double-see-
tion variable, air gap 0.045
inch, Hammarlund HFD-30-
X orequivalent

Cay Ca1 Cas Cys Cas Cas Cao=

1000 puf, feed-through, cer-

amie, 500 v.
4.8-27.83 upf, Dbutterfly,

variable, air gap 0.030 inch,

Hammarlund BFC-25 or
cquivalent

Ca Cu Cu Csz C15=1000 ppf,
disk ceramic, 3000 v.

Li1=RF choke, 1 mh

L2=10 turns of No. 20 tinned on
14-inch diameter form, wind-
ing length 34-inch

C2

L:=514 turns of No. 10 solid,
tinned, on f%-inch diameter,
winding length 1 inch.

1.4 L;=2 turns of No. 20 plastic
e¢overed on V,-inch diameter,
close wound

Le=8 turns of No. 10 solid, tin-
ned, on 34-inch diameter,
winding iength 154 inch

L;=6 turns of No. 10 solid
tinned on 74-inch diameter,
winding length 1 inch

Ls=2 turns of No. 14 Enam.
covered with insulation tub-
ing on 54-inch diameter, close
wound

Lis Lo L1 Lis Lia Lis=RF choke,
7 zh, 1000 ma, Ohmite Z-50
or equivalent

Li2=RF choke, 25 turns of No.
16 Enam. on Y4-inch dia-
meter, close wound

NC=Neutralizing capacitors:
No. 12, tinned wire; ¥4-inch
length placed in proximity of
829B plates

R1=100000 ohms, 0.5 watt

R2=120 ochms, 0.5 watt

R3=233000 ohms, 0.5 watt

R: Rs R11 Ri9==1000 ohms, 0.5
watt

s R11=47 ohms, 0.5 watt
Rs R13:=180 ohms, 0.5 watt
R:=47000 ohms, 1 watt
R¢=3300 ohms, 1 watt
R10=10000 ohms, 2 watts
10 ohms, 0.5 watt
R12==56000 ohms, 2 watts
R1c=3.3 ohms, 0.5 watt, wire
wound
Ri7=38 ohms, 0.5 watt, wire
wound
Ris= 15000 ohms, 10 watts, wire

wound
81=Crystal-—VFO Switch; two-
pole, two-position, wafer, non-
shorting, rotary
S2= Meter Switch; two-pole, six-
position, wafer, non-shorting,
rotary; Shown in oscillator,
amplifier, multiplier plate-
current position
s=Tuning Switch; 60-degree
indexing Centralab PA-304
or equivalent; two progres-
sively shorting 30-degree wa-
fers, Centralab PA-12 or
equivalent, using cvery sec-
ond contact.
X =Crystal, 8-Mcrange

NOTES: 1. With 8-Me crystal input, first stage is a tripler. With VFO input, depending on input
frequency, this stage may be amplifier, doubler, or tripler.
2. With 0-1 ma. de¢ meter, shunts provide full-scale reading of oscillator amplifier-multiplier plate

current to 30 ma; doubler grid-No. 1 current to

current to 30 ma; final grid-No.
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2 ma; doubler plate current to 100 ma; final grid-No. 1
2 current to 100 ma; and final plate current to 300 ma.



RCA Transmitting Tubes

(5-15)

SINGLE-SIDEBAND EXCITER (FILTER TYPE)
Output Frequency 3.8-4.0 Mc

VFo

) ::027

@
+200 V.

VOLTAGE o MECH.
AMP. 0.5V. P-P Flé_TER

+200 V.
lasd
Ri3 Ris
A AAA BALANCED MODULATOR

IN34A
y 2R =

Cy=068 wul, ceramie, zero tem-
perature coefficient

C2=800 ppf, ceramie, zero tem-
perature coefficient

C3=5-60 puf, variable

C4 Co C7 Cu C11 Cig=0.005 uf,
mijca, 600 v.

C»=470 ppf, silver mica, 500 v.

C3=0.001 pf, mica, 500 v.

Co Cr14=22 ppf, mica, 500 v,

12=65-320 ppl, variable

C13=1500 uuf, mica, 500 v.

C15=0.01 uf, disk ceramie, 600 v.

C16==0.02 pf, disk ceramic, 600 v.

=0.2 uf, paper, 200 v.

C19=0.002 uf, paper, 200 v.

=0.04 pf, paper, 200 v.

Cez Co3=0.0056 pf, mica, 500 v.

L1=15 turns of No. 22 Enam.
spaced uniformly over 0.6 inch
on 1-inch diameter form; grid-
No. 1 tap, 714 turns above
ground end; cathode tap, 1.9
turns ahove ground end

Ji2=RF ¢hoke, 2.5 mh

I

b 455 KC
1Cop  R22 ]L4 J
™~ 1

R !

I.:=88 ph, approx., adjustable:
high Q, ferrite core; conver-
ter-tube oscillator eoil for
standard AM band may be
used; cathode tap, approx. 15
Iper cent of total turns above
ground.

L1=50 uh, approx., adjustable;
63 turns of No. 86 Enam.,
close wound in single layer on
9/32-inch tube, tuned to erys-
tal frequency with L{-inch
iron slug

Ri1R5=1500 ohms, 0.5 watt

R2=3300 ohms, 0.5 watt

Rs=Amplitude Balance Con-
trol; 2500 ohms, composition,
linear taper

R1R14=33000 ohms, 0.5 watt

R5=39 ohms, 0.5 watt

R R12=300 ohms, 0.5 watt

Rs=27000 ohms, 2 watts

Ro R 1o Roy=68000 ohms, 0.5

watt
R11=470000 ohms, 0.5 watt

>

i

21

R2
Xy
&4
6.

3V

Ri12=47000 ohms, 0.5 watt

Ru=Carricr Amplitude Balance
Control, 25000 ohms, com-
position, linear taper

R15=100000 ohms, 0.5 watt

R17=120000 ohms, 0.5 watt

R13=56000 ohms, 0.5 watt

Rar=Carrier Phage Batanee Con-
trol, 25600 ohms, composition,
linear taper

Rz R23=2700 ohms, 0.5 watt

T=Primary: Two wires wound
in paraliel, cach 2314 turns of
No. 34 wire, single Teflon in-
sulation (or sitk if necessary),
bifilar wound on Y4-inch dia-
meter tube; winding length,
3ginch; tuning slug, 4 inch
Secondory: 26 turns of No. 32,
Formex insulation, elose
wound in single layer

X =Crystal, 456.85 kilocyecles

NOTE: The leakage resistance of the IN34A serves as the grid resistor for the rpi\’er stage; in some
cases, however, it may be necessary to add a 470000-ohm grid resistor across the diode.
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Circuiis

(5-16)

144-148 MEGACYCLE TRANSMITTER FOR MOBILE OPERATION
Power Output 30 Watts (Approx.)

Quick Heating

48 TO 49.332 Mc)
oIt
1|

QUTPUT 144-148 Mc (50 OHMS)

ICBO % -
A —Ca,

Cigp=
7
250 V.
85)} [s]9}
ik
» - O i2-16V. -31V.O
322 e VEO s°—1 oY o
x
Liz
3 Lis
l )y 2]
CONTROL
Ri2
33 ’
[
i IMPEDANCE
N
C3ap—/ MICROPHONE
Cas5 /;L INPUT
S 250 V. bC 300 v. pc©
150 - 250 MA

3C1CCiCoCu Cra Coe

Cra Cyo (11 Cia Crg Cu Caa

Coa Cse Cp=0.001 pf, disk
ceramie, 600 v,

Cy Ca1=2.3-14.2 ppf, variable,
miniature, air gap 0.017 inch,
Johnson 160-107 oroqulvalont

Cs (‘0,3*10() wupf, disk ceramic,

C14=1.5-5.0 puf, variable, min-
mture, air gap 0.017 inch,
Johnson 160-102 orequivalent

Cis Cas=1-8 uuf, tubular trim-
mer, Erie 532-B or equivalent

Ca Cus Czs Cov C25=0.001 pf,
silver mica, Erie 370-FA-102J
or equivalent

Cor=2.8-17.5 ppuf, variable, air
gap 0.015 inch, Hammarlund
HF-15 or equivalent

Ca9==5-80 puf, trimmer, mica,
Arco 462 or equivalent

Cs51=38.6-15 puf, variable, air gap
0.0715inch,Hammarlund HF-
15-X or equivalent
30=6.3-50 puf, variable, air gap
0 0245 inch, Hammarlund
MC-50-M or equivalent

C33=220 ppf, disk ceramic, zero
temperature coefficient

C33=56.5-20 puf, variable, air gap
0.0245 inch, double-bearing
Hammarlund MC-20-8 or
equivalent

Cs3=4.5-25 puf, trimmer, ce-
ramie, zero temperature coef-
ficient Centralab 822-AZ or
cquivalent

Css Cs57=890 puf, silver mica,
zero temperature coefficient

C42==8 uf, electrolytic, 450 v.

C43=0.01 pf, paper, 600 v.

Ci14=10 uf, electrolytic, 50 v.

J=Microphone jack, 2 contact
and shield, Amphcnol 80
PC2F or equivalent

L1 L; L= RF choke, 750 zh

L2==7 turns of No. 24 Enam. on
1{-inch diameter ceramic
form, winding length 5/32
inch; form, CTC PLS6-2C4L
or equlvalent tuned with
powdered-iron slug

Ls=2%4 turns of No. 18 Enam.
on 7/16-inch diameter, wind-
ing length %5-inch
=414 turns of No. 18 Enam,
on 7/16-inch diameter, wind-
ing length 3¢ inch, center
tapped

305

LsLao=RF choke, 1.8 ph, Ohmite
Z-144 or equivalent

3 turns of No. 20 Enam. on

14-inch diameter, winding
length 34 inch, center tapped

Ls=3 turns of No. 20 Enam. on

35-inch diamecter, winding
length 5/16 inch, center
tapped

Lo=RF choke, 7.0 gh, Ohmite
Z-50 or equivalent

Li;=4 turns of No. 14 tinned on
34-inch diameter, winding
length 74-inch, center tapped

L12=134 turns of No. 14 Enam.
on 34-inch diameter, winding
length }{ inch

L13=32 turns of No. 24 Enam.
on }{-inch diameter ceramic
form, winding length 11,16
inch; form, CTC PLS7-2C41.
or equivalent; tuned with
powdered-iron slug

L15=26 turns of No. 28 Enam.
on Y4-inch diameter ceramic
form, winding length 3 inch:
form CTC PLS6-2CAL or
equivalent; tuned with pow-
dered-iron stug

{Continued on page 307}
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{5-17)
FIVE-BAND 10 TO 80 METER TRANSMITTER
Power Output 90 Watts Frequency 3.5, 7, 14, 21, 28 Megacycles

Rg R; Rg

NNV Ay FINAL Ly
.-L AMPLIFIER
Cit

DRIVER

53 T T hee
T
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Circuils

(5-17)

FIVE-BAND 10 TO 80 METER TRANSMITTER (Cont'd)

Gy Cz¢ Czp Ci12=0.005 uf, disk
ceramic, 1000 v.

12 C3 C1 C5 Co Crz2 Cis C1a Cus
Cig Cas Ca Ca Cuz Cas Cao
Cso Caz Car Cag Coo Cao Ces
Cer=0.001 uf, disk ceramic,
1000 v.

C7 C17 C3:=8.7-52 uuf, variable,
air gap 0.015 inch, Hammar-
lund HF-50 or cquivalent

C3Cz7 C11Cui Cs C:8=0.001 pf,
mica

Co=56 uuf, mica

Cn=500 puf, feed-through, cc-
ramic

C11=1-7.5 puf, trimmer, tubular
ceramic, Centralab 829-7 or
equivalent

C17=0.008 uf, ceramie, 1600 v.,
Centralab D116-302 or cquiv-
alent

Ciz C19=16.5-100 ppf, variable,
air gap 0.0715 inch, Ham-
marlund MC-100-8Xor
equivalent; Cis is used as
fixed 100-puf capacitor

C1=6.3-142 ppf, variable, air
gap 0.015 inch, Hammarlund
HI-140 or equivalent

C21=330 ppf, mica

Caa C;y Cie Csi Car Cee=0.001
uf, disk ceramic, 3000 v.

Cay Cas Cas Car Cog Coo Cap

2122120 geuf, mica

=0.01 uf, disk ceramic, 1000 v.

25=0.02 uf, disk ceramic, 1000 v.

53=22 puf, mica, 500 v.

220 puf, mica, 500 v.

354 Cos==1500 puf, feed-through,

Centralab FT-1500 or cquiv-

alent

CR1CR: CRz=Crystal

Fib T Tarmonice filters

J1 Ja=Coaxial connector

1o Lis 1.s Ly Lio=RT choke, 2.5
mh

Ls=57 turns of No. 24 on &¢-
inch diameter, wound 32 turns
per inch; tapped 5}4, 814,
1134, and 28 turns from grid
end; B & W 3008 or equivalent

L4=7 turns of No. 16 Enam.
wound on R9

Ls;=RF choke, 1 mh

L¢=10 turns of No. 10 Enam.
on l-inch diameter, winding
length 2 inches; tapped 414
and 714 turns from plate end

Lg=10 turns of No. 10 Enam.
on l-inch diameter, winding
length 2 incbes; tapped 44
and 714 turns from plate end

L7=2034 turns of No. 18 on 114-
inch diametoer, wound 16 turns
perinch; tapped 11 turns from
plate end; B & W 3019 or
equivalent

Lu=28 turns of No. 24 on %4
inch diameter, wound 82 turns
per inch; B & W 3008 or
equivalent

Li2=14 turns of No. 20 on 54
inch diameter, wound 16 turns
per inch; B & W 3007 or
equivalent

L1z Lia=1I* choke; 7 gh, Ohmite
Z-50 or equivalent

L1;=25 turns of No. 16 Tinam.
close wound on_ 34-inch dia-
meter plastic rod

M= Milliammeter, 0-3 ma. dc

R1 R19=68000 ohms, 0.5 watt

R: R; Rip Rzt Res Ree Tes Rn
R21=1000 ohms, 0.5 watt

R3=120 ohms, 0.5 watt

R4 Re Rs=12000 ohms, 1 watt

R;=050000 ohms, variable, 4
watts

Rs=100 ohms, 1 watt

R Riz Rie=100000 ohms, 0.5

watt
Ri;=270 ohms, 0.5 watt

R14=3900 ohms, 1 watt

R15=33000 ohms, 0.5 watt

R17=100 ohms, 0.5 watt

R13=22000 ohms, 0.0 watt

Ra=470 ohms, 0.5 watt

Rae Ro3=220000 ohms, 0.5 watt

R24=10 ohms, 0.5 watt

Roar Ras=220 ohms, 0.5 watt

S;=Band switch; rotary, ce-
ramic, 6 poles, 5 positions, 6
gections; Centralab index as-
sembly PA-3056 and wafers
PA-17 or equivalent; shown
in 8.5 Mec position

Sq=Tune-operateswitch; single=
pole, double-throw; shown in
operate position

g;=Coarse loading switch; ro-
tary, ceramic, 1 pole, 2-10 po-
sitions, 1 section, progressive
opcning; Centralab PA-2052
or equivalent

84=Crystal-VFQ switch;rotary,
ceramic, 3 poles, 2-5 positions,
1 section; Centralab PA-2006
or equivalent

S;=Mecter switeh; rotary, ce-
ramic, 2 poles, 2-6 positions, 1
gection, non-shorting; Cen-
tralab PA-2003 or equivalent:
shown in 6IB8 triode unit
grid-current  position  (0-3
ma.); succeeding positions in
order are 12BY7A grid-No.1
current (0-3 ma.), 6146 grid-
No.l eurrent (0-6 ma.), 6146
grid-No. 2 current (0-30 ma.),
6146 plate current (0-300 ma.)

S6=Keying switch; double-pole,
double-throw; shown in ecath-
ode-circuit keying position

{5-16, continued):

1y R:=56000 ohmsg, 0.5 watl,

carbon
R: Ri Re=15000 ohms, 0.5 watt
1i; 137=18000 ohms, 0.5 watt
Rs=1000 ohms, 0.5 watt, carbon
IRo=18500 ohms, 3 watts (three
56000-ohm, l-watt resistors
in parallel)
R1y=33 ohms, 1 watlt
R =68 ohms, 0.5 watt, carbon

NOTES: 1. A metal shield should be used to

Ri2 R14=47000 ohms, 0.5 watt,
carbon

R13=5000 ohms, 10 watts, wire
wound

R15=1000 ohms, 1 watt, carbon

Ris=Potentiometer, 0.5 meg-
ohm

Ri17=50 ohms, 1 watt

S=TRclay contact on transmit-
reccive switch

Ti=Driver transformer, single
plate to push-pull grids, pri-
mary 10000 ohms, turns ratio
primary to one-half sccondary
3:1; Stancor A-4723 or equiv-
alent

T »=Modulation transformer, 30
watts, Stancor A-3892 or
equivalent. Terminals 9 & 12
connceted together

jsolate the final amplifier and the driver output circuit

from the other rf circuits. Filament and 250-volt B+ line through shield should be by-passed by

0.001-xf ceramic feed-through capacitors sucl
2. Placement of a 0-1 milliampere meter (in
AI-A2, A3-A4, and A5-A6 will provide read

circuits, respectively
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h ag Centralab MFT-100 or equivalent.
_serics with a 5000-ohm 0.5-watt resistor) across terminals
ings for adjustment of driver, final, and modulator output



(5-18)

RCA Transmitting Tubes

TYPICAL COAXIAL CAVITY FOR BEAM POWER TUBE 7650

Frequency 300 to 1500 Mc.

Cathode Drive

PLATE CONTACT
GRID-No0.2 CONTACT
GRID-No.I| CONTACT

’ -t 300, N
. PGS ¥ L
‘ Logo”
1
i —4—1.500"” 0.0, x
1 L2 065" WALL
2.500” 0.D. x
065" WALL
3.500”1.D, x
109" WALL
NEUTRALIZING —3.000”1.D. x
ADJUSTMENT nl .065” WALL
L3 CAPACITIVE PROBE

OUTPUT TUNING
.75070.0.

QUTPUT CQUPLING

4347 WALL

x
058" WALL

CAPACITIVE —
PROBE

INPUT
COUPLING

LEGEND

METAL

7] NON-ME TAL

Ty=Length of Grid-No.2-Plate
Cavity, 1 to 20 inches, ap-
prox., depending on frequency

and mode

SRRV,

AR T I e ps oo ey

GRID-No.2 INPUT
GRiID=No.1 INPUT

+— HEATER CATHODE
i INPUT TUNING

.37570.0.% .035"” WALL
92CM~10497

Li=Length of Cathode--Grid-
No.1 Cavity, 0.4 to 20 inches,
approx., depending on fre-
quency and mode.

Lo=Length of Grid-No.1-Grid-
No.2 Cavity, 0 to 20 inches,
approX., depending on fre-
quency and mode.

NOTES: 1. At 1260 megacycles in three-quarter wavelength mode, approximate length of L. is 4.3
inches, L2 is 8.3 inches, and L3 is 416 inches.
2. Apertures are provided in the various walls to permit passage of air to all terminals.
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Circuits

(5-19)

462-MEGACYCLE TRANSMITTER FOR FIXED OR MOBILE OPERATION
Power Output 20 Watts (Approx.)

[ s
r i

TYPE
6524

phts |

L3

INPUT 5

(5ama) Sy L8 Gus Lia Lis
= “RF
QUTPUT

(462 MC)

CaI

f ..E*Cu

C1 C:=2.2-8.0 pf per section,
variable, butterfly, air gap
0.017 inch, Johnson 9MBI11
or equivalent

(3 C5=2.7-10.8 ppf per section,
variable, butterfly, air gap
0.017 inch, Johnson 11MB11
or equivalent

4=1.5-5.0 upf, variable, air gap
0.017 inch, Johnson 5M11 or
equivalent

(s C7 Cs Cs Cro Ci1 Cr2 Crz=1500
ppf, feed-through ceramice,
Firic 862-152 or equivalent

Li=1 turn of No. 10 base copper
wire, wound on }4-inch
diameter

Lz Ls=114 turns of No. 10 base
copper wire close-wound on
14-inch diameter. Lz and Lz
are spaced to accommodate Ly

Ls Ls Lis Le=Silver-plated cop-
per rod 3/16-inch diameter
approximately 3 inches long.
Rods of each pair spaced
11/16 inch on centers

Ls Lr=S8ilver-plated copper rod
3/16-inch diameter approxi-
mately 124 inches long. Rod

spaced 1 inch on centers
Lio=1 turn of No. 8 silver-
plated copper wire approxi-
mately 1 inch square
Lu Liz Lis Lus Lis=RF choke,
Ohmite Z-460 or equivalent
M Ms=Miiliammeter, 0-5 ma, de
M: Ms=Milliammeter, 0-150

ma, de
Ri Re Rs Re=57 ohms, 1 watt
R3 R4=25000 ohms, 0.25 watt
R7=51000 ohms, 0.5 watt
Rs Re=Potentiometer, 20000
ohms, 2 watts

NOTE: Suitable tube sockets are Johnson 122-248 or equivalent mounted 9/16 inch below chassis. For
detailed operating conditions of this circuit, refer to type 6524 in the Tube Types Section where typical
operation values for Intermittent Commercial and Amateur Service (ICAS) are given for both the

tripler and final at 462 Mec.
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RCA Transmitting Tubes

e ( (=40 uf, electrolytie,
50

(‘-(
R

~40 uf, electrolytie, 150 v.
Silicon reetifier, type 1N-

3

1.-=Choke, 4h., 175 ma., Stan-
cor C-1410 or equivalent

{.2=Choke, 4.5 h., 200 ma,,
Stancor C-1411 or cquivalent

Ri==100 ohms, 0.5 walt

R Ra=4700 ohms, 1 walt
4+ R3:=15000 ohmsgs, 10 watts

Rc—5000 ohms, 25 watts, ad-
justable

R7=100000 ochms, 1 watt

81 Se=Switch, single-pole, sin-
gle-throw

T';=Power transformer; approx.
350—0-—350v.,200 ma.; 5 v.,
3amp.; 6.3 v., 7.5 amp. (min.)
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(5-20)
TRANSMITTER POWER SUPPLY CIRCUIT
T2 ®m oR -45 v,
T D\ ocC
g % C5=:: CS::: Rz
Rp -~
=2 950 V.
— T oo
F
2
W7 v, AC 8
TYPE

S5R4GYB 300 V.

oC

_O;lo X |aDvaA

t
oo I L
S2 % CI_;I\ Czj\ 7D5Cv
X Y
I 7 6.3V,
AC

Ts=Filament transformer,
v., 1.2 amp. Stancor P-t1:4
or equivalent. Connect 6.3-v.
winding of T: to 5-v, winding
of T1.

K=Relay, double-pole, rlouble-
throw 6-v. ac coil, Potter and
Brumficld GAT1A or equiv-
alent

Ciam o
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Circuits

(5-21)

OSCILLATOR FOR DIELECTRIC HEATING

Cy C2 C3=0.005 uf, mica, 600 v.

C3=2 plates 3/32-inch alumi-
num, 5 inches x 7 inches
spaced 7§ inch

Cy=50 ppf, max., depends on
work load

¥=Fuse, 0.5 amp

Li=5 turns 3/16-inch copper

Frequency 27 Mc (Approx.)

LOAD
Cs5 | ELECTRODES

X %
)

o000 v
2000 v N7V AC

tubing spaced 3{ inch on
214-inch L.D

1L:=RF choke, 40 ma

Ls=RF choke, 500 ma

L¢=3 turns 5/16-inch copper
tubing spaced 54 inch on
334-inch L.D.

Ls Ls= 2 turns 3/16-inch copper

tubing with adjustable
spacing between turns on
334-inch I.D.
M;= Milliammeter, 0-100 ma, dc
Mz=Milliammeter, 0-1000 ma, dc¢
R=5000 ohms, 25 watts
T=Filament transformer, 10
volts rms, 9 amp

NOTE: Adequate shielding should be used to assure compliance with FCC requirements regarding

spurious radiation.

(5-22)

OSCILLATOR FOR INDUCTION HEATING

Frequency 450 Kc (Approx)

C1 C3=0.01 pf, mica, 600 v.

C: Cy=0.1 uf, paper, 5000 v.,
0.6 amp rms min,

C4—0 002 uf, mica, 8000 wolts
min., 15 amp rms

F=Fuse, 1 amp

Li= 3mbh, rf choke, 1 amp rms,
insulated for 10000 peak
volts, single-layer solenoid,
300 turns No. 18 Enam., 12

NOT) :
spurious radiation.

4000 V Cs
1t AMP

inches long on 4-inch
diameter

L2=38.5 mh, tf choke, 250 ma

Lis=63 xh, choke, 15.amp rms,
insulated Tor 5000 peak volts,
40turns No. 8 Enam., 8 inches
on 4-inch diameter form.

Ls=Single-turn secondary,
sheet copper

Ls=Work coil

311

M= Milliammeter, (-1000 ma, d¢

M:= Milliammeter, 0-150 ma, dc

R=2500 ohms, 50 watts

T=Filament transformer, 10
volts rms, 10 amp

B=Blower, designed to supply
an air flow of 40 ¢fm from a
2-inch-diameter nozzle
directed vertically on bulb
between grid and plate seals.

E: Adequate shielding should be used to .assure compliance with FCC requirements regarding



RCA Transminting Tubes

(5-23)
VHF OSCILLATOR FOR DIELECTRIC HEATING
Frequency 160 Mc (Approx.)
Cs
TYeE | dH\\N\ N
Y
5786
AN
N
b LOAD <1
ELECTRODES . -L- — )k
T A cs
R | M| 56 |
ClT C21 TCq
L
F
o)
17y
AC
-3 o 21 ]
T
INSULATOR
c

3l el le
st @) ce
L2 7
~ 6 I/2" 1

Cy=250 puf, mica 0.005 inch
thick, 3 inches x 834 inches
copper plate, held to mount-
ing platform by insulated
pressure clamps

Cz C3=0.001 uf, mica, 600 v.

C1=200 wuf, mica 0.005 inch
thick, 4 inches x 5 inches
copper plate, held to mount-
ing platform by insulated
pressure clamps

Cr=10-30 wuf, variable, con-
sisting of copper plate

3 inches x 314 inches mounted
on L: and round disk 3 inches
in diameter, air gap !4 inch
to 1 inch

Ce C7=100 uuf mlca (*‘postage
stamp’’), 6

F=Fuse, 0.5 amp

Lx=Copper strap 1-3/16 inches
wide x 1/16 inch thick

Lo=1%4 inch x 1 inch rectangular
waveguide or equivalent

Mi=Milliammeter, 0-150 ma, dc

M:=Milliammeter, 0-750 ma, dc

MOUNTING PLATFORM&

R==2000 ohimg, wire-wound,
50 watts

T=Filament transtormer,
11 volts rms, 12.5 amp,
maximum starting surge
50 amp

B=Blower, designed to supply
an air flow of at least 140 ¢im
through an outlet area of
614 square inches to the
radiator and the filament and
grid seals.

NOTE: Entire oseillator and load assembly is enclosed in metal box having one end open for cooling-air
exit and for ease of loading work. Mountmg platform divides box into two compartments. Sce tube data
for RCA-5786 forced-air-cooling requirements. Tube and circuit must bhe protected from fumes or
vapors that may come from work. Adequate shielding should be used to assure compliance with ¥CC
requirements regarding spurious radiation.
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RCA Technical Publications

on Electron Tubes, Semiconductor Products,
Batteries, and Test and Measuring Equipment

Copies of the publications listed below may be obtained from your RCA distributor
or from Commercial Engineering, Radio Corporation of America, Harrison, N. J.

Electron Tubes

e RCA TRANSMITTING TUBES—-TT-5
(814" x 534')—320 pages. Written for
the engineer, technician, radio amateur,
and student, this new larger edition has
been comprehensively revised and up-
dated. Gives data on over 180 tube
types, including cermolox, ceramic-and-
metal, pencil, and pulse-rated types. Pro-
vides basic tube information on generic
types, parts and materials, installation
and application, a4nd interpretation of
data. Includes maximum ratings, typical
operating values, and characteristics
curves for power tubes having plate-in-
put ratings up to 4 kw and for associated
rectifier tubes. Contains material on pow-
er-tube circuit-design considerations and
rectifier circuits and filters, as well as
new application tables for quick, easy
selection of tubes, and circuit diagrams
for transmitting and industrial applica-
tions. Also gives new design information
on linear rf amplifiers for single sideband
applications. Features lie-flat binding.
Price $1.00.*°

¢ RCA RECEIVING TUBE MANUAL— RC-
21 (814" x 534')—480 pages. Revised,
expanded, and brought up to date. Con-
tains technical data on 903 receiving
tubes and 106 picture tubes for black-
and-white and color television. Features
tube theory written for the layman, ap-~
plication data for radio and television
eircuits, Resistance-Coupled Amplifier
Section, new receiving-tube and picture-
tube charts, and several circuits for high-

tTrade Mark Reg. U. S. Pat. Off,

fidelity audio amplifiers. Features lie-
flat binding. Price $1.00.*°

® RCA ELECTRON TUBE HANDBOOK
—HB-3 (734" x 534'’). Five deluxe 214~
inch-capacity black binders imprinted
in gold. The “bible” of the industry—
contains over 5000 pages of loose-leaf
data and curves on RCA receiving tubes,
transmitting tubes, cathode-ray tubes,
picture tubes, photocells, phototubes,
camera tubes, ignitrons, vacuum and gas
rectifiers, magnetrons, traveling-wave
tubes, premium tubes, pencil tubes, and
other miscellaneous types for special ap-
plications. Available on subscription
basis. Price $20.00* including service for
first year. Also available with RCA Semi-
conductor Products Handbook HB-10
at special combination price of $25.00*
Write to Commercial Engineering for
descriptive flyer and order form.

® RADIOTRONT DESIGNER'S HANDBOOK
—4thEdition (834/x514'")— 1500 pages.
Comprehensive reference thoroughly
covering the design of radio and audio
circuits and equipment. Written for the
design engineer, student, and experi-
menter, Contains 1000illustrations, 2500
references, and cross-referenced index of
7000 entries. Edited by F. Langford-
Smith of Amalgamated Wireless Valve
Co., Pty., Ltd.in Australia. Price $7.00.*
e RCA POWER TUBES—PG-101E
(1074 x 834'")—46 pages. Completely
revised and brought up to date. Tech-
nical information on 200 RCA vacuum

#*Prices shown apply in U.S.A, and are subject to change without notice.

°Optional List Price.
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power tubes, rectifier tubes, thyratrons,
and ignitrons. Includes terminal connec-~
tions. Price 75 cents.*’

e RCA RECEIVING-TYPE TUBES FOR IN-
DUSTRY AND COMMUNICATIONS —RIT
104B (1074" x 834')—32 pages. Tech-
nical information on over 190 RCA “‘spe-
cial red” tubes, premium tubes, nuvis-
tors, computer tubes, pencil tubes, glow-
discharge tubes, small thyratrons, low-
microphonic amplifier tubes, vacuum-
gauge tubes, mobile communications
tubes, and other special types. Includes
socket-connection diagrams. Price 30
cents.*®

e RCA RECEIVING TUBES AND PICTURE
TUBES — 1275K  (1074"” x 834')—64
pages. New, enlarged, and up-to-date
booklet contains classification chart, ap-
plication guide, characteristics chart, and
base and envelope connection diagrams
on more than 1050 entertainment re-
ceiving tubes and picture tubes. Price
50 cents.*®

o RCA PHOTOSENSITIVE DEVICES AND
CATHODE-RAY TUBES—CRPD-105B
(1074""x8%4'") —36 pages. Containstech-
nical information on 151 RCA tubes in-
cluding single-unit, twin-unit, and multi-
plier phototubes; photocells; camera and
image-converter tubes;flying-spot tubes;
monitor, projection, transcriber, and
view-finder kinescopes; oscillograph and
storage tubes. Price 50 cents.*°

e RCA INTERCHANGEABILITY DIRECTORY
OF INDUSTRIAL-TYPE ELECTRON TUBES
—ID-1020C (1074" x 834'')—16 pages.
Lists more than 1450 basic type desig-
nations for 18 classes of industrial tube
types; shows the RCA Direct Replace-
ment Type or the RCA Similar Type,
when available. Price 35 cents.*”

o RCA PHOTOCELLS—1CE-261 (1074 x
834’")-—20 pages. Contains a selection of
photocell-circuit diagrams; technical
data and characteristic curves of RCA
photoconductive, photojunction, and
photovoltaic cells; interchangeability in-
formation; and supplementary informa-
tion on tungsten and fluorescent light
sources. Booklet is designed to introduce
the engineer, the hobbyist, and the ex-

tTrade Mark Reg. U. S. Pat. Off.

perimenter to application possibilities of
RCA photocells. Price 25 cents.*®

® RCA MAGNETRONS AND TRAVELING-
WAVE TEBUS—MT-301A (107%” x
834'')—48 pages. Operating theory for
magnetrons and traveling-wave tubes,
application considerations, and tech-
niquesfor measurementofelectrical para-
meters. Price 60 cents.*®

e RCA PENCIL TUBES — 1CE-219 (107%”
X 834")—28 pages. Contains operating
theory for pencil tubes, electrical and
mechanical circuit-design considera-
tions, environmental considerations, ap-
plication considerations, and data for
commercial types. Price 50 cents.*’

®RCAPHOSPHORS—TPM-1508A (1074
x 834'")—20 pages. Contains defining
data for over 25 different industrial
phosphors, spectral-energy emission
curves, persistence curves, and quick-
reference classification charts. Price 75
cents.*®

® RCA CAMERA TUBES—1CE-262 (1075"
x 8%4’')—24 pages. Technical informa-
tion on RCA image orthicons and vidi-
cons aimed at helping the camera tube
user select the most appropriate tube
for his application. Includes concise data
on all commercially available RCA cam-
era tubes as well as typical curves and
information defining the most important
characteristics of camera tubes. Also con-
tains cutaway views of a vidicon and
image orthicon illustrating construction
features. Price 75 cents.*’

e RCA INTERCHANGEABILITY DIRECTORY
OF FOREIGN vs. U.S.A, RECEIVING-TYPE
ELECTRON TUBES — 1CE-197B (838" x
10%4'")—8 pages. Covers approximately
800 foreign tube types used principally
in AM and FM radios, TV receivers,
and audio amplifiers. Indicates U.S.A.
direct replacement type or similar type
if available. Price 10 cents.*®

© TECHNICAL BULLETINS — Authorized in-
formation on RCA transmitting tubes
and other tubes for communications and
industry. Be sure to mention tube-type
bulletin desired. Single copy on any type
free on request.

#Prices shown apply in U.S.A. and are subject to change without notice.

°Optional List Price.
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Semiconductor Produects

e RCA TRANSISTOR MANUAL —SC-10
(834" x 534’')—304 pages. New manual
contains detailed technical data on RCA
semiconductor devices. Easy-to-read text
contains information on basic theory,
application, and installation of transis-
tors, silicon rectifiers, and semiconduc-
tor diodes. Includes circuit diagrams and
parts lists for many typical applications.
Features lie-flat binding. Price $1.00.*°

® RCA SEMICONDUCTOR PRODUCTS
HANDBOOK—HB-10. Twobinders, each
734" Lx 534" W x 274" D, having gold-
imprinted red covers. Contains over 1000
pages of loose-leaf data and curves on
RCA semiconductor devices such as ger-
manium transistors, silicon transistors,
silicon rectifiers, and semiconductor di-
odes. Available on subscription basis.
Price $10.00* including service for first
year. Also available with RCA Electron
Tube Handbook HB-3 at special com-
bination price of $25.00*, Write to Com-
mercial Engineering for descriptive flyer
and order form,

o RCA SEMICONDUCTOR PRODUCT
GUIDE—60S16R3 (1074” x 83§'")—12
pages. Contains classification chart, in-
dex, and ratings and characteristics on
RCA’s line of transistors, silicon recti-

fiers, semiconductor diodes, and photo-
cells. Single copy free on request.

e RCA SILICON POWER TRANSISTORS
APPLICATION GUIDE—1CE-215 (107%"
x 834'')—28 pages. Describes outstand-~
ing features of RCA silicon power tran-
sistors and their use in many critical in-
dustrial and military applications. In-
cludes construction details, discussion of
voltage ratings, thermal stability condi-
tions, and equivalent circuits for these
transistors. Price 50 cents.*®

o RCA SILICON VHF TRANSISTORS AP-
PLICATION GUIDE—1CE-228 (107%¢" x
834'")—20 pages. Describes unique capa-
bilities of RCA silicon vhf transistors
and their use in critical industrial and
military applications up to 300 Me,
Price 50 cents.*®

o TRANSISTORIZED VOLTAGE REGULA-
TORS APPLICATION GUIDE—1CE-
254 (1074" x 834'")—12 pages. Describes
and discusses transistorized voltage reg-
ulators of the series and shunt types. In-
cluded are design considerations, step-
by-step design procedures, and the solu-
tions to sample design problems. An
Appendix contains the derivation of de-
sign equations. Price 25 cents.*°

Batteries

e RCA BATTERY MANUAL-—BDG-111
(107" x 834'")—64 pages. Contains in-
formation for the designer, application
engineer, experimenter, and student on
dry cells and batteries [carbon zinc (Le-
clanché), mercury, and alkaline types] .
Included in this manual are battery
theory and applications, detailed elec-
trical and mechanical characteristics, a
classification chart, dimensional outlines
and terminal connections on each bat-
tery type. Price 50 cents.*®

tTrade Mark Reg. U. S. Pat. Off.

o RCA BATTERIES—BAT-134E (1078" x
8%4'/)—16 pages. Technical data on 106
Leclanché, alkaline, and mercury-type
dry batteries, for radios, industrial ap-
plications, flashlights, lanterns, elec-
tronic toys, and for photoflash service.
Price 35 cents.*°

o RCA BATTERIES FOR TRANSISTOR AP-
PLICATIONS—TBA-107TA (107%"" x
834'")—12 pages. Technical data and
curves on 25 RCA Leclanché-and-mer-
cury-type dry batteries specifically de-
signed for use in applications utilizing
transistors. Price 25 cents.*®

*Prices shown apply in U.S.A. and are subject to change without notice.

°Qptional List Price.
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! Test and Measuring Equipment

INSTRUCTION BOOKLETS — Illustrated
instruction booklets, containing specifi-
cations, operating and maintenancedata,

application information, schematic dia-
grams, and replacement. parts lists, are
2
WA-44 (Audio Signal
Generator)........... $0.50*
WA-44C (Sine-Square Wave
Audio Generator). . ... 1.00*
WO-33A (Super-Portable
] Oscilloscope) . . ...... 1.00*
: WO-88A (5-in.Oscilloscope).... 0.50*
WO-91A (5-in.Oscilloscope).... 1.00*
WR-36A (Dot-Bar Generator).. 0.50*
WR-39C (TV Calibrator). ..... 0.50*
WR-46A (Video Dot/Crosshatch
Generator).......... 0.75*
WR-49A (RF Signal Generator) 0.50*
WR-49B (RF Signal Generator) 1.00*
WR-61B (Color-Bar Generator) 1.00*
WR-64A (Color-Bar/Dot/
Crosshatch Generator) 1.00*
WR-67TA (Test-Oscillator). .. ... 0.25*
WR-69A (TV-FM Sweep
Generator). . ........ 1.00*
WR-T0A (RIF-IF-VF Marker
Adder).............. 0.75*
{ WR-8A (UHF Sweep
t Generator).......... 0.50*

WR-99A (Marker Calibrator) .. 1.00*
t WV-37B (Radio Battery Tester) 0.25*
]

WV-38A (Volt-Ohm-
Milliammeter).. . .... 0.50*

WV-65A (VoltOhmystt)....... 0.25*

b ad

{Trade Mark Reg. U. S. Pat. Off.

available for all RCA test instruments

Booklets for the following popular in--¥

struments are available at the prices in-
dicated. Prices for booklets on other in-
struments are available on request.

WV-74A (High-Sensitivity

ACVTVM)........ 0.75*
WV-75A (VoltOhmystt)....... 0.25*
WV-T7A (VoltOhmystt). ... ... 0.25*
WV-T7B (VoltOhmystt)....... 0.25*
WV-TTE (VoltOhmystt). ...... 1.00*

WYV-84C (Ultra-Sensitive
DC Microammeter).. 0.75*

WV-87B (Master VoltOhmystt) 0.75*

WV-95A (VoltOhmystt). ... ... 0.25*
WV-97A (VoltOhmystt). ...... 0.50*
WV-98A (VoltOhmystt). . ... .. 1.00*

WV-98B (Senior VoltOhmystt) 1.00*
WV-98C (Senior VoltOhmystt) 0.50*
195-A (VoltOhmystt). ... ... 0.25*

WT-100A (Electron-Tube
MicroMhoMeter, Ser.
No0.1001 and over) .. 2.00*

WT-100A (Tube Chart 1CE

—168). 3.00*
WT-110A (Automatic Electron-

Tube Tester)........ 1.00*
WT-110A (1CE-174 Card

Punch Data). .. ... .. 0.25*
WT-110A (1CE-234 Card

Punch Data)........ 1.00*

WT-110A (Supplement 2 to
1CE-234 Card
Punch Data)........ 0.50~"

*Prices shown apply in U.S.A. and are subject to change without notice.

°Optional List Price.
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Reading List

The publications listed represent both elementary and advanced treatments of
power and rectifier tube theory, applications, and circuit design. The list, obviously,
is not inclusive, but additional references are given in the publications listed.

ARRL Antenna Book. American Radio Relay League.

BenepIcT, R. R. Industrial Electronics. Prentice-Hall, Inc.

CHUTE, G. M. Electronics in Industry. McGraw-Hill Book Co., Inc.

DAvIS AND WEED. Industrial Electronic Engineering. Prentice-Hall, Inc.
DouME, R. B. Television Principles. MeGraw-Hill Book Co., Inc.

EveriTr, W. L. Communication Engineering. McGraw-Hill Book Co., Inc.
FINK, D. G. Engineering Electronics. McGraw-Hill Book Co., Inc.

Gray, T. S. Applied Electronics. John Wiley & Sons, Inec.

KLOEFFLER, R. G. Industrial Electronics and Control. John Wiley & Sons, Inc.
KOLLER, L. R. Physics of Eleciron Tubes. McGraw-Hill Book Co., Inc.

MARKUS AND ZELUFF. Electronics for Communication Engineers. McGraw-Hill Book
Co., Inc.

MARKUS AND ZELUFF. Handbook of Industrial Electronic Circuits. McGraw-Hill
Book Co., Inc.

PENDER, DELMAR, AND McILWAIN. Handbook for Electrical Engineering— Com-
munications and Electronics. John Wiley & Sons, Inc.

PREISMAN, A. Graphical Constructions for Vacuum Tube Circuits. McGraw-Hill
Book Co., Inc.

PRINCIPLES OF ELECTRICAL ENGINEERING SERIES. A pplied Electronics. John Wiley
& Sons, Inec.

RADIATION LABORATORY SERIES. Vol. 18—Vacuum-Tube Amplifiers; Vol. 19—
Wave-forms. McGraw-Hill Book Co., Inc.

RADIO RESEARCH LABORATORY, HARVARD UNIVERSITY. Very-High-Frequency Tech-
niques. McGraw-Hill Book Co., Inc.

REIcH, H. J. Theory and Applications of Electron Tubes. McGraw-Hill Book Co.,
Inec.

RICHTER, WALTHER. Fundamenials of Industrial Electronic Circuits. McGraw-Hill
Book Co., Inec.

Single Sideband for the Radio Amateur. American Radio Relay League.
SPANGENBERG, K. R. Vacuum Tubes. MecGraw-Hill Book Co., Inc.
TERMAN, F. E. Eleclronic and Radio Engineering. McGraw-Hill Book Co., Inc.
TERMAN, F. E. Radio Engineers Handbook. McGraw-Hill Book Co., Inc.
TERMAN AND PETTIT. Electronic Measurements. McGraw-Hill Book Co., Ine.
The Radio Amateurs Handbook. American Radio Relay League.
The Radio Handbook. Editors & Engineers, Ltd.
FEDERAL COMMUNICATIONS COMMISSION

Part 12: Rules Governing Amateur Radio Service.

Part 18: Rules and Regulaiions Relating to Industrial, Scientific,
and Medical Service.
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Key to Base and Envelope Connection Diagrams
Diagrams show terminals viewed from base or filament end of tube

Orientation Symbol
Other Than Key

\ Small Pin
Flexible Envelope Rigid Envelope
Terminal Terminal
Large Pin Envelope
Key
e Gas-Type Tube G Grid IS Internal Shield
BC Base Sleeve H Heater K Cathode

CP Center Pin
F Filament
Fum Filament Tap

Hwym Heater Tap
IC Internal Connec-
tion—Do not use

NC No Connection
P  Plate or Anode
S Shell

Subscripis for multt-unil types: B, beam unit; D, diode unit; P, pentode unit;
T, triode unit, TR, telrode unit.

In addition to the tube types described in this manual, the
ELECTRON TUBE DIVISION OF RADIO CORPORATION OF AMERICA of-
fers a comprehensive line of high-power and super-power tubes for
transmitting and industrial applications. Other available lines of
RCA electron devices include:

PHOTOCELLS TELEVISION CAMERA TUBES

Photoconductive and
Photojunction Types

MICROWAVE TUBES
Magnetrons, Traveling-Wave
Tubes, Pencil Tubes

CATHODE-RAY TUBES
Special-Purpose Kinescopes,
Storage-Tubes, and Oscillograph Types

THYRATRONS AND IGNITRONS

SPECIAL TYPES
Vacuum-Gauge Tubes,
Image Converters

Vidicons, Image Orthicons,
and Monoscopes

PHOTOTUBES
Single-Unit, Twin-Unit,
and Multiplier Types

SEMICONDUCTOR DEVICES
Germanium and Silicon Tran-
sistors, Silicon Rectifiers, Diodes

RECEIVING TUBES
Voltage and Power Amplifiers, Con-
verters, Oscillators, Mixers, Rectifiers,
and Diode Detectors

PICTURE TUBES
Black-and-White and Color

For sales information,
write to Sales

For technical information,
write to Commercial Engineering

RADIO CORPORATION OF AMERICA

ELECTRON TUBE DIvISION HARRISON, N. J.



