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RCA

Transmitting Tubes

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,
basie information is also provided for a number of discontinued types
still of some interest.

RADIO CORPORATION OF AMERICA
ELECTRON TUBE DIVISION HARRISON, N. .J.
Copyright 1962 by Radio Corporation of America. (All Rights Reserved)



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 eircuits. In this respect they are
similar to rheostats, switches, and other
circuit-type contro} 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 eir-
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 bhetween 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 electrie 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 cireuits, control of the
direction of current flow is necessary
when the power source produces ac volt-
ages and currents and the load requires
a unidirectional current. Tubes which
are used primarily to control the direc-
tion of current flow are known as recti-
fiers. All such tubes, however, are also
rate-control or rate-limiting devices in
the sense that they have a finite current-
carrying capability.

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

Basic Considerations

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



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 hetween the plate and cathode.
When the plate is at a2 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 fleld, or the plate
voltage.

Vacuum Tubes

Under normal operating conditions,
the veloeity of the electrons emitted by
the cathode of a vacuum tube is just suf-
ficlent 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
Iig. 1. The concentration is greatest in
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Fig. 1

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

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

Two-electrode vacuum tuhes 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
ohtaining 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 ohtained by
the use of two or more grids or control
electrodes in a tube. The construction
and characteristics of the principal types
of multi-electrode tubes in general use
are described in detail later in this sec-
tion.

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

Like primary electrons, secondary
electrons are attracted to a positive elec-
trode in the tube. In a two-clectrode
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 o 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 seec-
tion.

Gas Tubes

In a vacuum tube, space charge in-
hibits the release of electrons from the
cathode, and thus limits the plate cur-
rent at low and moderate plate voltages.
Although the space-charge effect may be
reduced by a reduction in the spacing
between plate and cathode, it cannot be
entirely eliminated by this method. The
negative space charge can be neutralized,

Power-Tube Fundamentals

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 Reetificr 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 generie-type
classifications.

Diodes

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

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



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

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

In a vacuum rectifier, the internal
voltage drop is approximately pro-
portional to the load current. Conse-
quently, rectifiers of this type, such as
the 5R4-GY, 836, and 1616, do not pro-
vide as good regulation of output volt-

PLATE PLATES
FILAMENT CATHODE HEATER
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TYPE TYPE

Fig. 3

age as gas types in applications involv-
ing varying load currents. Vacuum
rectifiers, however, are not affected by
ambient lemperature and do not require
special installation and cireuit 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
yras 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 itz open construction,
the grid does not appreciably obstruct
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the movement of electrons from cathode
to plate. When the grid is made positive
or negative with respect to the cathode,
however, its electric field can increase or
decrease the rate of electron flow. This
effect makes it possible for a triode to be

PLATE

GRID

CATHODE HEATER

Fig. A

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

LOAD OUTPUT.
RESISTANCES VOLTAGE
ANPUT A
SIGNAL = PLATE
= suPPLY

L

Fig. &

frequency multiplication, modulation,
and various special purposes.

The plate, cathode, and other elec-
trodes of a tube form an electrostatic
system, each clectrode 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

LOA OUTPUT
RESISTANCES VOLTAGE
+
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¥ig. 6
effects on tube operation, especially at
radio frequencies. For example, the

- grid-plate capacitance, Cg,, 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 meutralization. These
special considerations are discussed at
length in the Power-Tube Applications
Section.
Tetrodes

Internal feedback bhetween 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 sereen grid)
hetween 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-
passced to the cathode through a capaci-
tor having a very low impedance at the
operating frequency. This capacitor di-
verts signal-frequency alternating cur-
rents from the screen grid to ground, and
effectively short-circuits the capacitive
feedback path between plate and control
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grid. The screen grid acts as an electro-
static shield between the control grid
and the plate, and reduces the grid-
plate capacitance to such a small value
that internal feedback is usually negligi-
ble over the range of frequencies for
which the tube is designed.

Because the sereen 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.l a greater degree of
control over the plate resistance, and
thus increases the voltage-amplification
factor.

The voltage at which the screen
grid is operated has a substantial effect
on the plate current of a tetrode. This
characteristic makes it practicable to
control the gain of a tetrode by varia-
tion of the de screen-grid potential, or
to modulate the tube output econom-
ically by the application of signal volt-
age to the screen grid, as well as to the

PLATE

GRID N22
(SCREEN
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Fig. 7

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 careful circuit
layout to minimize external feedback
between the input and output circuits
of the tubes. In certain amplifier appli-
cations involving high radio frequencies
and high stage gains, tetrodes, as well as
triodes, may require neutralization. Fur-
ther information on this subject is given
in the Power-Tube Circuit-Design Con-
siderations Section.

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

The loss of a portion of the output
energy which occurs in a tetrode under
these conditions reduces the power-
handling capabilities of the tube, and
causes serious distortion of the signal
waveform. The output of the tube,
therefore, contains harmonics of the sig-
nal frequency and other spurious fre-
quencies which may cause 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

Thelimitation imposed on the plate-
voltage swing of a tetrode by ‘“dynatron
action” can be overcome by thé use of a
grid No.3, or snppressor grid, between
the sereen 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 betweenthem.
Although this field is not strong enough
to prevent the desired movement of high-
velocity primary electrons from screen
grid to plate, it effectively prevents both
primary and secondary electrons from
flowing backward to thescreen grid. Con-
sequently, the plate voltage of a pentode
may swing negative with respect to the
screen-grid voltage without the loss of
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Fig. 8

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, as in the 1613, so that it is automati-
cally maintained at a negative potential
with respect to the plate and screen grid.
In most power pentodes, however, the
suppressor grid is an independent elec-



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

Beam Power Tubes

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

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

Ingeneral, pentodes and beam power
tubes have higher power sensitivity than
other generic types, i.e., they require
very little driving power in relation to
obtainable power output. Theuseof 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 {requency-multiplier
tubes in transmitters and other types of
radio-frequency power equipment. Beam
power tubes are also widely used as audio-
frequency power-amplifier tubes and
modulator tubes, and in certain types of
oscillator eircuits,



Construction and Materials

Although power tubes may vary
widely with respect to physical form,
size, and terminal arrangement, they
utilize two general forms of plate con-
struction. Ininternal-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 (a).
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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Generally, internal-plate tubes re-
quire either natural convection cooling
or forced-air cooling. Because the heat
from the plate must first radiate to the
envelope beforeitis dissipated, the power
handling capability of such tubes is lim-
ited. Jixternal-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-
prove heat dissipation andincrease power
handling capability.

Most RCAexternal-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, apower-
tube cathode must be operated at a con-
stant temperature if substantial varia-
tions in emission are to be avoided. Be-
cause of the practical difficultiesinvolved
in measuring the cathode temperature
of a tube, proper operating conditions
are usually expressed in terms of a spe-
cific voltage and a specific current. Spe-
cific values of heating voltage and cur-
rent for each tube type are given in the
Tube Types Section.

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

Early filamentary cathodes were made
of pure tungsten, a dense, tough metal
having an extremely high melting point.
Because tungsten must be heated to very
high temperatures to emit electrons in
useful quantities, such filaments require
considerable electrical power for excita-
tion. Much higher emission efficiencies
can be obtained with thoriated-tungsten
filaments, which are drawn from tung-
stenslugsimpregnated with thoria (thori-
um oxide). During tube processing, some



of the thorium oxide is driven to the
surface of the filament and reduced to
pure metallic thorium, which emits use-
ful quantities of electrons when heated
to a relatively low temperature. This
surface thorium evaporates during tube
operation, but is continuously replen-
ished from the internal supply of thori-
um oxide.

Filamentary cathodes may also be
made of inexpensive nickel alloys, rather
than highly refractory metals, and coated
with “alkaline-earth’ oxides, which emit
electrons freely at much lower tempera-
tures than either pure tungsten or thori-
ated tungsten. The coating is applied to
the filament in the form of a carbonate
of the basic element (generally barium
carbonate or a mixture of barium, calci-
um, and strontium carbonates), and is
converted to the highly emissive oxide
form during tuhe processing., Oxide-
coated filaments are especially suitable
for use in gas rectifiers, which require
low-temperature cathodes capable of de-
livering high ¢mission 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 indirccly 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 suhstantially the saume 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 inits associated cathode,
all points of the emitting surface are at
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the same dec 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 to its heater,
provided this potential does not exceed
the maximum heater-cathode-voltage
rating of the tube.

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

CATHODE
SLEEVE
FILAMENT S
INSULATED COSTNG
HEATER ™.
Mg, 11 Fig. 12

cathode. The insulation must be capable
of withstanding these high temperatures
and, in addition, must possess sufficient
flexibility to accommodate bends of very
small radius because the heaters must
be folded or wound into forms compact
enough to fit inside the cathode sleeve.
The insulation generally used is alumi-
num oxide, or a similar material known
commercially as “alundum.” The insula-
tion is first applied to the heater as a
suspension of fine particles in a nitro-
cellulose binder, and is then sintered in-
to a solid coating by operation of the
heater for a carefully 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-
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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 cathode is free
from arcing caused by cathode peeling,
is resistant to ion hombardment, and has
a reservoir of emissive material which
prolongs operatinglife. 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
cireuit 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 (¢) and (d) are typical types of
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

other electrodes. Plates of this type are
used in tubes such as the 326.

Fig. 13

The radiator design shown at (¢)
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
increase cooling efficiency, one type has
solid radial fins and the other has lou-
vered axial fins.

The radiator design 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 cylinder
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 plateis 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-
atetemperaturesbecauseit 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, tubhes of relatively smail
physical size can handle very large
amounts of power.

Other metals used for tube plates
includematerialssuchastungsten,molyh-
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
tosome form 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 as the compact ceramie-metal
cermolox line of beam-power tubes, the
grid cages are formed from conecentric
cylindrical metal blanks which are brazed
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together at the proper spacing for the
control and sereen electrodes. The blanks
are then cut simultaneously to form pre-
cision-aligned grids by an electrical-dis-
charge machining process. I'ig. 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. 11

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 hombardment. 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 toliberate large numbers of second-
ary electrons from the grid. A carbon
coating is sometimes applied to the grid
to reduce its tendency to secondary
emission.

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 he
deposited on the tube clectrodes during
flashing.

Envelopes

Many small- and medium-sized low-
frequency power tubes having internal-
plate construction use simple c¢ylindrical
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 toabrasion 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-bulh 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 the envelope. Refractory spacers
are usually equipped with shock-absorh-
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 elec-
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.
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.l and
plate sections. In the 7552 and other
“pencil”’-type tubes, the flange-type grid
sections of the envelopes act as shields
hetween 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.lin a
multigrid tube) and the cathode, and
the output is taken {from the plate cir-
cuit. (Oscillator service may be con-
sidered a form of amplifier service in
which the output is fed back to the in-
put.) Consequently, it is convenient to
define tube operation in terms of the
relationship between grid voltage and
plate current when all other electrode
voltages are held constant. This rela-
tionship, called the ‘““‘mutual” or “trans-
fer” characteristic of the tuhe, 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-
teristie.

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.

PLATE
CURRENT

SATURATION

i’

CUTOFF

o
GRID VOLTAGE

Pig. 15

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

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



(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 eurrent 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
characteristies 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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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
(class A, operation), the driving voltage
is usually kept smaller than the grid
bias so that the grid is not driven posi-
tive with respect to the cathode and,
:onsequently, does not draw current.
Under these conditions (class A; oper-
ation), waveform distortion (variation
of output-signal waveshape from that of
input signal) consists principally of even-
order harmonics and can easily belimited
to less than 5 per cent of full output in
triodes and less than 7 per cent of full
output in multigrid tubes by a proper
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choice of operating conditions. For sym-
metrical driving voltages, the de plate
current remains substantially constant
at the quiescent (zero-signal) value.

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

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

The power output required for a
particular application may be obtained



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
tubesis 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 Adjustments 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 amplitude in the
load, and are thus cancelled or sub-
stantially reduced in relation to the total
power output. Consequently, a push-
pull stage can deliver output of sub-
stantially better quality than a parallel
stage using the same tubes and operating
under the same conditions, or it can de-
liver higher output for the same amount
of even-harmonic distortion. Higher
power output per tube can also be obh-
tained without an increase in plate volt-
age by the use of a plate-to-plate load
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resistance only slightly larger than that
recommended for single-tube operation.
Although odd-order harmoniec distortion
is not cancelled or reduced by push-pull
operation, this type of distortion is usu-
ally negligible in class A amplifiers, and
may be minimized by the proper choice
of operating conditions or by the use of
inverse-feedback circuit arrangements.

Hum caused by the presence of rip-
ple in de¢ plate, screen-grid (grid-No.2),
or bias (grid-No.1) supply voltages, or
by the use of ac filament or heater volt-
ages, is also cancelled or substantially
reduced in a push-pull stage. Push-pull
operation thus simplifies power-supply
filter requirements. Furthermore, it fre-
quently eliminates the necessity for at-
tenuating the low-frequency response of
an audio or video amplifier to reduce
interference from power-supply hum.

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

Class B Amplifiers

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



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

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

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

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

As a result of the discontinuity in
the composite characteristic of a push-
pull elass B audio amplifier, shown in IFig.
18, the plate current never {alls 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 he minimized by
moving the operating point toward the
linear region of the tube characteristic,
i.e., by increasing the zero-signal plate
current and thereby reducing the
plate-circuit efficiency. The most desir-
able tubes for class B audio service,
therefore, are those having very steep
mutual characteristics and very short
“lower bends’’ so that the discontinuity
in the composite characteristic will be
small even when the operating point is
very close to cutoff.

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



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

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

The high degree of linearity re-
uired 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 eritical than those for other
types of rf power amplifiers.

Class B linear amplifiers are used as
output amplifiers in single-sideband,
suppressed-carvier 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-Tube
Circutt-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-

(iuently, requires the use of a push-pull
circuit when used in audio or video
service. The bias is adjusted so that the
operating point is in the lower portion
of the linear region of the characteristic.
Because of the relatively small quiescent
plate current, the tube can be operated
at a higher plate voltage than would be
permissible under class A conditions,
and can thus deliver a higher maximum
power output.

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



In class 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 ABz operation,the gridis
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 hy
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, {requency 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 eclass 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 aceci-
dentally removed.)

Class C Telegraphy

The term “Class C Telegraphy”
applies to applications in which power
tubes may be operated at their highest
ratings. It includes “‘straight-through”
rf power amplifiers whicharenot‘‘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, the load coupling,
and the rf excitation.

Triode “straight-through”rf ampli-
fiers must he 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. 23 and described above.
The only special consideration involved
in the operation of such an amplifier is
that the plate-tank circuit must be de-
signed to have constant impedance over
the entire frequency band covered hy
the carrier at maximum deviation.

Modulated Class C Amplifiers

The plate current of a class C am-
plifier is proportional to plate voltage
and, in the case of a multigrid tube, to
screen-grid (grid-No.2) voltage. Within
certain limits it is also proportional to
control-grid (grid-No.1) bias and, in the
case of certain pentodes and beam power
tubes, to suppressor-grid (grid-No.3)
voltage. Consequently, the output of a
class C rf power amplifier can be modu-
lated in amplitude by varying one or
more of its de electrode vollages 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 bhetween
zero and twice their unmodulated values
on the peaks of the modulating signal.
Under these ideal conditions, the peak
power output of the class C amplifier at
full (100-per-cent) modulation is 4 times
the unmodulated output, and the aver-
age power output 1.5 times the unmodu-
lated output.

Plate input and plate dissipation
also increase 50 per cent when a class C
amplifier is fully modulated. For plate
modulation, therefore, the plate input
and dissipation under carrier conditions



must not exceed two-thirds the maxi-
mum values for class C telegraphy. For
control-grid, screen-grid, suppressor-
grid, or cathode modulation, the permis-
sible de plate input is even smaller.
Maximum dc plate-voltage and plate-
current ratings for modulated class C
amplifiers are usually not more than 89
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 dc
power input to the modulated circuit.
For symmetrical modulating voltages,
the de 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 efli-
ciency and linearity is plate modulation.
In this method, the modulating volt-
age is connected in series with the dc
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
de inputs to the plate and screen-grid
circuits.

A cireuitin which modulation power
is applied only to the plate of a beam
power tube is shown in Fig. 24(c).There-
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 dec 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 de plate voltage, there-
fore, can only be about one-half that for
plate modulation. Operating conditions,
plate-circuit efficiency, and power out-
put are almost identical with those for
class B rf service.

The modulator must be capable of
supplying the power required by the grid
of the modulated amplifier on the posi-
tive peaks of the modulating signal. It
must also have good output regulation
because of the wide variation in the load
impedance presented by the grid-circuit
over the entire modulation cycle. The
driver supplying the unmodulated car-
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rier and the bias supply for the modu-
lated amplifier must also have very gocd
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. Sereen-grid modulation is
similar to grid-bias modulation in that
it requires relatively little af power, and
provides substantially the same power
output and efliciency. 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
inseries with the supply circuit, as shown
in Fig.25(a). When screen-grid voltage is
obtained by the series-resistor method,
itisgenerally necessary touse the“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 de bias voltage in addition to
the modulating voltage. This bias volt-
age is adjusted so that the plate current
and rf output current of the modulated
amplifier under carrier conditions are
one-half those obtained in class C teleg-
raphy service with zero voltage on the
suppressor grid. Under these conditions,
the modulator is required to supply only
a peak voltage equal to the suppressor-
grid bias, and does not have to supply
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 hetween 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 hetween
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 useresistance-
capacitance or impedance coupling be-
cause little or no modulating power is

required. In other cases, it is usually
necessary to employ transformer cou-
pling to obtain proper impedance match-
ing and most efficient use of the avail-
able modulator power.

The bypass capacitors shown in
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 dc 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 o/ZI/E, where I and E are the aver-
age current and de input voltage of the
modulated circuit, respectively.

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

Frequency Muitiplication

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

By frequency multiplication, high-
frequency carriers having a very high
degree of frequency stability can be ob-
tained. Frequency multiplication also
makes it possible to obtain output in
several harmonically related frequency
bands (such as those assigned for ama-
teur service) from a single oscillator cir-
cuit. For example, an oscillator operating
in the 80-meter band (at a frequency be-
tween 3.5 and 3.58 megacycles per sec-
ond) can be used with a series of fre-
quency-doubler stages to obtain output
in the 40-, 20-, and 10-meter bands.
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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 etficiency 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
harmonie 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 hecause 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 he 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 o that the tubes conduct
alternately on successive half-cycles of
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theexcitation voltage. Because the plates
are connected in parallel, two pulses of
plate current flow in the common plate-
tank circuit for each excitation cycle,
doubling the power output and reducing
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 Cirenit-Design Considera-
tions Section.

Oscillators

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



Inductance-capacitance frequency-
determining elements are used for oscil-
lators which must be capable of operating
at any frequency within a specific band.
They are also used for oscillators which
must operate at frequencies above and
below those for which erystals 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 erystal 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
(vhi) equipment. Ultra-high-frequency
(uhf) oscillators usually require the use
of coaxial- or cavity-type circuits as fre-
quency-determining elements.

Circuit Configuration

The amplifier applications discussed
in this chapter have been illustrated by
~grid-drive” circuits of the type shown
in Fig. 16. In this type of circuit, the
grid is employed as the “drive” elec-
trode, the plate as the “output” elec-
trode, and the cathode as the “ground”
or reference electrode common to the
input and output eircuits 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 isincreased hecause
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
No0.2) 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 alzo
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 chokesin 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-



LOAD OUTPUT
L RESISTANCE VOLTAGE
= +
[tF—1-
GRID-BIAS =
SUPPLY
Fig. 28

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 Ry, 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

Cil'cuil-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 characteristics. The de 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-

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 hy ad-
justment of the dc input, rf excitation,
and loading. In transmitters, considera-
tion must also be given to the design of
“keying” or modulating circuits. Be-
cause the input and output impedances
of rf amplifier stages vary considerably
with changes in operating frequency, ex-
citation, and loading, interstage and
output coupling circuits are generally
made adjustable.

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

Tube Selection

The selection of the most suitable
tube type for a particular application
depends to a large extent upon the type
of primary power available and the de-
sired power sensitivity. Tubes having
the same filament voltage or current
ratings should be used throughout the
equipment wherever possible to simplify
power-supply requirements. Driving-
power requirements vary widely with
application, operating frequency, type
of circuit employed, and other factors.
Because of its importance in circuit de-
sign, driving power is discussed at
greater length later in this section. Me-
chanical considerations such as equip-
ment space limitations, layout, and ven-
tilation, as well as cconomic 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 Application 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 whieh must be
considered in the selection of tubes for
use as modulated rf amplifiers depend
on the type and degree of modulation to
be employed.These factors are discussed
in the Power-Tube Applicalions Section
and in the Technical Dala Section.

Multiple-Tube Stages

Most satisfactory operation of
parallel, push-puli, or push-pull-parallel
stages is obtained when the plate cur-
rents of the individual tubes are equal.
Equalization of average plate currents
minimizes the danger of excessive plate
dissipation in one or more tubes, partic-
ularly in stages which obtain bias from a
common fixed supply or a common grid
resistor. Equalization of zero-signal plate
currents in push-pull af amplifier stages
substantially aids the cancellation of
even-order harmonic distortion. For
complete cancellation of even-order har-
monies, 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

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

AF Power Amplifiers

Class A af power amplifiers do
not normally draw grid current or re-
quire driving power. Furthermore, they
draw substantially constant plate and
screen-grid currents and, therefore, can
employ simple cathode-resistor (self)
bias. After the most suitable tube type
has been selected and the tube operating
conditions determined, the principal
considerations in the design of a class
A amplifier are: (1) the selection of a
driver capable of supplying the required
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peak driving voltage; (2) the selection
of input and output coupling devices
having the desired frequency and im-
pedance characteristics; (3) theselection
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
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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 cireuits, and to the method used for
obtaining grid bias. Because the average
plate and screen-grid currents of a class
AB, amplifier vary with the amplitude
of the driving signal, serious distortion
and inadequate power output may re-
sult on large input signals unless plate
and screen-grid supply voltages are well
regulated and the bias is extremely sta-
ble. For optimum performance, plate-
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Fig. 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 dec
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 critically dependent
on the circuit constants employed in the
amplifier and in the driving circuit. Con-
sequently, the design of a class B or class
AB, amplifier involves the design of a
complete system, including the driver
stage, the interstage coupling circuit,
the output (class B or class AB,) stage,
and the power-supply and bias circuits
for both stages.

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

The driving circuit must also have
very good regulation characteristics be-



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

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

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

For maximum power output and
minimum harmonic distortion, the op-
erating point of a class B or class AB,
amplifier must not he 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 oscillationg
and “ringing.”

Modulators

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

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

N_ R,

N, R:

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

, _Wa (1250) (2X0.140)
\‘0=~‘—= — T —— =

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 de
plate potential of 750 volts. (Values are
given in the technical data for the 811-A
under AF Power Amplifier and Modu-
lator —Class B, Typical Operation.) The
effective plate-to-plate load resistance
required for the 811-A’s is 5100 ohms.
The equivalent resistance of the 812-A
plate circuit is
1250

Re= 550140
or approximately 4500 ohms.
Consequently, the turns ratio (pri-
mary to secondary) required for the
modulation transformer is

N, \/ 5100

= 4464

1.1

N, 1500 = (npprox.)
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).

o +
W(’:WT&:(HOOO)(Q.ZOO 0.040) o4 hwatts

2
This amount of power can be obtained
from a push-pull 811-A class B amplifier
operating under ICAS conditions at a de
plate potential of 1000 volts. (Values are
given in the technical data for the 811-A
under AF Power Amplifier and Modu-
lator — Class B, Typical Operation.) The
effective plate-to-plate load required for
the 811-A’s is 7400 ohms. The equiva-
lent resistance of the 813 plate and screen-
grid circuit is
2000

R:= §.200+0.040
or approximately 8400 ohms.
Consequently, the turns ratio (pri-
mary to secondary) required for the
modulation transformer is

N _ [7400 _
N, 8400

In the design of af power amplifiers

for modulator service, consideration

=8333

0. 34 (approx.)
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should also be given to the magnetizing
effect of the unbalanced de current flow-
ing in the secondary windings of the
modulation transformer. If this current
is large enough to cause a decrease in
low-frequency response, asuitable block-
ing capacitor and af choke should be
used to isolate the unbalanced de cur-
rent from the secondary winding.

RF Power Amplifiers

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

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 SSD transmit-
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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 differsignificantly
from the conventional superheterodyne
communications receiver.

The generation of SSB signals is




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 the sideband 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-
istie, using feedback circuits to enhance
the linearity of the stage, and operating
the power-amplifier tube at almost class
A operation, within plate dissipationrat-
ings. High efliciency, however, is hest
achieved by operation at close to class
B conditions. These conflicting demunds
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 heen achieved.

The elasses of operation suitable for
linear rf power amplifiers include: class
A, class AB,, class AB,, class B with
bias, and elass B with zero bias. Cluss A
operation is the most linear, but is also
theleastefficient. Applicationisgenerally
limited to low-power-level amplification.
Class AB, is the bhest compromise of
linearity, efficiency, and gain, except for
thespecial casesnoted fortheother 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

Circuit-Design Counsiderations

33

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 cireuit and tube losses. This
value is the actual power measured at
the input to the grid-No.1 eircuit 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 cireuit, 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
<o rapidly that it is generally necessary
to use a driver stage capable of supply-
ing 3 to 10 times the driving power
shown in the tube data.

The driving power available for a
class C amplifier or frequency multiplier
should be sufficient to permit saturation
of the driven tube, i.e., a substantial in-
crease or decrease in driving power
should produce no appreciable change
in the output of the driven stage. This
consideration is particularly important



when driving power is obtained from a
series of frequency-multiplier stages be-
cause such stages have much poorer out-
put regulation than “‘straight-through”
amplifiers. Care must be used, however,
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

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 cirecuit, in which a satu-
ration effect occurs; i.e., above a certain
value of driving voltage and current,
the output increases 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 thetuning of a cathode-drive
rf amplifier, variations in the load on
the output stage produce corresponding
variationsin theload onthedrivingstage.
Thiseffectisindicated 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-
teristies 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
bhypassed 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 thestage.
The use of the wrong value of rf choke
in the grid circuit of an rf amplifier may
result in parasitic oscillations, especially
when a similar choke is used in the plate
circuit.

Batteries, rectifiers, or other de
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sources having high internal resistance
should not be used as fixed-hias 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 hias may cause
a substantial reduction in the power out-
put of the stage.

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

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

Although grid-resistor bias is eco-
nomiecal 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) isequal 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 dc grid current. In a beam power
tube or tetrode, de screen-grid (grid-
No.2) current must be included in the
cathode current. In a pentode having an
independent suppressor grid (grid No.3),
any current drawn by the suppressor
grid must also be included.

Plate-modulated class C amplifiers
are usually operated with higher grid-
bias voltages than unmodulated ampli-
fiers because a linear modulation char-
acteristic usually requires the bias to
vary with the modulaing voltage, and
this variation is easier to obtain if it is

A
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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
provide the desired variation in bias volt-
age. The grid resistor should not be by-
passed for audio frequencies.

Grid bias for grid-modulated class C
amplifiers must he 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
beobtained from electronically regulated
bias supplies or by the use of voltage-
regulatortubes in place of a load resistor
in the output of a bias rectifier. Voltage
regulator tubes having regulated-volt-
age ratings between approximately 75
and 150 volts are available. When regu-
lated fixed-bias potentials greater than
150 volts are required, tubes having suit-
able voltage ratings and similar current
ratings may be connected in series. When
it is necessary to accommodate larger
currents than can be safely handled by a
single regulator tube, types having the
same voltage rating can be connected in
parallel. In parallel arrangements, a re-
sistor having a value of approximately
100 ohms must be connected in series
with each tube to assure equal division
of the total load current. Examples of
the use of voltage-regulator tuhes 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 occur at conduction angles of about
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120 degrees for frequency doublers, 80
degrees for triplers, and 60 degrees for
quadruplers.

Because the use of small conduc-
tion angles usually requires the use of
large values of negative bias, power out-
put and plate-circuit efficiency at the
higher harmonics are limited by the grid-
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bias rating of the tube, as well as by the
peak-emission capabilities of the cath-
ode. The over-all efficiencies obtainable
in frequeney-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-
acteristies of a erystal or an inductance-
capacitance tuned circuit, and partly by
the conditions under which the tube is
operated.

It is usually neccessary 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).

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

The frequency stability of a crystal
oscillator is determined principally by
the temperature coefficient and mount-
ing of the crystal, and only to a limited
extent by tube operating conditions and
loading. Consequently, it is not usually



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
deseribed 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 eireuits, 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.l 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
the actual oscillator terminals, the screen
grid acting as the anode. Power output
is taken from the plate circuit, which is
coupled to the oscillator only by the in-
ternal electron stream.

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

Parallel-Tuned Tank Circuits

The performance of an rf power am-
plifier, frequency multiplier, or oscillator
is eritically dependent on the character-
isties of the circuit which forms its plate
load. The characteristics of the load cir-
cuit affect the power output, harmonie
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 thetypeshown
schematically in Fig. 34. The resonant
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frequency, f, of such a circuit in mega-
cycles per second is given by
108
2w+/LC (1)
where L is inductance in miecrohenries,
andCiscapacitancein micromicrofarads.
This expression shows that the reso-
nant frequency varies inversely as the
square root of the produet 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.



Execeptin vircuits operating atultra-
high and higher frequencies, L is usually
*‘lumped” or concentrated in a coil or
specially formed conductor, and C is a
combination of lumped and distributed
capacitance. The lumped capacitance
component is usually a variable capaci-
tor, and the distributed component is
composed of the self-capacitance of the
tank, tube capacitances, and the stray
capacitance of the circuit. Consequently,
distributed capacitance should always
be taken into account, particularly in
calculations for the higher radio frequen-
cies, at which it is usually either the
principal component or the entire tank
capacitance.

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

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

Q= C XX Ey 2

300 X Iy

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

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-

)
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coil resistance. The approximate value -

Req in ohms is given by
L ®3)
Cr

where L is the tank inductance in micro-
henries, (' is the tank capacitance in

Req =

a9
ON

microfarads, and ris 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 cireuits 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,
insubstantial tank-ecireuit 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

300 x QX Iy
f X Iy

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, asshown
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

o= )



that required for a tank circuit which is
not split. If the tank tuning capacitor is
a split-stator type, such as that shown
in Fig. 36 (c), each section should have
one-half the capacitance indicated by
Fig. 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 ease, 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:

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

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

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

Il
_1,{“'. .IIJ'.”'C'\T



tank circuit for the lowest Q wvalue
obtainable under these conditions;

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

(8) Design the stage for push-pull
operation, thereby reducing tube output
capacitance to one-half that of a single
tube, or to one-fourth that of parallel
tubes;
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‘

(4) Employ a “series-tuned’ tank
circuit of the type shown in Fig. 38, in
which the variable capacitance C, 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 harmonies of the desired fre-
quency; and, where necessary, provide
dc isolation between the driver and the
driven stage. It should also permit ad-
justment of the loading for the driver
and the excitation supplied to the fol-
lowing stage. Three principal types of
interstage coupling are employed in rf
equipment: capacitive coupling, direct
inductive coupling, and indirect induc-
tive (“link”) coupling.

In capacitive eoupling, a capaci-
tor having very low reactance at the
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desired frequency is connected hetween
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
cquipment. 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 cireuit 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 indnective coupling, shown
in Fig. 40, is very eflicient, 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 indue-
tively coupled to the plate-tank coil of
the driver and to the grid-tank coil of
the following stage. Because of their low
impedance, these link windings may be

41

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.These interstage 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 cireuits (not split), the correct loca-
tion for a link winding is at the end of
the plate-tank coil connected to the
plate-voltage supply or at the ground
(or bias-supply) end of the grid-tank
coil. In split single-ended circuits or
push-pull circuits, link windings should
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be coupled to the centers of their respec-
tive tank coils.

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

Output Coupling

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



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

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

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

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

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

For unmodulated or plate-modu-
lated class C amplifiers, Zp=Eb/2Ib;
for class B amplifiers and grid- or sup-
pressor-grid-modulated class C ampli-
fiers, Zp=Eb/(4 I1); where Eb is the de
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 suthi-
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 induective 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
cireuits from the tube.

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



tubes to improve their stability at the
higher radio frecuencies.

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

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

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

Parasitic Oscillations

Parasitic oscillations are oscillations
which occur in a cireuit 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.

Circuit-Design
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Considerations

Because they absorb power from the cir-
cuits in which they occur, parasitics re-
duce efficiency and performance at the
desired operating frequency. They may
also be responsible for voltage flashover,
instability, or premature failure of tubes
and other circuit components, and may
create serious interference by causing
radiation of spurious carrier and side-
band frequencies.

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

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

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

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

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



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

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

(4) Long leads in neutralizing cir-
cuits.

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

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

Two methods can be used to mini-
mize parasitics in resonant circuits. In
one method, the constants of one of the
circuits involved are changed to shift its
resonant frequency. The lengths of the
leads to the circuit may be reduced
(preferably to a minimum), or the posi-
tion of a connecting lead or component
may be shifted to 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 cireuit elements, with
the result that a new parasitic oscillation
is created.

The second method is the insertion
in one of the tube cireuits (grid, plate,
or cathode circuit) of a special load which
will rapidly dissipate parasitic oseilla-
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. L, Lk, and
L, represent the distributed induectance
of the grid, cathode, and plate leads, re-
spectively. Cy, and Cux 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-induetive resistor having a value of
25 ohms or less is installed in the cathode-
return lead directly at the tube socket.

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

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

Besides the measures shown in the
cireuit, the sereen-grid voltageis 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 he exceeded. A “satu-
rated” tube (i.e., one supplied with am-
ple driving power) is relatively immune
to parasities.

When all vhf parasitics have been
eliminated, attention should be directed
totheelimination 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 ecireuits of
the amplifier, particularly when identi-
cal chokes are used in both circuits.



== Circuit-Design

(2) Resonance conditions in power-
supply filter cireuits.

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

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

(5) The use of parallel feed in hoth
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.
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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 caleulations can be used to
determine operating conditions for any
type of service in which plate current

flows for less than the entire signal cycle. .

They can be used for triode and multi-
grid-tube class C amplifiers (bhoth 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 de 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 de 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 !
Condurtion
Angle
tdegrees) K, K. K3 K. 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;, K,,
and K;) used in these calculations. A
sixth faetor, Ks, which is a.function of
grid bias and driving voltage, is given in
Table II. The values given for con-
stants Ky, 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 power gain in‘‘straight-through””
class C amplifier serviee is achieved at a
conduction angle of about 140 degrees.
The use of larger conduction angles re-
duces driving-power requirements, but

Table Il
Eci/Eg: K Eci/Ea K

0.25 4.67 0.65 6.95
0.30 4,84 0.70 7.52
0.35 5.04 0.75 8.25
0,40 5.26 0.80 9.25
0.45 5.50 0.85 10,71
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-
cireuit 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 tubhe 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 harmonie distortion tobe 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 particular grid-No.2 (or
screen-grid) voltage. If a different grid-
No.2 voltage is to he 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 (F.),

A
:
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and a de 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:

ihm:\x =K X

(3) Determine the effective mini-
mum plate voltage (eyy,) and peak
positive grid-No.1 voltage (ec;may) from
the plate-family curves for the chosen
value of E, and the calculated value of
ibmax- I'Or maximum plate-circuit effi-
ciency and maximum power gain, both
€bmin and ecimay should be as small as
possible. Because of other considerations,
however, ey, should be slightly above
and to the right of the ‘“knee” in the ap-
propriate grid-No.1 voltage curve. The
use of enyy and ecymay values below the
knee causes excessive grid-No.l and
grid-No.2 current; the use of values too
far to the right of the knee reduces
power output and may result in exces-
sive plate dissipation.

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

Po = Ko X (Eb “ebm‘m) X Ib

(5) Plate dissipation or plate loss

(Pyp) is then given by

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

(6) Using the values of Ky and K,
given in Table I, calculate the de grid-
No.1 voltage or bias (Eg,) as follows:
KX Ee,

Heag1
where pg.g is the mu-factor (grid No.2
to grid No.1) of the tube.

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

Egl = “Ecl =+ €cimax

(8) Determine peak grid-No.1 cur-
rent (ic,p.x) from the grid-current char-
acteristies curves for the appropriate

Ee= —(KsX ecimax) —



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

ICL = il‘-lmax/KG
(9) The approximate driving power
(Pq) required by the grid-cathode cir-
cuit of the tube is then given by

Pg =09 X Eg X Iy

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

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

Lo = Ki X leamax
Grid-No.2 input (W..) is then given by
w(‘g = Et-g X I(:g
If this value of W, exceeds the maxi-
mum rating for grid-No.2 input givenin
the tube data, it will be necessary either
to reduce E. or to employ a smaller
conduction angle.
Example:

Calculate operating values for the
RCA-61461n Class C Telegraphy Service
under CCS conditions. The basic oper-
ating values are selected to be: E,=600
volts: In=112 milliamperes: l.=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 I, K, for a condue-
tion angle of 140 degrees is 4. Therefore,

RCA Transmiting Tubes
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peak plate current (ip,,)=0.112 am-
pere X 4 =(.448 ampere, or 448 milli-
amperes.

(3) From the plate family for the
6146 given in Fig. 44 (E¢,=150 volts),
a suitable value for effective minimum
plate voltage (epy,) to the right of the
““knee” is T0 volts. The corresponding
peak positive grid-No.1 voltage (ecimax,
determined from Ee, curves) for a peak
plate current of 448 milliamperes is
approximately 416 volts.

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

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

(6) The dc grid-No.1 or bias voltage
(E¢;) and peak rf grid-No.l1 voltage
(Ey) are calculated next. (Note that
bias voltage K., 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.1l voltage ec,;nax). 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 (ues;) is 4.5. Therefore,
Bey = ~(0.520 x 16)1220 X 10 3.5
—50.6=-58.9, orapproximately—59volts,

(7) Peak rf grid-No.1 voltage (INs)
(-59) 4 16 = 75 volts.

{8) The next step is to determine de
grid-No.1 current (I.,). From the grid-
No.1 average characteristics curves
shown in the tube data (K, = 150
volts), for eny, of 70 volts and eejy,y
of +16 volts, peak grid-No.l current
(leimayx) = 28 milliamperes.

From Table 1I, K; for the ratio
Ee¢ /Egq=59/75 = 0.737 is between the
values given for ratios of 0.75 and 0.80,
and is approximately 9. Consequently,
1,,=0.028/9=0.0031 ampere, or approx-
imately 3 milliamperes.

(9) The driving power required by
the grid (Pg)= 0.9 X 75X 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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(Ee, = 150 volts), for E,= 70 volts and
K¢ =416 volts, peak grid-No.2 current
(icomux) = 59 milliamperes (approx.)

From Table I, K; for a conduction
angle of 140 degrees is 0.200. Conse-
quently, de grid-No.2 current (Ig,) =
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:

Calen- Pub-

lated  lished

DC Plate Volrage (Eb). . . 600 600  volts
DC Grid-No.2

Voltage (Ee2)........ ... 150 130 volts
DC Grid-No.1

Voltage (BEe)). . ......... -59 -58  volts
Peak RF Grid-No.1

Voltage (egimux) ....... 7w 73 volts

DC Plate Current (Ib).....
DC Grid-No.2 Current (I¢2)
DC Grid-No.1

112 112 ma
11.8 9 ma

Current (Ies) . . o.o.o... .. 3 2.8 ma
Driving Power

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

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

Class C Telegraphy Service
Triodes

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

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

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

ibumx =TI, X K,

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

The maximum permissible value of
€cmax and the minimum permissible
value of ey, 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 ey, be slightly more positive than
€omax- 1f €pnip iS smaller than ey, 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, givenin
Table I, calculate the power output
(Po) as follows:

Po= K: X (Eb - ebmin) X Ip

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

Pp= (Ep X Ip) ~ Do

If this value exceeds the maximum plate-
dissipation rating of the tube, it will be
necessary to recalculatesteps (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:

Ec == [I{S X (ec“mx + epmin/m) + Eb/ﬂ]

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

(7) The peak rf grid voltage (Eg)
required to drive the grid from bias level
to the peak positive value determined
in step (38) is given by

EIZ = _Ec + €emax

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

Ic = iCmax/Kﬁ
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 epnpig-

(9) The approximate driving power
(Pa) required by the tube is then given
by Pa= 09X 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 dc plate current (1)
required to provide this input at a plate
voltage, (Ep) of 1500 volts is Ty
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 (ip,.) = 0.173 X
4.00 =0.692 ampere, or 692 milliamperes.

(3) The average characteristics
curves given in Fig. 45 show that a peak
plate current of 692 milliamperes is ob-
tained at a peak positive grid voltage
(eemax) Of 118 volts and an effective min-
imum plate voltage (ep,,,) 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 = 203 watts (approx.).

(5) Plate dissipation (P,) = (1500
%0.173) -2038=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;is0.520. From
the published data, the amplification fac-
tor uis 29. Therefore, the de grid voltage
or bias(Fe)=~[0.520X (118 140/29) -+
1500/ 29] =-[0.520 X (118 4 4.8) - 52]
= —(64 4+ 52)= —116 volts.

(7) Peak rf grid voltage (Eg)
-(=116) 4+ 118 = 234 volts.

(8) From the average characteris-
tics curves shown in Fig. 45, for ecp,,, of
4 118 volts and epy,in of 140 volts, peak
grid current (icm.) = 195 milliamperes
(approx.).

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

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

These calculated values are com-
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pared below with the “Typical Opera- Frequency Muhipliers
tion” values given in the published data Multiarid Tub
for the RCA-812-A in Class C Teleg- ultigrid Tubes
raphy Service, ICAS conditions: Operating values for multigrid tubes
used as frequency multipliers are also
Ch‘;tl;’l"“’:;:fd calculated as described above under
DC Plate Voltage(Ep) . ... . . 1500 1500 voits Class C Telegraphy Service, except that
I)(lk(}rid \'ultage(lEc)- i —1;6 -120 volts  values for the constants K,, K., K;, K,
Peak RIE Grid Voltage(Bg).. 234 240 volts R s B
DC Plate Current (1) . ... 173 17 ma 204 K; are obtained from Table III in
DC Grid Current, stead of Table I.
(Approx., Le). . ... . ... .. 34 30 ma
Driving Power (Approx., Pd) 7.2 6.5 watts Table Iit
Power Qutput (Approx., Po) 203 190 watts K, Ky Ka K. K.
Doubler 4.60 0.63 1.00 2.00 0.174
Tripler 6.90 0.63 3.27 4.27 0.116
Plate-Modulated Quadrupler  9.00 0.63 6.46 7.46 0.084
Class C Telephony Service Triodes
Operating values for plate-modu- Operating values for triodes used as

lated class C amplifiers may also be cal- frequency multipliers are also calculated
culated by the procedure described asdescribed above, exceptthat valuesfor
above. As mentioned previously, how- theK constants are obtained from Table
ever, dc plate-voltage and de plate-input  III instead of Table I, and the following
values selected for plate-modulated am- equation is used to determine the value
plifiers must be within the maximum of grid-bias voltage:

ratings given in the tube data for this . K

type of service. Be=-(K; X Eglllil.‘() T2—“‘ (8Ep - ebmiy)
In general, adequate protection Class AB, SSB Service

against excessive dc plate input is ob- .

tained when the dc plate voltage and Multigrid Tubes

plate current do not exceed 80 per cent The operating conditions for a class

of the maximum class C telegraphy AB, linear rf amplifier used in single-
values. It is also usually desirable to em- sideband service can be estimated from
ploy a conduction angle smaller than the load line plotted on a set of plate
that used in telegraphy service to assist characteristics. The typieal plate and
in obtaining linear modulation, as dis- grid-No.2 characteristic curves shown in
cussed previously. 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
(E») and grid-No.2 voltage (E,) within
the published maximum ratings.

(2) Determine peak plate current

RCA Transmitting

ubes e=—=———m= =

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

(4) Determine the minimum plate
voltage (Eby,) from point of Iupax
found in (2).
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Fig. 47
(Tnmayx) for zero bias (E., = 0) at or

slightly below the knee of the zero-bias
curve for the value of E,, chosen in step
(1).

(3) Select a value of zero-signal
plate current (I,,) between 1/6 and 1/10
of Ingax found in (2). Locate In, at se-
lected E, and construct a load line to
the point found in (2). In general, the

52

(5) Determine the grid-No.1 bias
(E.,) from graph at the point of zero
signal found in (3).

(6) DC plate current at peak of
envelope (I1,) is approximately equal to
Ibmnx/?’-

(7) Average dc plate current (Ih,)
is equal to In./1.4.

(8) Determine peak grid-No.2 cur-
rent (Ie;max) from Fig. 47 at conditions
in (2).

(9) DC grid-No.2 current at peak
of envelope (Ic,e) is approximately equal
to I(‘zmax/‘i-

(10) Average grid-No.2 current
(I.,) is approximately equal to L,e/1.4.

(11) Averagegrid-No.2dissipation
(P.,) is approximately equal to E., X Io,.

(12) Peak Envelope Power input
(Pie) is equal to Ep X Ine.

(13) Peak Envelope Power output
(PEP)is equal to (Inna/4) (Ev-Euuin)-

(14) Average Plate Dissipation
(P,) is equal to 0.7 Piy, — 0.5 PEP.

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

(16) Effective rf load resistance
(R,) is equal to 2(En — Enpin)/In,.

Example:
Calculate overating 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 Inp,, = 0.65 ampere
Locate IS, at 250 volts.

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

(1) On Fig. 46 piot the minimum-
signal point at Ev = 700 volts and I, =
0.10 ampere (point B).

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

(6) Calculate: Ing = Iyu,./8 =
0.650/3 = 0.22 ampere.

(v) Calculate: I, = In./1.4 = 0.22/
1.4 = 0.16 ampere.

(8) On Fig. 47 locate point A at E,,
250 volts and E;> 0 on grid-No.2
current curves. Read Iemax = 0.065
ampere.

(9) Calculate: Iy = Ipnue/4 =
0.065/4 = 0.016 ampere.

(10) Calculate: I, = I.,./1.4
0.016/1.4 = 0.011 ampere.

(11) Caleulate: P., = E, X I,
250 X 0.011 2.7 watts. Verify that
grid-No.2 dissipation is within rating.

(12) Calculate: Pyq = Ey I, = 700
X 0.22 = 154 watts.

(13) Calculate: PEP = (Ijp./4)
(Ev = Eupyy) = (0.650/4) (700 - 250) =
73 watts.

(11) Calculate: P, = 0.7 Py, 0.5
PEP = 0.7 (154) - 0.5 (73) = 71 watts.

(15) Calculate:P,=PEP/2=173/2
= 36.5 watts.

(16) Calculate: R, (Ey, -
Evnn)/ Tonax = 2(700-250)/0.65 = 1384
ohms.

0.10

2

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 (In,) which gives a
plate input approximately 90 per cent
of the plateinput at the peak of envelope
rating:

— Operating Conditions and Adjustments
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Ine = 0.9 Pingy,/En
Verify value to be within maximum rat-
ings.

(3) Determine peak plate current
(Ibmax) as 3 Ine found in (2).

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

(3) Determine peak positive grid
voltage (Eq,,¢) and effective minimum
plate voltage (Enyy) for this value of
Tumax from the typical plate character-
istics for the tube.

The maximum permissible value of
Eemax and the minimum permissible
value of E,,, are determined at the
point where the horizontal coordinate
representing the peak current intersects
the E¢ = Ey line (sometimes called “Di-
ode Line”). It is generally desirable for
Ecmax to be 75 per cent of Euvnin.

(6) Zero-signal dc plate current
(Iny) is equal to Ing/ 3.

(v) Peak of envelope power input
(Pune) is equal to By in (1) times Iy in (2).

(8) Calculate peak envelope
power output (PEP) as follows:

PEP = (Ihm:w//“i) (E» - Evmn)

(9) Average plate dissipation (Pp)
is equal to 0.7 Piwe — 0.5 PEP. Verify
value to be within maximum ratings. If
exceeded, reduce Iy,,,. slightly; if still
exceeded, reduce Ey,.

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

(11) Determine peak grid current
(Tenyax) from the grid-current character-
istics curves. The value of Iy, is shown
at the intersection of the plate-voltage
coordinate corresponding to Ei,, with
the grid voltage curve corresponding to
Et'max‘

(12) Peak-envelope grid current
(L0} is equal to one-third Lopay in (11).

(13) Average de grid current (I.)
t0 1/1.4 L, in (12).

(11) Calculate driving power of
tube (Pua) as follows: Py = Ea (Iepmay/4).

(15) Calculate effective rf load re-
sistance (R;) as follows: R, = 2(Ep -
El'mln)/Ihm:bx-

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

Pr = Eq (Ibnmx/‘i)

The feedthrough power must then
be added to hoth 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: R[) 2(Eb bl Ebmln + EL’)/

I“mux-
Example:

Caleulate 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: Rj 2(Ey -
Ebuta)/Iomax = 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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Fig. 48

(1) Select E;, = 1250 volts.

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

(3) Caleulate: Iy = 3 Ine = 3 X
0.12 = 0.36 ampere.

(4) Caleulate: I, = Ii./1.4 = 0.12/
1.4 = 0.09 ampere.

(3) On Fig. 48 locate Iny,x = 0.36
ampere at Point A. Read ¥,z = 80
volts, Eunin = 80 volts.

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

(7) Plnc = Eu Ihe = 1250 X 0.120
= 150 watts.

(8) Calculate: PEP = (Iny./4) (Eb
“Eipmin) = (0.36/4) (1250 - 80) = 0.09
(1170) = 105 watts.

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

(10) Record: By = Eogu =
volts.

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

80

(12) Caleulate: Ly = Top/3 =
0.12/3 = 0.04 ampere.
(13) Caleulate: L. = L/14 =

0.04/1.4 = 0.028 ampere.
(11) Calculate: Py = Ey (Temax/4)
— 80 (0.12/4) = 2.4 watts.

duction angle of 180 degrees.

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

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

Class AB, Amplifiers
Multigrid Tubes

(1) Choose a plate voltage (Ep), a
de grid-No.2 (screen-grid) voltage (Ee.),
and a maximum-signal de plate current
(Ibmax) 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
(ibmux) PEr tube as follows:

ibm:\x = K, X Ibmnx = 3.14 Ibmnx

(3) Determine peak positive grid-
No.1 voltage (Coypmay) and effective mini-
mum plate voltage (ey,,,) from the
plate-family curves for the tube for the
caleulated 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 ey, is slightly to the right
of the ‘““knee” in the appropriate grid-
voltage curve.

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

Po= 2K X (K, = enyuin) X Inypa
= 1.7 X (Eb - el)mlu) X Ibnmx

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

Pp= (Eb X Il)mux) - P0/2
If this value exceeds the maximum plate
dissipation rating per tube for class AB,
service, it will be necessary to recaleu-
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 ey,,,,.

(6) The zero-signal dc plate current

(Liy) per tube is selected to provide a

ot
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combination of high power output with
low odd-harmonic distortion. A small
value of I, is desirable for high power
output, but a value above the “knee” of
the tube characteristic must be used to
minimize distortion.

In most cases, a suitable value for
Iv, 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
(Ing) per tube is given by

Ibo = Ppm:u\'/(3 X Eb)

(7) The de grid-No.1 bias voltage
(E¢;) required to obtain the desired
value of Iy, 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 = ~Eeo + ecimax
The total driving voltage (Eg.q) re-
quired for the stage, therefore, is given
by
Egl-m= 2 X (Em) =2 X ("ECI + eClmux)

(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

Rppp= 127 X (Ep ~ pmin) / Toiax
This value is four times the resistance
represented by a load line drawn on the
appropriate plate-family curves for the
tube from the by, €bmin Point to the
intersection of the plate-voltage (Iiy)
coordinate with the I = 0 axis.

(10) Determine the peak grid-No.1
current (ic;;,,) per tube from the grid-
No.l-current curves given for the tube.
The value of ey, is shown at the in-
tersection of the e,mnm coordinate with
the ec . curve,

(11) The maximum-signal driving
power (Pq4) required by the push-pull
stage is given by

Pg= iCnn:nx X EEI/Z

(12 YThe peak grid-No.2 current
per tube (icy,. ) 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 (Ieyp,y) per tube as
follows:
Tesnun = K; X iC;’nmx = 0.25 iC:mu.\

(1 1) The maximum-signal grid-No.2
input (W) per tube is then given by
We. = Fe, X Teonux
If this value of We, exceeds the maxi-
mum rating for the tube, it will he neces-

sary to reduce either ep, or Ec..

The zero-signal grid-No.2 current
(Teso) is usually a small fraction of the
maximum-signal current (Teymay). 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 hasic oper-
ating values are Ep = 600 volts, E¢,
200 volts, and Ip,,,«= 135 millilamperes
per tube.

(1) Plate input per tube (Py) = 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
(ibmas) = 3.14 X 0.135 = 0.424 ampere,
or 4214 milliamperes.

(3) From the average plate charac-
teristies curves for Eg, = 200 volts given
in the data section, the peak positive
grid-No. 1 voltage per tube (ecip.«) =
+35 volts (approx.) and the effective
minimum plate voltage (c,) = 6o
volts (approx.).

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

(3) Plate dissipation per tube (P},)
(600 % 0.135) — 113.5,2= 24.2 watts.

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

i

(7) From the plate-family curves
for Ee. 200 volts, the dc grid-No.1
voltage or bias (E.)) required to produce
a zero-signal plate current of 14 milli-
amperes per tube at a plate voltage of
f00 volts is approximately ~51 volts,

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

(10) From the grid-No.1 curves
given in the data section for E¢, = 200
volts, peak grid-No.l current (ie;max) 18
8 milliamperes (approx.) for ecim. =
-5 volts and ey, = 65.

resistance (Rpp-p) =

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

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

(13) The de¢ maximum-signal grid-
No0.2 current per tube (Ig, )= 0.25 X
45 = 11.2 milliamperes.

(11) Maximum-signal grid-No.2 in-
put per tube (W) = 200 X 0.0112 =
224 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 tivo tubes {;::ll::i’- lil;r’z’r_l
D Plate Voltage (). 600 600 volts
DE Grid-No.2

Voltage (Keado .o 200 190 volts
DC Grid-No,1 Voltage

(Fined Bias, Kei). ... -51 —48 volts
Peak A Grid-No.1-to-

Grid-No.1 Voltage

(Bgime) e oo e 112 109 volts
Zero-Signal DO Plate

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

Plate Current (2[hmax) 270 270  ma
Zero-Signal DO Grid-

No.2 Current (2lew). .. — 1.0 ma
Maximum-Signal CGrid-

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

(Plate to plate, Rpp-1) 5000 5000 ohms
Maximum-Signal Driving

Power, (Approx., P 0,22 0.3 wall
Maximum-Signal Power

Output, (Approx., "o}, 113.5 110 watts

Class B Amplifiers

Triodes
The procedure for enleulating 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-
312-A’s operating under ICAS condi-
tions. The de plate voltage (I5),) is 1500
volts, and the maximum-signal de plate
current (Iy,,,) per tube is 155 milli-
amperes.

(1) Plate input per tube (Py) =
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
(ivmax) = 3.14 X 0.155 = 0.487 ampere,
or 487 milliamperes.

(3) From the average plate charac-
teristics curves shown in Fig. 45, for
ey = 487 milliamperes, the peak posi-
tive grid voltage (eeq¢) = 90 volts
(approx.) and the effective minimum
plate voltage (ep,) = 100 volts.

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

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

(6) For onc-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 hias (I5) 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 (¥gg) = 28 = 2[—(~45) +90]
=270 volts.

(9) The effective plate-to-plate load
. 1.27 X (1500-100)
resistance (Ry,,.,) = 0155
= 11500 ohms (approx.).

(10) From the grid-current curves

Operating Conditions and Adjustments
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shown in Fig. 43, peak grid current
(i(‘m:tx) for ecmux = + 90 VOltS and ebllllll
=100 voltsis 140 milliamperes (approx.).

(11) The driving power required for
maximum output (Pq) = (0.140 % 135) /2
= 9.45, or approximately 9.5 watts. These
calculated values are compared helow 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.

Caleu- Pub-

Values are for tico tubes

lated lished

DC Plate Voltage (K1), . 1500 1500 volts
DC Grid Voltage (Ee) . . -45 -48 volts
Peak AF Grid-to-Grid

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

Current (21hg). .. .. .. 29 28 ma
Maximum-Signal DC Plate

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

(Plate-to-plate, Rip-p) 11500 13200 ma
Maximumn-Signal Driving

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

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

Conversion Factors

Operating conditions for voltage
values other than those shown in the
published data can bhe 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 (Fyy) 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 (Fges), and the pub-
lished or original value of that voltage
(Epu). The relations shown are appli-
cahle 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 FEdes and
Epun 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 Fym scale.

For example, the dashed lines on
the nomograph show that for a ratio
Edes/Epun of 2/2.5 (all electrode voll-
ages reduced 20 per cent), F is approxi-
mately 0.72, F}, is approximately 0.57,
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F: is 1.12, and Fgn 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
caleulation 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 heam power tube in Class C
Telegraphy Service at its maximum
ICAS plate-voltage (Ep) and plate-input
(P)) ratings of 750 volts and 90 watts,
and at a grid-No.2 voltage (E¢,) of 160

RCA Transmitiing Tubes

volts. (The dc plate current I, of the
tube under the desired conditions is 90
watts/750 volts, or 120 milliamperes.)

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

160

mately 703 volts. Using conversion-fac-
tor values obtained from the nomograph
for the voltage ratio 150/160, the plate
current (1) = Fi X Ip = 0.91 X 120, or
approximately 109 milliamperes.

Tor a conduction angle of 140 de-

age (Ey) hecomes or approxi-
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grees, K\ = 4 and the peak plate current
(ibimgy) = 4 X 109 = 436 milliamperes.

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

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

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

From the nomograph, the current
conversion factor Fyfor theratio 160,150
is 1.1.Consequently, ic;,.x = 24.5 X 1.1,
or approximately 27 milliamperes, and
feamux=389.5X 1.1, 0r approximately 43.5
miiliamperes.

The remaining operating values can
then be calculated: Power output (P,)
= Ky X (Ep-eppn) X Iy = 0.862 (750—
30) X 0.120 = 69.3 watts.

Thedegrid-No.1 voltage or bias(Es,)

K Et:-;
= —(K; X ecinax) ‘L'=~(0.52

K281
X 16) -1.52 (160/4.5), or approximate-
ly —62 volts.

The peak rf grid-No.1 voltage (Ey,)
—(-62) 4+16 = 78 volts.

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

The de grid-No.2 current (I,,) =
K: X ieyax = 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
DC Plate Voltage (Ep). . 750 760  volts
D Grid-No.2
Voltage (Ee2)........ 160 160 volts
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DC Grid-No.1

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

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

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

Current (Ie1)......... 3 3.1 ma
Driving Power,

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

(Approx.,Po)........ 69.3 70  watts
Plate-input power (P1). . 90 90 watts
Plate dissipation (Pq)... 21 20  watts
Grid-No.2 Input (Weg). . 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 Eaes ‘Epuy departs from unity. In
general, results are substantially correet
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 de
grid-No.1 (bias) voltages, they are gen-
erally negligible in power tubes. Second-
ary emission may occur in conventional
tetrodes, however, if the plate voltage
swings below the grid-No.2 voltage.
Consequently, the conversion factors
shown in the nomograph apply to such
tubes only when the plate voltage is
greater than the grid-No.2 voltage. Be-
cause secondary emission may also oc-
cur in certain beam power tubes at very
low values of plate current and plate
voltage, the conversion factors shown in
the nomograph do not apply when these
tubesareoperated undersuch conditions.

Adjustment and Tuning

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

Tuning and operating adjustments
in rf power equipment, however, are nu-
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merous and complex and require the use
of instruments for accurate measurement
of frequency, dc grid current, dec 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;
andsimpledevicesfor measuring 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 cirecuits
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 ecircuit
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, asshown
in Fig. 50, and by maximum grid cur-
rent in the amplifier stage. If the ampli-
fier has a tuned grid circuit, this eircuit
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
heing 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

'
H-—. RESONANCE
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OC PLATE CURRENT(Ip)

TANK TUNING CAPACITANCE
Fig. 50
followed after a change is made in
coupling or loading to compensate for the



normal detuning effects of such changes.

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

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

Operating Conditions uand Adjustments

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 valueshould
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 de plate voltage and de plate
current) exceed the maximum value
given in the tube ratings for the type of
service involved.

Because the de grid current of an
amplifier decreases as the load on the
amplifier isincreased, grid currentshould
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 bhias.

Nevutralizing 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 tothe 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 ecircuit 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 2 minimum reading
on the rf indicator. The driver plate-
tank cireuit 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 prohably 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 ecircuit 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 cireuit 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 he-
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.
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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 Lave large-area,
low-resistance contacts capable of ac-
commodating relatively large wire sizes
and utilize high-quality insulation.

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

If equipment is to be subjected to
mechanicalshock or vibration, the equip-
ment housing, the tube mountings, or
hoth 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 helow
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, 829B, *
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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
hy 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 ecircuit 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
rangefromastreamofairdirectedradially
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 helow 50,000
watts. Maximum permissible envelope
temperatures, air tlow, and pressure re-
quirements for forced-air-cooled tubes
are given in the Tube Types— Technical
Data section.

Toacertainextent, 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 duet 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 eonduction 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 he 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 conductivity.

Thermal conductivity is defined as
therate of transfer of heat by conduction
through unit thickness of a material,
4cross a unit area for a unit difference of
temperature. The thermal conduectivity
K, of the entire conduction-cooling sys-
tem for any given configuration is rep-
resented by the equation:

. \Vh

T.-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 aliquid
or have built-in ducts 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 liq-
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.

Ky
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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 ecir-
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 hy
thesoftening point of the glassemployed,
or by the point at which gas may he
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 (I2ZR losses). leakage (K2/R
losses), radiation, or stray coupling.

Excessive 2R 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 I2ZR losses
because they carry currents of high
average (dc) or rms (ac) value, and be-
cause their resistance is increased by
heat received by direct thermal conduec-
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 suflicient 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 suitahle metering facili-
ties should be provided to assure that
correct filament or heater voltage is
received at all terminals. '
Excessive I2R losses in signal con-
ductors may also cause improper opera-
tion and tube damage, particularly in
driving eircuits where the signal pro-
vides the required operating bias us well
as protection of the tube. In the selection
of signal conductors, consideration must
be given to “‘skin effect,” which causes
current to concentrate nearer the surface
of a conductor as the frequency increuses,
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 “lLitzen-
draht” for low- and medium-power rf
applications at frequencies up toapproxi-
mately 3 megacycles per second. At
higher frequencies it is advisable to use
tubular conductors, which should he
silver-plated, if possible, to obtain maxi-
mum surface conduetivity and to mini-
mize the effects of oxidation.

Leakage (E2/R) losses are caused
primarily hy inadequate or improper in-
sulating materials, or by insuflicient
separation hetween 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
he developed in circuits operating at
relutively low de potentials. In addition,
the type of insulating material used at
any point must be suitable for the tem-
perature and frequency involved.

Asageneral 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 suitahle mechanical design.

RF signal conductors, particularly
those carrying vhf or uhf currents,should
not be insulated, except at points where
mechanical support is necessary, because
practically all types of surface insulation
ahsorh 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 elose relationship between
practical conductor dimensions and sig-
nal wavelengths.

Stray conpling in circuit wiring may
produce out-of-phase signal currents in
a conductor. These currents cause de-
generation losses. Such losses may be
minimized by the use of short, direct.
c¢ireuit connections. These considerations
are discussed helow 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 he-
cause the resulting mechanical stresscs
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 currentsin a power tube (except
heater current) originate in and return
to the cathode, which is, therefore, a
common terminal of all supply and sig-
nal circuits associated with the tube.The
direct currents drawn by the tube elec-
trodes return to the cathode through the
power-supply and bias circuits.Although
these circuits also provide return paths
to the cathode for signal currents, they
usually contain resistive and reactive
components which offer considerable
impedance to ac signals and thus cause
suhstantial 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 dc 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 de filament voltage is applied
to a filamentary-cathode tube, all de
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circuit returns should he connected to
the negative filament terminal of the
tube. The use of this point for dc returns
provides a small amount of protective
bias for the tube because the grid is
maintained at a negative potential with
respect to the cathode in the event that
external bias fails or is accidentally
removed.

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

Most heater-cathode tubes have a
single cathode terminal which is used for
all circuit returns or for connection of a
cathode resistor. In some heater-cathode
tubes, however, two or more cathode
terminals are provided to permit the use
of separate ac return leads from the in-
put and output cirecuits 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 dec return point
of the tube or for connection of a cath-
ode resistor.

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

The use of separate ac and de re-
turns in power-tube installations mini-
mizes signal-energy losses in power-sup-
ply and bias circuits. It also minimizes
degenerative or regenerative effects
which may result if common signal-
return paths are used for the input and
output circuits of a tube or for the cir-
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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 dec
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.

C=AF 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 cireuit. Capacitors used in rf
hypass applications should be specifi-
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cally designed for use at the required
operating frequencies.
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Filament or Heater Supply

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

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

Plate Supply

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

Suppressor-Grid Supply

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

" Screen-Grid Supply

Grid-No.2 or screen-grid voltage
for a beam power tube, pentode, or
tetrode may be obtained from a separate
dc power supply or from the plate sup-
ply for the tube. In the latter case, the
required voltage may he obtained either
from a suitable tap on a voltage divider
or through a dropping resistor from the
plate-voltage supply point, depending
on the type of multigrid tube used and
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on the application.

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

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

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



used, precautions should be taken to
keep the screen-grid voltage within the
maximum value specified in the tube
data for keyv-up conditions.

Control-Grid (Bias) Supply

Control-grid voltage or bias for a
power tube may be obtained from a sepa-
rate power supply or a resistor in the
grid or cathode circuit. Fixed bias is ob-
tained from an independent battery, de
generator, or rectifier-filter system. Grid-
resistor bias is obtained by reetification
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 exeessive plate and screen-
grid ecurrent in the event the driving
voltage fails or is removed. Grid-resistor
bias, therefore, is usually used in combi-
nation with other means to protect the
tubes against excessive plate and screen
dissipation.

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

Supply-Voltage Variations

Because a tuhe may bhe 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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Installation

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 excceding 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 eireuit, 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 sereen-
grid current. For adequate protection,
therefore, each stage of a4 power-tube in-
stallation should be equipped with fuses
or relays which will remove all positive
clectrode voltages if the plate or screen-
grid current reaches a value about 50
per cent above normal. Separate protec-
tive devices should be provided for plate
and screen-grid circuits of multigrid
tubes.

Facilities should he provided for the
measurement of plate, screen-grid, and
filament (or heuater) 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 d¢
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-~
grd vollages of anost power tubes are high
enough to be extremely dangerous to the
user, care should be taken during mainie-
nance of power-tube equipment to insure
that «ll primary power is disconnected
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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.

Inthe design of equipment, personai-
safety considerations require the ground-
ing of all operuting controls und exposed
surfaces, enclosure of all live circuit ele-
menlts, and the incorporation of ““inier-
lock’ switches at ¢ll points of access to the
interior of the equipment. These swilches
should automatically open the primary
circuits of all high-roltage power supplies
when access is required.



Rectifier Considerations

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

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

Mercury-Vapor Tubes

A mercury-vapor rectifier tube must
be handled with special care to prevent
dispersion of the liquid mercury from its
normal position at the bottom of the
bulb. Spattering of the mercury over
other portions of the bulb or on the
anode or filament must be avoided be-
cause it may lead to internal shorts or
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 occurs at any
time during the conditioning treatment,
the anode voltage should be reduced
until the flashover ceases. It should
then be held at this reduced value for a
few minutes to assure complete vapori-
zation of the mercury hefore the treat-
ment is resumed.

Filament Heating Time

Voltage should not be applied to
the plates or anodes of vacuum, mercury-
vapor, or inert-gas rectifier tubes (except
receiving types) until the filaments or
cathodes of the tubes have reached nor-
mal operating temperature. For gas
tubes, this delay is necessary to allow
the formation of a plasma (region of
electrons and positive ions) which pro-
tects the emitting surface against dum-
age from high-veloeity 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
{ube may involve serious personal-safety
hazards because the filament is usually a
high-voltage terminal of the rectifier cir-
cutt, When conlinuous measurements are



required, suitable voltmeters should be
permanently incorporated in the equip-
ment. These meters must be insulated to
withstond 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 lo prevent
any possibility of injury through acci-
dentulbodily contact. Portable instruments
should not be used for the measurement of
rectifier-filament voltages unless adequate
personal-safety precautions are taken by
the user.

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

The required delay in application
of anode voltage can be obtained con-
veniently by means of a time-delay relay
connected in the primary circuit of the
high-voltage transformer, as shown in
Fig. 53. This relay should permit adjust-
ment of the delay time to a value suffi-
cient to assure protection for the tubes
under the most adverse conditions that
can be expected in service.

Mercury Temperature

The life and performance of a mer-
cury-vaporrectifier are critically depend-
ent on the temperature of the condensed
mercury. Low ambient temperatures re-
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tard vaporization of the mercury, thus
limiting the degree of ionization avail-
able at normal filament voltage and rais-
ing the anode-cathode potential at which
the tube starts to conduct. High ambient
temperatures, on the other hand, are con-
ducive to rapid vaporization, but tend
to produce over-ionization and thus re-
duce the peak inverse anode voltage that
the tube can withstand without break-
down. Rectifiers using mercury-vapor
tubes, therefore, should be equipped
with means for measuring condensed-
mercury temperatures, and for main-
taining these temperatures within limits
specified for the tubes employed. Con-
densed-mercury temperature may be
measured with a thermocouple or ther-
mometer attached to the tube by means
of a small amount of putty in a region
near the bottom of the bulb. The proper
measurement zone for each of the mer-
cury-vapor tubes included in this Man-
ual is shown in the Outlines Section.
The method used to control con-
densed-mercury temperature depends
on the ambient-temperature conditions
under which the tubes operate. If the
ambient temperatures are near the mini-
mum values specified in the tube data,
some form of heat-conserving enclosure
should be provided for the tubes. In ex-
treme cases, it may also be necessary to
employ electrical heating, together with
suitable means for limiting the maximum
temperatures developed. If ambient tem-
peratures are above the maximum val-
ues specified in the tube data, forced-air
cooling should be employed. The air flow
should start when the anode voltage is
applied to the tube, and should be di-
rected horizontally onto the bulb about
14 inch above the base at the filament
end of the tube. The air flow may be re-
moved simultaneously with the anode
voltage. The rise of mercury-vapor tem-
perature above ambient temperature is
given as a function of heating time un-
der no-load and/or full-load conditions
for mercury-vapor rectifier types in the
Tube Types— Tcchnical Data Section.

Shielding

Rectifier tubes, particularly mer-
cury-vapor types, should be isolated
from transformers and other components
which produce strong external magnetic



or electrostatic fields. Such fields are
generally detrimental to tube life, tend
to produce breakdown effects in mercury
vapor, and frequently make it difficult
to obtain adequate filtering of rectifier
output. When tubes cannot be com-
pletely isolated from such fields, they
should be enclosed in shields of the type
described in the Power-Tube I'nstallation
Section. Mercury-vapor rectifier tubes
used to supply transmitters or other
types of rf power equipment should also
be protected from large rfevoltages. 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 1n 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 hy
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
insertion of 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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tran: formers having electrostatic shields
between primary and sccondary 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
peal 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 absorh X-ray radiation

RCA mercury-vapor and inert-gas
rectifier tubes are equipped with inter-
nal cathode shields. These shields are



connected to a filament or heater termi-
nal designated as the ‘“‘cathode-shield”
or “anode-return’’ terminal. When two
or more gas-rectifier tubes are operated
from a common filament or heater sup-
ply, the cathode-shield or anode-return
terminals of the tubes must be connected
to the same side of the supply.

Tube Ratings

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

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

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

Peak inverse anode voltage is the
highest instantaneous voltage applied
between the anode and cathode during
the fraction of any input eycle 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 eircuit in which the tube
is employed.

Average anode currentis the value
obtained by integrating the instantane-
ous anode currents of a rectifier tube
over u 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 eurrent may be
measured hy means of a de meter in-
serted in the node 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, c¢.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 condue-
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 pre{-
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



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
ol 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 de voltage and current re-
quirements, the amount of rectifier “rip-
ple”’ that can be tolerated in the output,
and the type of ac power available.

The half-wave single-phase circuit
shown in Fig. 57 delivers only onc pulse
of current for each cycle of the ac input
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voltage. Because its output contains u
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/de 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 eireuit
using two half-wave rectifier tubes is
shown in Fig. 58, and a series single-
phase cireuit in Ifig. 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 sume anode-transformer voltage,
and does not require a center-tapped
high-voltage winding.
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Fig. 60 shows a half-wave three-
phase circuit using three rectifier tubes.
This cireuit delivers three current pulses

per eycle and itz output, therefore,
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contains a smaller percentage of ripple
than that of a full-wave single-phase cir-
cuit.The parallel three-phase ¢ircuit em-
ploying six half-wave rectifier tubes
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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.

In the series three-phase circuit
shown in Fig. 62, two half-wave rectifier
tubes are connected in series across each
leg of the high-voltage transformer.This
circuit delivers twice as much output
voltage as the half-wave three-phase cir-
cuit shown in Fig. 60 for the same trans-
former voltage and peak inverse anode
voltage per tube. Figs. 63 and 64 show
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half-wuve 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

g, 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 occur in the
power transformer, the rectifier tubes,
or the filter components under load con-
ditions. When a particular tube type has
been selected for use in a specific recti-
fier circuit, the ratios given in Table IV
can be used in conjunction with the tube
data to determine the parameters and
characteristics of the circuit.

Example of the Use of Table IV

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

TABLE IV
RATIO Fig. 57 Fig.58 Fig.59 Fig. 60 Fig. 61* Fig. 62 Fig.63 Fig. 64
Voltage Ratios
E/Eav 2.2 1.11 1.11  0.854 0.834  0.427  0.785 0.74
Ebmi/E 1.41 2.83 1.41 2.45 2.45 2.45 2.83 2.83
Ebmi/Eav 3.14 3.14 1.57 2.09 2.09 1.05 2.22 2.09
Enm/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/f 1 2 2 3 6 6 4 6
Current Ratios
In/Tav 1 0.5 0.5 0.33  0.167 0.33 0.25  0.167
Resistive Load
ip/lav 1.57 0.785 0.785 0.587 0.294 0_587 0.503 0.408
Ipm/lav 3.14 1.57 1.57 1.21 0.52 1.05 1.11 1.05
Ipm/Ib 3.14 3.14 3.14 3.63 3.14 3.14 4.5 6.3
Inductive Load
Ip/lav - 0.707  0.707 0.577 0.289  0.577  0.500  0.408
Ipm/lIav = 1 1 1 0.5 1 1 1
Power Ratios
Resistive Lood
Pus/Pde 3.49 1.74 1.24 = = = = -
Pap/Pde 2.69 1.23 1.24 - - = -
Pul/Pde 2.69 1.23 1.24 - - - - -
Inductive Loud®
Pus/Pde - 1.57 111 1.71 1.48 1.05 1.57 1.81
Pap/Pde - 1.11 1.11 1.21 1.05 1.05 1.11 1.29
Pal/Pde - 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 puor regulation at light loading.
» The use of a large filter-input choke is assumed.

E=transformer secondary voltage (rms)
Eav=average dc¢ output voltage
Fbmi=peak inverse anode voltage

Em=peak d¢ output voltage

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

Ib=average anode current

Ip=anode current (rms)

Ipm=peak anode current

[=supply frequency

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

amperes

Pde=dc power (Eav X Iav)

Note: Conditions assumed include sine-wave supply, zero voltage drop in tubes, 1o losses
in transformer and circuit, no back emf in the loud circuit, and no phase-back.
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liver a de voltage (E,y) of 2500 volts at
an average de current (I,y) of 500 milli-
amperes to the input of a filter. Also de-
termine the rms voltage (E) that must
be delivered by each half of the high-
voltage transformer secondary winding.

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

Ebumi=3.14 X 2500 = 7850 volts.

(2) Determine the average anode
current (I),) in each tube. From Table
IV, I in a full-wave single-phase circuit
is one-half the total de 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 alsobemoresatisfac-
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 de
to the filter at the specified load current
of 500 milliamperes under full-load con-
ditions.

B = 1.11 X (2500 + 15) = 2790 volts (1)

The second term within the parentheses
represents the voltage drop in the 866A.
For exact caleulation of K, the full-load
voltage drop in one half of the high-
voltage secondary winding must also be
added to the values within the paren-
theses.

Regulation

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

For good voltage regulation, the
voltage dropsin 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-gasree-
tifier tubes or vacuum types having close
anode-cathode spacing, and choke-input
filters employing ‘“‘swinging”’ chokes of
the proper value. Inaddition, a “bleeder”
resistor drawing about 10 per cent of the
total output current should be perma-
nently connected across the output of the
supply.Although this resistor reduces the
maximum useful output current slightly,
it prevents the output voltage from ris-
ing excessively when the external load
is reduced, and thus improves regula-
tion and provides a substantial measure
of protection for the filter capacitors. It
also discharges the filter capacitors when
the equipment is switched off and thus
minimizes shock hazards.

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



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

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

RCA Transmitting Tubes

than when a choke-input filter is used.

When acapacitor-input filterisused,
a current-limiting resistor should be con-
nected between the rectifier tubes and
the filter to limit current surges. The
total resistance, R, required to limit the
surge current to a safe value, including
the effective resistance of the power-
transformer secondary (or one half of
thesecondary of a full-wave transformer)
is a function of the dc output voltage
(Esv) and the rated peak anode current
(Ipm) of the tube.

KX E,v

Rt = Tomt

The factor K is equal to 3.14 for the cir-
cuitshown 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 de output voltage. The resistor must
be employed, however, each time the
circuit is switched on. Capacitor-input
filters may be used in rectifier circuits
employing mercury-vapor or inert-gas
rectifier tubes only when a current-limit-
ing resistor is used as described above.

Design of Choke-Input Filters

The filter-design charts shown in
Figs. 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 capacitance valuesindicated by these
charts should be multiplied by the ratio
60/f, wherefis thesupply 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 (R7) in ohms is equal to the
de output voltage (E,v) of the rectifier
in volts divided by the load current (Iy)
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in amperes. A de output voltage equal
to 90 per cent of the rms voltage (E) per
rectifier-tube anode is used in this caleu-
lation (from Table IV, E/E,y = 1.11).
This value does not include the voltage
drops in the power transformer, filter
choke, or rectifier tubes. The load cur-
rent used must assure operation of each
rectifier tube within its maximum aver-
age-anode-current rating. Inductance
and capacitance values must always lie
in the region of the chart above the
applicable Ry, curve.

The K curves in Fig. 65 indicate
combinations of minimum filter indue-
tance (L,) and maximum filter capaci-
tance (C;) which will keep the peak an-
ode currents (I,,) of the rectifier tubes
within their maximum ratings at a given
rms anode voltage. The factor K is equal
to the dec voltage from the rectifier tubes
at theinput to thefilter (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, = C, X (K/1000)

Filter component values must al-
ways lie in the region of the chart to the
left of the proper K line.

When a particular rectifier tube is
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used at its maximum peak-inverse-an-
ode-voltage rating and maximum peak-
anode-current rating simultaneously, the
applicable K line may be determined di-
rectly by placing a ruler across the ap-
propriate pair of dashed lines shown in
Fig. 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 he exceeded.
Filter-component values can now bhe
chosen within the wedge-shaped portion
of the chart outlined by the appropriate
Ry and K curves on or above the Iy,
line for the maximum percentage of rip-
ple which can be tolerated in the output
of the filter section.

In power supplies for cw transmit-
ters, a ripple of not more than 5 per cent
is usually satisfactory. Power supplies
for variable-frequency oscillators and
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



0.1 per cent to prevent hum modulation
of output signalis.

The most economical method of ob-
taining ripple voltages below 1 per cent
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is by the use of double-section filters of
the type shown in Fig. 67(h). 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 Ey,
for the first section is determined, the
values of L. and C. (as a product) for
any desired ripple percentage Fg. at the
output of the sccond 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 1., therefore,

RC A Transmitting Tubes

should always be greater than
IX(Ci+ C
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 he inserted across
the filter output to restrict the range
over which the elfective load varies or
an input choke having an inductance de-
termined by the maximum load resist-
ance attained may be used. The most
economical method for minimizing out-
put-voltage variations, however, is by
the use of a “swinging” input choke.

The inductance of a well-designed
swinging choke varies inversely with
load current. The required minimum
and maximum inductance for the choke
can be determined from Fig. 65 at the
intersections of the appropriate K curve
with the curves for maximum and mini-
mum Ry, It is gencrally 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 mereury-vapor tubes
has a de output voltage of 3200 volts,
Design a single-section choke-input filter
which will (#) limit output ripple to 5
per cent at a load current equal to the
eombined maximum de load-current
ratings of the tubes (2 X 1.25 = 2.5 am-
peres): (h) 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 lic
between the curves for K = 600 and K
= 800 and, conscquently, would he
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 b-microfarad capacitor would bhe a



suitable combination.

Two-Section Filter

Problem: A 60-cycle full-wave rec-
tifier employing two 866-A mercury-
vapor tubes delivers 2500 volts de at
full load to the input terminals of the
filter. Design a two-section filter which
will («¢) limit the output ripple to 0.5
per cent at a load current equal to the
combined maximum dec¢ load-current
ratings of the tubes (2 X 0.25 = 0.5 am-
pere); (b) keep the peak anode current
of each tube within its maximum pealk-
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 Ry, 5000 ohms would be
completely below the curve for K =
2775, the maximum-load value of Ry
(minimum Ryg) need not be considered in
the selection of constants for the first
filter section. If an £y, of 10 per cent at
the output of the first filter section is as-
sumed to be satisfactory, the minimum
swinging-choke inductance and the cor-
responding value for the first-section
filter capacitor are selected along the
curve Eg, 10 per cent to the left of
the curve for K = 2775. Suitable values
would be L, = 13.5 henries and C, = 1
microfarad. The maximum inductance of
the swinging choke should be as high as
practical. If a maximum value of 25 hen-
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ries is chosen, the minimum-load value
of Ry, (maximum Rp) at which the regu-
lating action of the choke will be effec-
tive is indicated by the point at which
the I-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 (1..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 Eg,
= 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
than2.25, thefilter design is satisfactory.



Interpretation of Tube Data

The tube data given in the Tube
T y pes 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 lifc considerably.

RCA power tubes may carry as
many as three different kinds of ratings,
hased 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 applicationsinvolving con-
tinuous tube operation in which maxi-
mum dependability and long tube life
are the primary considerations.

Intermittent Commercial and Ama-
teur Service (LCAS) 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.

Imtermittent 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 hased on the prem-
ise that transmitter ““on” periods do
not exceed 15 seconds each, and are {ol-
lowed by ‘‘off”” periods of at least 60
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seconds duration. In equipment tests,
however, maximum “on’’ periods of not
more than 5 minutes each followed by
“off”” periods of at least 5 minutes are
permissible, provided the total ‘“‘on”
time of such test periods does not ex-
ceed 10 hours during the life of the tube.
Although tubes operated under IMS rat-
ings may have a life of only about 100
hours, the use of these ratings is eco-
nomically justified where high power
must be obtained intermittently from
very smull 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. IFor example, if the product
of the maximum plate-voltage and max-
imum plate-current ratings exceeds the
maximum permissible de plate input,
then either the plate voltage or the plate
current, or both, must be reduced. As an
illustration, the maximum CCS ratings
for Class C Telegraphy operation of
type 812-A are: plate volts, 1250 max;
plate milliamperes, 175 mox; plate in-
put, 175 watts max. 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 prineipally for tubes in-
tended for home-instrument applica-



tions, is designed to provide satisfactory
averageperformancein thegreatest num-
ber of equipments on the premise that
they will not be adjusted to local power-
supply conditions at time of installation.
Lquipment for use on ac or dec 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,
sereen-grid supply voltages, dissipations,
andrectifier output currentsshould never
exceed 90 per cent of the design-center
maximum ratings for a terminal poten-
tial at the battery source of 2.2 volts per
cell. Equipment for use with ‘B’ bat-
teries should he designed so that under
no condition of hattery voltage will the
plate voltages, screen-grid supply volt-
ages, or dissipationseverexceed the maxi-
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 clectrode 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 arereferred. For
types having filaments heated with ac,
the filament mid-point (i.e., the center
tap on the filament-transformer secon-
dary, or the mid-point onaresistorshunt-

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 (Ey) and the direct
current flowing in the plate circuit (Iy).

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

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

Useful Power Output 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 (Sereen-Grid) Input
is the de¢ power supplied to the
screen grid of a muitigrid tube, and is
the product of the screen-grid voltage
and screen-grid current. This power is
dissipated in the form of heat by the
screen grid as a result of electron bom-
bardment.

Grid (or Grid-No.1) Driving Power
is the actual signal-power input to the
contro) grid plus the powerlost inthe bias
supply.Itis given by the formulaWqa=10.9
T.I, where Wy is the grid driving power
in watts, I, is the peak signal voltage
applied to the grid in volts, and I is the
average grid current in amperes. This
valuedoes not includesignal-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 TUBIL 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-
efliciency integral radiator used in the 8122,
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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

SERVICE

1. AF Power Amplifier and Modulator
Service

2. Plate-Modulated RIF Amplifier — Class C
Telephony

3.RF Amplifier Service—Class C Telegraphy

4. Linear RF Amplifier Service — Single-

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 hased on the com~
plete ratings for the types under consid-
eration, as given in the Tube Typcs—
Technical Data Section.

APPLICATIONS

Sideband Suppressed Carrier, Two-
Tone Modulation

. Plate- or Grid-pulsed Amplificrs or
Oscillators

‘h

*

. Special Services
. Rectifier Tubes

~

1. Power Tubes for AF Power Amplifier and Modulator Service

Power Filament Maximum Plate Ratings? Kind3 RCA
Output Cooling! or Input Dissi- of TYPE
(Typical) Heater pation Tube NO.
Watts4 Volts Volts Watts Watts
CLASS A AMPLIFIERS
2.9 N 6.3 275 — 825 BP 5686
26.5 N 6.3 375 40 21 BP 1614
CLASS AB: AMPLIFIERS®
20.5 N 12 to 15 300 21 10 BP 7551
20.5 N 6.3 300 21 10 BP 57558
44 N 6.3/12.6 750 100 | 30 BIrBe 8298
80 FA 6.3 1060 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

[e 5]
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Application Tables

1. Power Tubes for AF Power Amplifier and Modulator Service (Cont.)

Power Filament Maximum Plate Ratings? Kind3 RCA
Output Coolingl or Input Dissi- of TYPL
(Typical) Heater pation Tube NO.
Watts? Volts Volts Watts Watts
590 FA 6 2000 — 250 BP 3 -
590 FA 26 .5 2000 — 250 BP ;Zéo‘.(%SOI
1600 FA 6.3 3000 1500 600 CR 7650
CLASS AB; AMPLIFIERS®
42 N 6.3 400 30 10 BPQ 52E24
42 N 6.3 600 30 10 BP 52E26
42 N 12.6 600 30 10 BP 56892
80 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 s 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 AMPLIFIFR®
10 .4 N 6.3 300 — 3 T 1635
235 N 6.3 1250 165 45 T S8I1A
238 N 6.3 1250 165 45 T 5812A
1650 N 10 3000 1125 300 T 5833A
2400 FA 10 4000 1600 400 T 5833

"Cooling: N, natural: FA, torced ain: €, conduction.
* CCS, unless otherwise noted,
# Designutions for kind of tube:

BP

Beam power

BPQ  Quick-heating beam power
Ruggedized beam power

BPR
BP3pP
C

CR

Twin beam power
Cermolox
Ruggedized eermolox

* Approximate.
STCAS ratings also shown in Technical Data Section.

s Typical power output for two tubes, except twin-unit types,
Exce pt for types listed in Table 7 (Reetifier Tubes), tube type numbersin BOLD FACIE are suggested for use
in new equipment design,

1
T-

P

Pp

Pl
ot

1
I

>

Pentode

Twin pentode
Pencil triode
Friode

Twin triode
Friode-pentode
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2. Power Tubes for Plate-Modulated RF Amplifier Service— Class C Telephony

Typical Operation

Maximum Plate Ratings?

Filament Max Freq Kind® RCA
Power Fre- Cool- or for Full DC Dissi- of TYPE
OQOutput  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
s 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 12to 15 175 250 15 7 BP 7551
6.7 500 N 6 500 275 9 5.5 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
17 — 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 60 180 45 13.3 BP 56159
34 — N 12.6 60 480 45 13.3 BP 56883
4 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 — TA 6.3/12.6 200 600 90 28 BPBP 58298
85 — N 6.3 30 1000 115 30 T 5812A
88 — N 6.3 30 1000 115 30 T SRITA
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/
4CX2508
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, % 3 43 See Table 1.
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Application Tables

3. Power Tubes for RF Amplifier Service—Class C Telegraphy

Typical Operation Maximum Plate Ratings?
Filament Max. Freq. Kind® RCA
Power Fre-  Cool- or for Full DC Dissi- of TYPE
Output  quency ing! Heater Input 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 S3A4
1.4 1000 N 6.3 5000 250 — 2.5 PT 7554
2 — N 1.4/2.8 — 135 2 1 T $3A5
3.2 3000 C 12.6 — 750 52.5 — C 7801
3.2 3000 C 6.3 — 750 52.5 — C 7870
3.5 940 N 12-15 — 9300 — 9.5 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 S876A

5 500 N 6.3/12.6 500 2590 12 6 PP 56939
5.25 125 N 6.3 — 275 11 8.25 BP 5686
5.5 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 BpP 107095
7.5 500 N 6 500 320 13.2 8 PT  56264A
8.5 175 N 12/15 175 300 21 10 BP 7551
8.5 175 N 6.3 175 300 21 10 BP 57558
10.3 30 N 6 — 300 15 12 BP 55763
10.3 30 N 13.5 — 300 15 12 BpP 36417
20 125 N 6.3 125 500 30 10  BPQ 52E24
20 125 N 6.3 125 500 30 10 BP S2E26
20 125 N 12.6 125 500 30 10 BP 36893
21 — N 6.3 — 375 35 21 BP 31614
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 104604
40 — N 6.3 60 600 60 25 BpP 5807
40 — N 12.6 60 600 60 25 BP 31625
40 1215 FA 6.3 1215 1000 180 115 C 6816
40 1215 KA 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 BpP 36146
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

Filament

Max. Freq.

Maxinmum Plate Ratings?

Kind? RCA

Power Fre- Cool- or for Full ncC Dissi- of TYPE
QOutput  quency  ing! Heater Input Input pation Tube NO.
Wattst (at) Mce Volts Me VYolts Watts  Watts
52 60 N 6.3 60 600 67 .5 20 BPR 57212
52 60 N 26 .5 60 600 67 .5 20 BI’R 57357
770 — N 6.3/12.6 200 750 90 30  BPBP 58298
85 170 C 12-15 500 2200 660 — B 8072
90 — FA 6.3/12.6 200 750 120 40  BPBP 58298
130 — N 6.3 30 1250 175 45 T SRI2A
135 — N 6.3 30 1250 175 45 1 SRITA
180 900 FA 6.3 900 1600 400 250 T 6161
235 470 KA 13.5 300 2200 660 150 BP 8121
250 500 FA 6 500 2000 — 250 BI® 7203/
4CX250B
250 300 FA 26 .5 500 2000 — 250 BP 7204/
JOX250F
275 — N 0 30 2000 360 100 BP 5813
300 470 FA 13.5 S500 2200 660 100 BI? 8122
378 1215 FA 6.3 1218 2500 1250 700 CR 7650
1000 — N 0 30 3000 1250 300 T S833A
1350 600 FA 5.5 1215 2500 2500 1500 C 7213
1440 — A 10 20 4000 1800 400 T S833A
7 Both sections,
# Design Center values. .

* For pentode unit,

10 JCAS— ratings only,

1 2% 8 & 5 Sec Table 1.

4. Power Tubes for Linear RF Amplifiers—
Single-Sideband Suppressed-Carrier, Two-Tone Modulation

Typical Operation

Max.  Maximum Plate Ratings?

Filament  Treq. Kind® RCA
Power!?2 Fre-  Cool- or for Full 12DC Dissi- of TYPE
Output quency  ing! Heater Input Current pation Tube NO.
Wattsd (at) Vie N ool(s Me YVolts Ma Wates
80 30 C 12-15 500 2200 450 - B 8072
120 30 N 6.3 30 1250 178 45 i 811A
170 30 FA 13.5 500 2200 150 150 B 8121
295 30 A 6 500 2000 250 250 Ry 7203/
4CX2508
295 30 A 26 .5 300 2000 250 250 B 7204/
4CX250F
360 500 FA 6 500 2000 50 250 BP 7580
380 a0 FA 13.5 500 2200 150 100 P 8122
680 30 KA 6.3 1215 2500 500 600 BpP 7650

13 Peak envelape.
L2, ¢ See Table 1,
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5. Power Tubes for Plate- or Grid-Pulsed Amplifiers or Oscillators

Typical Operation Maximum Plate Ratings2
.. S
g_ z
3 g &
o | TE > S lege &
3 = 2 = s =2 = 2 |3 g — | -
53| .5 o] & S EFI R ~|EE| L8| G
gg| = E = g 24 ) g | -
E5|25|32| € | T |2T|ET | 5 | 8 |3z| EE|BE S
SO EQl /U = O &8 =2S & & |2 mE e | &
4kw usee Mc Yolts| Mc Volts | Amp.| usec| usec

PLATE-PULSED AMPLIFIERS OR OSCILLATORS!
1.2 I 0.001 3300 N 6 4000 1750 3 5 5000 PT 5893
4.5 10 0.01 1215 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 63 1215 8000 9 10 1000 RC 7651
65 10 0.0 1215 ¥A 5.5 1215 10000 18 10 1000 C 7214

GRID-PULSED AMPLIFIERS OR OSCILLATORS!3
2.3 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

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

I Peak.

ot % 6 ogee Table 1.

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

Service RCA1YPE NO.
Balanced Modulator ... oot i i i i i ittt et e i e 7360
Class C OSCllalor .t ittt it ittt ittt et ttnenetenesannneanns 4037, 5675, 6026
Control Amplier ..t i i i i i it ittt i taaetnnaeeretonasncaanasnnans 3C33
Frequeney Multiplicr oo ooo oo i i, 4037, 5763, 5876, 5876, 3893, 6161,

6264, 6562/5794.A, 6939, 7551, 7554, 7538, 7903, 8077/7054
Integral-Cavity OscHlator .ot it ittt iiinennennns 6562/5794A, 7533
Lincar RF Power Amplificr—AN Telephony ...t iiii it iiiiiiereneieaacannn 7580
Low-Noise Class A Amplifier, RF .o i ittt ittt 7552, 7553
Modulator-Rectangudar-YWave Modulation ..o, 3E2Y, 6293, 7358
Pulse DeleClor . oottt ittt its ittt etneeetsosiosaonesasosenosensansassasasanss 6173
BXIIFER 60000000000000000000000000000000000000000000000000000000000000a00d 4600A
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7. Rectifier Tubes

Maximum Piate Ratings?

Filament Peak RCA
Or teater Inverse Peak Average TYPE
Volts Volts Amperes Amperes NO.
HALF-WAVE, MERCURY-VAPOR TYPES:
2.5 7500 0.5 0.125 816
2.5 10000 1 0.25 J866.\
2.5 2500 2 0.5 JBOOA
5 10000 5 1.25 8724, 8008
s 15000 6 1.5 575A. 673
5 20000 83 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 kei 6.4 635/7019
635L./7020
5 3000 40 6.4 5561
HALF-WAVE, GAS TYPES
2.5 10000 1 0.25 3828
2.5 4500 2 0.5 325
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 SR4GYR
5 2800 0.650 0.175 SR4GY
FULL-WAVE, MERCURY-VAPOR TYPES
5 1550 1 0.225 83
2.5 900 10 2.5 604/7014

15 [n-phase operation, unless otherwise noted.
1 Quadriuture operation.
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RCA Tube Types—Technical Data

T'his 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 arelisted 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). FFor 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 Interpretation 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-
«uency multiplier. May be used at full 2C39A
- input up to 2500 Mec¢ and at higher fre-
H TFH 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 83, Oullines
Section.

HEATER VOLTAGE (AC/DC)®. ..o i . volts
HEATER CURRENT Ce. ampere
TRANSCONDUCTANCE* A utnhos
AMPLIFICATION FACTOR
DIRECT INTERRE
Grid to plate. apf
Grid to cathode and heater pufl
Plate to cathode and heater auf
SEAL TEMPERATURE (Plate, grid, cathude, and heater) °C

° Because the cathode is subjeeted to considerable back bombardment as the [requency is increased with
resultant inercase 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:

DO PLATE VOLTAGE. L. oL it s 600®nux volts
GRID VOLTAGE:

D e -150 max volts

Peak Negative RF 400 maz voits

Peak Positive RE' . ... . o 30 neax volts
DO GRID CURRENT . . ..o i et e 50 max ma
DC CatHODE CURRENT . 100 nax ma
Grip InvUT. ..ol .. 2 max walts
PLATE DISSIPATION . . L L i et s 70 max watta

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

volts.
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

Maximum CCS Ratings:
DC PLATE VOLTAGE. .. o\ttt ittt ittt e ae e 1000 mazx volts



RCA Transmitting Tubes

GRIDVOLTAGE:

I8 5 c0000000000000000000000000000000603300003000000000000A0G -150 max
Peak Negative RE . ... .. . i 400 max
Peak Positive RF . ..o . o dooa 30 max

DC Grip CURRENT 50 mox
DC CATIIODE CURRENT. .. . .. . 125 max
GRrID INPUT ........... ... 2 max
PLATE IISSIPATION. . . .ottt ittt it ittt n e aaaa e anaenes 100 mae

POWER TRIODE

Disk-seal lighthouse types used as

2C40 rf power amplifier, cw oscillator, and
plate-pulsed oscillator (2C40A only)

2C4OA at frequencies up to 3370 Me. Class C

Telegraphy maximum CCS plate dis-

volts
volts
volts

ma
watts
wittis

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

the 2C40 in most applications.

2040 2C40A

HEATER VOLTAGE (AC-DCY., ... .. P 6.3=59, 6.3%=57;
HeATER CURRENT D 0.75 0.75
TRANSCONDUCTANCE™ . e 4850 5100
AMPLIFICATION FACTOR®, . .. ... .. e 36 35
DIRECT INTERELECTRODE CABACITANCEST

Grid toplate ... ... .. L e e 1.3 1.3

Grid to cathode . ... ... ... P 2.2 2.2

Plate to cathode. ... ... 0 . L 0.03 0.03

Cathode rf connection to cathode o000 0 oo o0 L 100 100
SEAL TEMPERATURE. . ... ... ... ... i 176 175

= Plate supply volts, 250; cathode resistor, 200 ohms: plate ma., 17.

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

DO IPLATE VOLTAGE . L 500 max
DC GRID VOLTAGE. . ... ... e o ~50 mar
DO PLATE CURRENT. . ..o it ii i e s coooooo o 25 mar
DC GRIDOCURRENT. ... i ne s 8 mac
PLATE INSSIPATION. . .. .. .. ... 6.5 max
Prak HEATER-CATHODE VOLTAGE:

Heater negative with respeet to cathode 90 ax

Heater positive with respect to cathode 90 mere

PLATE-PULSED OSCILLATOR—Class C (2(40A only)

Maximum Ratings- For @ maciniem ON time® of 10 microscconds
PEAK PLATE VOLTAGE . .. ... .. . i i 1400 mac
PEAK GRID VOLTAGE. . . ... ... i i . ~100 max
PEAK PLATE CURRENT 2 mur
PEAK GRID CURRENT. .. ...t ittt i e 1 moce
DCPIATECURRENT. . .. ..ot R .. 3 max
DC GRID CURRENT. . .o\ttt it ittt ettt e 1.5 max
PLATE DISSIPATION. . . ... it e it et it iianaaan 4 mac
Duty FACTOR®. . .. . ... ... . .. 0.002 mar
PULSE DURATION . . . .. it i 1.5 maxr
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect tocathode. . ............ .. ... ....... 90 max

volts
ampere
umhos

upl
pul
puf
unl
O(-‘

volts
volts
ma
ma
watts

volts
volls

volts
volts
amperes
amperes
ma

ma
watls

user

volts
volts

® ON time for this tubeis 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 2 smooth curve through the average of the fiuctuations over the top portion of the

pulse.

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

in any 5000-microsecond interval.
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HIGH-MU TRIODE

Disk-scal lighthouse type used as r{ power
amplifier and cw oscillator at frequencies up to

and may he operated in any position. QUTLINE
10, Outlines Section. The 2C'43 is used princi-
pally for rencwal purposes.

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

6.3=5%, volts
HEATER CURRENT 0.9 ampere
TRANSCONDUCT 8100 pmhos
AMPLIFICATION FACTOR® 50
DinBCT INTERELECTRODE CAPACITANCES:
Gridtoplate........,........ 1.8 puf
Grid to cathode. ... ... ... 3.0 uufl
Plate to cathode 0.04 max ppuf
100 puf
175 maxr °C
* Plate-supply volts, 250; cathode resistor, 100 ohms: plate milliamperes, 21.
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
Maximum CCS Ratings:
................................................. 500 max volts
...... 40 max ma
55 max ma
12 max watts
BEAM POWER TUBE
Glass-octal type having quick-
heating coated filament used as af pow- 2 E24
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). ... ....

.. 6.3
FILAMENT CURRENT. . .............

0.65

TRANSCONDUCTANCE*. .. .. .. ... ... ...... 3200

MU-FACTOR, Grid No.2 to Grid No.1%* 7.5
DIRECT INTERELECTRODE CAPACITANCES:®

Grid No.l toplate. .. ... ... et 0.11 mazx

Grid No.1 to filament mid-tap, grid No.3, internal shield, and grid No.2 8.5

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

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

Maximum Ratings: CC8 ICAS
DC PLATE VOLTAGE . . - v i i it i iie i e en e 400 max 500 max
DC GRID-NO.2 VOLTAGE. .. ...........c..0.... 200 mox 200 mazx
MaxiMUM-SIGNAL DC PLATE CURRENTS. . ... . ,. 75 max 75 max
MAXIMUM-SIGNAL PLATE INPUTE. .. .. ... ..., 30 max 37.5 max
MAXIMUM-SIGNAL GRID-NO0.2 INPUTH. ... .. .. 2.5 max 2.5 mar
PLATE DISSIPATIONS. . ..ottt i iiie it e, 10 max 13.5 max
Typical Operation (Values are for 2 tubes):
DC Plate Voltage. . . ...ttt 400 500
DC Grid-No.2 Voltage. .. .................. 125 125
DC Grid-No.1 Voltaget.................... o -15 -15
Peak AYF Grid-No.1-to-Grid-No.1 Voltage 82 82

volts
sampere

less than 2 geconds

pmhos

o
puf

pul
°C

volts
volts
ma
watts
watts
watts

volts
volts
volts
volts
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Zero-Signal DC Plate Current. ... .. .. oo oo 18 20 ma
Maximum-Signal DC Plate Current. . . 150 150 ma
Zero-Signal DC Grid-No.2 Current. . ................... 0.6 0.6 ma
Maximum-Signal DC Grid-No.2 Current. ............... 26 28 ma
Effective Load Resistance (Plate to plate). .. 7000 9000 ohms
Maximum-Signat Driving Power (Approx.).............. 0.43 0.46 watt
Maximum-Signal Power Output (Approx.).............. 42 54 watts

Maximum Circuit Values {CCS or ICAS conditions):

Grid-No.1-Cireuit Resistance. ... ... it e, 300008 max ohms
® Averaged over any audio-frequeney eyele of sine-wave form.

1 For ae filament supply.

t 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 JCAS
DCPLATE VOLTAGE. . ... i 400 max 500 nax volts
DC GrID-No0.2 VOLTAGE 200 max 200 maz volts
DC Grin-No.l VOLTAGE. . . =175 mazx 175 max volts
DCPLATE CURRENT . Lo i 60 max 70 max ma
DC GRI-NO.L CURRENT. . . ..ot ei i 3.5 max 3.5 max ma
PLATE INPUT. .......... . 20 max 27 mazx watts
GRID-NO.2 INrUT. ., ... ..., ag 0a00a00 1.7 max 2.3 mazx watts
PILATE 1)8SIPATION 6.7 maz 9 maz watts
Typical Operation:
DC Plate Valtage. ... ... i 400 500 volts
DC Grid-No.2 Voltage® . ......... .. 180 180 volts
From a series resistor of 27500 40000 ohms
DC Grid-No.l Voltagetd .. ... . .. -45 —45 volts
From a grid-No.1 resistor of . 15000 18000 ohms
Peak RF Grid-No.l Voltage. .. ... ... o oo oo 61 62 volta
DC Plate Current. ... ... . 50 54 ma
DC Grid-No.2 Current. . .. ... . 8 8 ma
DC Grid-Noa.l Current (Approx.). .. ... ..., 2.5 2.5 ma
Priving Power (Approx.)........ 0.16 0.16 watt
Power Qutput (APProx.). ... ..o . 13.5 18 watts

Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. . . . ...t i et i 300008 max ohms
© Obtained preferably from separate source modulated along with plate supply, or from the modulated
plate supply through series resistor of value shown.

1 For ac tilament supply.

o Obtained preferably from grid-No.1 resistor or from a combination of grid-No.]l resistor with either
fixed supply or cathode resisior.

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

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: CcCsS 1CAS
DCPLATE VOLTAGE. ... ... it i it 500 max RO0 mac volts
DO GRID-NOZ2 VOLTAGE. .. ..o 200 max 200 max volts
DC Griv-No.1 VoLTAGE -175 mar -175 max volts
DC PLATE CURRENT. . ... it cie i 5 mar R85 max ma
DC GRID-NG.L CURRENT. .. ottt itinaanicnnannanne 3.5 max 4.5 mazx ma
Prate INpuT. . ... . 30 max 40 maz watts
GRID-NO.2 INPUT. . . a0 coa 2.5 mox 2.5 max watts
PLATE DISSIPATION . ¢ ot v v ouinroeuonsnnnnenesansensan 10 maz 13.5 mazx watts
Typical CCS Operation: 125 Me
DCPlate Voltage. . .. ...t iiiiieinnnonionnnninnn 400 500 volts
DC Grid-No.2 Voltage® 200 190 volts

From a series resistor of .. ... ... oo i, 20000 29000 ohms
DC Grid-No.1 Voltaget®.........ciiiiiiiieiiiinans —45 -45 volts

From a grid-No.1 resistor of . . . 15000 15000 ohms
Peak RF Grid-No.l Voltage...... 0000 62 65 volts
DC Plate Current. . .oooi it iiiieereiioneeseeneanns 0 %6 60 ma
DC Grid-No.2 Current. .. o 0 000000 10 10.5 ms
DC Grid-No.l Current. ... .. oiiiieennnss 0 3 3 ma
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Driving Power (Approx.). ... ... . . oviiiiiiinnnnnnnn. 0.19 0.2 watt
Power Output (AppProxX.). .. .v.ouieurinerrnnrnennnenn. 20 20 watts
Typical ICAS Operation: 125 Me 160 Me
DC Plate Voltage. . .. ... oottt tie e e iirinnonnannnn. 600 350 volts
DC Grid-No.2 Voltage?® 0o 195 170 volts
From a series resistorof . . .. ... ... .. 0 i i, 40500 18000 ohms
DC Grid-No.1 Voltaget ® ... ... .. .. =50 =50 volts
From a grid-No.1 resistor of . . . 16700 16500 ohras
Peak RF Grid-No.l1 Voltage. ... 000000 71 70 volts
DC Plate Current. ..o, 66 85 ma
DC Grid-No.2 Current. . ... . ..o ... 10 10 ma
DC Grid-No.1 Current. .. ... .ot 3 3 ma
Driving Power (Approx.)........... 0.21 2 watts
Power Output (Approx.)..........cooiuun.... 27 16.5 watts

Maoximum Cirevit Values (CCS or ICAS conditions
Grid-No.1-Circuit Resistance. .. ......... ... i, 30000 max 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 600 volts under key-up
conditions.

t For ac filament supply.

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

“"ER.“:;EEZ‘XRAF“‘ER'ST'CS OPERATING CONSIDERATIONS
TYPI
[ E£26.3VOLTS DC Type 2E24 requires Octal socket and
70— GRID-NE 2 VOLTS =160 may be operated in vertical position with
\ base up or down, or in horizontal position
sof} with pins 3 and 7 in vertical plane. Effec-
" i tive rf grounding and simplified shielding
Eoo V1 of input from output are facilitated by
§ \ \ the base sleeve with separate base-pin
S0 {| D SRI0Nes voLTS Ecps 50 connection and the single base-pin con-
EN nection for filament mid-tap, grid No.3,
EARARN and internal shield. OUTLINE 15, Outlines
‘-::’c N Section. .
S ! 49] For operation at 150 Mc, plate volt-
© 20 T age and plate input should be reduced to
Ao 30 83 per cent of maximum ratings; at 160
10 \ 20 Me, to 75 per cent; at 175 Me, to 68 per
\ <10 cent. Plate shows no color when the tube
is operated at maximum CCS or ICAS
o 100 400 500

200 300 K
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AVERAGE CHARACTERISTICS
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RCA Transmitting Tubes

BEAM POWER TUBE

Glass-octal heater-cathode type

2E26 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,
TCAS 13.5 watts.

HEATER VOLTAGE (AC/DC). . .o oottt it i e i eae e e 6.3 volts
HpeaTER CURREN 0.8 ampere
TRANSCONDUCTANC)! 3500 pmhos
Mu-Factor, Grid No.2 to Grid No. ¥ .. oo 6.5
DIRICT INTERELECTRODE (CAPACITANCES:®
Grid Nodtoplate. ... ... i 0,20 max Jrm g
Grid No.l o cathode, grid 3, internal shield, grid-
AN RCB O e 13 puf
Plate to cathode, grid-No.38, internal shield, grid-No.2, and heater. . ... 7 uul
BULB TEMPERATURE (At hottest point) . ... ... ... . i, 210 max °C

# Plate volts, 300; 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 ICAS
DCPLATE VOLTAGE . ... i 6800 max 750 mazx volts
DC GRID-N0.2 VOLTAGK, 250 max 250 moac volts
MAXIMUM-S1GNAL DC PLAT 75 mar 75 max ma
MAXIMUM-SIGNAL PLATE ]\I'U’l. 30 e 37.5 mazx watts
MAXIMUM-S1GNAL GRID-N0.2 INPU 2.5 mar 2.5 max watls
PLATE DISSIPATION®. .. .. ....... 10 mazx 12.5 ar watts
PeAK HEATER-C'ATHODE VOLTAGE:

Heater negative with respeet to cathode. ..o 0000, 100 mazx 100 max volts

Heater positive with respeet to cathode. ..o o .o 100 maz 100 max volts
Typical Operation (Valuer are for 2 tubes):
DC Plate Voltage. . . . ... i 400 500 volts
DC Grid-No.2 Voltage*t. ... ... ... i 125 125 volts
DC Grid-No.l Voltage ..................... .. -15 -15 volts
Peak AF Grid-No.l-to-Grid No.1 Voltage . £0 60 volts
Zero-Signal DC Plate Current. .. ............ .. 20 22 ma
Maximum-Signal DC Plate Current. .. .. e .. 150 150 ma
Maximum-Signal DC Grid-No.2 Current 32 32 ma
Kffective Load Resistance (Plate to plate) . ... ... ... £200 8000 ohims
Maximum-Signal Driving Power (Approx.).............. 0.36 0,36 watt
Maximum-Signal Power Output (Approx.)............... 42 54 watts
Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Rexsistance:

Tor fixed-bias operation. .. ... . e 30000% mex ohms

For eathode-bias operation. .. ... .o o Not recommended

& Averaged over any audio-frequency cyele of sine-wave form.
¢ Preferably obtained from « separate source or from the pla\.v—ﬂupply voltage with a voltage divider.
 In applications requiring the use of grid-No.2 voltages above 136 velts, provisions sirould be made for
adjustment of grid-No.1 bias for cach tube separately. The necessity for this adjustnent at lower grid-
No.2 voltages depends on the distortion requirements and on whether the plate-dissipation rating is
oxeceded at zero-signal plate current.
1 For operation at less than maximum ratings, this value may be as high as 100000 ohms.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: CCs 1CAN

DC PLATE VOLTAGE. ... . ittt iaas 400 ax HOG miar volts
DC GRID-N0.2 VOLTAGE 200 mar 200 mour volts
DC GrID-N0.1 VOLTAGE . 175 mux -195 max volts
DC PLATE CURRENT. ... ... . 80 nae 70 mnax ma
DC GRID-NoO.1 CURRENT. .. 3.5 max 3.5 max ma
Prats INeUT 20 max 27 max watts



- DC Grip-No.2 VouLTaGE. .

PeA HHEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.............
Heater positive with respect to cathode. .. ...........

Typical Operation:

DC Grid-No.l Voltage o .. ... ... . 0iiin e,

From grid-No.l resistorof. . ... ... ..0iirinen. ..
Peak RF Grid-No.l Voltage. .. ......coovvvnnnnnnn..
DC Plate Current. . ...t

DC Grid-No.1 Current (ApproX.). .....ovvuviiennnnn...
Driving Power (Approx.)........ -
Power Qutput (ApPProX.). .. ovein it

Maximum Circuit Values {CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. .. ..................... ...

Technical Data

1.7 mar
6.7 max

100 max
100 max

2.3 mar
9 mex

100 max
100 max

500
180
33500
-50
20000
60

54

0.15
18

30000¢ nax

watts
watts

volts
volts

volts
volts
ohms
volts
ohms
volts
ma
ma
ma
watt
waltts

ohtns

@ Obtained preferably from separate source modulated along with plate supply, or frum 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 cathode resistor,

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

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and

RF POWER AMPLIFIER—Class C FM Telephony

- Maximum Ratings:
DO PLATE VOLTAGI. s i e iie e e

DC Griv-No.1 VOLTAGE
DC PLATE CURRENT. . ...........
DC GriD-No0.1 CURRENT
PLATE INPUT. ... it

PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. ..........
Heater positive with respect to cathode. . ............

Typical CCS Operation:

DC Plate Voltage. . ... . it

DC Grid-No.2 Voltage?® . P
From series resistor of . .. .. ... ... .. .. oL

DC Grid-No.1 Voltages ¢
From grid-No.1 resistor of e

Peak RF Grid-No.1 Voltage. . ......covivtevnnnnnn.n.

DC Plate Current. ... ... ie e enenan e,

DC Grid-No.1 Current (Approx.). . ......oovnivvnnun...
Driving Power (AppProX.). ... vt ivinrrnrinennrnnnnas
Power Output (AppProX.). .o iinnininrnrnnennnn.

Typical ICAS Operation:

DCPlate Voltage. . .. ...t iiiiiiieeerenarnnnnn.

DC Grid-No.2 Voltage®. . .. ... 0 iiiiiiiiiiineanrenn.
From series resistor of . . ... ... . .. o iiiiiii el

Peak RF Grid-No.l Voltage
DCPlate Current. ... ... ..o,

DC Grid-No.1 Current (APProX.) . v v vuiinn e n..

Driving Power (ApproX.). ... .. i iiinnninn.
Power Output (Approx.). . ...t einennnn,
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CCS
500 max
200 marx

=175 wax
75 max
3.5 max
30 mar
2.5 max
10 mac

100 max
100 mar

125 Me

400 500
190 185
190060 28300
~30 -10
10000 13500
41 50
75 60
11 11
3 3
0.12 0.15
20 20
125 Me

600

185

41500

-5

15000

57

66

10

3

0.17

27

ICAS
600
200 mar
=175 mar

83 mar
3.5 mar

0 mar
5 max
mar

<

2.
13.

e

100 ar
100 yar

160 Me
300
170

21500
=75

30000

85
i
6
2.5
1.5

13

160 Me
350
200

21500
90
30000
105
85

R

volts
volts
volts
ma
ma
watts
watts
watts

volts
volta

volts
volts
ohms
volts
ohms
volts

ma

ma
watts
watts

volts
volts
ohms
volts
ohms
volts
ma
ma
ma
watts
watts
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Moximum Circuit Values (CCS or ICAS conditions):

Grid-No T-Clrenit IResIstance. . ..t en e eiee i .300000 niaxt ohms
& Obtained preferably from separate source, or from the plate-supply voltage with a voltage divider, or
through a series resistor of value shown. A grid-No.2 series resistor should be used only when the 2E286 is
used in a cireuit 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 resistor, 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 o b L |

" E¢<6.3 VOLTS

Type 2126 requires Octal socket and GRIDaNEI2ROCTSENCO
may be operated in any position. Effec-
tive rf grounding and simplified shielding
are facilitated by the base sleeve with
separate base-pin connection and the sin-
gle base-pin connection for cathode, grid
No.3, and internal shield. OUTLINE 15,
Outlines Section.

For operation at 150 Mg, plate volt-
age and plate input should be reduced to
83 per cent of maximum ratings; at 160
Me, to 75 per cent; at 175 Me, to 68 per
cent. Plate shows no color when the tube
is operated at maximum CCS or ICAS
ratings.

°

Y

N

1 d
[e]
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VI S S YY)
&/ . T T
“Ng) VOLTS Eci=440"
——— +30
L +20

— Ecisr10

‘GRID-N2I MILLIAMPERES

] 100 200 300 400
PLATE VOLTS
92CM-06628T

AVERAGE CHARACTERISTICS

3 T T T
TYPE 2E26
£5=63 VOLTS
| GRID-N®2Z VOLTS=160

>
Q
S

o
o
o

PLATE (11 ) OR GRID-N2 2 (1¢2) MILLIAMPERES
3
(=]

© 100 oo 300 400 400 600 700
PLATE VOLTS 92CM-663tT

HALF-WAVE VACUUM .
RECTIFIER NE N

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 K
tact socket and may be operated in any position. OUTLINE 26, Oullines Section.
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Technical Data

HEATER VOLTAGE (AC). ... oottt e e e
HEATER CURRENT. 1ottt ettt ettt e et iiaas oo

HALF-WAVE RECTIFIER
Maximum Ratings, Design-Center Values:

2.5 volts
1.75 amperes

PEAK INVERSE PLATE VOLTAGE 12500 mazx volts
PEAK PLATE CHRRENT. ..o e it ea s 60 max ma
DC Ourrur CurkEe .. 7.5 mazx ma
tlor-SwrresiNa Tr rwn NT ( URRENT for duration of 0.2 second max ..... 100 mazx ma
AMBIENT TEMPERATURE. ... ottt it e e e 70 mazx o
Typical Operation:
AC Plate-Supply Voltage irms) . Lo 5500 volts
Total Effective Plate-Supply [Impedance. 0.3 megohm
Filter Input Capacitor. ... o e 0.1 ul
DC Output Current. ... 2 ma
DC Output Voltage, Atinput tofilter. . .. . L i 4500 volts
Seven-pin miniature type having
coated filament used as rf power am- 3A4
plifier in light-weight, compact, port-
able, low-power, battery-operated
equipment. May be used at full input
up to 10 Me. Class C maximum CCS8
plate dissipation, 2 watts.
Series Parallel
1.4 volts
0.2 ampere
2250 pumhos
: . ROO00 ohms
Lmu(,’r IM hm‘r ECTRODE CAPACITAN
Grid No.Lto plate. .o 0.34 mox uuf
Grid No.l to filament mul tap, grid No.3, and grid No.2. ... ..... 4.8 upf
Piate to filument mid-tap, grid No.3, and grid No.2. ... ... QCGo00000 4.2 uuf
* Plate volts, 1505 grid-No.2 volts, $0; grid-No.1 volts, -8.4,
RF POWER AMPLIFIER—Class C
Maximum CCS Ratings, Design-Center Values:
DC PLATE VOLTAGE L50 max volts
DC GRIB-NOZ Vou e 135 max volts
DO GRID-NOL VOLTAGE L. e -30 max volts
DO PLATE CURRENT. .t ottt et e et it 20 mazx ma
DYC GRID-NO CURRENT e et e et 0,25 mazx ma
Toral DC CATHODE CURRENT . 25 max ma
PrLatB INPUT. ..o 3 nax wutts
GRID-NO.2 INrUT. | .. 0.9 max watt
PLATE DISSIPATION Lo e e e 2 max watts
Typical Operaotion at 10 Mc (with Parallel Filanent Arrangement)
DO Plate Voltage . ..o 150 volts
DO Grid-No.2 Voltage. .. ... o 135 volls
Grid-No.l Resistor. ... . o . 0.2 megohm
DO Plate Current. ..o o 0oL 18.3 ma
DC Grid-No.2 Current. ..o oo oo 6.5 ma
DO Grid-No.b Current. oo oo 0,13 ma
Power Qutput (Approx.).. ... 1.2 watts

® For each 1.4-volt filament section.

OPERATING CONSIDERATIONS

Type 3A4 requires minjature seven-contact socket and may bhe 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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e RC. A Transmitting Tubes

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

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

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

Forseries-filament arrangement, filament voltageis applied between pins 1 and 7.
For parallel-filament arrangement, filament voltage is applied hetween pin 5 and

_pins 1 and 7 connected together. In series-filament arrangement, the grid-No.1
voltage is referred to pin 1. In parallel-filament arrangement, the grid-No.1 voltage
- is referred to pin 5.
Plate of the 3A4 shows no color when the tube is operated at maximum CCS
ratings.

MEDIUM-MU TWIN TRIODE

Seven-pin miniature type having

3 A 5 coated filament used as rf power ampli-

fier and oscillator in light-weight, com-

pact, portable, low-power, battery-

operated equipment. May be used at

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

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

position. OUTLINE 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 3A5 show
no color when the tube is operated at CCS ratings.

FILAMENT ARKANGEMENT Series Parullel
FILAMENT VOLTAGE (DC}. ....... 2.8 1.4 volts
FILAMENT CURRENT. ... vovvennn 0.11 0.22 ampere
TRANSCONDUCTANCE¥ . . ... ... vy . 1800 umhos
AMPLIFICATION FACTOR* . . ... ... oo . 15
PLATE RESISTANCE (Approx.)* 8300 ohms
DIRECT INTERELECTRODE CAPACITANCES (Each unit):
Grd Lo Plate. .. oo eui i 3.2 upl
Grid to filament mid-tap. .. ... .. i i 0.9 ppf
Plate to filament mid-tap. .. ..o eieirai e, 1.0 puf
Plate to Plate. ..o vvvetetreinninnt e 0.32 pupl

* 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 . « oo ettt teeettvnrnenanatensseessaneueuins nanns 135 max volts
DOC GRID VOLTAGE . 1 vttt ottt e v v e aes st s -30 max volts
DC PLATE CURRENT . . v v vt tveneunreanasensannseseranasronsacensss 15 max ma
IDC GRID CURRENT. | « v« « vt v evsinsveosinneosasesnasioissranasasesos 2.5 marx ma
PLATE INPUT .+ o o ottt e e e v e aain st s e 2 max watts
PLATE DISSIPATION . ¢ o0 vttt eve et e s es et stsar e tae e aacanosnsone 1 max watt
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Technical Data

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

DC Plate Voltage. . . ... . ittt ittt it ittt itan e 135
DO Grid Voltage . ..ottt ittt i ittt e et i aataenenens =20
From grid resistor of . . . ............ : 4000
From cathode resistor of . 57
Peak RF Grid-to-Grid Voltage. .............. .. 90
DC Plate Current.......oooiiiiiiienia, bo0 30
DC Grid Current (Approx.)...... 5
Driving Power (Approx.).............. 0.2
Power Output (Approx.). . 2

volts
volts
ohms
ohms
volts
ma
ma
watt
watts

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

Ne 214 ane HALF-WAVE GAS RECTIFIER

Xenon-filled rectifier of the coated-

ment subject to wide range of ambient
2 s temperature (=75° to +90°C). Maxi-
mum peak inverse anode volts, 4500;

filament type. May be used in equip- 3 825

maximum average anode amperes, 0.5. Requires Small four-contact socket and

may be operated in any position. OUTLINE 39, Outlines Section.

FILAMENT VOLTAGE (AC)° 2.5 volts
FILAMENT CURRENT, . ... v, ooo 5.0 ampercs
PEAK TUBE VOLTAGE DROP (APProX.) . . oottt 10 volts
° Filament voltage must be applied at least 15 seconds hefore application of anode voltage.
HALF-WAVE RECTIFIER
Maximum Ratings:
PEAK INVERSE ANODE VOLTAGE. .ottt vttt eiiininirinaansaes 4500 max volts
ANODE CURRENT:
D G Y <O 2.0 max anperes
AversgeT . ..o o 0.5 mac ampere
Fault, for duration of 0.1 sccond maximum. ... 20 mux amperes
FREQUIENCY OF POWER SUPPLY . ...ttt iiaiiininineneanannias 500 mazx cps
AMBIENT-TEMPERATURE JRANGIS. . .00ttt i ciin v ianans ~75 to -+90 °C
O Averaged over any period of 30 seconds maximum.
Operating Values:
Circuit Max. Trans. Approx. DC Max. DC Muae. DC
(For cireuit figures, refer to See. Volts Output Volts Output Ouatput KW
Rectifier Considerutions {RMS) To Filter Aniperes To Filter
Section) Iig. )l Eav Tuv 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 1.5 4.3
Quadrature Operation
Parallel Three-Phase ... ... 61 1800 2200 3.0 6.6
Series Three-Phase ..., .. 62 1800 4300 1.5 6.4
Half-Wave Four-Phase . . .. 63 1500 2000 1.8% 2. 0n 3.6% 4.0m
Half-Wave Six-Phase ... .. 61 1500 2200 1.9% 2.0a 4% 4.4a
* Resistive Loud s Inductive Load
Ne 5 Bogmze HALF-WAVE GAS RECTIFIER
; 3
Xenon-filled rectifier of the coated-
filament type. May be used in equip- 3828

. ment subject to wide range of ambient
el "4 L, temperature (—75°to +90°C). Rating
e I maximum peak inverse anode volts,
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10,000; maximum average anode amperes, 0.25. Rating IT: 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)° 2.5 volts
FILAMENT CURRENT .. ... ..vviinn. 5.0 amperes
PEAK TUBE VorTacr Dropr (Approx.) 10 volts

¢ Filament voltage must be applied at teast 10 seconds before the application of anode voltage.

HALF-WAVE RECTIFIER
Maximum Ratings:

PEAK INVERSE ANODE VOLTAGE. .. ... ... ... ... ..... 5000 maoe 10000 max volts
ANODE CURRENT:
PeaK. e 2 max 1 mar  amperes
Average . . 0.5 mar 0.25 max ampere
Fault, for duration of 0.1 second maximum............ 20 max 20 mar amperes
FREQUENCY OF POWER SUPPLY . .. .. ... ... ...t .. 500 max 150 mar cps
AMBIENT-TEMPERATURE RANGE. . ... ... . o o000 —75 to +90  —=75 to +90 °C

O Averaged over any period of 30 seconds maximum.

Operating Values:

Clrenit Mar. Trans. Approx. DC Max. DC Alax. DC
(For circuit figures, refer to See. Volts Output Volls Output Output KW
Rertifier Considerations (RMS) To Filter Amperes To Filter
Section) Fio. E Eav Tav Pde
In-Phase Operation
70000 3200 0.25 0.8
Half-Wave Single-Phase. . 57 35004 1600 0.5 0.8
35000 3200 0.5 1.6
Full-Wave Single-Phase. .. ST 1700+ 1600 1.0 1.6
7000° 6400 0.5 3.2
Series Single-Phase. .. ... 54 35004 3200 1.0 3.2
4000° 1800 0.75 3.6
Half-Wave Three-Phase. .. K0 20004 2400 1.5 3.6
Quadrature Operation
1000° 4800 1.5 Bl
Parallel Three-Phase. . . .. 61 20004 2400 3.0 7.2
10000 9600 0.75 7.2
Series Three-Phase. . .. ... 62 20004 4800 1.5 7.2
3500° 4300 0.9% 1.0%
Half-Wave Four-Lhase. ... 63 17004 2250 1.8% 2.0%
35000 4800 0.95% 1.0®
Half-Wave Six-Phase. . ... 61 17004 2400 1.9% 2.0
® For maximum peak inverse anode voltage of 10000 volts. * Resistive load.
4 For maximum peak inverse anode voltage of 5000 volts. ® Inductive load.
K
TWIN POWER TRIODE -
2(3 PT.
l{eater-cathode type containing
3C33 two high-perveance units used as in- -
dustrial control amplifier and voltage o1 (Oer
regulator. Control Amplifier maximum O
H H

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 tube is operated
at maximum CCS ratings.

HEATER VOLTAGE (AC DC). . ... 80000000000000a000000060000000000880Ga 12.6 volts
HeaTEr CURRENT. . ... o oo 1.125 amperes
AMPLIFICATION Facrtor (Each unit)* 11




Technical Data

DIRECT INTERELECTRODE CAPACITANCES (Each unit):

Grid to plate. ..o e e e 5.4 pul

Grid to eathode and heater, . ... ... 0 i it e 7.8 upl

Plate to eathode and heater. . ...t i, 4.2 wul
#* Grid volts, ~200; plate milliamperes, 90.

CONTROL AMPLIFIER SERVICE

Maximum CCS Ratings: Values are for each unit
PEAK PLATE VOLTAGE. ... ittt it e it tiiiiieieennnns =2000 max volts
DO GRID VOLTAGE . L. i it e e e i et iieenas =200 max volts
PEAK CATHODE CURRENT. .. ottt it e it iin i iae e 500 max ma
AVERAGE PLATE CURRENT. ..ottt e see e e eiaaiaan, 120 max ma
AVERAGE GRID CURRENT. . o ..o ittt ciie e iineaas 7.5 max ma
PLATE DISSIPATION Lo ittt ie e eens 16 max watts
PEAK HEATER-CATIODE VOLTAGE:

Heater negative with respeet to cathode. . oo ov o oo ves, 100 max volts

Heater positive with respect to cathode. . ... .o vviein .. 100 jnax volts
Burn TEMPERATURE (At hottest point) . ... ot iinn .. 250 max o
Maximum Circuit Values:
Grid-Cirenit Resistance:

When grid potential is always negative, ..o i, 0.5 maxr  megohm

When grid potential swings positive. ... oo ot iii i, 0.03 ;nuxr megohm

TWIN BEAM POWER TUBE

Glass-actal heater-cathode type used as
push-pull ri power amplifier and oscillator in

o2 6 ), intermittent mobile-service applications. May
% K be used with full input up to 15 Mc. OUTLINE 3E22
15 1S 21, Outlines Section. Heater volts (ac/dc),

(2) 12.6 = 109 (series), 6.3 = 10% (parallel); am-
0»32 peres, 0.8 (series), 1.6 (parallel). Direct inter-
Q) clectrode capacitances (each unit): grid No.l to
H H plate, 0.22 max wuf; grid No.l to eathode, grid
No.3, internal shicld, grid No.2, and heater, 14 uuf; plate to cathode, grid No.3, internal shield, grid No.2,
and heater, 8.5 upf. Maximum [ MS ratings as PUSH-PULL RF POWER AMPLIFIER AND OSCIL-
LATOR, CLASS C TELEGRAPHY (per tuhe): de plate volts, 600 mar; de grid-No.2 volts, 225 mas;
de grid-Nao.l volts, 175 mazx; de plate milliamperes, 175 max; de grid-No.1 milliamperes, 11 max; plate
input, 100 wae watts; grid-No.2 input, 6 max watts; plate dissipation, 35 mar watts; peak heater-
cathode volts, = 100 mar, Plates show no eolor when the tube is operated at maximum IMS ratings
during the normal cyele of 15 seconds on, 1 minute off. The 3E22 is a DISCONTINUED type listed for
reference only.
GaK

Gzcj\az O"O 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

H H 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, OQuilines Section. Plates show no color when the tube is operated ut
maximum COCS ratings.

HEATER ARRANGEMENT Series Parailel
HEATER VOLTAGE (AC/DC)ev v i vnineene.n., 0600000000000 12.6° 6.3° volts
HEATER CURRENT. ... ... e oo 1.125 2.25 wmperes
TRANSCONDUCTAXNCE (Each unit, approx.)* 8500 umhos
Mu-Facror, Grid No.2 to Grid No.l (Each unit)®*, ... ... ... 9
DirECT INTERELECTRODE CAPACITANCES (Each unit):
Grid No.l to plate (with external shield). .. ..............
Grid No.1 to eathode, grid No.3, grid No.2, and heater mid- 0,12 mazx wul
122 2 N 14.0 puf
Plate to cathode, grid No.3, grid No.2, and heater mid-tap. 7.0 unf

© Should not deviate more than +10%, or —5% from value shown.
# Plate volts, 250; grid-No.2 volts, 175; plate milliamperes, 60.
“#* Plate and grid-No.2 volts, 225; plate milliamperes, 60,

107



ST — ——— RCA Transmitting Tubes

MODULATOR-—Rectangular-Wave Modulation

Maximum CCS Ratings: Values are for both units in parellel
For Duty Factor® betiween .0001 and 1.0 and Maxinum
Averoying Tinte of 1200 Microseconds in Any Interral

DC PraTi-SurrLy VOLTAGE® . . mes
INSTANTANEOUS PLATE VoOLTAG! nmar
DC GRID-N0.2 SurpLY VOLTAGE* mar
DC Grib-No.1 SurpPLY VOLTAGE* . . a3 omax

=600 e
250 mar

INSTANTANEOUS GRID-NO.1 VOLTAGE
Prak PosiTive GRip-No.1 VorTtac

PEAK PLATE CURRENT. .. ........... ...... ® e
PEAK GRID-NO.2 CURRENT. ............... 3.5 mas
PEAK GRID-NO.1 CURRENT. . 4 mar
PLATE INPUT. ... e e 85 mar
GRID-NO.2 INPUT. . ... 3 mr
Grinp-No.1 INPUT 1 max
PLATE DISSIPATION. . .. L e it 15 wmacr
Prak HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. . ... ... ... ... ... ... 100 mar

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

volts
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 insiantancous 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 de resistance he used in the plate-supply circuit,
the grid-No.2-supply circuit,and the grid-No.l-supply circuit so that the short-circuit current is limited

to 0.5 ampere in each eircuit.

® For a duty factor between 0.0001 and 0.001, the rated peak plate current is 10 amperes maximum. For
higher duty factors, the peak plate current must be reducced. 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_65A ment type used as af power amplifier
and modulator and asrf power amplifier

and oscillator. May be used with full

input up to 150 Me. 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 orange-red color when the tube is operated at maxi-

mum CCS ratings.
FILAMENT VOLTAGE (AC/DC) . .. oottt it 6.0

FI1LAMENT CURRENT 3.5
TRANSCONDUCTANCE™ . . ... i i 4000
Mu-FacCToR, Grid No.2 to Grid No.1 5

DIRECT INTERELECTRODE CAPACIT:
Grid No.1 to plate 0.08 max
Grid No.1 to filament and grid No.2. . .. .. .. ... ... ... ... ivuon. 7.5
Plate to filament and grid No.2. ... ... .. .. ... . . .. 2.2

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

DO PLATE VOLTAGE. . - o ittt e 2500 max
DC Grip-No0.2 VOLTAGE . . Goncnoaponann 400 max
DC PLATE CURRENT. .« .ottt it ie e e e b 120 max
GRID-NO.2 INPUT. .. ... 10 max
PLATE DISSIPATION . . . .t i it ittt it et et it et aaes 45 max
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and

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

DC PLATE VOLTAGE. . . oot ittt it it ittt e ia et ineans 3000 max
DC GRID-NO.2 VOLTAGE. « ..ottt it et e e e e e 600 max
DC PLATE CURRENT. . ... oivinnan.nn 050606000000000000000008003600500 150 max
GRID-NO.2 INPUT . Lo i i i e e e e ettt 10 max
PLATE DISSIPATION . . . v ivvnnninnnnnann 00000G0GGEBEnaaabaCaRaGEAEE D 65 max

volts
amperes
pmhos

puf
puf
puf

volts
volts
ma
watts
watts

volts
volts
ma
watts
watts



— Technical Data

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 Me

Forced-air-cooled, thoriated-
tungsten-filament type used as af 4-] 25A/
power amplifier and modulator and as 4D2'|

with natural cooling, or 120 Me 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) . v o ittt et et e e e et e et e 5.0 volts
FILAMENT CURRENT. . . ................ 6.5 amperes
TRANSCONDUCTANCE®, . ... ... ....... .. 2500 umhos
Mu-FacTor, Grid No.2 to Grid No.1, 5.9
DIRECT [NTERELECTRODE (CCAPACITANCES:
Grid-No.1 to plate (Base shell connected to ground) ... ... ... ... ..... 0.05 puf
Grid No.1 to filament, grid No.2, and hase shell 11 uul
Plate to filament, grid No.2, and hase sheli. . ......... .. ... .. ...cceunn 3.2 uuf
PLATE-SEAL TEMPERATURES:
Continuous Service. . ... v e 170 °C
Intermittent Service (53 minutes On followed by 3 minutes Off .. .. .. ..., 220 °C
* Plate volts, 2500; grid-No.2 volts, 400; plate milliamperes, 50,
AF POWER AMPLIFIER AND MODULATOR—Class AB2
Maximum CCS Ratings:
DO PLATE VOLTAGE. ... .. e 3000 max volts
DC GRID-NO2 VOLTAGE. .. ..ot oo 400 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. | 225 marx ma
GRID-No.2 INPUT®. ... ..., ...l .. 20 max watts
PLATE DISSIPATION® . . i e 125 max watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance. . ... ...ttt i i 0.25 maxr megohm
® Avecraged over any audio-frequency eyele of sine-wave form.
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Ratings:
2500 max volts
400 max volts
-500 max volts
200 max ma
20 max watts
5 mar watts
85 mar watts
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
DC I'LATE VOLTAGE. . 3000 max volts
DC Grip-No0.2 VOLTAGE 400 mazx volts
DC Grin-No.1 VoLTAG ~500 max volts
DC PLATE CURRENT, . 225 max ma
GRID-NO.2 INPUT. . ... 20 max watts
Grip-No.1 INPUT. .. o 5 max watts
PLATE DISSIPATION .« sttt et ite ittt ittt eisses ssrassaaaasanas 125 max watts
BEAM POWER TUBE 4-250A

See type 6156/4-2504.
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BEAM POWER TUBE

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

sten-filament type used as af power
5D22 amplifier and modulator and as tf
power amplifier and oscillator. May be
used with full input up to 30 Mec with

natural cooling, or 75 Mecwith 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 be operated in vertical position only,
hase up or down. OUTLINE 40, Ouflines Section. Plate shows an orange-red color

when the tube is operated at maximum CCS ratings.

FILAMENT VOLTAGE (AC/DC) 5.0
FILAMENT CURRENT. . ...... 14.6
TRANSCONDUCTANCE® . . ... ... ....... 4000
Mu-Facror, Grid No.2 to Grid No.1.. 5.1
DIRECY INTERELECTRODE CAPACITANCES:

Grid No.l to plate (Base shell connected to ground) 0.12

Grid No.l to filament, grid No.2, and base shell .. ... ... .. 13

I'late to filament, grid No.2, and base shell. ... ... ... .. 4.6
PLATE-SEAL TEMPERATURE, Continuous Service. ... ... oo, 170
#* Plate volts, 2500; grid-No.2 volts, 5300; plate milliamperes, 100,

AF POWER AMPLIFIER AND MODULATOR—Class AB

Maoximum CCS Ratings:
DG PLATE VOLTAGE. ... L. 4000
DC GRI-NO2Z VOLTAGE. ... ... 600
MAXIMUM-SIGNAL DO Prati CurkRi o . 350
GRID-NO2 INPOT®. L 35
Grap-Nol INvuT® oo e 10
PLATE DISSIPATION® . L o i i i i 250

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

DC PLATE VOLTAGE. . ..ot it it i ia s 3200
13O GRIB-NO.2 VOLTAGE . Lo i e e et e ia e iaaiae s 600
DC Grip-No.1l VOLTAGE. . ... .. —500
DC PLATE UURRENT. 276
GRID-N0.2 INPUT. . 35
Gri-No.l inrur. 10
1OL.00v0 [T, 0 0 0o aooooaseas000000000000a000000000000000000000000 165

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
Maximum CCS Ratings: RF POWER AMPLIFIER—Class C FM Telephony
DY PEATIE VOLTAGE. L ittt it it it e tieiie ittt e ia et aane s 4000

DC GrID-N0.2 VOLTAGE £00
DC GrID-No.1 VOLTAGE v =500
D PLATE CURRENT. ... ... ... paaa 350

GRID-N0.2 INrUT 35
Grip-No. INrur 10
A2 L DS PP@RT 0 0 0 0 0 0 0 0 @ nc0nan0a0aa 00000608003 00000a00900000a000aG 250

BEAM POWER TUBE

Forced-air-cooled thoriated-tung-

4-400A sten-filament type used as af power
amplifier and modulator and asrf power

amplifier and oscillator. May be used

with full input up to 110 Me, Class C

max

max
nar
nae
nae
mar
mar

X
L
nmar
mar
mnax
HtilL
mar

Har
meae
max
mdar
max
mar
maa

Gy

volts
amperes
nmhos

nusf
ppt
wuf
°C

volts
volts
ma
watts
watts
watts

volts
volts
volts
ma
watts
watts
watts

volts
volts
volts
ma
wutts
watts
watts

Telegraphy maximum CCS plate dissipation, 400 watts. Requires Special Metal-
Shell Giant five-contact socket and may be operated in vertical position only, base

up or down. OUTLINE 40, Ouflines Section.
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FILAMENT VOLTAGE . ... ... . oot i ao 5.0 volts
FILAMENT CURRENT. . . ........ ... .. .. 14.5 amperes
TRANSCONDUCTANCE® . . . ... ... . .. . i .. .. 4000 wpmhos
MU-FACTOR, Grid No.2 to Grid No.l. 5.1
DIRECT INTERELECTRODE CAPACITANC
Grid No.l toplate. ... ... . .. .. . 0.12 max unf
Grid No.1 to filament, grid No.2, and base sheli., . ........... ... ... 13 nufl
Plate to filament, grid No.2, and baseshell . .. ... ... .. ... ... ...... . 4.6 upf
BASE SEAL TEMPERATURE 200 max °C
PLATE SEAL TEMPERATURI 225 marx °C
* Plate volts, 2500; grid-No.2 volts, 500; plate milliamperes, 100,
AF POWER AMPLIFIER AND MODULATOR—Class AB
Maximum CCS Ratings:
4000 max volts
800 max volts
350 max ma
35 max watts
10 max watts
400 mar watts

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

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum CCS Ratings: Al frequencies up to 110 Me

DC PLATE VOLTAGE. . .. ..ottt et 3200 max volts
DC Gr1D-No0.2 VOLTAGE. 600 mar volts
DC GriD-NO.1 VOLTAGE. . e -500 max volts
DC PLATE CURRENT. .. .ttt ettt et e e e e e i ie e . 275 max ma
GRID-NO.2 INPUT. . .. ...... noonoocoaRoaGcoaanAnoaRaa s 35 max watts
GRIp-No.1 INvuT. .. ... ... .. 10 mar watts
PLATE DISSIPATION. . ..ot e e 270 maor watts

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings: At freguencies up {o 110 Me
DC PLATE VOLTAGE. . ...ttt i e e e e e 4000 marx volts
DC Grip-No0.2 VOLTAGE 600 mar volts
DC GRID-No.1 VoLTAGE -500 max volts
DO PLATE CURRENT. .. .. ... oot i 350 mazx ma
GRID-No.2 INPUT. ... ... .. .. 35 max watts
GRID-No.1 INPUT. . ... .. ... .. 10 max watts

400 mar watts

PLATE [MSSIPATION, . ... .. ..

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 4 'IOOOA
maximum CCS plate dissipation, 1000 watts. -
Requires Special five-contact socket and may he
operated in vertical position only, base up or
down. OUTLINE 62, Outlines Seetion. Plate shows
an orange-red color when tube i3 operated at
maximum CCS ratings. The 4-1000A is used
prineipally for rencewal purposes.

7.5 volts

21 amperes

TRANSCONDUCTAN 10000 umhos
Mu-IF'acror, Grid No.2 to Grid No.1. 7

DIRECT INTERELECTRODE CAPACITANCES:

Grid No.1 to plate (Base shell connected to ground) 0.26 uuf

Grid No.1 to filament, grid No.2, and base shell 28 wpl

Plate to filament, grid No.2, and baseshell. . ................... . ... R ppl

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

Maximum CCS Ratings: Al frequencies up lo 110 Me

DC PLATE VOLTAGE. ... ..o N50EO0GEORE00N0N0600600000000 5000 max
DC GRID-NOZ VOLTAGE . . 1t v ittt i it ie i iaaea e 1000 mazx
DC PLATE CURRENT. ... ........ .. 600 mar
GRID-No.2 INpUT NB 0000 00000Ea00E00000E0000000aAE66800060000000000 75 mux
PLATE DISSIPATION. . oo it aana s 670 max

RF POWER AMPLIFIER AND OSCLLATOR—~Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings: Al frequencies up to 110 Me
TIC PLATE VOLTAGE . . o« oottt ettt et et e e i ie s e 6000 mar
DO GRID-NO.2 VOLTAGE . - oottt ittt it e et e e e nsa s 1000 max
DC PLATE CURRENT. .. oottt ittt ittt ie e eamens TO0 max

TH max
1000 pieax

GRID-IN 0.2 INPUT .« ot ittt ettt ettt ettt e et e ia e ieaas s
PLATE DISSiPATION

POWER TRIODE

Foreed-air-cooled heater-cathode ty pe used
as Class C plate-pulsed oscillator. May be used
with full input up te 625 Me. Maximum over-all

4C33 length, 4-7/8 inches; maximum diameter, 2.062
inches. Filament volts (ac/de), 5.0; amperes,
9.1; starting eurrent, 16 maxc amperes. Direct
interelectrode capacitances: grid to plate, 13
uuf: grid to cathode. 84 upf: plate to cathode, 0.7
uuf. Maximum CCS ratings as Plate-I'ulsed

volts
volts
ma
watts
watts

volts
volts
ma
watts
watls

Oscillator—Class C: peak plate pulse supply volts, 13000 max; peak grid-bias voits, -2000 mar; peak
plate amperes from pulse supply, 30 mar; peak rectitied grid amperes, 4 was; de plate milliamperes, 30
mar; de grid milliamperes, 4 mog; peak plate input, 390000 max walls; plate digsipation, 2500 nar watts;
pulse length, 5 max microsceonds. The 4C33 is a DISCONTINUED type listed for reference only.

BEAM POWER TUBE
4CX2508 See type 7203/4CX250B.

BEAM POWER TUBE
4CX250F See type 7204/4CX250F.
4D21 BEAM POWER TUBE

See type 4-126A/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 Mec. Class C Telegraphy

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

mum CCS ratings.

FILAMENT VOLTAGE (AC/DC) . ¢ ot ittt it i e ettt iar s 5.0
FILAMENT CURRENT . . ittt it e it ittt it in e taee e e n e 7.5
TRANSCONDUCTANCE (For plate current of 73 milliamperes) . .. ... oo 2800
DirECT INTERELECTRODE CAPACITANCES:
Grid to plate (Base shell connected to ground) . ... ... 0.06
Grid No.1 to tiltament, grid No.3, grid No.2, internal shield, and base shell. . . 1t
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:

IDC PLATE VOLTAGE. .« .ttt ittt it ittt tit ettt i ta it iaa s 4000 max voits
DC GRID-N0.2 VOLTAGE . . .. 750 max volts
DC Grinp-No.1 VOLTAGE . ... -500 max volts
DC PLATE CURRENT. ........ oo 150 max ma
DC GrID-N 0.2 CURRENT 30 max ma
DC Grin-No.l CUKRRENT oD 25 max ma
Prate INrut.... ...l . 300 max watts
GRID-N0.2 InruT .. 25 max watts
................................................... 75 mazx watts

BEAM POWER TUBE

Thoriated-tungsten-filament type 4E 2 7A/

used as af power amplifier and modu-

lator and as rf power amplifier and 5_] 25 B
oscillator. May be used at full input

up to 75 Me. 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. QUTLINE 38, Outlines
Section. Plate shows a cherry-red color when the tube is operated at maximum CCS
ratings.

FILAMENT VOLTAGE (AC/DC) . o .ttt ittt ittt ea e cacaaearearannns 5.0 volts
FILAMENT CURRENT. o oottt ittt ittt et ia i ie i ca i ea e aans 7.6 amperes

TRANSCONDUCTANCEX . | Lottt ittt it et ia i ea e ianenns 2500 pmhos
MU-FACTOR, Grid No.2 to Grid No. 1. ... ..o iiiiii i 5
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.1 to plate (Base shell connected to ground) . . .. ................ 0.08 max uuf

Grid No.1 to filament, grid No.3, grid No.2, and base shell . 11 uufl

Plate to filament, grid No.3, grid No.2, and base shell . . . ... 4.8 upf
SEAL TEMPERATURE. L. ... ittt it e e i i i e s 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—Ciass C FM Telephony

Maximum CCS Ratings:
DC PLATE VOLTAGE. ... ... ittt i it it i 4000 mazx volts
DC GrIp-No.3 VOLTAGE 75 max volts
DC GrID-N0.2 VOLTAGE . . .. .. 750 max volts
DC Grin-No.l VOLTAGE . . . =500 max volts
DC PLATE CURRENT 200 max ma

Gri-No3 INvur. .. ..., ... o 20 max watts
GRrID-NO.Z INPUT. .. ... .. 20 max watts
Grip-NoJ Isewvr, oL 6 max watts
125 mux watts

BEAM POWER TUBE

Foreed-air-cooled heater-cathodetypeshav-
ing integral plate radiators used as af power am-
plifiers and modulators and as rf power ampli- 4X] 50A
ficrs and osecillators. May be used with full in-
put up to 500 Mec. Maximum over-all length,
2-15/32 inches; maximum diameter, 1.635 4X] 50D
inches. Type 4X150A heater volts (ac/dc), 6;
amperes, 2.6, Type 4X 150D heater volts (ac/de),
26.5; amperes, (.58, Direct interelectrode capac-
itances: grid No.1 to plate, 0.02 puf; grid No.2 to cathode, grid No.2, and heater, 16 puf; plate to cath-
ode, grid No.2, and heater, 4.2 puf. Maximum CCS ratings as RF POWER AMPLIFIER AND 0OS-
CILLATOR—Class C Telegraphy: de plate voltage, 1250 mazx; de grid-No.2 voltage, 300 maxr; de grid-
No.1 voltage, —250 maox; de plate milliamperes, 250 max; grid-No.2 input, 12 max watts; grid-No.l in-
put, 2 mar watts; plate dissipation, 150 mar watts. The 4X150A and 4X150D are DISCONTINUED
types listed for reference only; as replacements, the 7034/4X150A and 7035/4X 150D, respectively, arc
direetly interchangeable.
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BEAM POWER TUBE

Forced-air-cooled type having in-

tegral plate radiator and thoriated-

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

full input up to 120 Mc. Class C Teleg-

raphy maximum CCS plate dissipa-

tion, 500 watts. May be operated in

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

Min, Avrg. Muax.
FILAMENT VOLTAGE (AC/DC) . . . oot - 5.0 - volts
FILAMENT CURRENT 12.2 = 13.7 amperes
TRANSCONDUCTANC 5200 umhos

MU-FACTOR, Grid No.2to Grid No.1. . ... ... ... 4.5 - 6.5
IIRECT INTERELECTRODE CAPACITANCES:

Grid No.1 to plate - - 0.1 uuf
Grid No.1 to filament and grid No.2. ... ........ 10.6 - 14 .4 unf
Plate 1o filament and grid No.2. ... ....... bo 4.9 - 6.9 upt
RADIATOR-CORE TEMPERATURE ... ... ... ... .. 150 °C
GLASS-METAL SEALS TEMPERATURE 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:
DO PLATIE VOLTAGE . ..o it ettt e 4000 max volta

NC GrI-N0.2 VOLTAGE 500 max volts
DC Grin-No.1 VOLTAGE =500 max volts
DC Pratiz CURRENT. . ... ..... 350 1nux ma
GRID-NO.2 INPUT. ... ... 30 max watts
GRID-NO.L INPUT. .« o i e e i a s 10 mar watts
(P20 IDFEYYPAIT™ o 0 0 0 6 0 0 000006006060 0000006000600000000000060000000 500 max watts

5.125B BEAM POWER TUBE

See type 4E274,5-125B.

5D22 BEAM POWER TUBE

See type 4-250A 5022,

FULL-WAVE VACUUM
RECTIFIER

Coated-filament type used in pow-

5R4GY er supply of transmitting and indus-

trial equipment. Rated for a maximum

peak inverse plate voltage of 2800 voits

and maximum peak plate current of

650 milliamperes at altitudes up to 20,000 feet, it may be used at altitudes up to

40,000 feet with reduced plate voltages. Requires Octal socket and may be 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 5 volts
FILAMENT CURRENT . . o oo ottt ittt ettt ci s anaiaesn 2 amperes
TURE VOLTAGE DROP (Approx.):

Measured with applied de at 230 milliamperes per plate ... . . ... 67 valts
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FULL-WAVE RECTIFIER

For Altitudes For Altitudes

Maximum Ratings, Design-Center Values: up to L0000 Feet up to 20000 Feet
PEAK INVERSE PLATE VOLTAGE (No load) ... 2100 maz 2400 max 2800 max volts
PEAK PLATE CURRENT (Per plate) ......... 650 mazx 650 maz 650 max ma
DC OurtruT CURRENT:

With capacitor input to filter. .. ............... 250 maxr 175 mazx 150 mazx ma

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

Fullload......... .. ... ... . ... i 1400 1500 1800 volts

No Load.......... 1500 1700 2000 volts
Filter Input Capacitor 4 4 4 uf
Total Effective Plate-Supply Impedance (Per plate)® 125 500 575 ohms
DCOutput Current. .. .............oiviinn... 250 150 160 ma
DC Output Voltage at Input to Filter (Approx.):

At Half Load 790 900 1060 volts

At Full Load 700 810 9590 volts
Voltage Regulation, Half-Load to Full-Load Current

(ADPProX.) .. i it e 90 90 110 volts
Typical Operation with Choke-Input Filter:
RMS Plate-to-Plate Supply Voltage:

Full Load........ ... .. . i, 1500 1900 volts

NoLoad........oooovnuno., .. 1700 2000 volta
Filter Input Choke. . ................. 5 10 henries
DC Output Current 250 176 ma
DC Output Voltage at Input to Filter (Approx.):

At Half Load 590 810 volte

At Full Load 560 750 volts

Voitage Regulation, Half-Load to Full-l.oad Current
(APDPIOX.) oottt e e e e e 40 60 volta

® For choke not less than 5 henries,

4 For choke not less than 10 henries.

& Indicated values for conditions shown will limit peak plate current to maximum rated value. When a
filter-input capacitor larger than 4 microfarads is used, it may be necessary to use more plate-supply
impedance than the value shown to limit the peak plate current to the rated value.

P02 FULL-WAVE VACUUM

o o RECTIFIER
Couted-filament type used in pow-
G) er supply of transmitting and indus- 5R4GYB
U trial equipment. Rated for a maximum
ORIO. peak inverse plate voltage of 3100 volts
e g 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 vertieal position, base up or down, or in horizontal position with pins 2 and 4 in
vertical plane. OUTLINE 20, Qutlines Section.

FILAMENT VOLTAGE (AC, DG . e et ee s 53 volits

FILAMENT CURRENT . ..ot et e e i i i 2 amperes
HALF-WAVE RECTIFIER

Maximum Ratings: For altitudes up to: 40000 20000 feet

PEAK INVERSE PLATE VOLTAGE. .. ... . o 2650 maox 3100 max volts

AC Prate SurrLy VouTAch (Per plate, rms, without load) . . . See Rating Chart 1

PEAK PLATE CURRENT (Per plate). .. . 715 max 715 max ma

DC OQurPuT CURRENT (Per plate).

Nee Rating Chart |
»

Hor-SwWITCiNG TRANSIENT PLATE (,lmuh\] (Per plate) . . ... .
Burs TEMPERATURE (At hottest point) ... ... ... . ... ... 230 max 230 max o
Typical Operation with Capacitor-input Filter:

For altitudes up ta: 40000 20000 Seet
AC Plate-to-Plate Supply Voltage (rms. vithout load) 1400 1500 2000 volts
Filter-Input Capacitor. . ............ ... . ......... 20 20 20 uf
Total Effective Plate Supply Linpedance (Per plate)® | 225 250 375 ohms
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DC Output Voltage at Input to Filter (Approx.):

At Half Load, ma=75 = 910 1210 volts
At Half Load, ma= 50 = = volts
b = 800 1040 volts
5 605 - - volts
Voltage Regulation, Half Load to Full-Load Current,
A DDOX. ) . ot e e 145 110 170 volts
DC Output Current. . ..o 250 150 150 ma
Typical Operation with Choke-Input Filter:
For altitudes up lo: L0000 20000 Seet
AC Plate-to-Plate Supply Voltage (rms, without load). ... ... 1500 1900 volts
Filter-Input Choke. . ... .o e i i 5 10 henries
D Output Voltage at Input to Filter (Approx.):
For de output:
FES6Y7 85 0 0 0 0000000 G0aN0OB0a0DaON0AN0A000DE000000 - 800 volts
ma=125 600 = volts
ma=175 - 760 volts
ma=250 560 - volts
Voltage Regulation, Half-Load to Full-Load Current, (Approx.) 10 40 volts
DC Output Current. . .. ...ve i e e 250 175 ma

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

8 1f hot-switching is required in operation, choke-input circuits are recommended. Such circuits limit
the hot-switching current to a value no higher than that of the peak plate current. When capacitor-
input circuits are used, a maximum value of 3 amperes should not be exceeded.

® Indicrted values for conditions shown will limit peak plate current to maximum rated value. When
a filter-input capacitor larger than 20 microfarads is used, il may he necessary to use more plate-supply
impedance than the value shown to limit the peak plate current to the rated value.

RATING CHART !
TYPE 5RAGYB
| £=5VOLTS AC

Lol OPERATING AREAS FOR
MAXIMUM OPERATING SIMULTANEOUS AND DELAYED

VALUES WITH: APPLICATION OF PLATE VOLTAGE
R !T%PRU Y NFP‘OII’E FLTER
TvPe SRAGYB

T T
MAX/MUM VOLTAGE FULL-WAVE RECTIFIER SERVICE WITH
RATING:

DC OUTPUT MILLIAMPERES PER PLATE

» CAPACITOR ~INPUT FILTER.
UP TO 20000 FEET & AREA I - FILAMENT AND PLATE VOLT-
160 [ AT 43000 FEET — u AGE MAY BE APPLIED SIMULTANEOUSLY.
< ) | ~ H AREA I - FILAMENT SHOULD BE ALLOW-
e~ \ S ED TO REACH OPERATING TEMPER~
~E TN % o ATURE BEFORE PLATE VOLTAGE IS
120 = APPLIED. FOR AVERAGE CONDITIONS,
\ - THE DELAY IS APPROXIMATELY 10
N > SECONDS.
[ 300
80 0 ) T
(=]
o
o

A \
He yREA\
AREAT N

- "I TTIN

0 200 400 600 800 1000 (200
S AC VOLTS PER PLATE (RMS)
[¢] 400 800 1200 92¢5- IB4T

AC PLATE SUPPLY VOLTS (RMS)
PER PLATE (WITHOUT LOAD}
92CM-9943T1

POWER TRIODE

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

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

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

peres, 12.1; starting current, 24 maxr amperes.

Direct interelectrode capacitances; grid to plate. L

4.4 ppf; grid to filament, 4.6 puf; plate to fila- M
ment, 3.2 upf. Maximum (CS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate
volts, 3000 mazx; dc grid volts, -500 mazx; dc plate milliamperes, 500 maz; de grid milliamperes, 150 maz;
plate input, 1500 max watts; plate dissipation 600 max watts. The 624 is a DISCONTINUED type
listed for reference only. As a replacement, the 5786 is a similar type although not directly interchange-
able.

r
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POWER TRIODE

Acorn type having heater-cathode
used as rf power ampilfier and oscilla-
tor at frequencies up to 1200 Me. Class
C Telegraphy maximum plate dissipa-
vieweD FROM SHORT eno tion (design-center value), 2 watts.

6F4

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

CCS ratings.

HEATER VOLTAGE (AC/DC) . . i ittt it ettt ee et 6.8
HEATER CURRENT 0.225
TRANSCONDUCTANCE® . | L. e 5800
AMPLIFICATION FACTOR® . ... . i 17
PLATE RESISTANCE (APProx. ™. e e 2900
DIRECT INTERELECTROME CAPACITANCES:

Gridtoplate. .. 1.8

Grid to ecathode and heater. ..o oL o Lo e 1.9

Plate to cathode and heater. .. .. . L 0.6

* Plate-supply voltg, 80; cathode resistor, 150 ohms; plate milliamperes, 13.

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

Maximum CCS Ratings, Dislyn-Center Values:

DO PLATE VOLTAGE . _ L e e iaes 150
DO PLATE SUPPLY VOITAGE ... e 300
DO GRID VOLTAGE. .. L. . it it i -50
DO PLATE CURRENT. « . oo oottt ittt it a e e 20
DC GRID CURREN? 8
PLATE INSBIPATION . L i it i ia it it 2
AR HEATER-CATHODE VOLTAGE:

Heater negative with respect toeathode. .. oo oo o o iiaiii L 80

Heater positive with respect toeathode. .. ..o i i o iieian.n 80

POWER TRIODE

‘Thoriated-tungsten-filament type used as
< rf power amplifier and oscillator. May be used
with fullinput up to 8 Mc. Requires Small four-
contact socket and may be mounted in vertical
position only, base down. QUTLINGE 32, Outlines
Rection. Filament volts (ac, de), 7 amperes,
1.25. Diireet interclectrode capacitances; grid to
plate, 7 uuf; grid (o fillament, 4 uul’; plate to fila-
ment, 3 ppf. Maximum CCS ratings as RE

4
ip

maxr
max
mazr
mar
maex
maz

mar
max

10Y

volte
ampere
umhos

ohms

unf
uuf
unf

volts
volts
volts
ma
ma
watts

volts
volts

POWER AMPLIFIER AND OSCILLATOR, CLASS ¢ TELEGRADPHY: de plate volts, 450 inaz;
de grid volts, -200 nue; de plate milliamperes, 60 uax; de grid mitliamperes, 15 max; plate input, 27 mazx
watts: plate dissipation, 15 mas watts, Piate shows no ¢olor when tube is operated at maximum CCS8
ratings. The 10Y isa DISCONTINUED typelisted lor reference only, The 8014 is a direct replacement

for the 10Y.

FULL-WAVE MERCURY-
Poz P VAPOR RECTIFIER

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

83

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

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

FiLaAMENT CURRENT. ..o .vvinennnn.s oo 3 amperes

TUBE VOLTAGE DROP (APDPIOK.) t vttt ii i titicn i ienseeit i intasssanns 16 voits
FULL-WAVE RECTIFIER

Maximum Ratings, (Design-Center Values):

PeAK INVERSE PLATE VOLTAGE. . .... 1550 mazx volts

Peak Pr.aTe CURRENT (Per plate).. .. .. 1 mazx  ampere
DC OUTPUT CURRENT. . . .. ...iitiiieenanns 225 max ma
CONDENSED-MERCURY TEMPERATURE RANGE. .. ... ... i inninn.. 20 to 60 °C

Typical Operatian {With Capacitar-Input Filter}:

AC Plate-to-Plate Supply Voltage (rms). . ... ... ... .iiiiiiiiuaeua., 900 volts
Minimum Total Effective Plate-Supply Impedance (Per Plate)t . 50 ohms
DC Output Current. . . ...t i i e 225 ma
Typical Operatian (With Choke-Input Filter):

AC Plate-to-Plate Supply Voltage (rms) .. 1100 volts
Minimum Filter-Input Choke............... 3 henries
DC Output CUITeNt. . ..ttt ittt it e e i iie e 225 ma

t When a filter-input capacitor larger than 40 uf 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 r e [
amplifier and oscillator. May be used with full

203A input up to 15 Mec and with reduced input up
to 80 Mec. Requires Jumbo four-contact socket
and may be mounted in vertical position only,
base down. Maximum over-all length, 7-7/8
inches; maximum diameter, 2-5/16 inches. Fila- G
ment volts (ae/de), 10; amperes, 3.25. Direct
interelectrode capacitances: grid to plate, 14 uuf; grid to filament, 5.7 uuf; plate to filament, 4.4 uuf.
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR, Class C Telegraphy: dc
plate volts, 1260 maz; de grid volts, —400 maz; dc plate milliamperes, 175 maz; dc grid milliamperes,
60 max; plate input, 200 max watts; plate dissipation, 100 maz 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.

f

POWER TRIODE

Thoriated-tungsten-filament type used as G[]8LADE
af power amplifier and modulator and as rf
power amplifier and oscillator. May be used
204A with full input up to 3 Mc and with reduced in- 2
put up to 30 Mc. Requires special end-mounting
and may be mounted in vertical position with
filament end up, or in horizontal position with
plane of plate in vertical plane. Maximum over-

[
all length, 1424 inches; maximum diameter, P
4-1/16 inches. Filament volts (ac/dc), 11; amperes, 3.85. Direct interelectrode capacitances: grid to
plate, 16 uuf; grid to filament, 12.5 uuf; plate to filament, 2.3 uuf. Maximum CCS ratings as RF POWER
AMPLIFIER AND OSCILLATOR, Class C Telegraphy: de plate volts, 2500 max; de grid volts, 500
maz; de plate milliamperes, 275 max; de grid milliamperes, 80 max; rf grid amperes, 10 maz; plate input,
690 mazx watts; plate dissipation, 250 max watta. Plate shows a barely perceptible red color when tube is
operated at maximum CCS ratings. The 204A ia a DISCONTINUED type listed for reference only.

POWER TRIODE

Thoriated-tungsten-filament type used as

: t(2 A o 4
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 Mc. Requires Jumbo four-contact
socket and may be mounted in vertical position. b
base down, or in horizontal position with pins 1 o °

and 3 in vertical plane. QUTLINE 52, Outlines © r
Section. Filament volts (ac/dc), 10; amperes.
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3.25. Dircet intereleetrode capacitances: grid to plate, 14 paf; grid to filament, 5.4 uuf; plate to filament,
4. 8 puf. Maximum CCS ratings as RI° POWER AMPLIFIER AND OSCILLATOR, Class C Telog-
raphy: de plate volts, 1250 mar; de grid volts, =400 max; de plate milliamperes, 1756 maz; de grid milli-
amperes, 50 max; plate input, 220 mer watts; plate dissipation, 100 maz watts. Plate shows a barely
pereeptible 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 trunsmitting and industrial
cyuipment. Requires Jumbo four-contact socket
and may be mounted in vertieal position, hase
down, or in horizontal position with pins 1 and
3 in vertieal planc. OUTLINE 53, (itlines See-
tion. Filament volts (ae), 10; amperes, 3.25.

217C

AMaximum ratings: peak inverse plate volts, 7500 mar; peak plate amperes, 0.6 maz; average plate
amperes, .15 suoe, The 217C is & DISCONTENUED type listed for reference only. As a replacement,

the 836 is a similar type although not directly interchangealle.

HALF-WAVE MERCURY.-
VAPOR RECTIFIER

(C'oated-filament type used in pow-
or supply of transmitting and indus-
trial equipment. Maximum peak in-
verse anode volts, 15000; maximum
average anode amperes, 1.5. Requires

S75A

Jumbo four-contact socket and may he operated in vertical position only, base down.

OUTLINE 65, Outlines Section.

FILAMENT VOLTAGE (AC) . .o it
FHAMENT CURRE
PEAK TURE VOLTAGE DROP (APDPIox.) . ... ...

° Filament voltage must be applicd at least 30 seconds bel’oro upplication of anode voltage.

HALF-W AVE RECTIFIER—In-Phase Operation
Maximum Rctings For supply frequency of 60 cps
10000 max

A\nnh a3 Umm 'T.
K T mazx
Average S 1.75 max
Fault, for duration of 0.1 sccond maximum 100 mar
CONDENRED-MERCURY-TEMPERATURE RANGE. . ........, 20 to 60

15000 max

6 max
1.6 mazx
100 mazx
20 to 60

HALF-WAVE RECTIFIER—Quadrature Operation

Maximum Ratings: For supply frequency of 60 cps
PEAK INVERSE ANODE VOLTAGE, ... ... .ovii i 10000 max
ANODE CURRENT:
Peak. L 10 mar
Averaged. . 2.5 mar

Fault, for duration of 0.1 sccond maximum. .. ....... 100 max
CONDENSED-M ELCURY -PHMPERATURE RANGE 20 to 60

O 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
amperes, 2.5, Requires Super-Jumbo
four-contact socket and may be oper-
ated in vertical position only, Dbase
down. OUTLINE 50, Ouflines Section.
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15000 max

10 maz

2.5 oz .

100 max
20 to 50

volts
amperes
volts

volts

amperes
amperes
amperes

°C

volts

amperes

amperes

amperes
°
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FILAMENT VOLTAGE . .« ottt i e e e 2.5 volts
FILAMENT CURBBNT. . ... . i e 11.5 amperes
PEAK TUBE VOLTAGE DROP (ADPDProX.) . . ... i et 10 volts

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

FULL-WAVE RECTIFIER

Maximum Ratings:

PEAK INVERSE ANODE VOLTAGE.. .. ... .ottt 900 max volts
ANODE CURRENT:

10 mar amperes

2.5 mar amperes
150 mar amperes

0 to 90 °C

{J Averaged over any interval of 5 seconds maximum.

HALF-WAVE MERCURY-
VAPOR RECTIFIER

6] 5/ 70] 8 Coated-filament type used in in-

dustrial equipment. Maximum peak in-
verse anode volts, 2000; average anode ;
amperes, 2.5. Requires Small four-con- Q
tact socket and may be operated in ver-

tical position only, base down. QuUT-

LINE 41, Outlines Section.

FILAMENT VOLTAGE . . L L. i 2.5 volts
FILAMENT CURRENT. ... e i 7 amperes
PrEAK TUBE VOLTAGE DROP (APProx.). .. ... ... oo, 12 volts

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

HALF-WAVE RECTIFIER
Maximum Ratings:

PEAK INVERSE ANODE VOLTAGE. . . ..ttt it ittt it i i eaens 2000 max volts
ANODE ('URRENT:
Pk e e e 10 max amperes
AVEraZO T . e e, 2.5 mar amperes
190G 0 000000 0an0a00a000000006000DE00000000800050800088000aa0aG A 250 mar amperes
CONDENSED-MERCURY-TEMPERATURE RANGE. .. ... ... ... .o, 35 to 80 °C

O Averaged over any interval of 5 seconds maximum.

HALF-WAVE GAS AND
MERCURY-VAPOR RECTIFIER

635/7019 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.

FILAMENT VOLTAGE . . . .ottt ettt it et e ee e 2.6 volts
FILAMENT CURRENT. . ..ttt ittt et it et et 18 amperes
PEAK TUBE VOLTAGE DROP (ADPProX.) . . ...t i iiee e 9 volts

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

HALF-WAVE RECTIFIER
Maximum Ratings:
PEAK INVERSE ANODE VOLTAGE ..+ .ttt ittt it et iiieaneans 1000 max volts
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7 moxr amperes
6.4 max amperes
0 770 maxr amperes
"EMPERATURE RANGE. 0 to 100 ¢
O Averaged over any interval of 20 seconds maximum.
g e ¥ HALF-WAVE MERCURY-
KS
VAPOR RECTIFIER
Coated-filament type used in pow-
er supply of transmitting and indus- 673

) trial equipment. Maximum peak in-
NG verse anode volts, 15000; maximum
average anode amperes, 1.5, Requires

]
NC

Super-Jumbo four-contact socket and may be operated in vertical position only, base
down. OUTLINE 67, Ountlines Section. The 673 is electrically identical with the 575A.

POWER TRIODE

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

contact socket and may be operated in vertical
position only, base up or down. Maximum over-
all length, 6-3/8 inches: maximum diameter,
2-11/16 inches. Filament volts (ac/de), 7.5;
amperes, 3.1. Direct interclectrode capacitances:

with full input up to 60 Mec. Requires Small four- 800

grid to plate, 2.5 puls wrid to tilament, 2.8 uuf; plate to filament, 2.8 guf. Maximum CCS ratings as 1L
POWER AMPLIFIER AND OSCILLATOR: de plate volts, 1250 mas: de grid volts, =400 mar; de
plate milliamperes, 80 mar; de grid milliamperes, 25 max; plate input, 100 maz watts; plate dissipation.
35 neir watts, IMare shows no color when tube is operated at maximum CCS ratings. The 800 is a Dix-
CONTINUTD 1y pe listed for reference only. As a replacement, the 812A is a similar type although

not directly interchangeable,
o POWER TRIODE

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 Mc¢ and with reduced input

re (£

Thoriated-tungsten-filament type
801A

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. OUTLINE 32,

Outlines Section. Plate shows no color at maximum CCS ratings.

FILAMENT VOLTAGE (AC/DC) . oot i i i en et et e e 7.6
FILAMENT CURRENT. . ...ttt iee it aba oot eraareans 1.25
8
6
4.6
1.6
AF POWER AMPLIFIER AND MODULATOR—Class B
Maximum CCS Ratings:
DU PLATE VOLTAGE. . ... ittt ettt e aa i an e 600 max
M AXIMUM-SIGNAL DC PLATE CURRENT® . 70 max
MAXIMUM-SIGNAL PLATE INPUT™. ... e 42 max
PLATE DISSIPATION®. L e e 20 mar

volts
amperes

puf
puf
puf

volts

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

Maximum CCS Ratings:

DO PLATE VOLTAGE . « « ottt tte e it a e ettt 600 max volts
DCGRIDVOLTAGE. .. ... it 00050 ~200 max volts
DC PLATE CURRENT... .. a0oaa T0 max ma
DCGRID CURRENT.. .. .ot viiinennns 15 max ma
PLATE INPUT. . . ... i 42 mar watts
PLATIE IISSIPATION. . . ot ittt et ietin st one e 20 mar watts

POWER PENTODE

Heuater-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

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 be oper-

ated in any position. OUTLINE 34, Ouilines Section. Plate shows no color when the
tube is operated at maximum CCS or ICAS ratings.

HEATER VOLTAGE (AC/DC) . o\ vt it e et ae s 6.3 volts
HEATER CURRENT. © . oo ittt it ettt it e s ees 0.9 ampere
TRANSCONDUCTANCE (For plate current of 20 milliamperes). . ............. 2250 umhos
DIRECT INTERELECTRODE CAPACITANCES: .

Grid No.1 to plate (With external shielding) . . ... 0.15 wmazx uuf

Grid No.1 to cathode, grid No.3, grid No.2, internal shield, and heater. . 11 puf

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

AF POWER AMPLIFIER AND MODULATOR—Class A

Maximum Ratings: ces ICAS
DC PLATE VOLTAGE. . ... e 300 me 600 max volts
DC GRID-N0.2 VOLTAGE 250 max 250 max volts
PLATE INPUT. ... ... .. .. 15 mac 18 max watts
GRID-NO.2 INPUT. .. .. ...... 3 max 3 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
Maximum Circuit Values {CCS or ICAS conditions):
Grid-No.1-Circuit Resistance:

For fixed-hias operation. . ... . i 0.01 mar megohm

For cathode-hias 0peration. . . ... ..o i 0.5 mar megohm

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

Maximum Ratings: cCs 1CAS
DC PLATE VOLTAGE. . ... .. 500 max A00 max voits
DC GRID-No.3 VOLTAGE 200 max 200 max volts
DC GRID-No0.2 VOLTAGE 250 max 250 max volts
DC GRID-N 0.1 VOLTAGE ~200 max -200 max volts
DC PLATE CURRENT. .. .. ... .. 60 marx 60 max ma
DC GRID-NOT CURRENT. . . oo anines 7.5 max 7.5 max ma
PLATE INPUT. o et i 25 mar 33 max watts
GRrID-NO.3 INPUT. . . 2 max 2 max watts
GRID-NO.2 INPUT. . . ..o s 6 mazx 6 mazx watts
PLATE DISSIPATION. . . ... .. .. 10 max 13 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
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POWER PENTODE

Thoriated-tungsten-filament type used as
rf{ power amplifier and oscillator. May be used
with full input up to 20 Mec and with reduced
input up to 60 Mc. 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 5 in horizon-
tal plane. OUTLINE 5Y, Outlines Section. Plate
shows a barely perceptible red eolor when tube is opnmtc-d at maxtmum CCS ratings. The 803 is used
principally for renewal purposcs.

FILAMENT VOLTAGE (AC/DCY . Lo e s 10 volts
FILAMENT CURRENT . L Lottt e ettt e e 33 amperes
TRANSCONDUCTANCE (For plate current of 62.5 milliamperes). ... ......... 4000 umhos
DmECT INTERELECTRODE CAPACITANGCES:

Grid No.1 to plate (With external shielding) . . ....................... 0,16 max uul

Girid No.1 to filament, grid No.3, and grid No.2. .. ... ... . ... .. ...... 17 fma

Plate to filament, grid No3, and grid No.2. . ... ... ... .. .. .. 29 puf

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and

Maximum CCS Ratings: RF POWER AMPUFIER—Class C FM Telephony
DO PLATE VOLTAGE. i it ettt 2000 max volts
DO GRID-NO.3 VOLTAGE. L. .. e e es 500 mar volin
DC GRID-N0.2 VOLTAGE | .. 600 max volts
DC GRrIp-No.1 VorTaae . ., =500 macx volts
DC PLATE CURRENT. . . .. 175 max ma
DC Grib-No.1 Curris 50 mar ma
PrATE INruT. 350 mazx watts
Grip-No.3 INvut 10 max watts
GrID-No.2 INvur 30 max watts
PLATE DISSIWATION . L i et e e 125 max watls

POWER PENTODE

Thorinted-tungsten-filament type used as
rf power amplitier and oscillator. May be used
with full input up to 15 Mc and with reduced
input up to 80 Me. Class C Telegraphy maxi-
mum plate dissipation, CCS 40 watts, ICAS 50 804
wutts. Requires Small five-contact socket and
may be operated in vertical position with base
down, or in horizontal position with pins 2 and
tin vertieal plane. OUTLINE 51, Outlines Section.
Plate shows no color when tube is operated at maximum CCS or IC AN ratings. The 804 is used prineipally
for renewal purposes.

FILAMENT VOLTAGE (A¢/DC) 7.5 volts
FILAMENT CURKENT .. ... ...... . PP . 3.0 ampercs
TRANSCONDUCT ANCE (For plate eurre nt nt l" mi 1.:.mp|-re‘1) .............. 3260 pmhos
DIkECT INTERELECTRODIS CAPACITANCES

Grid No.l to plate (With exfernal shivldinsz} 0.03 max puf

CGirid No.1 to filament, grid No.d3, and grid N .. R . 13 puf

Plate to tilament, grid No3, and grid No2 .. ... ... . . ... .. 14 seef

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

Maximum Ratings: ces I1CAS
DC PrLATE VoLtAGE 1250 max 1500 maz volts
DC Guin-No.3 Vourace 200 max 200 max volts
DC Grin-No.2 Vorrac 300 max 300 mar volts
DC Gri-No.l Vorraa ~300 max =300 max volts
DC PLATIE CURRENT . it e e 5 max 100 max ma
DC GRrRID-No. 1| CURREN 5 max 15 max mn
Prate INrur. max 156 mae watts
Grip-No. 3 Im-n'r mar 5 max watts
Gri-No. 2 INrUT. . A 15 max 15 max watts
PLATE DISSIPATION . ... ... Duocooannooonanoocabnoanaana 40 mac 50 max watts
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POWER TRIODE K Spe

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 G

up to 30 Mec. 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 Me, 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 8
in vertical plane. OUTLINE 53, Outlines Section. Plate shows no color when tube is

operated at maximum CCS ratings.

L

FILAMENT VOLTAGE (AC/DC) o it es 10 volts
FILAMENT CURRENT -« o ¢t ettt et et ie et te et ine e e e e 3.25 amperes
DIRECT INTERELECTRODE CAPACITANCES:

Gridtoplate. . ............. 6.0 puf
Grid to filament. .. ... ..., 7.5 pul
Plate to filament 9.0 uul
AF POWER AMPLIFIER AND MODULATOR—Class B
Moximum CCS Ratings:
DC PLATE VOLTAGE 1500 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®, . 210 mazx ma
MAXIMUM-SIGNAL PLATE [NpUT® 315 max watts

PLATE DISSIPATION® . | L et 1235 max watts
® Averaged over any audio-frequency cyele of sine-wave form,

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

Moximum CCS Ratings:

DC PLATE VOLTAGE . « « o o o ittt ittt iie ettt iia et aaaaaans 1500 mazx volts
DC GRID VULTAGE. . . ... .... =500 max volts
DC PrATE CURRENT. .. . ..... 210 max ma
DC GRID CURRENT, - .. .« ... 70 max ma
PLATE INPUT. ... 315 max watts
PLATE DISSIPATION . . ... it i it e cnanaas QQoocoacoanoanoano 125 wax watts

POWER TRIODE

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

806 with full input up to 30 Mcand with redueed in-
put up to 100 Mc. Requires Jumbo four-contact
socket and may be operated in vertical position
only, base down. Maximum over-all length, 10
inches; maximum diameter, 8-13/16 inches. Fil-
ament volts (ac/dc), 5; amperes, 9.5, Direct in-

terelectrode capacitances: grid to plate, 4 puf; grid to filament, 5.6 uuf; plate to filament, 0.4 puf. Maxi-
mumCCS8ratingsasAFPOWERAMPLIFIERANDMODULATOR:deplate volts, 3000 max(ICAS,3300
ma.e); maximum-signal de plate milliamperes, 200 max (ICAS, 250 max); maximum-signal plate input,
500 maz watis (ICAS, 825 mar watts); plate dissipation, 150 mas watts (ICAS, 225 mar watts). Maxi-
mum CCS ratings as RFPOWER AMPLIFIER AND OSCILLATOR: dc plate volts, 3000 max (ICAS
3300 mo.); de grid volts, ~1000 maz; de plate milliamperes, 200 mae (ICAS, 305 ntee); de grid milliam-
peres, 50 mac; plate input, 600 mar watts (ICAS, 1000 max watts); plate dissipation, 150 mar watts
(ICAS, 225 max watts). Plate shows eherry-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

[eater-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
ratingy; at 125 Me, to 55 per cent. Class C Telegraphy maximum plate dissipation,
CCS8 25 watts, ICAS 30 watts. Requires Small five-contact socket and may be
operated in any position. OUTLINE 34, Outlincs 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 ittt e 6.3 0.6 volts
HEATER CURRENT 0.9 ampere
TRANSCONDUCTANCE {(Approx.)* 6000 umhos
MU-FACTOR, Grid No.2 to Grid N 3
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (With external shiclding), ... ... ... ... ... ...... 0.2 max uufl
Grid No.l to cathode, grid No.3, grid No.2, and heater . 12 uul
Plate to cathode, grid No.3, grid No.2, and heater. ... ... .. ......... 7 nul

% Plate and grid-No.2 velts, 250; grid-No.l volts, 14,
¥ Plate and grid-Ne.2 volts, 250; grid-No.l volts, -20,

AF POWER AMPLIFIER AND MODULATOR—Class AB2

Maximum Ratings: CCS ICAS
DO PLATE VOLTAGE . ... . it 600 e TH0 max volts
DC GRrID-N0.2 VOLTAGE .. ........ Aao0aonoo000anD 300 max 300 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. ... ... ... .. .., 120 max 120 mazx ma
MAXIMUM-SIGNAL PLATE INPOT® . ... L 60 mac 90 max watis
MAXIMUM-S1GNAL GRID-No0.2 INPUT®, 3.5 mar 3.5 max watts
PLATIE DISSIPATION® . ... . 25 max 30 max watts
Peak HEATER-CATUODE VOLTAGE!:

Heater negative with respeet to eathode. ... ... ... 5 mar 135 wmax volts

Heater positive with respect to eathode. .. ... .. ... Jmax 135 mar volts
Typical Operation (Values are for 2 tubes): oS 1048
DC Plate Voltage. .. .. 400 500 600 750 volts
DC Grid-No.2 Voltaget . 300 300 300 300 volts
DC Grid-No.1 Voltage - .. -28 -0 ~-32 -35 volls
Peak Al Grid-No.l-to-No.l Voltage. . ... ... ... ... 80 86 RO 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. .. ............. % 0.9 0.7 0.5 mi
Maximum-Signal DC Grid-No.2 Current 20 20 1R 20 mi
Effeetive Load Resistance (Plate to plate) . .. 3700 4600 69040 7300 ohmy
Maximum-Signal Driving Power (Approx.}. . ... .. .. 0.2 0.2 0.1 0.2 watt
Maximum-8ignal Power OQutput (Approx.)* . ... ... 53 e 1] 120 Wity
Maximum Circuit Yalues (CCS or ICAS conditions):
Grid-No.1-Cireuit. Resislance

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

For cathode-bhiag operation. ... ... ... . o o Not recommended

® Averaged over any audio-frequency eyele of sine-wive form.

I Preferably obtained from a separate sourcee, or from the pliato-voltage supply with a voltage divider,
4 With zero-impedance driver and porfeet, regulation, plate-cireuit distortion does not exceed 2 per cent.
In pmctlu- regulation of plate voltage, grid-No.2 voltage, and grid-No.! 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 PrLati Vouraces 475 mae 600 max volis
DC GRID-NO.2 VOLTAGE. .. ..o ottiit e 300 mar 300 max volts
DC GRID-NO.I VOLTAGI. . ... .. i, =200 mac ~200 maxr voltk
DO PLATE CURRENT. . ...t iie e 83 mnar 100 max mu
DC GRID-NOT CUBRENT. .. ... .o . 5 mar 5 max mn
PLATE INPUT .. .. e 40 max 60 max Watty
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GRID-NOZ INPUT. ... i i it iacai s 2.5 max 2.5 mazx watts
PLATE DISSIPATION. .. .ot it e e it 16.5 max 25 max watts
Prak HEATER-CATHODE VOLTAGE:
Heater negative with respeet to cathode. ... ooty 135 max 135 max volts
Heater positive with respect to cathode. . ......ovu e 185 max 135 mux volts
Typical Operation: CcCS ICAS
DCPlate Vollage . ... ... . et itirnonnonnns 325 400 475 600 volts

DC Grid-No.2 Voltage ¢ 250 250 250 300 volts

From series resistor of .. 12500 25000 28000 37500 ohms
DC Grid-No.l Voltaged . ... ... coiiiiiiiiiiian =75 -75 -85 -85 volts

From grid-No.l resistor of . ... .. ... .. ... 21400 21400 21200 21200 ohms
Peak RF Grid-No.1 Voltage. .. .. 95 95 108 107 volts
DC Plate Current. . ....c.oooneiiriaeneenenaennas 80 80 83 100 ma
DC Grid-No.2 Current. . . ......coiiiiiiinaae.n. 6 6 8 8 ma
DC Grid-No.1 Current (Approx.)............... 3.5 3.5 4 4 ma
Driving Power (APProx.).........c.ocovuienueens 0.8 0.3 0.4 0.4 watt
Power Output (Approx.) . .....oveevvviienainas 17 22 28 14 watts

Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. ... ... . i 30000 max ohms
é Obtained preferably from scparate source modulated along with the plate supply, or from the
modulated plate supply through series resistor of value shown.

& Obtained from grid-No.1 resistor of value shown or from a combination of grid-No.1 resistor with
either fixed supply or cathode resistor.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: ces ICAS
DC PLATE VOLTAGE . « « o o e teiietiiaitanneannaennns 600 max 750 mazx volts
DC GRID-NO.2 VOLTAGE. . . oottt iine it 300 max 300 mazx volts
DC GRID-NO.1 VOLTAGE. . .. ..ot - 200 max ~200 max volts
DC PLATE CURRENT. « vttt iiine et e ann e enaaeann 100 wmax 100 max ma
DC Griv-No.1 CURREN 5 max 5 max ma
PLATE INPUT. . o oot i ettt en e 60 mazx 75 max watts
GRID-NO.2 INPUT. . i e 3.5 max 3.5 max watts
PLATE DISSIPATION. . ... i 25 max 30 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to ecathode. ............. 135 max 135 max volts

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

AVERAGE PLATE CHARACTERISTICS

Y T v
TYPE 807
E£=63 VOLTS
| GRID-N22 VOLTS=230
L
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PLATE VOLTS 0261 467673
Typical Operation: «cCS ICAS
DC Plate Voltage. . ............ 400 500 600 750  volts
DC Grid-No.2 Voltage® RN 250 250 250 250  volts
From series tesistor of . . .o ovviveiin i 19000 31000 44000 62000 ohms
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DC Grid-No.1 Voltages . ................... e -45 ~45 -45 45  volts
From grid-No.l resistorof . . . ... ....... 00 11200 11200 11200 11200 ohms
From cathode resistor of 400 400 400 400 ohms

Peak RF Grid-No.l Voltage 65 65 65 65 volts

DC Plate Current. .. .. 100 100 100 100 ma

DC Grid-No.2 Current 8 8 8 8 ma

DC Grid-No.1 Current (Approx.).......... .. 4 4 4 4 ma

Driving Power (Approx.). ........couiiiineenn.. 0.3 0.3 0.3 0.3  watt

Power Output (Approx.)......................... 25 32 40 54  watts

Maximum Circuvit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Resistance ............ooiiiiiiiini e .. 30000 nax 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.

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

TYPICAL CHARACTERISTICS AVERAGE CHARACTERISTICS
TYPE 807 TYPE B0O7
E£=6.3 VOLTS E¢=6.3 VOLTS
GRID-N®2 VOLTS=250 GRID-NT2 VOLT 5= 250
70 l\ t4Q
060 lo = 20 1201}
g (1 il
¥ I £
250 e §|oc o
3 { Vours < ‘g
E —> Eci=35 = ]
340 | B e =4 =z sc\l \\E
‘Z‘ J VOLF
7 l \ 5! 1 TS Eg,
o T +3
Q30 N ] 220 r 80 4
e £
o
20 et 415 4
% I \lll K ‘20
EC|=+0
10 20 e
\ + S Cizt+to N
[0
0 106 200 300 400 o 100 200 300 400
PLATE VOLTS PLATE VOLTS
92C5-6244T3 92C3-62471T)

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,
2-3/16 inches. Filament volts (ac/de), 7.5; am-
peres, 4. Direct interelectrode capacitances:
grid to plate, 2.8 uuf; grid to filament, 5.3 uuf; plate to filament, 0.25 uuf. Maximum CC'S ratings as RF
POWER AMPLIFIER AND OSCILLATOR, Class C Telegraphy: dc plate volts, 1500 mar; de grid
volts, —400 max; dc plate milliamperes, 150 max; de grid milliamperes, 35 max; plate input, 200 maz
watts; plate dissipation, 50 mas 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
812A 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-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 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 VOLTACGE (AC /DL) 6.3 volts
FILAMENT CURRENT. aooooe e 2.5 amperes
AMPLIFICATION I ALTOR ................................................ 55
DIRECT INTERELECTRODE CAPACITANCES:

Grid to Plate. .o s 6.7 puf

Grid to filament. . ... 5.7 puf

Plate to tilament 0.9 upf

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

Maximum Ratings: ces 1CAS
DO PLATE VOLTAGE . . ...ttt it 750 marx 1000 max volts
DC GRID VOLTAGE. . . . ..ottt i —200 max ~200 max volts
DC PLATE CURRENT 100 mux L00 mar ma
DC GriD CURRENT. . . ..... 35 mar 35 mas ma
PLATE INPUT . 75 mas 100 max watts
PLATE DisSst?ATION 25 mar 30 mar watts

POWER TRIODE o e

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, Ouflines 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) 10 volts
FILAMENT CURRENT 1.5 amperes
AMPLIFICATION FACTOR 36
DIRECT INTERELECTROM:E CAPACITANCES
Grid toplate. ... ... . e 4.8 puf
Grid to fitament .. ... ... ... R 8.7 pul
Plate to filament . ... L 12 puf
AF POWER AMPLIFIER AND MODULATOR—Class B
Maximum Ratings: oS 1CAS
DC PLATE VOLTAGE . . . . . i e i, 2500 mar 2750 max valts
MAXIMUM-SIGNAL DO Prati CURRENT®. ... .. . ... 250 mar 250 mar ma
MAXIMUM-SIGNAL Prate INpuT®. oo oo 125 mar 510 max watts
PLaTE DISSIPATION™. oL 125 mar 175 max watts

B Averaged over any audio-lrequeney cyele of sine-wave form,

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: CCS 10°AS

DC I’LATE VOLTAGE 1600 mar 2000 ma.r volts
DC GRID VOLTAGE. ... ....... ~500 war -500 anax volts
DC PLATE CURRE 210 mar 250 max ma
DCGRID CURRENT . . ... i it 70 mar TH max ma
PLATE INPUOT . .. i i 335 mar 500 max watts
PLATE DISSIFATION . . L. i et R mar 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: CcCS

DC PLATE VOLTAGE 2000 max
DC GRID VOLTAGE. . . .. ....... e ~500 mazx
DC PLATE CURRENT 250 mazx
DC Grib CURRENT .. .......... 70 mar
PrAate INPUT. ... ... ... ... .. S 500 max
PLATIE DISSIPATION . . . e e 125 mazx

POWER TRIODE

Thoriated-tungsten-filament type
used as af power amplifier and modu-
lator and as rf power amplifier and os-
cillator. May be used with full input

up to 30 Me and with reduced input
up to 100 Me. Class C Telegraphy maximum plate dissipation, CCS 45 watts,

ICAS 65 watts.

FILAMENT VOLTAGE (AC/DC) .. o it it e e

FILAMENT CURKRENT. . . ...,
AMPLIFICATION FacTor*
 DIRECT INTERELECTRODE CAPACGITANCE

Grid to plate. .. ... s
Grid to filament. .. ...

* Grid volts,-1; plate milliamperes, 20,

ICAS
2500 maz volts
=500 mazx volts
300 mazx ma
75 max ma
750 mazx watts
175 maz watts

81A

AF POWER AMPLIFIER AND MODULATOR—Class B

Maximum Ratings: CCS

DC PLATE VOLTAGE . . . .. ..., 1250 mae
MAaXIMUM-SIGNAL DC P’LATE CURRENTY . . .. 175 max
MAXIMUM-SIGNAL PLATE INvUT®. ... ... ... 185 mac
PLATE DISSIPATION™. . .. ... ... ... .. ..., 45 max

Typical Operation (Values are for 2 tubes):
DC Plate Voltage. . ..................... 730 1250
0

DC Grid Voltaget. . ........... C 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
Maximum-Signal Driving Power (Approx.). 9.7 3.8
Maximum-Signal Power Output (Approx.) .. 178 235

B Averaged over any audio-{requency cycle of sine-wave form.
t For ac filament supply.

1000

185
14
3560
7400
7.5
248

LINEAR RF POWER AMPILFIER— Class AB2

Stngle-Sideband Suppressed-Carricr

Maximum Ratings: Upto 80 AMc

DC PLATE VOLTAGE . . ... it
DC PLATE CURRENT AT PEAK OF ENVELOPE. . ..
DCGRIDCURRENT. .. .. ...t
DC PLATE INPUT AT PEAK OF ENVELOPE. ... ...
PLATE DISSIPATION .. ... et

Typical Operation with Two-Tone Modulation at 30 Mc:!
DC Plate Voltage
DC Grid Voltage®
Zero-Signal DC Plate Current
Effcetive RF Load Resistance

Scrvice

cCs
1250 mae
175 murx
50 max
165 max
45 mux

6.3 volts
4 amperes
160
5.6 upf
5.9 puf
0.7 upf
1CAS
1500 maz volts
175 mazx ma
235 marx watts
65 max watts

1250 1500 volts
0 -4.5 volts

175 170 volts
51 32 ma
350 313 ma

9200 12400 ohms
6 4.4 watis
310 340 watts

I1CAS
1300 max volts
175 max ma
50 mur ma
235 mac watts
60 max watts
1500 volts
-4.5 volts
16 ma
6000 ohms



RCA Transmitting Tubes

DC Plate Current:

Peak Envelope.. .o it iiirienrisnnnsns 130 157

Average, .. o1 110
Average DC (Girid Current 20 20
Peak-Envelope Driver Power Output (Approx.)* 7 8
Output-Circuit Efficiency (Approx). . ovvvnnivennnenans 90 90
Distortion Products Level:*

Third Order —26 -25

Fifth Order.............. -32 =30
Useful Power Qutput (Approx.):H

Peak Euvelope. ..o e 120 160

AVETAZC. . .ot 60 80

watts

Yo

db
db

watts
watts

1 T'wo-Tone Modulation operation refers to that ¢lass of amphher service in which the input consista of
two equal monofrequency rf signals having constant amplitude. These signals are produced in a single-
sidehand suppressed-carrier system when two equal-and-constant amplitude audie frequencies are ap-

plied to the input of the system.
“Obtained preferably from a separate, well-regulated supply.

A Driver power output represents circuit losses and is the actual power measured at input te 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 enhance tinearity.
# 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: &

I1CAS

DC Prate VOLTAGE 1000 max 1250 max
DC Grip VOLTAGE —200 maz —200 max
DC PLATE CURRENT 125 mar 150 max
DC GRID CURRENT. . ... .ttttttttaeearnreennenenronnnn 50 e A0 max
PLATE INvUT 115 max 175 mar
PLATE DISSIPATION 30 mar 45 mae
Typleal Operation:
DC Plate Voltage. . .. ... i iiiiiiiiinnserrnerannnnian 1000 1250
DC Grid Voltaged . .... —5h -120

From grid resistor of . . 1200 2700
Peak RF Grid Voltage. 150 250
DC Plate Current. 115 140
DC Grid Current (\ppm( ) 45 45
Driving Power (Approx.). oo 6.1 10
Power Output (Approx.)........... bt 185

volts
volts

mge
watts
watts

volts
volta
ohms
volts
ma
ma
watts
watts

4 Obtained from grid resistor of value shown or [mm a comhlmtmu 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: oS ICAS
DC PLATE VOLTAGE . . .. .. it iiiaaaans 1250 mazx L5300 max
DC Grip VolLT: 00000000000 -200 mar -200 max
DC Piate (‘r.nmwr 175 mar 1756 max
DC Grib CURRENT. . . ..o, A0 anar 50 mas
PLATE INPUT. ... ... 0000 e 0o 175 mux 260 mazx
PLATE DISSIPATION. . ... i it iiieriiinnraenannans 45 max 65 max

Typical Operation:
DC Plate Voltage . . . . ... i iiiiiierriiieeeensrorneness- 1250 1500

DC Grid Voltageé ... ~Hi -70
From grid resistor of . . ... ... .o i 1100 1750
From cathade resistor of . . .. ... ... .. o oL, 270 330

Peak RRF Grid Volta, 140 175

DC Plate Current. .. ........... . 140 173

DC Grid Current (Approx.). .. 45 40
Driving Power (Approx.). . ... . - 5.7 7.1
Power OQutput (AppProx.) ... ..ottt 135 200

% Obtained from fixed supply, by grid resistor, by cathode resistor, or by combination methods.
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volts
volts
ma
ma
watts
watts

volts
volts
ohms
ohms
volts
ma
ma
watls
watts
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AVERAGE CHARACTERISTICS

e 20 I T T
& o0 TYPE Bil-A
A y €4%6.3 VOLTS DC
LY
1o

ool 60

[ /'/

/
L] € =’_:°/

40 voL'3 &

R0
—"1

PLATE(1,)0R GRID (I¢) MILLIAMPERES

200 1
l,%v e 429
+ -

N SRE_o e +60 1 o
= —=3F ,+40 —1

——3 — ~

L = =4 120 €c=0
T
° 400 800 1200 (600 2000 2400
PLATE VOLYS([bl P2CM-6078T

OPERATING CONSIDERATIONS

Type 811A 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.

QUTLINE 42, Outlines Section.

For operation at 60 Me, plate voltage and plate input should be reduced to &9
per cent of maximum ratings; at 80 Me, to 70 per cent; at 100 Mc, to 55 per cent.
Plate shows no color when tube is operated at maximum CCS ratings, and shows

a barely perceptible red color at maximum ICAS ratings.

POWER TRIODE

Thoriated-tungsten-filament type
used as af power amplifier and modu-
lator and as rf power amplifier and os-
cillator. May be used with full input
up to 30 Mec and with reduced input

65 watts.

FILAMENT VOLTAGE (AC/DU) . . .. ottt e e e ie e
FILAMENT CURRENT. . . ..
AMPLIFICATION FACTOR*
DIRECT INTERELECTRODE CAPACITANCES:
Grid toplate. ... . e e
Grid to filament. . . ..., . . ..

*Grid volts, -30; plate milliamperes, 30.

AF POWER AMPLIFIER AND MODULATOR—Closs B

Maximum Ratings: ccs
DC PLATE VOLTAGE. . ..ottt iiiitn i e 1250 max
MAXIMUM-SIGNAL DC PLATE CURRE o 175 max
MAXIMUM-SIGNAL PLATE INPUT®, . 165 max
PLATE DYSSIPATION®™. . . ... ... ... . i 45 max
Typicol Operation (Values are for 2 tubes):

DC Plate Voltage. . . . ................... .. ....uu... 1250

DC Grid Voltaget. . . ... ... -40
Peak AF Grid-to-Grid Voltage. . . . . .................... 225
Zero-Signal DC Plate Current.......................... 22
Maximum-Signal DC Plate Current. ... ................ 260
Effective Load Resistance (Plate to plate). ... ........... 12200
Maximum-Signal Driving Power (Approx.). ... .......... 3.5
Maximum-Signal Power Output (Approx.)............... 235

® Averaged over any audio-frequency cycle of sine-wave form.
t For ac filament supply.
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812A

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

ICAS

1500 max
175 max
235 max

65 max

volts
amperes

puf
pul
uul

volts
ma
watts
watts

volts
volts
volts
ma
ma
ohms
walts
watts
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Tele phony

Maximum Ratings: CCS ICAS
DC Prate Vorrack 1000 max 1250 max volts
DC GRID VOLTAGE. . . ... ... .. ..... =200 mux =200 ma.c volts
DC Prate CURRBNT. ... 125 mar 150 mar ma
DC Grin CURRENT. . . ... e .. 35 manr 35 mar ma
Prate INvor. ..o oo o 116 mar 175 max watts
PLATE DISSIPATION. . ... ..., .. 05 0C0000006000060000000 30 mar 45 max watte
Typical Operation:
DC Plate Voltage. ... i i ons 1000 1250 volts
DC Grid Voltageo ... oo -110 ~115 volts
From grid resistor of . . 3400 3300 ohms
Peak REF Grid Voltage, . . 220 210 volts
DC Plate Current 1135 140 ma
DC Grid Current (Approx.) 33 35 ma
Driving Power ( \x)pmx.) ........... 6.6 7.6 watls
Power Output (Approx.). e .. - &5 1'§li wiutts

6 Obtained from grid resistor o[ V.llll(‘ shown or fmm a cumhlnﬂlun of grid resistor with either fixed
supply or cathode registor,

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: S 1CAS
DC PraTi VOLTAGE 12560 mar L1500 war volts
DC GRID VOLTAGE . ... ... ... e -200 mac =200 mur volts
DC PLATE ('URRENT 175 max 175 max ma
DC Grib CURRENT. . . - cee 35 marc 35 max wa
PLATEINPUT. ... .. oo cooaoa 175 mux 260 mar watts
PLATE DISSIPATION. . . ....... cooponanoano oo 45 max 65 mar watts
Typical Operation:
DCI'latoVolmgﬂ....................... ........ 1250 1500 volta
DC Grid Voltage s . 0caDbanboo0 cconopaoo 0000D00D0G -90 -126 volts

From grid rmlstor o[ 3000 1000 ohms

From cathode registor o( H30 590 ohms
Peak RI° Grid Voltage. ... .. ... 5 200 240 volts
DC Plate Current 140 173 ma
DC Grid Current (Approx.) 30 30 ma
Driving Power (Approx)) . - booo 5.4 6.0 watts
Power OQUiput (Approx) ... i 130 190 watts

& Obuuined from fixed supply, by grid resistor, by cathode resistor, or hy combinution methods.

AVERAGE CHARACTERISTICS
TYPE BI2-A

D S, £f28.3VOLTS OC
/ & va

800,

[EC:Eb
AN
\g
\\(c
\ h
5
LA
Q
S

0600

K
9,
/ X%
5>

K
35
Ta0

400

iz
o

200

PLATE (14) OR GRID() ¢ ) MILLIAMPERES

e

\

+20
1600 2000 2400 2800
PLATE VOLYS (Eh) 92CH - 3074TH
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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, Ontlines Section.

FFor 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 Mec, 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 volis, a fixed bias of at least — 435 volts should be used.

BEAM POWER TUBE

Thoriated-tungsten-filament type
used as af power amplifier and modu- 8" 3
fator and as rf power amplifier and os-
cillator. May be used with full input
up to 30 Mec and with reduced input
up to 120 Mc. Class C Telegraphy maximum plate dissipation, CCS 100 watts,
ICAS 125 watts.

FILAMENT VOLTAGE (AC/DC) .. Lo i 10 volts
FILAMENT CURRENT. . ... e 5 amperes
TRANSCONDUCTANCE® . | i 3750 pmhos
Mu-Factor, Grid No.2 to Grid No 1*. ... ... .. ... ................. 8.6
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.Ltoplate. .o 0.25 max pufl
Grid No.1 to filament, grid No.3, internal shield, grid No.2, and hase shell 16.3 pufl
Plate to filament, grid No.3, internal shicld, grid No.2, aud base shell. . . 14 pud

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

AF POWER AMPLIFIER AND MODULATOR—Class AB1

Maximum Ratings: S ICAS

DC PraTe VoLTAcE 2250 mar 2500 max volts
DC GrID-NO.2 VOLTAGE . .. .. ... ... ..... L1100 max 1100 mazx volts
MaXiMUGM-SIGNAL DC PrLATE CURRENT® 180 mar 225 max mu
AMAXIMUM-SIGNAL PLATE INvUT®, ... 360 mux 450 max watts
MAXMUM-SIGNAL DC Grip-NoO.2 INPUT®, ... .. 22 maxr 22 mar watts
PLATE DssIPATION®. ..o o 100 mace 125 max watts
Typical Operation (Vulues are for 2 tubes):

DC Plate Voltage. ..o oo, 1500 2000 2250 2500 volts
DC Grid-No.3 Voltage* ... ... .. ... ... .. .. . 0 0 0 (] volts
DC Grid-No.2 Voltagel. . ................... 750 750 750 750 volts
DC Grid-No.l1 Voltaget .................... -85 -90 -95 -95 volts
Peak AT Grid-No.1-to-Grid-No.1 Voltage. . ... 160 160 170 180 volts
Zero-Signal DC Plate Current.. . . ............ 50 50 50 50 mu
Maximum-Signal DC Plate Current. . . ... ..., 305 265 255 290 ma
Zero-Signal DC Grid-No.2 Current. .......... 2 2 2 2 ma
Maximum-Signal DC Grid-No.2 Current. .. ... 45 43 53 04 ma
Effective Load Resistance (Plate to plate) . . .. 9300 16000 20000 19000 ohms
Maximum-Signal Driving Power (Approx.). ... ] ] 1] 0 watts
Maximum-Signal Power Output (Approx.). ... 260 1335 380 490 watty

Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resigtance. ............. .o 30000 mox ohms

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

* Grid No.d should be conneeted to the mid-tap on the filament-transformer secondary winding or to
the negative end of a filament operated on de. ) :

I Preferably obtained from a separate source or from the plate-voliage supply with a voltage divider.
t For ae filament supply.
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PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: ces ICAS

DC PLATE VOLTAGE . .. . ...ttt 1600 max 2000 maz volts
DC GRID-NO.2Z VOLTAGE. . . .. . ... ittt 400 max 400 max volts
DC GRID-NO.1 VOLTAGE . . . . . .. oottt -300 max -300 mar volts
DC PLATE CURRENT. . . ..ttt iiiiee e iine i ans 150 maz 200 max ma
DC GRID-NO.1 CURRENT. . ... ... iiieinneeneenns 25 max 30 max mna
PLATE INPUT. . . ..ottt i aens 240 max 400 mazx watts
GRID-NO.Z INPUT. . .. oo 15 max 20 max watts
PLATE DISSIPATION. . . ..ottt ittt iiiaeatenaeens 67 marx 100 mae watts

Typical Operation:

DC Plate Voltage. .. ... iiiiereineneeananns 1250 1600 2000 volts
DC Grid-No.3 Voltage*. . ... .. .. 0 0 0 volts
DC Grid-No.2 Voltageé .. ........... .. 300 300 350 volts

From series resistor of . . .. .. 27000 43000 11000 ohms
DC Grid-No.1 Voltages ......... ... -180 -160 -175 volts

From grid-No.1 resistor of . . . ... e ... 12500 13500 11000 ohms
Peak RF Grid-No.l Volitage. . 250 250 300 volts
DC Plate Current. .. ... ... 150 150 200 ma
DC Grid-No.2 Current. .. ...... 35 30 10 ma
DC Grid-No.1 Current (Approx.). . . 13 12 16 ma
Driving Power (APprox.). .. ... ... ... ... . o.ia.n 29 B 4.3 watts
Power Qutput (Approx.}........c.coviivinninnnnnane. - 140 180 300 watts

Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance
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 {rom the modu-
lated plate supply through series resistor of value shown for each operating condition,

5 Obtained froma grid-No.1 resistor of value shown or from a combination of grid-No.1 resistor with
vither fixed supply or cathode resistor,

. 30000 max ohms

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: CeS Icas
DO PLATE VOLTAGE . . .« oottt et it iee i 2000 max 2250 max volts
DC GRID-N0.2 VOLTAGE. . . . 400 mae 400 max volts
DC GRID-NoO.1 VOLTAGE. . . -300 max -300 marx volts
DC PLATE CURRENT. ... 180 mar 225 max ma
DC GrID-No.1 CURRENT .. 25 max 30 max ma
PLATE INPUT. ... ... ... ... .. 360 max 500 max watts
GRID-NOZ2 INPUT........ ... ..., .. 22 mac 22 mae watts
PLATE DISSIPATION . . .ottt nns 100 max 125 max watls
Typical Operation:
DC Plate Voltage................ 1250 1500 2000 2250 volts
DC Grid-No.3 Voltage*. ... ... ........... ... 0 0 [\ 0 volts
DC Grid-No.2 Voltageé . ................ ... 300 300 400 100 volts

From series resistorof . . . ........... ... ... 27000 40000 36000 416000 ohma
DC°Grid-No.1 Voltaget® ... ............... -75 -90 120 -155 volts

IProm grid-No.1 resistorof .. . ....... .. .. 6000 7500 12000 10000 ohms

From eathode resistor of . .. ..... .. ... ... 330 400 520 565 ohms
Prak RF Grid-No.1 Voltage. .. .............. 160 175 205 275 volts
DC Plate Current. ... . ... ... oovniinennn. 180 180 180 220 ma
DC Grid-No.2 Current. .. .........o0oorn.. 35 30 45 40 ma
DC Grid-No.1 Current (Approx.). .. 12 12 10 15 ma
Driving Power (Approx.}......... 1.7 1.9 1.9 1.0 watts
Power Output (Approx.}..................... 170 210 275 375 watts

Maximum Circuit Values:

Grid-No.1-Circuit ResiStance. ... ..ot v ittt ettt 30000 max chms
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 from separate source, from plate-voltage supply with a voltage divider, or through series
registor 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 cither fixed supply or cathode resistor. If preceding stage is keyed, hias must he obtained partially
from a fixed supply to limit the plate current and plate dissipation to a safe value.
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. AVERAGE CMHARACTERISTICS.

[ T T T
‘ TYPE 813
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AVERAGE CHARACTERISTICS
T T T
TYPE 813 I i
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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. OUTLINE 49, Oullines Section.

For operation at 45 Me, 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 osecilla-
tor. May be used with full input up to 8]4
30 Me. For operation at 50 Mec, plate
voltage and plate input should be re-
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duced to 80 per cent; at 75 Mc, 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, Outflines Section. Plate shows no color
when tube is operated at maximum CCS ratings, and shows a barely perceptible
red color at maximum ICAS ratings.

FILAMENT VOLTAGE (ACG/DC) . . . .ottt it it ettt 10 volts
FILAMENT CURRENT . .« ot v vt e et e tie et ettt it ee oo 3.25H X amperes
TRANSCONDUCTANCE (For plate current of 39 milliamperes). .............. 3300 umhos
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.L to plate. . ..o 0.15 max uuf

Grid No.1 to filament, grid No.3, and grid No.2. . .. ...... ... ... ... 13.5 upl

Plate to filament, grid No3, and grid No.2. . ... ........ .. ... ... .. 13.3 apf

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

Maximum Ratings: CCs ICAS
DC PLATE VOLTAGE . . .« .ttt ii e i 1250 max 1500 mar volts
DC GrID-N0.2 VOLTAGE . ... ..... 100 wmaex 400 max volts
DC Grip-No.1 VOLTAGE . -300 mar -300 max volts
1)C PLATE CURRENT. . ........... . 150 mas 150 mauzx ma
DC GRID-NO.1 CURRENT. . ....... RN 15 mux 15 mux ma
PLATE INPUT. ... ... ............ e 180 mac 225 max watts
GRID-NO.2 INPUT. .. ... oo e 10 max 10 moe watts
PLATE DISSIPATION. . . ..o it ii it 50 max 60 marx 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 Mec.

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, Outlines Section. Plates show no color when tube is operated at maxi-
mum CCS or ICAS ratings.

HEATER ARRANGEMENT Series Parallel

HEATER VOLTAGE (AC/DC) 12.6 6.3 volts
HEATER CURRENT. . ... ... .. ittt 0.8 1.6 amperes
TRANSCONDUCTANCE (Each unit, for plate current
of 25 millizmperes.) .. ..... ..ttt e 1000 pmhos
MU-FACTOR, Grid N0.2 to Grid No.1., (Bachunit)................. 6.5
DIRECT INTERELECTRODE CAPACITANCES (Kachunit):
Grid No.Ltoplate. ... ..ot 0.23 mac puf
Grid No.1 to cathode, grid No.3, internal shield,
grid No.2, and heater mid-tap. .......... ... ... ... ... ... 14 ppuf
Plate to cathode, grid No.3, internal shield,
grid No.2, and heater mid-tap............. .. ... oot 8.5 upl

PUSH-PULL AF POWER AMPLIFIER AND MODULATOR—Class AB2
Values are on a per-tube busis

Maximum Ratings: cCs ICAS
DC PLATE VOLTAGE . . . . . oottt iiiii e inaiaaiaaaeans 400 maz 500 max volts
DC GRID-NO.2 VOLTAGE .. ................ 225 max 225 max volts
MAXIMUM-SIGNAL DC PLATE CURKENT®. . .. 150 max 150 max ma
MAXIMUM-SIGNAL PLATE INrUT®. .. ........ 60 mar 75 mac watts
MaXIMUM-SIGNAL GRID-N0.2 INPUT aco 4.5 max 4.5 max watts
PLATE DiIsSIPATION®™. . ... ... ... .. i, 20 max 25 max watts
PEAX HEATER-CATHODE VOLTACGE:
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,

136



Technical Data — —

PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: CcCS ICAS
DCPLATE VOLTAGE. . ...ttt 325 max 400 max volts
DC GRID-NO2 VOLTAGE. . ..ot ie i s ieeeeas 225 maz 225 mazx volts
DC GRID-NOL VOLTAGE . . . .. ... iiiiiiiiienennn, ~176 mazx —175 muz volts
DC PLATE CURRENT. . ... ittt iienneeaieneans, 125 max 150 maz ma
DC Grip-No.1 CURRENT a T max T mazx ma
PLATE INPUT. ... i it et ciiane 40 mar 60 marx watts
GRID-NOZ2 INPUT. .. .ottt 4 maz 4 max watts
PLATE DISSIPATION. . . ... enas 13.5 max 20 max WAatts
PEAK HEATER-CATHODE VOLTAGE:
Ieater negative with respect to cathode. ............. 100 mar 100 max volts
Ifeater positive with respect to cathode. ............. 100 mae 100 marx volts

Maximum Circvit Valves:
Grid-No.1-Cireuit Resistance. ..., 15000 max ohms

PUSH-PULL RF POWER AMPLIFIER AND OSCHLATOR—Class C Telegraphy
and
PUSH-PULL RF POWER AMPLIFIER—Closs C FM Telephony

Maximum Ratings: CCS 1CAS
400 mux 500 max volts

DC Grip-N0.2 VoLTA i mar 225 mar volts
DC GRID-NO.1 VOLTA( nas =175 max volts
DC PLATE CURRENT 150 mac 150 mar mau
DC Grin-No.1 CURRENT 7 mar 7 mae ma
PLATE INPUT. ... 60 mar T5 max watts
GRID-NOZ INPUT. ..o i e e e 4.5 mae 4.5 mar watts
PLATE DISSIPATION . . ... ...ttt i 20 max 25 max watts
PiAK HEATER-CATHODE VOLTAGE:
Heater negative with respeet to cathode, (..o o0 L. 1O e 100 ma.e volts
Heater positive with respect to eathode. .. ... ... ... 100 mae 100 max volts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance. .......................... 15000 mac ohms

HALF-WAVE
=P MERCURY-VAPOR RECTIFIER

NC. 5 e 3 NC
f‘j_ . Coated-filament type used in
power supply of transmitting and in- 8]6
~ e dustrial equipment. Maximum peak
F

R Z3. inverse anode vqlts:., 7500; maximum
Taeo average anode milliamperes, 1235, Re-
quires Small four-contact socket and may be operated in vertical position only, base
down. OUTLINE 27, Quilines Section.

I 1L AMENT 2.5 volts
Fraans ( .. 2.0 amperes
Trne VOLTAGE DROP (APProx.y . . ..o . 15 volts

° Iilament voltage must be applied at lewst 10 sceonds before the application of anode voltage.

HALF-WAVE RECTIFIER

Maximum Ratings (For power-zupply frequency of 66 cpe):

PEAk INVERSE ANODE VOLTAGE. .. ... i TH00 mar volts
ANODE CURRIENT:
Pl 500 mar ma
AVCIREO® .« o e 125 wax ma
[*ault, for duration of 0.1 gecond maximum . ....... . ... .. ... ... 5 mar amperes
CONDENSED-Marcury-TEMPERATURE RANGE ... ... ... o L, 20 to 6o °C

e Averaged over any interval of 30 seconds maximuimn,
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Operating Values:

Cireuit Mazx. Trans. Approx. DC Maz. DC Max. DC

(For circuit figures, refer to See. Volts Qutput Volts Output Output KW
Rectifier Considerations (RMS) To Filter Amperes To Filter
Section) Fig. E Eav Iav Pde
- In-Phase Operation
Half-Wave Single-Phase. .. 87 5300 2400 0.125 0.3
Full-Wave Single-Phase. .. b8 2600 2400 0.250 0.6
Series Single-Phase. .. .... 59 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.,45% 0.5° 1.556% 1,759
Half-Wave Six-Phase..... 64 2600 3600 0.47*% 0.5° 1.70*% 1.80°
* Resistive load. © 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 16,
Outlines Section. Filament volts (ac/de), 7.5;
amperes, 4. Direct interelectrode capacitances:
grid to plate, 8 upuf; grid to filament, 3 uuf, plate

to filament, 1,1 upf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR, Class

C Telegraphy with forced-air cooling: dc plate volts, 1000 mazx; de grid volts, -600 max; dc

plate milli-

amperes, 125 mazx; de grid milliamperes, 40 mar; plate input, 125 mar watts; plate dissipation, 60 mux
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 Me. Class C Telegraphy maxi-

mum CCSplate dissipation, 800 watts. Gy

May be operated in vertical position only with grid-No.1 and filament
up. OUTLINE 93, Outlines Section.

FILAMENT VOLTAGE (AC/DC) ... ......... 7.5
FILAMENT CURRENT 25
FILAMENT STARTING CURRENT .. . ... oiiiiineneniinrrinann 50 maz
Mu-FACTOR, Grid No.2 to Grid No.1¥. ... ... ... ... it iiiinainnas 16
DIRECT INTERELECTRODE CAPACITANCES (With external shiclding):

Grid No.l toplate. . ... .. .. i i it i 0.19 mur

Grid No.1 to filament and grid No.2 . . ... . it 18.5

Plate to filament and grid No.2. . ... ... ittt 11
RADIATOR TEMPERATURE { Measured on core at end away from incoming air) 150 nuse
BULB TEMPERATURE, At hottest point. . . ... .. ... iieuiiiiiine.ns 150 mar
SEAL TEMPERATURE (Filament and grid No.1) 175 max

* Plate volts, 2000; grid-No.2 volts, 1100; plate milliamperes, 350.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLFIER—Class C FM Telephony
Maximum CCS Ratings:
DO PLATE VOLTAGE . . . .1ttt ittt initnantostossnanananassanans 3500 max

DC GRIp-No0.2 VOLTAGE 1000 max
DC Grip-No.1 VoLTaGE apoaaa -500 maz
DC PLATE CURRENT. . ......... 500 mazr
DC GRID-NO.1 CURRE! 150 mar
PLATE INPUT........ 1500 max
GRID-NO.2 INPUT. .. 150 mazx
PLATE DISSIPATION . . o4ttt eitinen s iantiriaocsorsorosanasnasnsonsns 800 mazxr

terminals

volts
amperes
amperes

und
puf
puf

o2

o

o
[

volts
volts
volts
ma
ma
watts
watts
watts



Technical Data

G BEAM POWER TUBE
° Thoriated-tungsten-filament type used as
OP af power amplifier and modulator and as rf
¢ power amplifier and oscillator at frequencies up
2 53 to 75 Me. Filament volts (ac/dc), 10; amperes, 828

3.25. Direct interelectrode capacitances: grid

No.1 to plate, 0.07 mazx upf; grid No.1 to fila-

0 o ment, grid No.3, and grid No.2, 12 ppf; plate to

r filament,grid No.3,and grid No.2, 14 gpf. Maxi-

mum CCS ratings as Rl POWER AMPLI-
FIER AND OSCILLATOR: de plate volts, 1250 max; de grid-No.3 volts, 100 max; de grid-No.2 volts,
400 max; de grid-No.1 volts, -300 mazx; de plate ma., 160 mazx; de grid-No.l ma., 15 maz; plate input,
200 mar watts; grid-No.3 input, 5 max watts; grid-No.2 input, 16 mar watts; plate dissipation, 70 maz
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 §1, Qutlines Section. Plate shows no
color when tube is operated at maximum CCS ratings, and shows a barely perceptible red color at maxi-

mum [CAS ratings. The 828 is a DISCONTINUED type listed for reference anly.

TWIN BEAM POWER TUBE

Heater-cathode type having mid-
tapped heater used as af power ampli-
fier and modulator and as rf power 8298
amplifier and oscillator. May be used
with full input up to 200 Me. For oper-
ation at 250 Mec, plate voltage and plate input should be reduced to 89 per cent of
maximum ratings. Class C Telegraphy maximum plate dissipation (per tube) with
natural cooling, CCS 30 watts, ICAS 40 watts; with forced-air cooling, CCS 40
watts, ICAS 45 watts. Requires Septar seven-contact socket and may be operated
in vertical position with base up or down, or in horizontal position with pins 2 and 6
in horizontal plane. OUTLINE 22, Ouflines Section. Plates show no color when tube
is operated at maximum CCS or ICAS ratings.

HEATER ARRANGEMENT Series Parallel
HEATER VOLTAGE (AC/DC) . . .. vviininninnn 12.6 6.3 volts
HEATER CURRENT .. ............o.uuy .. . 1.125 2.26 amperes
TRANSCONDUCTANCE (Each unit)* . ... . ... . ... . .......... 8500 umhos
Mu-Factor, Grid No.2 to Grid No.1 (Each unit)** y
DIRECT INTERELECTRODE CAPACITANCES (Each unit):®

Grid No.Ltoplate. ... .. . i 0.12 max wpl

Grid No.1 to cathode, grid No.3, grid No.2, and heater mid-tap. . .. 14.5 upd

Plate to cathode, grid No.3, grid No.2, and heater mid-tap . ... ... 7 upt
* 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 AB}
Values are on a per-tihe basis

Maoximum CCS Ratings: Natural Coaling
DC PLATE VOLTAGE .+« o v tv v une et e e e e e 750 mazx volts
DC GrIipD-No.2 VOLTAGE 225 marx volts
MaxXiMUM-SIGNAL DC PLATE CURRENTY. . .. 250 mazx .
MAXIMUM-SIGNAL PLATE INvUT® .o Lo .. 100 max watts
MAxiMUM-SIGNAL Grip-No.2 InpuT® .. 7 mazx watts
PLATE DISSIPATION® ., . ... . 30 max watts
PeaK HEATER-CATHODE VOLTAGE:

Heater negative with respeet toecathode. . .. ......... ... ... ... . ... . 100 max volts

Heater positive with respect to cathode. . .. 100 max volta
BULB TEMPERATURE . &« « ottt et et a i ettt it ts e et a et 236 mazx °C

Typical Operation:
DC Plate Voltage. ... .. ovive ittt it 600 volts

DC Grid-No.2 Voltageé 200 volts
DC Grid-No.1 Voltage ..................... ~-18 volts
Peak AF Grid-No.1-to-Grid-No.l1 Voltage. .............. 0. iviuunnn... a6 volta



Zero-Signal DC Plate Current. ... ... ..., 50000000000060000

Maximum-Signal DC Plate Current. ... ...

Zero-Signal DC Grid-No.2 Current. ...........

Maximum-Signal DC Grid-No.2 Current ., .
Effective Load Resistance ('late to plate) .

Maximum-Signal Driving Power......... oo

Maxitnum-Signal I'ower Output. .. .... 5000080060000

Maximum Circuit Values:

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

® Averaged over any audio-frequency eycele

PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER-—Class C Telephony

of sine-wave form.
# Obtained preferably from a separate souree, or from the plate-voltage supply with a voltage divider,

Natural Cooling

= RCA Transmitting Tubes

40
110

4

26
13750
0

44

0.1 max

megohm

Not recommended

Forced-Air Cooling

Maximum Ratings: cCs I1CAS ces ICAS
DC Prate VoLTAGE .. ... .. ..... HBOO mar HOO mar 600 mar 600 mar
DC Grip-No.2 VoLTacE. ... ... 225 max 225 mar 225 maur 250 mur
DC Grip-No.1 Vorrase =175 max -175 mac -175 max -175 mar
DC PLATE CURRENT . .. ... o 212 mar 212 mar 212 max 240 mar
DC Grin-No.l CuRgexT. 15 mar 15 max 15 mazx 20 max
PLATE INPUT. .. ... .. ... 67.5 marx 90 mazx 90 mue 120 marx
Grip-No.2 Invut. ... ... ... 7 max T mar T mar R maz*
PLATE DISSIPATION . .. ... . ..... 21 max 28 max 28 max 40 marx
PEAK I{BATER-CATHODE VOLTAGE:
Heater negative with respect to
cathode. .......... ... .. 100 max 100 saax 100 nier 100 mae
Heater positive with respect to
cathode .. 100 max 100 mar 100 max 100 marx
BULB TEMPERATURE . .. ... .... 235 max 235 max 235 mar 235 mar
Typical Operation:
DC Plate Voltage . . ...... ... .. 600 425 600 425 G040 GO0
DC Grid-No.2 Voltage . 140 200 200 200 200 200
From series resistor of ... ... 32000 11000 25000 11000 25000 20000
DC Grid-No.1 Voltageas ... ..., ~60 ~60 —60 ~6¢ —60 =70
From grid-No.1 resistor of ... 13000 4300 KG00 4300 8600 5400
AVERAGE PLATE CHARACTERISTICS
EACH UNIT
1 T T ]
TYPE B29-8B
| €5=12.6 vOLTS
SERIES HEATER ARRANGIMENT
GRID-N$2 VOLT$=200
M
x 60 Ec t o2
) -
3 { «20)
3
= R oS
1 40 "1
w +10
=
é J/-—"—_" )
B S— T
/—"" c}mo-nn voLTs Ec 20
200
° .
amm— -10
gt =13
E :_'j T ~20
00 200 300 400 300 600 700
PLATE VOLTS s2CM-8112T4
Pealkk RF Grid-No.l-to-Grid-No. 1
Voltage. .. ...... . . .. 138 160 144 160 144 180
DC Plate Current . ... .. . 112 212 150 212 150 200
DC Grid-No.2 Current. .. ..., .. 13 21 16 21 16 20

140

volts
volts
volts
ma
mAa
watts
watts
watts

volts
volts

°C

volts
volts
ohms
volts
ohms

volts

ma



Technical Data : o

DC Grid-No.1 Current (Approx.).. 4 11 7 14 7 13 mi
Driving Power (Approx.) .. ...... 0.3 1 0.6 1 0.5 1.1 watts
Power Output (Approx.)......... 50 63 70 63 70 90 watts

Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. ... ... ... ..o i 15000 mar ohms
4 In ICAS applications, at frequencies less than 20 Me, where the duty factor does not exceed 0.2,
maximum ‘“on” period does not exceed 30 seconds, and average modulation factor does not exceed
0.25, maximum grid-No.2 input of 12 watts is permitted.

& Obtained preferably from separate source modulated along with the plate supply, or from the modu-
lated plate supply through series resistor of value shown.

& Obtained from grid-No.1 resistor of value shown or from a combination of grid-No.1 resistor with
either fixed supply or ecathode resistor.

PUSH-PULL RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
PUSH-PULL RF POWER AMPLIFIER-—Class C FM Telephony

Valies are on v per-tube busis

Natural Cooling Forced-Air Cooling
Maoximum Ratings: cCs 1CAS CcCS ICAS
DC PLATE VOLTAGE . ... ........ 750 max T80 max 750 maxr 750 max volts
DC GRrRID-No.2 VOLTAGE . ....... 2256 mae 225 max 226 mae 250 mar volts
DC Grip-No.1 VOLTAGE. . .. ~175 mar ~175 mac -175 mar -175 max volts
DC PLATE CURRENT........... 240 mar 210 max 240 max 240 mazx ma
DC GRrRID-No.1 CURRENT. ....... 15 mazx 15 mar 156 mac 20 max ma
PratE INPUT. . ... ... Ca 90 mac 120 max 120 max 150 max watts
GRrID-No.2 INvUuT. ... .. 7 mar 7 max T mae 8 max watts
PLATE DISSIPATION . .. ... ...... 30 mar 10 max 40 mae 46 max walts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to
cathode . . 100 niawr 100 max 100 max 100 mac volts
Heater positive with resp
cathode................ 100 wmae 100 max 100 max 100 max volts
BuLs TEMPERATURE. . .. ... .... 265 mar 255 mar 285 mar 235 mar ¢
TYPICAL CHARACTERISTICS TYPICAL CHARACTERISTICS
EACH UNIT EACH UNIT
TYPE 829-B ' Type 829-8
£¢=12.6 VOLTS | Eg&=1(2.6 VOLTS J
SERIES HEATER ARRANGEMENT SERIES HEATER ARRANGEMENT
GRID-N22 VOLTS=200 J GRID-NS2 VOLTS=200 1
180 — 180
2 2 2ol L\ L\
&120 & Frzo -\
§ > AL
3 : : %
=1 \ N VOLTS Ec = +25 5 \ \ \ 3
g 8o + 280 ‘N
H \ T 3 N\N2i voLTS e, 4 28
= 1 +20 - - 3
% \ \ s [ \ N ] +20
Q40 +8 0 A\ ——t1 _*i0 +75
e Q40 e -1
® \ *io 3 . +50 07
v o = =0
— 1 20
[ 50 100 150 200 0 50 100 1%0 200
PLATE VOLTS PLATE VOLTS
92CS5-6114T4 92CS-83087
Typical Operation:
DC Plate Voltage....... ... .. 750 500 750 500 750 750 volts
DC Grid-No.2 Voltage® ........ 190 200 200 200 200 200 volta
From series resistor of . .. . ... 40000 13000 32000 13000 32000 27500 ohms
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DC Grid-No.1 Voltage® ........ -50 -45  -50 -45  -b0 -50 volta
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. . .................. 116 128 124 128 124 134 volts

DC MateCurrent.. . ............ 120 230 160 230 160 200 ma

DC Grid-No.2 Current . .. ... ... 14 24 17 23 17 20 ma

DC Grid-No.1 Current (Approx.) 4 16 ki 15 7 12 ma

Driving Power (Approx.).... ... 0.3 0.9 0.4 0.9 0.1 0.8 watt

Power Qutput (Approx.)........ It 83 90 83 90 115 watts

Maximum Circuit Values {CCS or ICAS conditions):

Grid-No.1-Circuit Resistance . ... ... .. . . o 15000 mas ohma

? Obtained preferably from separate source, from plate-voltage supply with u voltage divider, or
through series resistor of valuc shown. The grid-No.2 voltage must not exceed 600 volts under key-up
conditions.

2 Ohtained trom fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.

POWER TRIODE

Thoeriated-tungsten-filament type used as
af power ampliticr and modulator and as rf
power amplifier and oseillator. May be used
with full input up to 16 Mc and with reduced
input up to 60 Mc. Requires Small four-contaet

8 308 socket and may be operated 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 8308
is used prineipally for renewal purposes.

FILAMENT VOLTAGE (AC/DC) 10 volts
FILAMENT CURRENT. ........ 3 amperes

AMPLIFICATION FACTOR .
DIRECT INTERBLECTRODE ("APACITANCES:
Grid toplate. .. ... e 11 pul

Grid to filament. . .. o . b uut
Plate to Glament . . . . . e e e 1.8 upl
. Class B Class C
Maximum CCS Ratings: Modulator Telegraphy
DC PLATE VOLTAGE 1000 war 1000 spa volts
DC GRID VOLTAGE. ... ... aon = = =300 mar volts
DC PLATE CURRENT . .. 150" max 150 max ma
DC GRID CURRENT. . ... .. . — 30 max ma
PraTe INvur. oo . 150°% ymar 150 mac wautts
PLATE DISSIPATION . . ... ... i 60 maz 60 mar watts

® For maxitmum-signil conditions.
® Averaged over any audio-{requency cyvele of sine-wave fornu

TWIN BEAM POWER TUBE

Heater-cathode type having mid-

8 32A tapped heater used as rf power ampli-

fier and osxcillator. May be used with

full input up to 200 Me. For operation

at 250 Me, plate voliage and plate

input should be reduced to 89 per cent of maximum ratings. Class C Telegraphy

maximum plate dissipation (per tube), CCS 15 watts, TCAS 20 watts. Requires

Septar seven-contact socket and may be operated in any position. OUTLINE 12,

Outlines Section. Plates show no color when tube is operated at maximum CCS or
TICAS ratings.

HEATEIL ARRANGEMENT Series Parallel
HuATER VOl TAGE (AC/DC) . ... ... 06 0000000000600 a00 12.6 6.3 volts
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HEATER CURRENT . .. .. .o s
TRANSCONDUCTANCE (ach unit)® R
Mu-Facron, Grid No.2 to Grid No.1 (lu.u h unlt) L.

DIRECT INTERELECTRODE CAPACITANCES (Kach unn)
Grid No.lLtoplate... ... . o i ot
Grid No.1 to eathode, grid No.3, grid No.2, and heater
mid-tap
Plate to eathode, grid No.3, grid No.2, and heater mid-
UffD oo e nannnnnonbanno5a000a000000000000000000
Grid No. 2 1o cathode (including internal Grid-No. 2 by-
PASS CAPACILOL) L ..
# Plate volis, 230; grid-No.2 volts, 185; plate milliamperes, &
#* Plate and grid-No.2 volts, 250; plate milliamperes, 30.
9 With external shield in plane of seal flange.

PLATE-MODULATED PUSH-PULL RF POWER

Maximum Ratings:
DO PILATE VOLTAGE . ... ..o
DC Grin-No.2 VOLTAGE
DC Grip-No.l VOLTAGE ..
DC PLATE CURRENT
DC GriD-No.1 CURRENT . .
Pratg Inpur. ... ..o
up-No.2 Ixrur
PLATE DISSIPATION . . ........
PeEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ... oo oL
Heater positive with respect to cathode. .
BULB TEMPERATURE. .. .. ... o i e

Typical Operation:
DC Plate Voltage . .
DC Grid-No.2 Vol

DC Grid-No.l Voltaged . ... ..o
From grid-No.1 resistor of . .
Peak RF Grid-No.1-to-Grid-No.1 Voltage. . ... ..... ...
DC Plate Current . . ... "oopaa0
DC Grid-No.2 Current e
DC Grid-No.1 Current (Approx.)........
Driving Power (Approx.)
Power Output (Approx.)

Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Cireuit Resistance...........................

fa = - =

...... .07 mazx

8.0

...... 3.8

30.

AMPLIFIER—Class C Telephony

cCs ICAS

600 max 600 max

250 max 250 max

~-175 max -175 max

5 max 45 mar

6 mac 6 maxr

22 mar 36 marx

3.4 mar 5 max

10 nar L5 max

100 max 100 max

100 marx 100 max

200 e 200 max
425 GO 600
200 200 200
14000 25000 20000
-60 -6 ~70
25000 25000 23000
140 150 160
52 36 60
16 16 20
2.4 2.8 3
0.15 0.18 0,21
16 17 26

.............. 25000 max

amperes
umbos

mi
upl
ppf

upl

volts
volts
volts
ma
ma
watls
watts
watts

vilts
volts
¢

volts
volts
ohms
volts
ohms
volts
ma
ma
ma
watt
witts

ohms

& Obtained preferably from scparate source modulated along with the plate supply or from the modu-

lated plate supply through series resistor of value shown.

6 Obtained from grid-No.1 resistor of value shown or from a combination of grid-No.1 resistor with

either lixed 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:
DC PLATE VOLTAGE . . .. ..ottt e e
DC GrIp-No.2 VOLTAGE
DC Grip-No.l VoLTaGE
DC PrATE CURRENT . .
DC Grip-No.1 CURRENT . . ...
PLATEINPUT ... .. ...
Gurin-No.2 Inrur............
PLATE DISSIPATION . .
PeEAK HEATLI!-LATH()DL \01 IA(.L.

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

Heater positive with respect to cathode.
BULB TEMPERATURE. .. ... ... oot

Typical Operation:
DC Plate Voltage. .. .... 0000aDE 000008 000a0080000000

CCS ICAS
750 mur 750 max
250 mar 280 max

-175 mar -175 max

90 mac 115 max

& mar 6 max
36 max 50 max
5 mar 5 max

15 max 20 max
100 max 100 max
100 max 100 max
200 mar 200 max

500 750 750

volis
volts
volts
ma
ma
witts
watts
watts

volts

volts
°C

volts
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DC Grid-No.2 Voltage® 200 200 200 volts
From series resistor of 21000 37000 25000 ohms
DC Grid-No.1 Voltage®. —65 -65 —50 volta
From grid-No.1 resistor of 25000 23000 12500 ohms
From cathode resistorof . ... .o o oo ii L 730 1000 550 ohms
Peakk R Grid-No.1-to-Grid-No.1 Voltage . 150 150 130 volts
DO Plate Current ..o oo, 72 48 65 ms
id-No.2 Current 14 15 22 ma
d-No.1 Current (Approx) 2.6 2.8 4.0 ma
Driving Power (Approx.) . 0.13 0.19 0.24 watt
Power Output (Approx.) 26 26 35 watts
Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Cireuit Resistance. . ... ..o oo i 25000 max ohms

® 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 keyv-up conditions.
2 Obtained from fixed supply, by grid-Na.l registor, by cathode resistor, or by combination methods,

TYPICAL CHARACTERISTICS
EACH UNIT

T T 7 T T T T T T
|__TYPE 832-A —
E4=12.6 VOLTS
| SERIES HEATER ARRANGEMENT—{
GRID-N82 VOLTS=250

1
[y l .
23 1
» ~ —e o
38 \ :
4 i
NN
: el
f 10| T ‘11_ T
8 VOLTS Eci=418~——]
- IAEINAN -
[ —
N T
ol 1 T—1 T
0 100 200 300 400

PLATE VOLTS
Q2CM-491072

AVERAGE CHARACTERISTICS
EACH UNIT

230 r_’/ Y | L S
N 410 TYPE 832-A
- |
= €¢=12.6 VOLTS
o s SERIES HEATER ARRANGEMENY
£ |+ GRID-N12 VOLT32250
o = Yol
3 =
T8 €c,=0
j GRID-NSI VOL
: /
Jre |
-3
E 4  —T
z "
z —10
8 j _-1o
5 100~ l’b_,.._—
A} |t —i5

g | s
» ‘K——-—-’“ ~20
T s =
w A

— Fge
5 T -
[ )—r",’& =30

Rl bl il a g it St C IR E SRR Py SR
__,Ti— o
‘o 3 200 300 300 500 600 700 600
PLATE VOLTS 92CM-491273
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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 30 Mc with natural cooling (20

Mec with forced-air eooling), and with reduced input up to 75 Mec. Class C Teleg-
raphy maximum plate dissipation with natural cooling, CCS 300 watts, ICAS 350
watts; with forced-air cooling, CCS 100 watts, ICAS 450 watts.

FILAMENT VOLTAGE (AC/DC) . ... .. it 10 volts
FILAMENT CURRENT. ... ... e 10 amperes
AMPLIFICATION FACTOR® . .. ... . . . i 35
DIRECT INTERELECTRODE CAPACITANCES:
Grid Lo plate . .. . e 6.3 uuf
Grid to filament 12.8 wuf
Plate to filament. 8.5 puf
* Grid volts, -10; plate milliamperes, 200,
AF POWER AMPLIFIER AND MODULATOR—Class 8
Natural Cooling Forced-Air Cooling
Maximum Ratings: COS ICAS CeS I1CAS
DC PLATE VOLTAGE .. .......... 3000 max 3300 wmar 4000 mar 4000 max volts
MAXIMUM-SIGNAL DC PLATE
RENT® 500 mar 500 mar 500 mar 500 mar ma
MaxiMum-, 1125 mar 1300 mar 1600 mar 1800 mar watts
PLATE DisstPATION® . ..o oL .. . 300 mar 350 mor 400 wmae 450 mar watts
Typical Operation (Values are for fwo tubes):
DC Plate Voltage. . ............ 3000 3300 4000 4000 volta
DC Grid Voltaget. .. ... .... .. =70 -R0O -100 -100 volts
Peak AF Grid-to-Grid Voltage. .. 400 140 180 510 volts
Zero-Signal DC Plate Current. . .. 106 100 100 100 ma
Maximum-Signal DC Plate Cur-
[EM8c 0 noannonoonononoaonao 750 T80 800 900 ma
Effective Load Resistance (Plate
toplate) ......... ... . ... 9500 10500 12000 11000 ohms
Maximum-Signal Driving Power
(ApProxX.) . . ... 20 30 29 38 watts
Maximum-Signal Power Output
(Approx.) .. ... 1650 1900 2400 2700 watts
® Averaged over any audio-frequency evele of sine-wave form.
+ For ac filament supply.
s AVERAGE PLATE CHARACTERISTICS
I T T T
l TYPE 833-A
Ta%0 E¢ =10 VOLTS AC
Icc_’/'
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Natural Cooling Forced-Air Cooling
Maximum Ratings: cCs IcCas s 1CAS
DC PLATE VOLTAGE . ........... 2500 mar 3000 mar 3000 mar 1000 mar volts
DC Grin VOLTAGE. .. . =500 mar =500 mar =500 mar - 500 war volts
DC PLATE CURRENT . . ... vnt. 400 mare 400 mar 450 wmar 450 mar ma
DC GriD CURRENT . . . ......... 100 wmax 100 war- 100 mar 190 max ma
PraTE INPUT .. 835 mar 1000 mer 1250 niar 1809 wear watts
PLATE DISSIPATION . . .. .... 200 ma.r 250 mar 270 mar 350 war watta
Typical Operation:
DC Plate Voltage. . ............ 2500 3000 3000 1000 volts
DC Grid Voltagesd . ..... =300 240 -300 325 volts
From grid resistor of . 4000 3400 3600 3600 ohms
Peak RF Grid Voltage.. . 460 110 190 520 volts
DC Dlate Current... ... .. L. 335 335 415 450 ma
DC Grid Current (Approx.).. ... i 0 85 90 ma
Driving Power (Approx.) .. .. ... 30 24 37 42 watts
Power Qutput (Approx.)........ 633 K00 1000 1500 watls

& 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 OSCHLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony
Natural Cooling Forced-Air Cooling

Maximum Ratings: S 1cas cCs 1cCAS
DC PLATE VOLTAGE .. .......... 300 wmar 3300 mar 1000 niar 1000 mac volts
DC GrID VOLTAGE. .. .......... - BOO i 500 mar =500 prar -B00 mar volts
DC PLATE CURRENT . . ... ...... BOY mar 500 wmaur 5060 wier 500 mar ma
DC GRID CURRENT. . . . 100 mor 100 war 100 mar 100 weer ma
PLaTe INruT. ..ol 1250 mer 1500 mar INGO nras 2000 nar watts
PLATE DISSIFATION . . ... .. ... .. 300 wrar 350 mers 400 s 450 mar watis
Typical Operation:
DC Plate Voltage. .. .......... 2250 3000 3000 40600 4000 volts
DC Grid Voltage® ... ........ ~123 =200 —155 -200 -225 volis

From grid resistor of . .. .. .. 1500 3600 2150 2650 2400 ohme

From eathode resistor of . . .. 235 425 270 384 3R0 ohins
Teak RF Grid Voltage. .. ... ... 300 360 330 375 415 volis
DC Plate Current. .. .......... 445 415 500 450 500 ma
DC Grid Current. (Approx.) . ... 85 53 0 75 95 ma
Driving Power (Approx.). ... .. 23 20 25 26 35 walts
Power Qutput (Approx.)....... T80 1000 1150 1440 1600 watts

4 Obtained from fixed supply, by grid resistor, by cathode vesistor, 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. OUTLINE 38, Ouflines Section.

For operation with natural cooling at 30 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 Mc, to 65 per cent.

With forced-air cooling, an air flow of 40 cubic fect 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 §33-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 -40 volts should be used.

Flate shows an orange-red color when tube is operated at maximum CCS or
1CAS ratings.
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TYPICAL CHARACTERISTICS
T T T Al .

TYPE 833-A
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POWER TRIODE

Thoriated-tungsten-filament type
used as rf power amplifier and oscil- 834
lator. May be used with full input up
to 100 Me. For operation at 170 Me,
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 be 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) . . .. o e 7.6 volts
FILAMENT CURRENT. ... ............... 3.1 amperes

0.6

AMPLIFICATION FaACTOR
DinkcT INTERELECTRODE CAPACITANCES:

Grid to plate. ... . 2.4 s

Grid to filament . . .. L 2.2 npf

Plate to filament.. . . . .. Y .- 0.6 iy

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

Maximum CCS Ratings:
DC PLATE VOLTAGE . . . .. oottt e e e e 1260 mazx volts
DC GRID VOLTAGE . . . 1 .o e e -400 mazx volta
DC PLATE CUKRENT . . . ... e i e eieeaan 100 max ma
DC GRID CURRENT . .. . et an 20 mazx ma
PLATE INPUT .. e e 125 mazx watts
PLATE DISSIPATION . . ... e e 50 max watla

POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplitier and modulator and as rf
power amplifier and oscillator. May be used
with full input up to 20 Mc and with reduced
input up to 100 Me. Requires Jumbo four- 835
contact socket and may be operated in vertical
position with hase down, or in horizontal posi-
tion with pina 1 and 3 in vertical plane. OUTLINE
32, Outlines Section. Direct interelectrode ca-
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pacitances: grid to plate, 9.25 ypf grid to filament, 6 uuf; plate to filament, 5 uuf. Plate shows a barely
perceptihle red color when tube is operated at masimum CCS ratings. Except for interelectrode capac-
itances, the 835 is identical with DISCOXNTINUED type 211, The 835 is 2 DISCONTINTUED type
listed for reference only.

HALF-WAVE
VACUUM RECTIFIER "

Heater-cathode type having two
836 cathodes used in power supply of
transmitting and industrial equip-
ment. Maximum peak inverse plate K
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)® .. .. i eaaanas 2.5 volts
HEATER CURRENT . ... .ttt ittt et e iiiaaa e aes 5.0 amperes
HALF-WAVE RECTIFIER

Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE. . .. ... .. ... .. ... ... ooivn cuveennn 5000 maxr volts

PrLATE CURRENT:
YR 00 a6000008000000000000060006000000000000000000083003000000000 1 mazx ampere
AVEMAZE . . .. .o s 0.25 max ampere
Fault, for duration of 0.1 second maximum . .. ...................... 5 mas amperes

° Heater voltage should be applied approximately 40 seconds before the application of plate voltage.

BEAM POWER TUBE

Heater-cathode type used as rf

837 power amplifier and oscillator. May be

used with full input up to 20 Mec. For

operation at 40 Me, 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, Outlines Section, except has no
bayonet pin. Plate shows no color when tube is operated at maximum CCS ratings.

HEATER VOLTAGE (AC/DC) 12.6 volts
HEATER CURRENT 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 uuf

Grid No.1 to cathode, grid No.3, grid No.2, internal shield, and heater. . 16 uuf

Plate to cathode, grid No.3, grid No.2, internal shield, and heater. ... . 10 uuf

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

Maximum CCS Ratings:
DC PLATE VOLTAGE . . . ... e e e 500 mazx volts
DC Griv-No.3 VOLTAGE. ... ... . e 200 mac volts
DC GRID-NO.2 VOLTAGE .. .. .. .. ...... ... ... 200 max volta
DC Grip-No.1 VOLTAGE . .. ............ =200 max volts

DC PLATE CUBRENT . . . . cut ittt it ittt ittt et iba e 80 mar ma

DC GriD-No.1 CURRENT. ... .. 8 mar ma
PLATEINPUT . ....... ... ..., 32 max watts
GRID-NO3 INPUT. .............. .. 5 mas watts
GRID-NO.2 INPUT. .............. .. 8 mar watts
PLATE DissirarioN. 12 mar watts
PEAK HEATER- Cmuom: Von TAGE:

Heater negative with respect to cathode 100 max volts

[eater positive with respect to cathode. ......... ... ... ... il 100 max volts
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POWER TRIODE

Thoriated-tungsten-filament type used as
r p 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 120 Me. Requires Jumbo four-
contact socket and may be operated in vertical
position with hase down, or in horizontal posi-
° r tion with pina 1 and 3 in vertical plane. OUTLINE
52, Outlines Section. Plate shows no color when
tube is opersted at maximum CCS ratings. The
&:3K ia used principally for renewal purposes.

<

Framest VOLTAGE (ac/DpC) . ... ... ..
FILAMENT CURRENT. ... e
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. .. e
Grid to filament . . ..

Plate to fllament . .. . .. .. . e
Class B
- Maximum CCS Ratings: Modulator
DCPLATE VOLTAGE . .. ... ..o 1260 mar
DC GrID VOLIAGE N
DC PLATE CURRENT . . .. ... it 76°® wax

DC Grib CURRENT =

PraTE INPUT e 220°® max
PLATE D18SIPATION 100®  smax
® For maximun-signal conditiona.

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

POWER TRIODE

P (] Thoriated-tungsten-filament type used as
. 9 9 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

input up to 30 Mec. Requires Small {our-contact

* socket and may be operated in vertical position

o ° with base down, or in horizonta} position with
F [4 pins 1 and 4 in vertical plane. QUTLINE 32, Out-
lines Section. Filament volts (ac/de), 7.5; am-

838

10 volta
3.26 amperea
7.8 sl
6.0 s
4.0 pul
Closs C
Telegrophy
1260 mar voits
-400 mar volts
176 mar ma
70 mar ma
220 max watta
100 max watts

841

peres, 1.25. Direct interelectrode capacitances: grid to plate, 7.5 puf; grid to filament, 4.0 uuf; plate to
filament, 2.6 yul. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: de plate
volts, 450 mdc; de grid volts, ~200 max; de plate ma., 60 max; de grid ma., 20 maz; plate input, 27 max
watls; plate dissipation, 15 max 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

3 [ Thoriated-tungsten-filament type used as
'G:} af power amplifier and modulator. Requires

Small four-contact socket and may be operated
in vertical position with base down, or in hori-
zontal position with pins 1 and 4 in vertica!
plane. OUTLINE 32, Qutlines Section. Filament
volts (ac/de), 7.5; amperes, 1.25. Direct inter-
(4 electrode capacitances: grid to plate, 6.4 uuf;
grid to filament, 3.2 uuf; plate to filament, 2.6

F

842

wuf. Maximum CCS ratings as CLASS A AF POWER AMPLIFIER AND MODULATOR: dc plate
volts, 425 ma.x; plate dissipation, 12 maxr watts. Plate shows no color when tube is operated at maximum

COCS ratings. The 842 is a DISCONTINUED type listed for reference only.

POWER TRIODE

lleater-cathode type used as rf power am-
plifier and oscillator. May be used with full
input up to 6 Mc and with reduced input up to
30 Mec. Requires Small five-contact Bsocket
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 uu!; grid to cathode
H H and heater, 4 uuf; plate to cathode and heater,
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2.6 puf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: de plate volts,
450 mar; de grid volts, -200 mar; de plate milliamperes, 40 maz; de grid milliamperes, 7.6 mar; plats
input, 18 mazr watts; plate dissipation, 15 max watts; peak heater-cathode volts, % 45 mazx. Plate shows
no color when tube is operated at maximum (CCS ratings. The 843 is a DISCONTINUED type listed
for reference only.

POWER TRIODE @) .

845 '[‘horiated-tungstep-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.

G r

FILAMENT VOLTAGE (AC/DC) . . . . ..t it iiiee it iineiranans vneeerenas 10 volts
FILAMENT CURRENT. ............ boa 8.25 amperes
AMPLIFICATION FACTOR 5.3
D1RECT INTERELECTRODE CAPACITANCES!:
Grid to plate. ....... 12.1 ppl
Grid to tilament . . ....... ... 5.0 e
Plate to filament. . .. ... ... ... .. ... . ... 5.0 wul
AF POWER AMPLIFIER AND MODULATOR—Class AB1
Maximum CCS Ratings:
DO PLATE VOLTAGE . . . .o . ittt 1250 max volts
DC GRID VOLTAGE . . . .. -400 mar volts
DC PLATE CURRENT. . . .. 120 max ma
PLATE INPUT............ 150 mar watta
PLATE DISSIPATION . ... .. 100 maz watts
POWER TRIODE
Thorlated-tungsten-tilament type used as GBLADE
af power amplifier and modylator and aas rf
power amplitier and osecillator. May be used
with full input up to 3 Mc and with reduced 4 !
849 input up to 30 Me. Tube may be operated in

vertical position with filament end up, or in

horizontal position with plate in vertical plane.

Maximum over-all length, 1434 inches; maxi-

mum diameter, 4'4 inches. Filament volts g
(ac/de), 11; amperes, 5. Direct interelectrode capacitances: grid to plate, 34 uuf; grid to iilament, 17 uuf;
plate to filament, 3 uuf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATQR: de
plate volts, 2500 max; de grid volts, —500 maz; dc plate amperes, 0.835 max; dc grid amperes, 0.125 max;
plate input, 875 max watis; plate dissipation, 400 max watts. Plate showa cherry-red color when tube is
operated at maximum CCS ratings. The 849 is a DISCONTINUED type listed for reference only.

POWER TETRODE

Thoriated-tungsten-filament type used zs
rf power amplifier and oscillator at frequencies
up to 15 Mec. Requires Jumbo four-contact
socket and may be operated in vertical position

850 with base up or down, or in horizontal position

with pins 1 and 3 in verticsl plane. QUTLINE 53,

Qutlines Section. Filament volts (ac/dc), 10;

amperes, 3.25. Direct interelectrode capaci-

tances: grid No.1 to plate (with external shield-

ing), 0.25 marx wuf; grid No.1 to filament and grid No.2, 17 uaf; plate to titament and grid No.2, 25 uuf.

Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate volts, 1250 mar;

de grid-No.2 volts, 400 mazx; de grid-No. 1 volts, ~400 maz; dc plate milliamperes, 176 maz dc; grid-

No. 1 miiliamperes, 40 max; plate input, 220 muz watts; grid-No.2 input, 10 max watts; plate dissipa-

tion, 100 nar 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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POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplifier and modulator and as rf
G r power amplifier and oscillator. May be used
with full input 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.
AMaximum over-all length, 17-5,/8 inches; maxi-
mum diameter, 6-1/8 inches. Filament volts

Glsact

P

851

(ac 'de), 11.0; amperes. 15.5. Direct interelectrode capacitances: grid to plate, 47 uuf; grid to filament,
25.5 pul: plate to filament, 4.5 puf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCI1.-
LATOR: de plate volts, 2500 mar; de grid volts, =500 mar; de plate amperes, 1 maz; de grid amperes,
0.2 mar: plate input, 2500 mar watts; plate dissipation, 750 niar watts. The 851 isa DISCONTINUED

type listed for reference only.

POWER TETRODE

Theriated-tungsten-filament type used as
rf power amplifier and oscillator. May he used
with full input up to 30 Me. For operation at
60 Me, plate voltage and plate input should b
reduced to 75 per cent of maximum ratings; at
120 Me, to 50 per cent. Requires Small four-
eontact socket and may he operated in vertical
position only, hase down. QOUTLINE 57, Outlines
Section, Plate shows no color when tube is oper-
ated at maximum CCS ratings. The 860 is used
principally for renewal purpores.

FILAMENT VOLTAGE (AC/DC)
FILAMENT CURRENT. ...................
TRANSCONDUCTANCE “For plate current of 50 mililamperes)
AMPLIFICATION FACTOR .. ... .. ... .
DIRECT INTERELECTRODE CAPACITANCES:

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

860

10
3.25
1100

200

0.08 max
7.76
7.5

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Rotings:
DO TLATE VOLTAGE . .. L. ittt e
DC GRI-NO.Z VOLTAGE . .. .. .. .. ..
DC GRIDENO.L VOLTAGE . ... ittt it i
DC PLATE CURRENT. . ......
DC GRI-N0,1 CURRENT.

POWER TETRODE

Thoriated-tungsten-filament type used as
rf amplifier and oscillator up te 60 Me. Maxi-
’ mum over-all length, 17-7,32 inches; mazimun
radius, 6-3,'8 inches, Filament valts tac dc), 11;
amperes, 10. Direct interelectrode capacitances:
grid No.1 to plate fwith external shield), 0.1
ez pul; grid No.l to tilament and grid No.2,
Gy (] 14 puf: plate to filament and grid No, 11 gl
Maximum COS ratings as BF POWEIL AM-

Gz mast
[1BLADE

3000 mar
500 mar
~800 max
150 maz
40 marx
300 max
10 wnaxr
100 max

861

volts
amperer
umhos

upl
apl
aul

volts
volts
volts

ma
watts
watts
wattr

PLIFIER AND OSCLLLATOIR: de plate voltg, 3500 mar; de grid-No.2 volts, 740 maz; de grid-No.1
volig, 1000 ius; de plate ma., 350 max; de grid-No.l ma., 76 maz; plate input, 1200 mur watts; grid-
No.2input, 85 moexr watts; plate dissipation, 400 we.r 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/de), 7.5; amperes, 2. Direct in-
terelectrnde capacitances: grid No.1 to plate

(with external shield), 0.1 uuf; grid No.1 to fila-

ment and grid No.2, 8.5 max uuf; plate to fila-

ment and grid No.2, 8 puf. Maximum CCS

ratings as RF POWER AMPLIFIER AND

O3SCILLATOR: de plate volts, 730 mar; de grid-No.2 volts, 173 mar; de grid-No.l volts, =200 mar:
de plate ma., 60 maz; de grid-No.1 ma., 5 max; plate input, 45 max watts; grid-No.2 input, 3 max
watts; plate dissipation, 15 mor watts. The 865 is a DISCONTINUED type listed {or reference only.

HALF-WAVE MERCURY-
VAPOR RECTIFIER

Coated-filament type wused in

866A power supply of transmitting and in-

dustrial equipment. Maximum peak

inverse anode volts, 10,000; at maxi-

mum average anode amperes, 0.25. Re-

quires Small four-contact socket and may be operated in vertical position only,
base down. QUTLINE 43, Oullines Section.

4
et CATH.
SHIELD

FILAMENT VOLTAGE (ACY . it i i et et 2.5 volts
FILAMENT CURRENT . . oottt ittt i et et i 5.0 amperes
PEAK TUBE VOLTAGE DROP (APDProx.) .. o i 15 volts

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

HALF-WAVE RECTIFIER
Maximum Ratings, (For power-supply frequency of 60 cps):

PEAK INVERSE ANODE VOLTAGE .. ... ... .. . 2500 mar 5000 mar  LOVO0 max volts
ANODE CURRENT: .
Peak. ... . ... 2 omar 1 mar 1 mar amperes
Average¥. .. ... ..o 0.5 mar 0.25 max 0.23 mos ampere
Fault, for duration of 0,1 second maximum . 20 max 20 mar 20 mar amperes
CONDENSED-MERCURY-TEMPERATURE RANGE® | 20 to RO 20 to 70 20 to 60 °

* Averaged over any interval of 30 seconds maximum.
® Operation at 40° = 5°C is recommended.

RATE OF RISE OF CONDENSED -
MERCURY TEMPERATURE

— .
TYPE 866 A
Ef VOLTS | LOAD
CURVE | ™ pus | AMPERES
i 2.38 o
——| 262 05

&
Q

TEMPERATURE RISE
OF CONDENSED MERCURY
N
o
~

ABOVE AMBIENT TEMPERATURE - *C
<]
\
\

>
N

(=]

5 10 i5 20 25 30

HEATING TIME-MINUTES
92¢5~-9028T!
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Operating Values:

Cireust Mazx, T'rans. Approx. DC Maz. DC Maz. DC
(For circuit figures, refer to See., Volts Output Volts Qutput Output KW
-Rectifier Congideralions (RMS) To Filter Amperes To Filter
Section) Fig. E Fav Inv Pdc

In-Phase Operation

7000* 3200 0.25 0.8
Half-Wave Single-Phase. . . 57 35004 1800 0.25 0.4
17002 800 0.50 0.4
3500 3200 0.5 1.6
FFull-Wave Single-Phase . . . 58 1700* 1600 0.5 0.8
8007 800 1.0 0.8
7000 6400 0.5 3.2
Series Single-Phase. . .. ... 59 35004 3200 0.5 1.6
17007 1600 1.0 1.6
1000* 1800 0.75 3.6
Half-Wave Three-Phase. .. 60 20004 2400 0.75 1.8
10non 1200 1.5 1.8
Quadrature Operation
1000°* 1800 1.5 7.2
Parallel Three-Phase. .. ... 61 20004 2400 1.5 3.6
1n0n= 1200 3.0 3.6
100n* 9600 0.75 7.2
Series Three-Phase........ 62 20004 4800 0.7 3.6
10003 2400 1.5 3.6
35000 1500 0.91x 1,08 1.05% 4 58
Half-Wave Four-Phase. ... 63 17004 2300 0.91% 1.0% 2.07% 2.3%
800-= 1100 1.82% 2 0% 1.98% 2 2%
33000 1300 N4t 108 1.60% 4 8%
Half-Wave Six-Phase. . . .. 64 17004 2400 0,95 1.n® 2.30% 2 4@
800 1200 1.90% 2 na 2.28% 2.4

® For maximum peak inverse anode voltage of 10000 volts and maximum average anode current of
0.23 ampere.

4 For maximum peak inverse anode voltage of 3000 volts and maximum average anode current of 0.26
ampere.

For maximum peak inverse anode voltage of 2500 volts and maximum average anode current of 0.5
ampere.
* Resistive {oad. " Inductive load.

) HALF-WAVE MERCURY-
,a;:’,-}/i;m ne VAPOR RECTIFIER
l

Coated-filament type used in
. power supply of transmitting and in- 8 72A
Nc_z;\'\l\:_’\;__- dustrial equipment. Maximum peak
i 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, Owutlines Section.

FILAMENT VOLTAGE (AC)” o 5.0 volts

FILAMENT CURRENT . ... .. i 7.5 amperes

PEAK TUBE VoLTAGE Drop (Approx ) 50 o0po00n 0oRoOROC0dADORNaRONanRaa 10 volts

° Filament voltage must be applied at lo‘m! 30 'i\'u)n(l'l before the application of anode voltage.
HALF-WAVYE RECTIFIER

Maximum Ratings, (For power-supply frequency of 60 rps) |

PEAK INVERSE ANODE VOLTAGE. ... ... ... ... ...... ... 5000 mar 10006 marx voits
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ANODR CURRENT:

1130000000 00000009000000000000000000000000000000 5 mazx 5 mazx amperes
AVEIAZEO - oot ittt e e 1.256 mazx 1.25 maz amperes
Fault, for duration of 0.2 second maximum 50 mar 50 max amperes
CONDENSED-MERCURY-TEMPERATURE RANGE® 20 to 70 20 to 60 °C
6 Averaged over any interval of 15 seconds maximum.
@ Operation at 40° = 5°C is recommended.
Operating Values:
Cireuit Max. Trans. Approx. DC Max. DC Maz. DC
(For circuit figures, refer to See. Volts Qutput Volts Qutput Output KW
Rectifier Considerations (RMS) To Filter Amperes To Filter
Section) Fig. E Eav Iav Pdc
in-Phase Operation
7000% 3200 1.25 4.0
Half-Wave Single-Phase. . . 57 35004 1600 1.25 2.0
3500 3200 2.5 8.0
Full-Wave Single-Phase. . . 58 1700 1600 2.5 4.0
T000* $400 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 2000 2400 3.75 9.0
Quadrature Operation
4000* 4800 7.5 36.0
Parallel Three-Phase. . . ... 61 2000 2400 7.5 18.0
4000¢ 9600 3.75 36.0
Series Three-Phase. ... ... 62 20004 4800 3.7% 18.0
3500¢ 4500 4.5 3.0% 20.0* 22.5%
Hal{-Wave Four-Phase. ... 63 1700+ 2250 4.5%* 5.0% 10.0* 11.2%
3500¢ 4800 4.75% 5,08 22.8% 24.0"
Hall-Wave Six-Phasge. .. .. 64 1700 2400 4.76% 5.0% 11.4*% 12.9%
® For maximum peak inverse anode voltage of 10000 volts and maximum average anode current of 1.25
amperes,
¢ For maximum peak inverse anode voltage of 5000 volta and maximum average anode current of 1.25
amperes.
* Resistive load. ® Inductive load.
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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 Mec. 95 5
Class A, Amplifier maximum CCS
plate dissipation (design-center value),
VIEWED FROM SHORT END 1.6 waits. Requires Acorn five-contact
socket und may be operated in any position. OUTLINE 2, Qutlines Section. Plate
shows no color when tube is operated at maximum CCS ratings.

HEATER VOLTAGE (AC/DC) ... e i 6.3 volts
HEATER CURRENT. . ... ... ... ......... 0.15 ampere

TRANSCONDUCTANCES, .. ... 2200 umhos

DIRECT INTERELEC!

Grid to plate 1.3 uul
Grid to cathode and heater 1.0 pufl
Plate to cathode and heater 0.4 pul

¢ Ior de plate volts, 250 de grid volts, —7; plate resistance (Approx.), 11400 ohms; de plate amperes, 6.3,

AF AMPLIFIER— Class Ay

Moximum CCS Ratings, Desiyn-Center Values:

DC PLATE VOLTAGE . . S 250 wmax volts
PLATE DISSIPATION . . L ettt et e e iie s 1.6 wmax watts
Prak HEATER-CATHODE VOLTAGE:
Heater negative with respect to ecathode . .. ... . . . . .. .. 80 mar volts
Heater positive with respect tocathode. .o o o oo L. &0 max volts
RF AMPLIFIER AND OSCILLATOR—Class C
Maximum CCS Ratings, exign-Center Valiues:
DC PLATE VOLTAGE . .. ... it i 180 mar volts
DC PPLATE CURRENT . . . 8 max ma
DC GRID CURRENT . . .. ottt ettt eas 2 mar ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. . ... ... ... ... ... ... ... 80 max volts
Heater positive with respect tocathode. ... ... ..................... 80 mazx volts

MEDIUM-MU TRIODE

Acorn coated-filament type used
as rf power amplifier and oscillator at 958A
frequencies up to 350 Me, Class C

Telegraphy maximum CCS plate dis-

vieweD FrRom sHoRT eno  sipation  (design-center value), 0.6

watt. Requires Acorn five-contact socket and may be operated in any position.
OurniNg 2, Outlines Section. Plate shows no color when tube is operated at maxi-
mum CCS ratings.

FiLaMENT Vorrace (DC) 1.25 volts
FILAMENT CURRENT . ... et oo 0.10 ampere
DirECT INTERELECTRODE CAPACITANCES:
Grid to plate. .. 2.5 wul
Grid to filament . .. e 0.45 frm s
Plate to tilament . . L 0.6 frmg

RF POWER AMPUFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPUFER—Class C FM Telephony

Maximum CCS Ratings, Design-Center Values:
DC PLATE VOLTAGE 135 max volts
DO GrID VOLTAGE .. .. ... ... .. =30 mar volts
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DO PLATE CURRBENT . L o ot ittt T marx ma
DC GrI CORRENT . ... : t mor - ma
PLATE INPUT. . ... T I R 0.95 mar watt
PLATE DISSIPATION . . .0 ehivien i inecnenennes B P R 0.6 mazx watt
Maximum Circuit Values:
Grid-Circuit Resistance:
For fixed-bias 0DeFation. . . .ttt e, 0.1 mux megohm
For esthode-bias operation. .. ... o i i i i i e 0.5 mdc megnhn

POWER TRIODE

Coated-filament type used as af power
amplifier and modulator and as rf power arapli-
tier and oscillator. May be used with full input
up to 45 Mc and with reduced input up to 100

]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/de), 2.56; amperes, 2.5. .

Dirert interslectrode cupacitances: grid to plate, 9 uuf ; grid to filament, 8.5 uuf; plate to filament, 8 uuf.
Muxirmum CCS ratings as RF POWER AMPLIFIEER AND OSCILLATOR: dc plate volts, 425 max;
de grid volts, ~200; mar de plate milliamperes, 96 mac; de grid milliamperes, 25 maux; plate input, 40 max
watts; plate dissipation, 20 mar watts. Plate shows no color when tube is operated at maximum CCS
ratings. The 1608 is a DISCONTINUED type listed for reference only.

POWER PENTODE

Coated-filament type used as rf power am-
plifier and oscillator. May be used with full
input up to 20 Mc and with reduced input up
to 110 Mec. Requires Small five-contact socket

"6"0 and may be operated in vertical position only,

base up or down, OUTLINE 32, Outlines Section.

Filament volts (ac/de), 2.5; amperes, 1.75.

Direct interelectrode capacitances: grid-No.l

to plate, 1.2 uuf; grid No.1 to tilament 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 uul. Maximum
COS ratings as RF POWER AMPLIFIER AND OSCILLATOR: de plate volts, 400 max; de grid-No.2
volts, 200 mazx; de grid-No.1 volts, -100 mar; de plate milliamperes, 30 mar; de grid-No.1 milliamperes,
4 mar; plate input, 9 mar watts; grid-No.2 input, 2 max watts; plate dissipation, 6 mar watts. Plate
shows no color when tube is operated at maximum CCS ratings. The 1610 is 3 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 Me. For operation at

60 Me, plate voltage and plate input

should be reduced to 90 per cent of maximum ratings; at 90 Me, 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) . . . .. P 6.3 volts
HEATER CURRENT .« o o o ettt ettt et a it it 0.7 ampere
TRANSCONDUCTANCE (For plate current of 31 milliamperes) . ............ .. 2500 smhos
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l toplate. . ... . 0.26 uuf
Grid No.1 to cathode, grid No.3, grid No.2, shell, and heater.. ........ 6.5 upud
Plate to cathode, grid No.3, grid No.2, shell, and heater.........0 .. 13.6 uut

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLFIER—Class C FM Telephony
Maximum CCS Ratings:
DC PLATE VOLTAGE . . .1 vt ittt ittt ia i i e e 360 mazx volts
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DC GRID-NOZ VOLTAGE .. .. o\t it it i e iia i rsaerisisasassenassios 275 max volts
DC Grip-No.1 VOLTAGE . 0000 ~100 maz volts
DC PLATE CURRENT ... ....... 50 max ma
DC GRrID-NO.1 CURRENT 5 max ma
PLATEINPUT.................. 17.5 mar watts
GRID-NOZ INPUT .. ..ottt ieeas 2.5 mazr watts
PLATE DISSIPATION - « o« ot ittt e e it i ia ettt e r e aanans 10 max watte
Ak HEATER-CATHODE VOLTAGE:
Heuater negative with respect to cathode. .. ... 0 o0, 900000 9000 100 max volte
Heater positive with respect to eathode. ..o oo o e 109 max volte
T2 Gi
g BEAM POWER TUBE
Heater-cathode type having
metal shell used as af power amplifier ]6"4
H .
" and modulator and as rf power ampli-
fier and oscillator. May be used with
3 full input up to 80 Mec. For operation

at 120 Me, plate voltage and plate input should be reduced to 75 per cent of maxi-
mum ratings. Class C Telegraphy maximum plate dissipation, CCS 21 watts, ICAS
25 watts. Requires Octal socket and may be operated in any position. OUTLINE 21,

Outlines Section.

HEATER VOLTAGE {(AC/DC) . . . . o\ttt eianeennnn 6.3
HEATER CURRENT . . ..o ottt ittt iiiiseenainnaas 0.9
TRANSCONDUCTANCE (For plate current of 72 milliamperes) 6050
IDIRECT INTERELECTRODE CAPACITANCES:
Grid No.L toplate. ... i e 0.4 max
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—Closs AB1
Maoximum Ratings: ces ICAS
DO PLATE VOLTAGE . . .. ...ttt it 375 max 550 mazx
DC GRrIB-NO.2 VOLTAGE . 300 mar 400 max
DC PPLATE CURRENT . .. 110 max 110 max
PraTe INvuT. . ... 40 marx 50 maxr
Grip-No.2 INPUT. ... .. 3.5 mar 3.5 max
PLATE DISSIPATION ... .. ...t 21 marx 25 max
P’EAK HHEATER-CATHODE VOLTAGE:
Heater negative with respect to mthode .............. 200 max 200 inazx
Heater positive with respect to cathode. ... ... ........ 200 max 200 max
Typical Operation (Values are for 2 tubes):
DC Plate Voltage . . . . ... i i 360 530
DC Grid-No.2 Voltage . . . .. ... ... . . . i 270 340
DC Grid-No.l Voltage .. ... ... ......... -22.5 -36
I’oak AP Grid-No.-1-to- (xlld Nr) l Voltage . 45 72
Zero-Signal DC Plate Current. ... ....... 88 60
Maximum-Signal DC Plate Current. .. . ... 132 160
‘Maximum-8ignal DC Grid-No.2 Current. .., ..,.. 15 20
Effective Load Resistance (Plate wo plate) ... ....... 6600 7200
Total Harmonie Distortion. ... ... .......... ... 2 2.5
26.5 50

Maximum-Signal ["ower Output

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

ond
RF POWER AMPLIFIER—Closs C FM Telephony
Moximum Raotings: CCS ICAS
DC PLATE VOLTAGE . . . . ... it iii i ienenns 375 max 450 maz
DC GRID-NG.2Z VOLTAGE . . . ...t riaen 300 mur 300 max
DC Grin-No.l VOLTAGE 00 ~125 max -125 max
DC PLATE CURRENT . .. ..ot eteriie e iiaanane poo 110 max 110 max

volts
ampere
umhos

wal
pul
pul

volts
volts
ma
watts
watts
watts

volts
volts

volts
volts
volts
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DC GRID-NO.L CURRENT . . oottt e v v iiniianannes 5 mar 5 max ma
Prate INPUT 36 maz 46 max. watts
Grip-No.2 INPUT 3.5 max 3.6 maz watts
PLATE DISSIPATION . . .. ... ... i 21 maz 26 marx watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ............. 200 max 200 mar volts
Heater positive with respect to eathode. ............. 200 max 200 max volls
Typical Operation:
DC Plate Voltage . . . ... ... . . 375 450 volts
DC Grid-No.2 Voltage®. ... .............. . .. 250 260 volta
From series resistor of .. 12600 25000 ohms
DC Grid-No.1 Voltages ... ............. JS ~10 -15 volts
From grid-No.1 resistor of . . .. ... .. 20000 22500 ohms
From cathode resistor of . . .. .. . 425 410 ohms
Peak RF Grid-No.l Voltage. . ........ .. 51 73 volts
DC Plate Current . . . ................... .. 80 100 ma
DC Grid-No.2 Current 10 B ma
DC Grid-Nv.1 Current (Approx.)......... 3 2 ma
Driving Power (Approx.) . . .. ...t .. 0.1 0.16 watt
Power Output (APProx.) .. ................oouvn.n . 21 31 watts

2 Obtained from separate source, from plate-voltage supply with a voltage divider, or through series
resistor of value shown.
% Obtained from fixed supply, by grid-No.! resistor, by cathoda resistor, or by combination methods.

HALF-WAVE VACUUM
RECTIFIER

Coated-filament type used in power supply Lid
of transmitting and industrial equipment. lte- NC
quires a Small four-contact socket and may be

1616 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. F'il-
ament volts (ac), 2.5; amperes, 5. Maximum [
CCS ratings as HALF-WAVE RECTIFIER:
peak inverse plate volts, 6000 max; peak blate ma., 800 max; average plate ma., 130 max; fault amperes,
2.5 mar. The 1616 is a DISCONTINUED type listed for reference only.

BEAM POWER TUBE

Coated-filament type having metal shell
used as af power amplifier and modulator and
as rf power nmplifier and oscillator. May be
used with full input up to 45 Mc. For operation

'|6'| 9 at 60 Me, plate voltage and plate input should

r

be reduced to 90 per cent of maximum ratings;
at 90 Me, 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-

1oses.
FILAMENT VOLTAGE (AC/DC) . . oot o ottt e et 2.5 volts
FILAMENT CURRENT 2.0 amperes
TRANSCONDUCTANCE (For plate current of 50 milliamperes) .. ............ 45600 umhos
INRECT INTERELECTRODE CAPACITANCES!
Grid NoL t0 Plate . . ..o e 0.45 max pul
Grid No.l to tilament, grid No.3, grid No.2, and shelt . .. ... ... .. .. 9.6 upf
Plate to filament, grid No.3, grid No.2, and shell . . .. .. ... ... ... 12.6 jrmy
AF POWER AMPLIFIER AND MODULATOR—Class AB)
Maximum CCS Ratings:
DC PLATE VOLTAGE . 4« - o et e ettt ettt et et et e e es 400 max volts
DC GRID-NO.2 VOLTAGE .. .. ...... 300 max volts
MaxiMUM-SiGNAL DC PLATE CURRENT 75 mar ma
MAXIMUM-SiGNAL PLATE INPUT® . 30 max watts
GRID-NO.2 INPUT®. .. ... ... .. ....... 3.5 mar watts
PLATE DISSIPATION® . . .. ... . i i 16 max watts

® Averaged over any audio-frequency eycle of sine-wave form.
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RF POWER AMPLIFIER AND OSCILLATOR—Ciass C Telegraphy
and

RF POWER AMPLIFIER—Class C FM Telephony

Moximum CCS Ratings:

400 mar volts
300 mar volts
~125 marx volts
75 mar ma
5 mar ma
30 max watts
3.5 wmar watts
15 max watts
Maximum Circuit Values:
Grid-No.1-Cireait Resistance ... .. ... . . i 25000 niax ohms

POWER TRIODE

Thorated-tungsten-filament type used as
al power amplifier and modulator and as rf
power amplifier and oscillator. May be used
with full input up to 60 Mec and with reduced
input up to 100 Mec. Requires Small four-
contact socket and may be operated in vertical ]623
position with base down, or in horizontal posi-
tion with pina 1 and 4 in vertical plane. QUTLINE
44, Qutlines Section. Filament volts (ac/de),
6.3; amperes, 2.5, Direet interelectrode capacitances: grid to plate, 6.7 puf; grid to filament, 5.2 uul;
plate to filament, 0.9 yuf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR:
de plate volts, 750 wmar; de grid volts, —200 mar; de plate ma., 100 mar; de grid ma., 25 mar: plate in-
put, 75 mar watts; plate dissipation, 25 mar watts. Plate does not show color when tube is operated at
maximum CCS ratings. Type 1623 is a DISCONTINUED type listed for relerence only.

BEAM POWER TUBE

Coated-filament type used as rf power am-
plifier and osecillator. May he used with full
input up to 0 Me. For operation at 80 Me,
NC plate voltage and plate input should he reduced
to 86 per cent of maximum ratings; at 125 Me, ]624
to 55 per cent. Requires Small tive-contact
socket and may be operated in vertical position
only, base up or down, QUTLINE 34, Outlines
Section, except has no bayonet pin. Plate showe
no color when tube is operated at maximum CCS ratings. The 1624 is used principally for renewal pur-
POBEE.
FILAMENT VOLTAGE (AC/DC) ... ... ... .. e Cee 2.5 volts
FILAMENT CURRENT. .. ... .. .. .. . R 2.0 amperes

G3
r

TRANSCONNUCTANCE (For plate current of 50 milliamperes) 4000 umhos
DiRECT INTERELECTRODE CAPACITANCES:
Grid No.l to plate (With external shielding). ... ... . ... ... ... ... 0.25 murx upl
Grid No.l to filament, grid No.3, and grid No.2 .. .. ... ... .. ... . 11 uul
Plate to filament, grid No.3, end geid No.2 ... ... ... .. ... .. ... ... 7.5 upl

RF POWER AMPLIFIER AND OSCILLATOR—Closs C Telegraphy
ond
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
DOFIATE VOLTAGE .. ... .. e 600 mazx volts

DC GRI-NO.2 VoLTacE .. . 300 mar volts
DC Grin-No.1 VorLTacr . . =200 mar volts
DC PLATE CURRENT . ... i 90 marx ma
DG GRiD-No.1 CURRENT 5 mae ma
Prats INvUT. ... . o 54 mas watte
GRIL-NoO.Z2 INrUT. .. ... .. 3.5 mac watts
PLATE DISSIPATION . . ... 25 max watts
Maximum Circuit Values:

Grid-No.1-Cireuit Resistance. ... ... . 000 00 00 i 25000 max ohms
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BEAM POWER TUBE

Heater-cathode type used as af

]625 power amplifier and modulator and as

r{ 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 volts (ac/de), 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 rf
power amplifier and oscillator. May be used with
full input up to 30 Me. For operation at 60 I}Ic.

]626 plate voltage and plate input should be reduced
to 96 per cent of maximum ratings; at 90 Me,
to 93 per cent. Requires Octal socket and may
be operated in any position. QUTLINE 19, Ont-
lines Section. Plate shows no color when tube is
operated at maximum CCS ratings. The 1626 is
used principally for renewal purposes.

HEATER VOLTAGE (AC/DC) . . . it 12.6 volta
HEATER CURRENT . .. ... 0.25 ampere
AMPLIFICATION FacToR . 5
DIRECT INTERELECTRODE CAPACITANCES:

Grid to plate. ........ ... . 4.4 wuf

(;rid to cathode and heater 3.2 pul

Plate to cathode and heater . 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 . . . . o ottt it it it 250 mazx volta
DC GRID VOLTAGE . - . o o ottt i ittt . -150 mar volts
DC PLATE CURRENT . -« o0ttt ittt i ii e ie e .. 25 mar ma
DO Griv CURRENT. . 8 mar ma
Pratg InvPUT 6.25 mar watts
PLATE DISSIPATION 5 mac watts
Peak HEATER-CATHODE VOLTAGE:

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

Ieater pousitive with respect to cathode ... . ... .. ... ... 100 max volta

HIGH-MU TWIN TRIODE

Glass-octal heater-cathode type used as af
power amplifier. Class B AF Power Amplifier
maximum CCS plate dissipation (design-center

]6 3 5 value, per plate), 3 watts. Requires Octal socket
and may be operated in any position. QUTLINE
18, Outlines Section. Plates show no color when
tube is operated at maximum ratings. The 1635
is uned principally for renewal purposes.

HBATER VOLTAGE (AC/DC) « o o o et ettt e e it 6.8 volts
HEATER CURRENT .« ot v et e ettt e et aan e ehaan et ianaeeyi,. 0.6 ampere

Maximum CCS Ratings:

DC PLATE VOLTAGE. 300 mar volty
PEAK PLATE CURRENT (Per pldl(,) . 90 mazr i
PLATE DISSIPATION (Per plate) . ..o oo 3 max watts
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Prak HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. .. ... o o L. 90 mazx

Heater positive with respeet to eathode. .. ... ... ... ... . ..o 90 maz
Typical Operation, (I nless otherwise specified, values are for 2 units):
DC Plate Voltage. . ... .. .. e s 300 300
DC Grid Voltage . ... ... ... 0 0
I’eak AF Grid-to-Grid Voltage . . . ... ... ... ... ... ... .. ...... 70 108
Zero-Signal DC Plate Current . .. ... . . o 6.6 6.6
Mauximum-Signal DC Plate Current .. .. ... .. ... ...... 54 54
Peak Grid Current (Per unit) . ... .. P 38 39
Plate-Supply Impedance. .. ... .. .. ... ... ... o 0 1000%*
Effective Load Resistance (Plate to plate) . ... ... ... ... ...... 12000 12000
Eflective Grid-Circuit Impedance (Per unit) . . RN 0 516%
Total Harmonie Distortion. ... ... ... .. ... ... ... ... ... 4 5
Maximum-Signal Power Qutput . ... ..... ... ... ... ... . 10.4 10.4

® Includes pealk voltage drop through the grid-eireuit impedance.
® Practical design value.

volts
volts

volts
volts
volts
ma
ma
ma
ohms
ohms
ohms
per cent
watts

? At 400 cyeles for class B stage in which the effective registance per grid circuit is 500 ohms, and the
leakage reactance of the coupling transformer is 50 millihenrics. 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

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-
plifier or mixer at frequencies up to 4037

Requires Octal socket and may be operated in any position. OUTLINE 73, Outlines

Section. Will replace 2C40 planar type in most applications.

HEATER VOLTAGE. . . ..o ittt et e e e e 6.3
HEATER CURRENT. . . .ttt e e e aa s 0.145
CATHODE WARM-UP TIME, To reach 90 per cent of typical

oscillator power output 10 maz
AMPLIFICATION FACTOR. . .. ... L RN 30
TRANSCONDUCTANCE® .. ... ......... 5300
IDIRECT INTERELECTRODE CAPACITANCES (Approx.):

Grid to plate. .. ... .. R 1.1

Grid to cathode. .. . .. e 1.8

Plate to cathode. . ... .. .. .. . i e 0.05 maz

Cathode to rf cathode terminal. . ... 100
PLATE SEAL TEMPERATURE. .. . ...ttt it iaiianannann 175 max
° Plate volts, 250; plate milliamperes, 18.
Maximum CCS Ratings: RF AMPLIFIER—Class Ay

For altitudes up to 100,000 feet and frequencies up to 1700 Mc .

DC PLATE VOLTAGE. . . .. Rom oRaaEoOR0DNoEONG 0QCAENEGOQONOGARAnaodnno 300 max
DC GRID VOLTAGE. . -100 max
DC PLATE CURRENT 25 mazx
PLATE DISSIPATION® ... it 6.25 max
PEAK HEATER-CATIHODE VOLTAGE:

Heater negative with respect to cathode. ... ... ... ... ... ... . il 90 max

Heater positive with respect toeathode. . . ... ... ... ... ... ciinnn 90 max

Maximum Circuit Values:
Grid-Cireuit Resistance. . ... .. .. .. ... L 0.5 max

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
Maximum CCS Ratings:
For altitudes up to 100,000 feet and frequencies up to 2000 Me

DC PLATE VOLTAGE 360 max
DO GRID VOLTAGE . « ottt ittt et i e ittt 000 -100 max
DC PLATE CURRENT 25 max
ST 380107 53 13 13 1.1 8 max
PLATE INPUT. . .. 9 max
PLATE DISSIPATION® ittt it it i it iie e rineaoas 6.25 max

volts
ampere

seconds
pmhos

uuf
my
uul
unl
°C

volts
volts
{ ma
watts

volts

volts

megohm

volts
volts

ma
watts
watts
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PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............................. 90 max volts
Heater positive with respect to cathode............................. 90 max volts
Typical CCS Operation as Oscillator in Cathode-Drive Circuit:
At At At
500 Me 2000 Mc 3060 Me
DC Plate-to-Grid Voltage. . ..., 262 252 252 volts
DC Cathode-to-Grid Voltage® 12 2 2 volts
DCPlate Current. ....... ...t 23 23 25 ma
DC Grid Current (Approx.). .. ... ..., 6 3 4 ma
Useful Power Output (Approx.). . .................. 3 0.45 0.1 watts
Typical CCS Operation as RF Power Amplifer in Cathode-Drive Circuit ot 500 Mc:
DC Plate-to-Grid Voltage 326 volte
DC Cathode-to-Grid Voltage® e R 51 volts
DO Plate CUMTENT. . ..ottt et i it aas 2¢ ma
DC Grid Current (APProX.) . . o ottt et ittt et e s 7 ma
Driver Power Output (Approx.) . 2 watts
Useful Power Qutput (ADPPrOX.) . oo v ittt i e it eas 5 watts
Maximum Circuit Values:
Grid-Circuit Resistance. . ... ... ... . .. e e 0.1 mar megohm
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Ratings:
For altitudes up to 100,000 fect and frequencies up to 2000 Mc
DO PLATE VOLTAGE . .ottt it i et e e 275 max volts
DCGRIDVOLTAGE. . ... . i . . -100 mar volts
DC PLATE CURRENT 22 max ma
DC GRID CURRENT. ...ttt it eie e . 8 maz ma
PLATEINPUT. ... ... . . i . 6 maz watts
PLATE DissipATION® 4.25 mar watts
Peak HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. . ........ ... ... oot 90 maxr volts
Heater positive with respect to cathode. ..., .. o oo ool 90 max volts
Maximum Circuit Values:
Grid-Circuit Resistance. . ....... ...t 0.1 mar megohm
Moximum CCS Ratings: FREQUENCY MULTIPLIER
For altitudes up to 100,000 fect und frequencies up to 1700 Me
DC PLATE VOLTAGE. . .. .. o e i e 330 max volts
DC GRID VOLTAGE. . ~100 muc volts
DC PLATE CURKENT 22 max mz
DO GRID CURRENT. . ..ottt ittt i e e et s 8 mur ms
PLATE INPUT . 7.5 mar watts
PLATE DISSIPATION® . . . e e 6.25 mar watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. ... ... ... ... oo o 90 mar volts
Heater positive with respect tocathode. .. ... .. i Y0 max volts
AVERAGE CHARACTERISTICS
Tree 4037
£4063 YOLTS
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Tripler Doubler

Typical CCS Operation in Cathode-Drive Circuit: 10 480 Mc  to 960 Me

DC Plate-to-Mrid Voltage. . . .......... ... ..cviven.u . 390 370 volts
DC Cathode-to-Grid Voltagee . . ... ........ 90 70 volts
DC Plate Current. .. ......... 0000000 18 7.3 ma
DC Grid Current (Approx.) . .. ... ... . . 6 7 ma
Driver Power Qutput (Approx) ... ... ... 2.1 2 watts
Ugeful Power Qutput (Approx.).... ....................... 2.1 2 watts
Maximum Circuit Values:

Grid-Circuit Resistance. . ................ ... ... .... joooacacananaaaa 0.1 mur megohm

® In applications where the plate dissipation exceeds 2.5 walts, 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)Y . . . .ot e 5.5 typical  volts
6.0 max volts

HEATER CURRENT. ...ttt e et 17.3 amperes

MINIMUM HEATING TIME. .. ... i 5 minutes

MU-FACTOR, GRID NO2 TOGRID NO.I®. . ... .. . 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. . i i e et e 3500 mar volts
DO GRID NOZ VOLTAGE . .. e 1000 max volts
1 max  ampere
50 mar watts
PLATE DISBIPATION. . ... e e 1750 max watts
TYPICAL PLATE CHARACTERISTICS
i
I
TYPE 4600A
HEATER VOLTS 8,5 —]
GRID~No.2 VOLTS * 400
[ GRID-No.| VOLTS*E¢,
Sors 4
o
o
¥
-
w
% £¢,°-19|
2 030
0.25
~20)
-30
° 1000 2000 3000 4000
PLATE VOLTS $2Cu-11090T
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RCA Transmitting Tubes

BEAM POWER TUBE

4604 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 Me. Class C Telegraphy maximum plate
dissipation, ICAS 25 watts.

FILAMENT VOLTAGE (AC/DC) 6.3 volts
FILAMENT CURRENT. . . ...... 0.656 ampere
FILAMENT HEATING TIME. . . .......... 1 second
TRANSCONDUCTANCE®. . .. .............. 6000 umhos
MU-FACTOR, GRID NO.2 TOGRIDNO.I®. ... .. .. o 4
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.Lto Plate. . ... ... . 0.24 max nuuf
Grid No.1 to filament and grid No.3 and internal shield, base sleeve .
and grid NoO.2. ... ... 11 puf
Plate to filament and grid No.3 and internai shield, base sleeve
and grid No.2. .. .. 8.5 nul
BurLs TEMPERATURE (At hottest point). . ......... ... ... . ... . ... .. .... 220 max °C

° Piate volts, 200; grid-N 0.2 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 Me

IO PLATE VOLTAGE . -« o ot ittt ettt e i ot e e 750 max volts
DC GRrip-N0.2 VOLTAGE 250 max volts
1)C GRID-NoO.1 VOLTAGE. . . S -150 max volts
DC PLATE CURRENT. . ... .. .. s 150 max ma
DC GRiD-Na.1 CURRENT.. .. - 4 mar ma
PLATE INPUT. ... .. ... .. 90 mar watts
GRID-NO2 INPUT. . . . ... ... .. 3 mar watts
PLATE DISSIPATION. . .| 25 mar watts

Typical Operation as Amplifier at 175 Mc:

XC Plate Valtage. .. oo e e 400 volis

DC Grid-No.2 Voltage. ... .. 190 volts
From a series resistor of.. . .. . 18000 ohms

PCGrid-No.l Valtage. ... e -A0 volts

From a grid resistor of 30000 ohms
P Plate Current 150 ma
DO Grid-No.2 Current. .. .. .. .. 11 ma
DC Grid-No.1 Current (Approx.) 2 ma
Driving Power (Approx.)........ e 4.5 watts
Power QUtPUL (APPIOX.) . oot umt e e a e 3u watlg
Maximum Circuit Values:

Grid-No.1 Circuit Resistance. . . ......... .. i 30000 mar 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 3 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 Me, to 69 per
cent and 55 per cent, respectively; at 175 Me, 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

T
TYPE 4604
= £4:6 3 VOLTS AC
GRID-No 2 VOLTS =200
800
700
§600 e
w gt
% /V——"‘"" 20
3 500 —
3 e 10
w400
] _
~ L~ GRID-No.i VOLTS EC*0
300 - — -
— 10
200 ’/ =
P -20
100 30—
N T
1 Ear*9
[} 50 100 150 200 250 300 350
PLATE VOLTS 92CM - 10813T
TYPICAL CHARACTERISTICS TYPICAL CHARACTERISTICS
v — —T—r—T—
TYPE 4604 TYPE 4604
9 g0l E46.3 VOLTS AC @ | E4=6.3 VOLTS AC
4 GRID-Na.2 VOLTS$ =200 x GRID-No.2 VOLTS»200
‘%‘ 50| GRID-No.l VOLTS < E¢) ‘§' 500 GRID-No.I VOLTS #Ec;
= -
3 40-\*\\ 5 400> ‘
= EC|=+30 = )
E S N I i % 300 %X&O
- 2
£ 20/ 220 £ 200AC
=] \\ +10 2 A \\
Z 10 & 10020 -
(] © N —
(o] 100 200 300 400 [+ 100 200 300 400
PLATE VOLTS PLATE VOLTS
92CS -10814T 92C5-10816T

POWER TRIODE

Coated-filament type used as af
power amplifier and modulator and as
rf power amplifier and oscillator. May 55 56
he used with full input up to 6 Mc
and at reduced ratings up to 30 Me.
Requires Small four-contact socket and may be operated in vertical position with
hase 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) . . o ot ittt iiie i 4.5 volts
FILAMENT CURRENT .. 1.1 amperes
AMPLIFICATION FACTOR™ . ... 5 .. 8.6
TRANSCONDUCTANCE . .. . ....... 1330 pmhos
IIRECT INTERELECTRODE CATACITANCES:

Gridtoplate. ................ 6.7 sl

Grid to filament . .. ... 2.3 fm

Plate to fillament . . ... ittt 2B upl
* Plate volts, 350; grid voits, ~20; plate milliamperes, 19.

AF POWER AMPLIFIER AND MODULATOR=Closs A

Maximum CCS Rotings:
DC PLATE VOLTAGE .« & ot i ittt ittt ittt ittt e e it eaus 350 max volts
PLATE DHSSIFATION © o L ottt it e i e i 7.5 max watte



= — RC.A Transmitting Tubes

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

Maximum CCS Ratings:

DC PLATE VOLTAGE . . . ot ottt ettt e et e e et ie e 350 max volts
DC GRID VOLTAGE . .+« o o i ittt it et iie e eie it it et -150 max volts
DC PEATE CURRENT . .« oo vt ittt it it e et e e e e cie e a 40 mazx ma
DC Grip CURRENT (Approx.) . 10 mac ma
PLATEINPUT.. .............. 14 mar watts
PLATE DISSIPATION . . . .......ovninnnn 10 mar watts

HALF-WAVE MERCURY-
VAPOR RECTIFIER

Heater-cathode type used in

5558 power supply of transmitting and in-

dustrial equipment. Maximum peak

inverse anode volts, 5,000; maximum

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® . . .. ... ........... 5.0 volts
HEATER CURRENT . . . . ... ... oo 4.5 amperes
PEAK TUBE VOLTAGE DROP (APProx.). ... .. ... . i 12 volts

® Heater voltage must be applied at least 5 minutes before application ol anode voltage.

HALF-WAVE RECTIFIER
Maoximum Ratings:

PHAK INVERSE ANODE VOLTAGE . . ........coiiiuiuan, 2000 mrax 5000 max volts
ANODE CURRENT:
Peak ... e 15 mar 15 max amperes
AVEFAZE® « oottt e 2.5 max 2.5 mar amperes
Fault, for duration of 0.1 second maximum........... 200 mar 200 max amperes
CoNDENSEL-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 used in
556] power supply of transmitting and in-
dustrial equipment. Rating I: maxi- K
mum peak inverse anode volts, 3,000; M anooe
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.

O%

5 volts
10 amperes
15 volta

@ [[cater vollage must be applied at least 5 tinutes before application of anode voltage.

HALF-WAVE RECTIFIER

Maximum Ratings:

I’EAK INVERSE ANODE VOLTAGE . . .. ..t tiieieienennnn 3000 max 10000 max volts
ANODE CURRENT:
Peak . oo e e 40 mar 16 mar amperes
Avetage e . 6.4 mar 4 mar amperes
Faualt, for duration of 0.1 sccond maximum. .. ... ... 400 maz 160 maz amperes
CONBENSED-Mincugy-"TEMPERATURE RANGE. . ... ... ... 40 10 Ko 25 to 50 °C

@ Averaged over any interval of 15 scconds maximum.
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POWER TRIODE

Forced-zir-cooled heater-cathode type have
ing integral radiator used in eathode-drive eir-
cuits as rf power amplifier and oscillator. May
be used with full input up to 1200 Mc and at re- 5 5 8 8
duced ratings up to 2000 Me. Type 5588 may
be operated in vertical position only, radistor
up or down. OUTLINE 89, Outlines Section. A
minimum air low 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 digsipation. Air flow ghould
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 prineipally for renewal
purposcs. For new equipment design, refer to type 6161,

HEATER VOLTAGE (AC/DC)® . o it ii e iae e 6.3 volts
HEATER CURKENT .. .. ..t es ... 2.6 amperes
AMPLIFICATION FACTOR 18
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. ... ... ... . i e 6.0 fom
Girid to cathode and heater. . .. ............ 13 upl
Plate to cathode and heater® 0.82 max pul

° Rated heater voltage must be applied for 8 minimum time of one niinute hefore voltages are applied
to the other electrodes.
® Kxternal shield connected to grid.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and

. 0 AMPLIFIER—CI
Maximom CCS Ratings: RF POWER AM ER—Class C FM Telephony
DO PLATE VOLTAGE . . ... it ittt i aes 1000 max volts
DO GRID VOLTAGE . .. . . . i i ettt e e ie et e iaeens =200 max volte
DC PrAaTE CURR 300 mazx ma
DC Grip CURRENT 100 marx mna
PLATE INPUT . .. e 250 mar watts
PLATE DISSIPATION . . .. o it it it e 200 max watts

G318 F
@™ POWER PENTODE
(%3 G

Seven-pin miniature type having
quick-heating, mid-tapped, coated 56]8
filament used ax af power amplifier
and modulator, rf power amplifier and
£- oscillator, and frequency multiplier in
mobile and other communications equipnment 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 Mc. 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 Me, 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) ... ... 0600000000 00000 6 3 volts
FILAMENT CURRENT. .. ... ..o e e 0.23 0.46 ampere
DIRECT INTERELECTRODE
Grid No.! to plate. . .. e e e e e e 0.24 max wpt
Grid Ne.1 to tilament mid-tap, grid .3, internal shield, and grid No.2 i pul
Pluate to tilament mid-tap, grid No.4, internal shield, and grid No.2. .. 5 pif
AF POWER AMPLIFIER AND MODULATOR—Class Al
Maximum [CAS Ratings:
DC PIATE VOLTAGE . ... . 300 mazx volts
DC Gkip-N VOLTAGE 125 mazx volts
Grip-No.2 INpor . 2 mac watts
PLATE DISSIPATION . .. ... ... b max WHilS



RCA Transmitting Tubes

Circuit Yaives:
Grid-No.1-Cireuit Resistance.. .. ... ... . ... ... . ... ...

S5O0
100000

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Ciass C FM Telephony

Maximum ICAS Ratings:

DC PLATE VOLTAGE . . ... ... ... ... ... . R
DC GRID-NO.2 VOLTAGE . . . ... i i
DC GRID-NO.I VOLTAGE . . .. ... . i
DC PLATE CURRENT . .. oottt it
DC GRID-NO.T CURRENT . . ...ttt ie e e e s
PLATE INPUT .. .. i
GRrID-No.2 INrUT.
PLATE DISSIPATION . . . . ... et iie i aa i e iaaans

Cirevit Values:
Grid-No.1-Circuit Resistance....... 00000000000000D 00P500aDDODDDE0aaaE

MEDIUM-MU TRIODE

Pencil-type tube used in cathode-

5675 drive cireuits as rf power amplifier and
oscillator. Designed for use in coaxial-

cylinder-type eireuits, it may also be

used in parallel-line or lumped eir-

5000
100000

min
mar

nas

O omas
5 mar

max
mar
mar
mar
max

min
mar

H

ohms
ohms

volts
volts
volts
ma
ma
watls
watts
watts

ohms
ohms

H

cuits. May be used with full input up to 3000 Me. Class C maximum CCS plate
dissipation, 9 watts. The tubhe may be operated in any position. QUTLINE 70, Ou!-

lines Section.

HEATER VOLTAGE (AC/DC) . o o it ettt
HEATER CURREN?
TRANSCONDUCTANCE® . L. . .. it
AMPLIFICATION FacTor* . ... ... ... ... ... ... o i ..
PLATE RESISTANCE (ApproX.)¥ ... ... s
DIRECT INTERELECTRODE CAPACITANCES:
Grid to plate. ... ... ..
Grid to cathode and heater
Plate to cathode and heater

* Plate-supply volts, 135; eathode resistor, 63 ohms; plate milliamperes, 24,

6.3
0.135
6200
20
3225

1.4
2.3
0.09

RF POWER AMPLIFIER AND OSCILLATOR—Class C

Maximum CCS Ratings:
DC PLATE VOLTAGE . . . ..o ittt
DC GRID VOLTAGE . . .. . ..o it
DCPLATE CURRENT . . . .. ottt i ..
DC GRID CURRENT . . . ottt it iie s
PLATE INPUT .. .. ... . ..
PLATE DISSIPATION® . L L L it e
PEAK HEATER-CATHODE VOLTAGE:
Lleater negative with respect to cathode
Heater positive with respect to cathode. ......... .. ... .. ... ..
PLATE-SEAL TEMPERATURE . . ... ... .t n it

Typical Operation as Cathode-Drive Oscillator at 1700 Mc:®

DC Plate Volbage. ... .. e s
DC Grid Voltage.

From a grid re%lstur of
DC Plate Current. . . ... ...
DC Grid Current (Approx.) .
Power QULDUL (APPIOX.) . oot

max

mar
mar
maxr
mar
max
max

max
max
max

volts
ampere
pmhos

ohms
puf

puf
puuf

® 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 its lead connector to provide adequate heat conduction,
® At 3000 Me, and with full ratings, a useful output of approximately 50 milliwatts may be obtained.
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AVERAGE CHARACTERISTICS

TYPé 5675
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PLATE VOLTS

BEAM POWER TUBE

as af power amplifier or as rf power
amplifier at frequencies up to 160 Mc.
Requires Noval nine-contact socket
and may be operated in any position.

Miniature, heater-cathode type used 5686

OQUTLINE 6, OQutlines Section. The 5686 is a premium type and is subjected to spe-

cial tests and controls during manufacture.

HEATER VOLTAGE (AC/DC). . .ottt t et e e 6.3
HEATER CURRENT. 0.35
Without With
External External
IMRECT INTERELECTRODE Capacitances: Shield Srield®
Grid No.ltoplate. ... ... ... . ... ... ... ... ... ..... 0.11 mar 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 A}
Maximum Ratings:
PLATE VOLTAGE. . ... ... . ... 275 max

GRID-N 0.2 VOLTAGE, 275 max
GRID-NO.2 INpUT. | . L 3.3 max
PLATE DissipaTIiON. ... ... ... 8.25 max
PEAK HEATER-CATHODE VOLTAGE:

Heater negative wirh respect to cathode. ... ... ... ............. 100 max

Heater positive with respect to cathode. . ... ... .. ... . ... 100 mar
Typical Operation and Characteristics:
Plate Voltage. . . . . e 250
Grid-No.2Z Voltage. .. ... 0 e 250
Grid-No.d Voltage .. ... -12.5
Peak AF Grid-No.t Voltage. ... ... .. i, 12.5
Zero-Signal Plate Current. . ... o 27
Zero-Signal Grid-No.2 Current. .. ....... ... . ..., 3
Plate Resistance (Approx.) . .. ... ... ..o i 45000
Transconductance. . ... . Lo e 00ORnooanoRoOanaD 3100
Load Resistance 9000
Maximum-Signal Power Qutput. . ... .. ... . . 217

volts
ampere¢

wul
wuf
wuf

volts
volls
watts
watts

volts
volts

volts
volts
volts
volts
ma

ma
ohms
umhos
chms
watls



RCA Transmitting Tubes

Maximum Circuit Yalues: .

Grid-No.1 Circuit Resistance:
For fixed-bias operation................ 0.1 max megohm
For cathode-bhias operation 0.5 max megohm

Maoximum Ratings:

PLATE VOLTAGE. .. ..ttt it ittt et anananae o aanans . 275 max volts
GRID-NO.2 VOLTAGE. 275 max volts
GRID-NO.T VOLTAGE. .. ..ottt ittt iiar e -163 mar volts
PLATE CURRENT 44 mar ma
GRID-NO0.2 CURRENT 16.5 mur ma
GRID-NO.1 CURRE! 3.3 mar ma
PLATE INPUT . . oottt i aa i t1 mar watts
GRID-NO.Z INPUT . . ottt it it ias e e e 3.3 mac watts
PLATE DISSIPATION.. ... 8.25 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive.with respect to cathode. ...t 100 max voits
Typical Operation: Al frequencics up to 160 Me
Plate VOILAZR . . . .ottt i 250 250 volts
Grid-No.2 Voltage. ... .. ..o .. 180 250 volts
Grid-Nou.l Voltage. ... ..o .. -30 -50 volts

From grid-No.1 resistor of 15000 25000 ohms
Peak RF Grid-No.1 Voltage. . ........ ... ..o vnnn . 50 5 volts
Plate Current. .. ....cveeievnnnearn e .. 30 40 ma
Grid-No.2 Current (Approx.) 6.5 1056 ma
Grid-No.l Current (ApproxX.}.....coivuie e .. 2 2 ma
RF Grid-No.1 Driving Power (Approx.).......coovoivnnnn. 0.1 0.15 watt,
Power Output (APPIOX.). .o vvvrnv e ocenns 5 6.5 watts
Useful Power Qutputat 125 Me........ ..o = 5.25 watts
Maximum Circuit Volues:
Grid-No.1 Circuit Resistance. . ... ..ot e 50000 ax ohms

POWER TRIODE

Forced-air-cooled heater-cathode

57] 3 type hz}Ving .int'eigrul radiator used in

grid-drive circuits and in cathode-

drive dreuits up to 220 Me. Class C

Telegraphy maximum CCS plate dis-

sipation, 250 watts. This type may be operated in vertical position only, radiator
up or down, OUTLINE 91, Outlines Section.

HEATER VOLTAGE (AC/DCI®. o oottt 3.3 0.2 Volts
HEATER CURRENT. ... ..... 11.5 amperes
AMPLIFICATION Facror*. ... 25
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
GrRid 10 Plale . oo\t 10.3 frmi
Grid to cathode and heater. ... ... .. L i 24 wul
Plate to cathode and heater. .. .. .. ... i 0.5 Iy

° Heater voltage must be applied for a minimum time of 2 minutes before application of plate voltage.
* Plate volts, 1000; platre milliamperes, 150,

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

DO PLATE VOLTAGE .4 ¢ ottt ttae ettt 1500 max volts
DC GRib VOLTAGE -250 max volts
DC PLATE CURRENT .« ¢ vttt et it tinareaa et aaas e 300 max ma
DC GRiD CURRENT. .. . 50 mar ma
PLATEBINPUT .. ..ot aie s 450 mar wates
PLATE DISSIPATION . .. . .o ii i naineae e 200 nas walte
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MEDIUM-MU TRIODE

Premium subminiature heater-

cathode type used as rf amplifier and

“ oscillator. Ismy 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. OUTLINE 3, Outlines Section. The flexible leads
of the 5718 are usually soldered to the cireuit 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 scal. Otherwise, the heat of the soldering operation will crack
the seals of the leads and damage the tube. Plate shows no color when tube is oper-
ated at maximum CCS ratings.

HEATER VOLTAGE (AG/DC) ... ... ... ... ... ... ... 6.8 volts
HEeaTeEr CURRENT ... ... | 0.15 ampere
TRANSCONDUCTANCE*. | ... 6500 umhos
AMPLIFICATION Facrow* . . .. . ... ... aa 27
PLATE RESISTANCE (ADProx)™. ... . i i, 4150 ohms
DIRECT INTERELECTRODE CAPAGL
Grid to plate. ... ... .. 1.4 pul
Grid to eathode and heater . ... e 2.2 upf
Plate to cathode and heater. ... .. o 0.7 upf
* Plate-supply volts, 150; cathode resistor, 180 ohmas; plate milliamperes, 13.
Maximum CCS Ratings: RF AMPLIFIER AND OSCILLATOR—Class C
DC PLATE VOLTAGE . ... e, 166 max volts
DC GrID VOLTAGE . . . ... ... .. -55 max volts
DC PLATE CURRENT . .. ..... ... 22 mar ma
DC GRID CURRENT. . .. ........ 5.5 mar ma
PLATE DissiPaTION . .. ... .. ... 3.3 max watts
PEAK HEATER-CATHODE VoOrTAGE
Heater negative with respect to cathode. . ... ... ... iveuus, 200 mar volts
Heater positive with respect to cathode. ., 200 mar volts
BULB TEMPERATURE . ... ................ 250 max °C

Maximum Circuit Values:

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

1.2 mar megohms
Not recommended

BEAM POWER TUBE

Nine-pin miniature heater-
cathode type used as rf power ampli-
fier and oscillator and as frequerll)cy 5763
mulitiplier. May be used with full in-
put up to 50 Me. For operation at 175
Me, plate input should be reduced to 80 per cent of maximum rating. Class C
Telegraphy maximum plate dissipation, CCS 12 watts, ICAS 13.5 watts. Requires
Noval nine-contaet socket and may he operated in any position. OUTLINE 9, Ouf-
lhies Section, Plate shows no color when tube is operated at maximum CCS or
ICAS ratings.

HEATER VOLTAGE (AC/DC) . .. ... e 6 volts
HEATER CURRENT 0.75 amperes
TRANSCONDUCTANCE* 7000 umhos
Mu-FACTOR, Grid No.2 to Grid No.1*.. ... ... ... ... . ... ........... 16
DIRECT INTERRLECTRODEI CAPACITANG
Grid No.bteplate ..o 000 0 . L 0.4 max pnl
Grid No.1 to cathode, grid No.3, grid No.2. : 9.0 ppd
Plate to cathode, grid No.3, grid No.2, and heater. .. . ... ... ... 4.5 fond

* 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 Rotings:

DC PLATE VOLTAGE .« « .« ittt ittee i

DC GRID-NO.3 VOLTAGE .. .. ... ... oot
DC GRID-N0.2 VOLTAGE . .........

DC GRID-N0.1 VOLTAGE .
DC PLATE CURRENT . .. ..ttt
DC GRrID-N0.2 CURRENT
DC GRID-No.1 CURRENT

PLATE INPUT . . . ..
GRID-NOZ INPUT. .. ..o

PLATE DISSIPATION . L ..ottt
PEAK HEATER-CATHODE VOLTAGE:

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

Typical Operation at Frequencies up to 30 Mc:

NDC Plate V olmge ...............................
Grid No.3. ©0000000A00NA0AA0A0A0AE0800AEE
DC Grid- No Voltag ......................

DC Grid-No.1 Voltage®

From grid-No.1 resistor of . .
Peak RF Grid-No.1 Voltage. . ..
DC Plate Current. ... ......
DC Grid-No.2 Current .

DC Grid-No.1 Current (Approx) ..................

Driving Power (Approx.)

Useful Power Output (Approx.) . ............ ..

Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Resistance . ... ... ... ... ...

CCS8 ICAS
..... 250 mor 300 max volts
0 mar 0 max volts
250 max 250 max volts
-125 mar -125 max volts
40 mar 50 mar ma
15 mar 15 max ma
. 5 mar 5 marx ma
e 10 mar 15 max watts
hoaao 1.5 marx 1.5 mazx watts
..... 8 mar 12 mazx watts
..... 100 mar 100 max volts
..... 100 mar 100 max voits
..... 250 max 250 max °C
..... 250 300 volts
..... Connected to cathode at socket
..... 250 25 )0 volts
..... -39 & volts
..... 39000 18000 ohms
..... 46.5 53.5 volts
40 50 ma
5.6 6 ma
..... 1 2.4 ma
0.05 0.15 watt
..... 6.49 10® watts
............... 0.1 max 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.1 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 eircuit.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegrophy

and

RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: CCS ICAS
DC PLATE VOLTAGE .« - -« ot iiii i it hanieaeaes 300 wmar 360 mar
DC GRID-NO.3 VOLTAGE . . . .. . vviee e 0 max 0 mar
DC GRID-NO.2 VOLTAGE . . . .. it 250 maur 250 mar
DC Grip-No.1 VOLTAGE . .. .. -126 max -125 mar
DC PLATE CURRERNT . .. ... e 50 mar 30 max
DC Giun-Na.2 CURRENT . . ... ....... 15 mar 15 mar
DC GRrID-No0.1 CURREN 5 mar 5 mars
PLATE INPUT. . ... .o 15 mas 17 muar
GRID-NO.2 INPUT. ... it .. 2 mar 2 mas
PLATE DISSIPATION . . oo ottt iia s 12 mar 13.5 max
PEAK HEATER-CATHODE VOLTAGE:

Hearer negative with respect to eathode. .......... .. 100 mar 100 mar

Heater positive with respect to cathode. .. .. ... ... 100 mar 100 marx
Bt r TEMPERATURE (At hottest point) ..o oo 250 mar 250 mar
Typical Qperation: s0Mc  AoMe s0Me
DO Plate Voltage. .. ... i vanns 300 00 ahH0
Grid No. 3 .. . . Connected to cathode at socket
NG Grid-No.2 V olmge ................. 250 250 250
DC Grid-No.1 Voltageg .. .. ..o cvveienn -28.5 -60 -2R.5

From grid-No.1 resistor of . . . ....... 18000 22000 18000
Peak RF Grid-No.1 Voltage. . . ......... 37.6 %0 37
NDC Plate Current . ... .. .ot 50D 000 [ 7] 48.5
DC Grid-No.2 Current. . . .....ovoeierniavannss 6.6 o €.2
DC Grid-No.1 Current {(APprox.)........... .. 1.6 3 1.6
Driving Power (APProx.) . ... .oooveiueneanee, 0.1 0.85 0.1
Ueeful Power Output (Approx.)....... e 10.3" 7 12®

volts
volts
volts
volts
ma
ma
ma
watts
watte
watts

volts
volts
“C

volte

volts
volts
ohms
volts
ma
ma
ma
watt
watts



Technical Data

Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance........ ... ... .. ... .. ... ... . cciiiiiis 0.1 max  megohm
4 Obtained from fixed supply or from grid-No.1 resistor of value ghown.
® 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 . .. 2 max watts
Typical Operation at Frequencies up to 175 Mc: Doubler Tripler
DC Plate Voltage. . ... e 300 300 volts
Grid No.3 aonoacacano Connected to cathode at socket
DC Grid-No.2 Voltage . .. ... . . . e, hid et volts
DC Grid-No.1 Voltaged . .. ... . .. . . L. -75 ~100 volts
From grid-No.1 resistorof . . . ... ............ .. .. 73000 100000 ohms
Peak RF Grid-No.1 Voltage ....................... . 95 120 volts
DC Plate Current. ....... ... .. .....ooiiun.. .. 40 a5 ma
DC Grid-No.2 Current ... ... ... .. ... .. ...... 4 5 ma
DC Grid-No.1 Current (Approx.) . 1 1 ma
Driving Nower (Approx.) . AP .. 0.6 0.6 watt
Useful Power Ouiput prrox.) ................................. 2.1" 1.3% watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance ... .. .0 . 00 .. . .. 0.1 max megohm
** Obtained from 300-volt supply with series resistor of 12,500 ohms.
& Obtained from fixed supply or from grid-No.1 resistor of value shown.
B Measured at load of output eircuit.
AVERAGE CHARACTERISTICS
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[nl
£ Forced-air-cooled thoriated-tung-
sten-filament type having integral ra- 5786
diator used as af power amplifier and
d modulator and as tf power amplifier
5 f and oscillator. May be used with full

input up to 160 Me. Class C Telegraphy maximum CCS plate dissipation, 600
watts. May be operated in vertical position only, filament end up or down. OUT-
LINE 94, OQuilines Section.

FILAMERT VOLTAGE (AG/DCY . 00 e e 11 = 0.6 voults
FILAMENT CURRENT 12.6 amperes
FILAMENT STArTiNG CURRENT 50 mazx amperes
AMPLIFICATION FacTonr* 32
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DirecTt INTERELECTRODE CAPACITANCES:

Grid Lo Plate. .. ... e e e o 5.3 wul
Grid to filament mid-tap. . . .. ... .. . it iiitairrrenettesanecanans 4.7 wpf
Plate to filament mid-tap. . ........ . oo i, 00000000 0000000 3.8 [y

* Grid volts, —25; plate milliamperes, 200.

AF POWER AMPLIFIER AND MODULATOR—Class B
Maximum CCS Ratings:
DC PLATE VOLTAGE. .. ... ........ 4000 max volts
MAXIMUM-SIGNAL DC PrATE Cukr 500 mar ma
MaxiMUM-SIGNAL PLATE INPUT®. || 1500 mar watts
PLATE DISSIPATION® . . . . ... ey 600 mear watts

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

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

DC PLATE VOLTAGE . . .. .. it ittt et e 2300 mar volts
DO GRID VOLTAGE . . . oo\t ittt ietteiee e tiaa e itinie ety -500 mars volts
DC PLATE CURRENT .« oottt it ittt et ai e 400 mnar ma
DC GRID CURRENT . . o oottt it ittt aa e i ian e 150 mar ma
PLATE INPUT . . . .. e i e e e e s 1000 mar watts
PLATE DISSIPATION . . .. oo et 400 marx watta

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

DC PLATE VOLTAGE . . . . . ... ittt VR 3000 max volts
DC GRID VOLTAGR . . . oo it ittt ittt ettt it e iei e e -500 max volts
DC PLATE CURBENT . . . oottt it ittt i 500 max ma
DC GRID CURRENT . . & o ottt ettt aie ittt et e ees 150 mar ma
P33 )T fifac nononannancnana0cn006n0nnannaba600on0na000830000000EE 1500 wmar watts
PLATE DISSIPATION . L ..ttt it st GO0 war watts

FIXED-TUNED OSCILLATOR TRIODE

Pencil-type tube having integral resonators

used in radiosonde service at 1680 Me. Fixed-

Tuned Oscillator maximum plate dissipation,

3.6 watts. May be operated in any position. The

5794 5794 is identical with type 6562/5794A except
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 pins.

QUTLINE T4, Outlinea Scction. The 5794 is a
DISCONTINUED typelisted for relerence only.

5794A FIXED-TUNED OSCILLATOR TRIODE
See type 6562/57944.
HIGH-MU TRIODE s
5876 Pencil types used as rf power am-
plifier and oscillator in airborne and ol

5876A mobile equipment at altitudes up to ol

100,000 feet without pressurized cham-

bers. May be used with full input up W 4]
to 1700 Mc and with reduced input up to 3000 Mc. 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 5876A. Tubes may be operated in any posi-
tion. OUTLINE 70, Outlines Section.
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Technical Data

HEATER VOLTAGE (AC/DC) .. ..o, 6.3 volts
HEATER CURRENT. ... ...ttt et e e e 0.135 ampere
TRANSCONDUCTANCE® . . 6500 wumhos
AMPLIFICATION FACTOR®
PLATE RESISTANCE (Approx.)° 8625 ohms
DIRECT INTERELECTRODE CAPACITANCES

Gridtoplate. .. .. ... . . 1.4 puf
Grid to cathode and heater. ... . ....... ... . ... ... .. ... .. ... ... 2.4 i
Plate to cathode and heater. . ... ............ ... .. .. ... ... ... .. .... 0.035 puf
°Plate-supply volts, 260; cathode resistor, 75 ohms; plate milliamperes, 18.
RF AMPLIFIER—Class AB
Maximum CCS Ratings: Up to 1700 Me
DC PLATE VOLTAGE. .. . ... ... .. 300 wmazx volts
DC Grib VoLTAGE. ~100 max volts
DC PLATE CURRENT 25 maz ma
PLATE DISSiPATION® . 6.25 mar watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to eathode. ... .......... ... .. ......... 90 max volts
Heater positive with respect to cathode. . ... ... ... ... ...... 90 max volts
Maximum Circuit Values:
Grid-Circuit Resistance .. . e 0.5 maxr megohm
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
Maximum CCS Ratings: Upto 1700 Me
DC PLATE VOLTAGE. . 5 B@0R0008°000004800000000000600000000A05000 360 mac volts
DC GRID VOLTAGE. . .. e =100 max volts
DC PLATE CURRENT. .. . . e 25 mar volts
DC GHID CURKENT. . ... .. . 50 00 O 0U0EO0BEGONNEAECEDNC0GABDAO0ODD B mar volts
PLATEINPUT. . ... .......... B0 8D 000ROI00A0RAA00000000GD0A00A0G 9 max watts
PLATE DissipATION®, .. e 6.25 max watts
PEAR HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. .. ... ... . ... ... ... .... 90 mar volts
Heater positive with respect to cathode. ... ... ... .. .. ... ... 90 max volts
Typical CCS Operation as Oscillator in Cathode-Drive Circvit:
At At At
300 Me 1700 Me 3000 Mc
DC Plate-to-Grid Voltage. .. ................. L 262 252 252 valts
DC Cathode-to-Grid Voltage. ... ........... .. ... .. 12 2 2 volts
DC Plate Current. . .......... .. ... ... . 23 23 25 ma
DC Grid Current (Approx.) ... .. P . Y 3 4 ma
11seful Power Qutput (Approx.j.... ..... Lo 3 (U 0.1 watts
Typical CCS Operation as RF Power Amplifier in Cathode-Drive Circuit at 500 Mc:
DO Plate-to-Grid Voltage. .. .. ... . . 326 volts
DC Cathode-to-Grid Voltage. .. ... ... . 51 volts
DC Plate Current. .. ... .. e 23 ma
DC Grid Current (APProxX.) . ..o . 1 ma
Diriver Power OQutput (Approx.).. ...t 2 watts
Useful Power QUIHULCADDPIOX.) . oot 5 waulls
Maximum Circuit Values:
Grid Circuit Resistance. ... . ... .. . L 0.1 max megohm
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Ratings: Upto 1700 Me
DC PLATE VOLTAGE. . o 275 mac volts
DC GRID VOLTAGE. . .. ..., - A . -100 mac volls
DC PLATE CURRENT, . 22 mac ma
DC GRID CURRENT.. . . . 8 mac ma
PLATE IxvuTr. ... ... PR . 6.0 mar walls
PLATE DISSIPATION® e . 4.26 max watts
PEAK HEATER-CATHOLE VOLTAGE!:
Heater negative with respect to cathode. ... oo i innn e iieen. 0ao 90 mac volts
Heater positive with respeet to eathode. .. ... .. oL, 000000000 90 mazx volts
Maximum Circuit Values:
Grid-Circuit Resistance. . .......00vv0.. 00000000000000000000000000000 0 0.1 max megohm
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FREQUENCY MULTIPLIER

Maximum CCS Ratings: Up o 1700 Me
IDC PLATE VOLTAGE. . oo vttt aaes e ii et eenes 330 mazx volts
DC GRID VOLTAGE. . 9000G00R00aa0000000000000 —-100 mar volts
DC PLATE CURRENT. ot o vt v vninsaonineenununseesnneeeusanisouaiseins 22 mar ma
DC GRID (CURRENT. . 900000000606003000080000000000000 8 mux ma
PrLATE INPUT. . . ... .. o 5 0 600000600808 A00A0AEA0E0RAA0AA0E .5 mar watts
PLATE DISSIPATION. ... ... ... he © ©000060000000000A00REARAA0GAA0E 6.25 mar watls
PEAKR HEATER-CATHODE VOLTAGK:
Heater negative with respect to eathode. ... o oo oo 90 max volts
Heater positive with respect to cathode. . ... .o OO e volts
Typical CCS Operation in Cathode-Drive Circuit: ,:Z;I{I,[(;h. ,,,I)(:'(jl,ﬁ’l(‘;(
DC Plate-to-Grid Voltage. . ... ... ... 390 370 volts
DC Cathode-to-Grid Voltage 90 70 volts
DC Plate Current . ... ... o i .. 18 17.3 ma
DC Grid Current (APProOX.) . oo ot i e i 6 7 ma
Diriver Power Output (APpProX.). .. ..ot nan s 2.1 2 watts
Useful Power Output (APProX.). oo v v eiineenens 2.1 2 watts
Maximum Circvit Values:
Grid-Circuit Resistunce. . ... oo 0.1 mar 0.1 max megohm

® In applications where the plate dissipation exceeds 2.5 watts, it is important that a large area of con-
tact be provided between the plate eylinder and the terminal to provide adequate heat conduetion,

AVERAGE CHARACTERISTICS

TYPE 5876
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MEDIUM-MU TRIODE a

Pencil-type tube used as plate-
5893 pulsed oscillator, as rf power amplifier G
and oscillator, and as frequency dou-
bler. May be used with full input up to
2000 Mec in ew service and in pulsed H H
applications up to 4000 Mc. Designed for use in coaxial-cylinder-type cireuits, 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, Outlines Section.

HEATER VOLTAGE (AG/DC) 3. o .o vovininasanasae s inninassonsenre: 6.0+ 5% volts
-109,

HEATER CURRENT. .. ... ovovvavannsn 0.280 ampere

TRANSCONDUCTANCE®. . . ... . 6000 umhos

AMPLIFICATION Factor* 27
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DIrRECT INTERELECTRODE CAPACITANCES:

Gridtoplate, ................... e 1.7 puf
Grid to cathode and heater. ... .. ... ... 2.4 puf
Plate to cathode and heater. ...... ... 0.07 mox upf
* Plate-supply volts, 200; cathode resistor, 100 ohms; plate milliamperes, 25,
RF AMPLIFIER—Class A1
Maximum CCS Ratings: ["pto 3400 Me
DC PLATE VOLTAGE. . ... .......... 00 DE00R06aA0E00000000000000000a8 330 max volts
DC GRID VOLTAGE. . 2000000000 ~100 mazx volts
DC PLATE CURRENT. .. .. . B00OCGmaooEcoananoopaaan D0OOooaC0o00a0E 35 mar ma
PLATE DISSIPATION. . ... . o o Do6o00aoaaan bonnooaa T max watts
PrAK HEATER CATHODE
Heater negative with respect to cathode 90 maz volts
Heater positive with respect to cathode 90 maz volts
PLATE SEAL TEMPERATURE o 175 max °C
Maximum Circuit Value:
Grid Circuit Resistance. ... .. ... . .. O 5 mox megohm
PLATE-PULSED OSCILLATORA—Class C
Maximum CCS Ratings: For a warimum oN time® of 5 microseconds Up to 4000 BMe
PEAK PosITIVE-PULSE PLATE-SUPPLY VOLTAGES e 1750 maz volts
PEAK NEGATIVE-PULSE GRID VOLTAGE . . .. ..., .. e . e . 150 mazx volts
PEAK PLATE CURRENT FROM PULSE SUPPLY . ... ... ..., ... .. e . 3 max amperes

PrAK RECTIFIED GRID CURRENT 1.3 max amperes
DC PrLATE CURRENT. .. ......, 3 mazx ma
DC Griv CURRENT. .. ......... 1.3 max nma
PLATE DIsSIPATION®, || a 6 max watts
Durty FacTor®. ... ... 0.001 max

PULSE DURATION . . .. ... .. 1.6 max usec
PLATE-SEAL TEMPERATURE . . ... .............. 175 max °C

Typical Operation with Rectangular Wave Shape in Cathode-Drive Circuit at 3300 Mc:
With duty fuctor® of 0.001

Peak Pogitive-Pulse Plate-Supply Voltages 1750 volts
Peak Negative-1'ulse Grid Voltage 110 volla

From grid resistor of . . . 100 ohms
Peak Plate Current from Pu 3.0 ampores
Peak Rectified Grid Current . . . 1.1 amperes
DC Plate Current. ... .. ..., .. . . . 3 ma
DC Grid Current 1.1 man
Useful Power Quiput at Peak of 'ulseé (Approx.) . 1200 watts
Pulse Duration .. 1 Hsec
Pulse Repetition Rate. ... ... . . . . 1000 ppa

4 In this class of service, the heater should he allowed to warm up for n minimum of 60 geconds hefore
plate voltage is applied,

® ON time for this tube is the sum of the durations of all the individual pulses which occur during any
5000-mierosecond interval. Pulse duration is detined 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 rs the
maximum value of a smooth curve through the average of the luctuations over the top portion of the
pulse,

¢ The magnitude of any spike on the plate voltage pulse should not exceed a value of 2000 volts with
respect to cathode, and its duration should not execed 0.01 microsecond moasured at the peak-pulre-
value level.

® In applications where the plate dissipation exceeds 2.5 watts, it is important that a large area of von-
tact be provided between the plate eylinder and the connector in order to provide adequate heat con-
duction.

® Duty factor is the produet of pulse duration and repetition rate, For variable pulse durations and pulse
repetition rates, the duty factor for this tube is defined as the rutio of time "on'’ to total elapsed time
in any H000-mierosecond interval.

@ This value is determined from the averige power output using the duty factor of the peak power-
output pulse. This procedure is necessary because the power-oulput-pulse duty factor may be tess than
the applied-voltage-pulse duty factor because of a delay in the start of of power output,

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: Up to 2000 Me S 1CAS

DCPLATE VOLTAGE . ... ... . i 260 max 420 max volts
DC GRrip VOLTAGE. . . . .. 00DAOEBE0a00000DeaDER0000a0a 0 ~100 nax ~100 wac volta
DC PLATE CURRENT. . ... baoooo DODOGDA0DOODA0E000000 33 marx 33 max ma
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DC GRID CURRENT . o vt o i vetiienrnoaennrrnonnananens 15 mar 15 max ma
PLATE INPUT. ... 8.5 mar 10.5 mar watts
PLATE DISSIPATION®, ... i 5 mar 5.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Iicater negative with respect to cathode.............. 90 maox 90 max volts

Ieater positive with respect to cathode. ... ... Doooo 90 mar 90 marx volts
PLATE-SEAL TEMPERATURE . . . . ..ot s 175 moe 175 max °C
Typical Operation in Cathode-Drive Circuit at 500 Mc: Icas
DG Plate-to-Grid Voltage .. ... .. ... REM volts
DC Cathode-to-Grid Voltaged ........ .. . 45 volts.
DC Plate Current . ... ..., 30 ma
DC Grid Current. (Approx.) ...... 12 ma
Driver Power Output (Approx.) . . - 2.0 watts
Useful Power Output (Approx.) . .. ..o 6.0 watts

Maximum Circuit Values (CCS or ICAS conditions):

Grid-Circuit ResiStanee. . ... vv vt . 0.1 mar megohm
® In applications where the plate dissipation exceeds 2.5 walts, it {s important that a targe area of con-
tact he provided between the plate eylinder and the conncetor in order to provide aderuate heat con-
duetion,

& Obtained [rom grid resistor.

RE POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: U p to 2000 Mr CCs . 108
DC PLATE VOLTAGE . . 4 oo e ettt aiieeianantienanannns 320 mar 400 mac volts
DC GRID VOLTAGE . .« .t ot it i iiiienea e =100 mar 100 mar volts
DC PLATE CURBRENT . .. oottt aaiaanee 35 mar 40 mar ma
DC GRID CURRBNT . . ottt i ienineian i an s 15 mar 15 max - ma
PraTe INruT. ... 11 mar 16 marx watts
PLATE DISSIPATION? . T mar 8 nax watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ............. 90 mar a0 max volts

Heater positive with respect to cathode. . .......ot 90 mac 90 max volts
PLATE-SEAL TEMPERATURE . . .« o0ttt 175 mar 175 max °C

Typical Operation as RF Power Amplifier in Cathode-Drive Circuit:
500 Me 1000 Me 500 Me 1600 Me

DC Plate-to-Grid Voltage. . .. ... .. i 347 330 401 383 volts
DC Cathode-to-Grid Voltage o . ... ..o 47 30 5t 33 volts
DC Dlate Current. ... ... .. 33 43 35 35 ma

DC Grid Current (ApproX.) . . ..o 13 12 13 13 ma
Driver Power Qutput (Approx.) ... ... ..o 2 1.9 2.0 2.4 watts
Useful Power Output (Approx.).......oooiiiannn 7.5 5.5 8.5 6.5 watts

Typical Operation as Oscillator in Cathode-Drive Circuit at 500 Mc:

DC Plate-to-Grid Voltage. ... .. ... o i 317 401 volts
DC Cathode-to-Grid Voltaged 47 51 volts
DC Plate Current . 33 35 ma
DC Grid Current (ApproX.) . ...t 13 13 ma
Useful Power Output (Approx.).. ..., 5 6 watts
Moximum Circuit Values (CCS or ICAS conditions):
Grid-Circuit Resistance. ... oo 0.1 mazx megohm
FREQUENCY DOUBLER
Maximum Ratings: Up to 2000 Mr cCS ICAS
DC PLATE VOLTAGE .+« « 0ttt iveiienen i eaenaens 260 mar 320 mar volts
DC GRID VOLTAGE . o ot ot ie e ie oo s 100 ma.r -100 mar volts
DC PLATE CURRENT . ..\t vt it aesns s 33 mar 33 mar ma
DC GRID CURRENT . . ittt iiietanennnar s 12 mar 12 mar ma
PLATE INPUT . . oo 8.5 mar 10.5 mar watts
PLATE DISSIPATION?, .. ... ... e 6 mar 7.5 mar watts
PEAR HEATER-CATHODE VOLTAGE!:
Heater negative with respect to cathode. ... 90 war 90 mar volts
Heatoer positive with respect to cathode. . ... ..ot 90 mar 90 mar volts
PLATE-SUAL TEMIERATURE . . .o ottveti e aninenas 175 mar 175 mar °C
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Typicol Operation as Douvbler to 1000 Mc in Cathode-Drive Circuit:

DC Plate-to-Grid Voltage . .......cooiiininiiinans 290 350 volts
DC Cathode-to-Grid VOItaged .. .o vvvviin e nneennnn, 40 50 volts
DCPlate Current. . .. ...t iuinirnnnnnenerarnnas a3 33 ma
DC Grid Current (Approx.) .. ......covevnnee. oo 7 8 ma
Driver Power Qutput (APProX.) . . .evernernnennennnn 9o 3.2 3.6 watts
Useful Power OQutput (APpProx.) . ... covnivenvn i enenns 2.70 3.0 watts

Maximum Circvit Volues (CCS or ICAS conditions):

Grid-Circuit Resistance. ... ... i e s 0.1 nax 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.

AVERAGE CHARACTERISTICS

{ TYPE 5893 = i T
Ee26.3 VOLTS |
| !

| |

N

3
-
\i-\.

'
e

PLATE (Is) OR GRID (Ic) MILLIAMPERES

[1]
PLATE vOLTS 92CM-T410T

TWIN BEAM POWER TUBE

Small, heater-cathode type for af power
amplifier and rf power amplitier and oacillator,
and frequency-multiplier service at frequencies
up to 500 Me, Heater volts (ae ‘de), 6.3 (par-
allel), 12.6 (series); amperes, 1.8 (parallel), 0.9 5894
(series). Direct interelectrode capacitances
(each unit): grid No.1 to plate, 0.08 mar puf;
grid No.1 to eathode, grid No.3, internal shield,
prid No.2 and heater, 11 upf; plate to cathode,
grid No.3. internal shicld, grid No.2 and heater, 3.4 puf. Requires Septar seven-contaet socket and may
be operated in vertical position, base up or down, or in horizontal position with plate terminals in hori-
zontal 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
maz; grid-No.2 volts, 250 mar; de grid-No.1 volts, =175 mar; de plate ma., 220 max; de grid-No.1 ma.,
10 ma.r; plate input 120 mae watts: grid-No.2 input, 7 mar watts; plate dissipation, 40 mar watts, The
5894 is a DISCONTINUED type listed for reference only.

£ POWER TRIODE

Foreed-air-cooled heater-cathode
< .
5 type used as plate-pulsed oscillator 5946

and amplifier. May be used with full

m input up to 1300 Mec. For operation at,
G0 2000 Me, plate voltage and plate input

should be reduced (o 75 per cent of maximum ratings. Class C maximum plate dis-
sipation, 250 watts. Tube may be operated in any position. OUTLINE 89, Outliies
Section. A minimum air flow of 16 cubic feet per minute should be directed through

179



RCA Transmitting Tubes — B e

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
3

HBATER CURRENT . . . ..ttt it it N amperes
e
P~
DiRecCT INTERELECTRODE CAPAC
Grid to plate . 6 ppl
Grid to cathode and heater. . . ... .. .. Lo Lol ool 11 puf
Iate to cathode and heater? ... ... .. 0.19 frmy

© Heater voltage must be applied for 2 minimum period of 1 minute before the application of plate
voltage.

* Grid volts, —15; plate milliamperes, 250,

0 With external shield connected to grid.

Maximum Ratings: PLATE-PULSED OSCILLATOR AND AMPLIFIER—Class C

Foran ON time®of . ... .. ... ... .. ... .. i . 10 wmar 100 max psee
PEAK PosITIVE-PULSE PLATE-SUPPLY VOLTAGES .. ........ TH00 mar THO0 mar volts
PEAK NEGATIVE-PULSE GRID VOLTAGE GO0 mar GO0 mrar volts
PEAK PrAaTE CURRENT FrROM PULSE SurrLy. . .. 5 mar Vomax amperes
Prak RECTIFIED GRID CURRENT mas 5 mar armperes
DC Prari CURRE 5 mar mar ma
DC Grip CUKRRE mar wax ma
PratE INroT . L mar mar watils
PLATE DISSIPATION L. mer mar watts

AVERAGE CHARACTERISTICS
T

T
TYPE 5946
E¢£=6.3 VOLTS

.
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6 53
PLATE KILOVOLTS (Ep) 92CM-T558T

Typical Operation with Rectangular Wave Shape in Cathode-Drive Oscillator Circuit at 1250 Mc:
With duty factor® of 0.01

Peak Positive-Pulse Plate-Supply Voltages. . . no 5300 THH0 volts
Peak Negative-Pulse Grid Voltage. .. ... .. . .. H SO volts

From cathode resistor of >, ... ... ... .. oL 106 ohms
Peak RF Grid Voltage. ... ................ B &5t volts
Peak Plare Current from Pulse Supply A 1.5 amperes
Pealt Reretitied Grid Current. ... ... ... . 0.50 amperes
DC Plate Current e aaon : - ma
DC Grid Cuarrent ... ... oL . 5 ma
Useful I'ower Output at Pealk of Pulseé (Approx.). .. ... ROOO 11000 watts

® ON time for this tube is defined as the sum of the durations of all the individual pulses which occur
during any 1000-microsecond interval. Pulse duration is defined as the time interval between the two
points on the pulse at which the 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.
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¢ The magnitude of any spike on the plate-voltage pulse should not exceed a value of 8.5 kilovelts with
respect. to cathode, and its duration should not exeeed 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
S00-microsecond interval.

4 Obtained preferably from cathode resistor of value shown, In certain applications, partial grid-resistor
bias may be used.

@ Determined from the average power output using the duty faector of the peak power output pulse.
This procedure is necessary heeause the powsr-output-pulse duty factor may be less than the applicd-
voltage-pulse duty factor because of a delay iu the start of rf power output.

H H
@
P OSCILLATOR TRIODE
NON
Subminiature heater-cathode
(ype used in radinsonde service at 400 6026
Qg Me. Class C Telegraphy maximum
CCS plate dissipation, 3 watts. May
8

& he operated in any position. OUTLINE

4, Outlines Seetion. 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 conduet 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 operated at maximum CCS ratings.

HEATER VOLTAGE RANGE (AC/DO)® Lo e 5.2106.6 volts
HEATER CURKRENT (At .3 volt) L. . et 0.2 ampere
TRANSCONDUCTANCE* 5900 umhos
AMPLIFICATION F 2
PLATE RESISTANCE (Approx.)¥ ..o o i i 4000 ohms
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. .. ... ... . ... 1.8 ppf
Grid to cathode and heater. . ... oo L 2.0 uuf
Plate to cathode and heater. ... ... . . ... ... . . . e 0.42 puf

° For radiosonde applications in which the heater is suppliecd from batteries and the equipment-design
requirements of minimum size, light weight, and high eflicieney are the primary considerations cven
though the average life expectaney of the 6026 in such service is only a few hours.

* Plate-supply volty, 120; eathode resistor, 220 ohms; plate milliamperes, 12,

OSCILLATOR—Class C Telegraphy

Maximum CCS Ratings:

DCPrATE VOLTAGE . .. ... i 150 max volts
DC GRID VOLTAGE . . . . =60 max volts
ToraL CATHODE CURRENT 40 maxr ma
DO GRID CURRENT ., ... e ia it iaa st 10 mazx ma
PLATE INPUT e a 3.8 max wiatts
PLATE DISSIPATION . . ... .. i i ettt 3.0 maxr watts
PEAK HEATER-CATHODE VOLTAGE . ... . ... it innonns 0 max volis
Typical Operation as an Oscillator at 400 Mc:

DC Plate Voltage. .. ..o i it i s 136 volts
Grid Resislor. ... . e s 1300 vhms
DCPlate Current. .. ... oo o 20 ma
DC Grid Current (Approx.y. . .....c.covvnn... 00000 9.5 ma
Useful Power Qutput. .. ... e e 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 Me¢ and with

reduced input up to 175 Mec. Class C Telegraphy maximum plate dissipation,
CCS 20 watts, ICAS 25 watts.
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HEATER VOLTAGE (AC/DC) . . o ittt ettt it e 6.3 volts
HEATER CURRENT . . . o\ ettt ittt ntetiuensnantannaonasionttoneensonos 1.25 amperes
FRANSCONDUCTANCE . . L. Lo i 7000 umhos
Mu-Factor, Grid No.2 1o Grid No.I* ... ... ... .. oot 4.5
DirECT INTERELECTRODE C'APACITANCES:
Grid No.l toplate. ..o e c 0.24 mar ppf
(irid No.1 to eathode, grid No.3, grid No.2, internal shield, base sleeve,
and ReAbeT . . oo e 13 ppf
I’late to cathode, grid No.3, grid No.2, internal shield, base sleeve, and
TS £ S 8.5 puf

* Plate and grid-No.2 volts, 200; plate milliamperes, 100.

AF POWER AMPLIFIER AND MODULATOR—Class AB)

Maximum Ratings: ces 1048

DC PLATE VOLTAGE . L ottt ittt it it et e 600 rmar T30 mar volls
DC GRID-NO.2 VOLTAGE 250 max 250 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®, .. ... . i 125 max 135 max ma
MAXIMUM-SIGNAL PLATE INPUT®. .. ..o 60 mar 85 max watts
MAXIMUM-SIGNAL GRID-N0.2 [NvUT 3 mar 3 max watts
PLATE DISSIPATION™. . .. 20 max 23 max watts

PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respeet to eathode................. 135 max mazx volis
Heater positive with respeet to cathode. ... ot 135 wax 5 max volts
v 5 -
Typical Operation: Values are for 2 tiubes s 1CAS
DC Plate Voltage. .. ...t 400 500 60O 600 750 volts
DC Grid-No.2 Voltage®. 190 185 180 200 195 volts
DC Grid-No.1 Voltage:

With fixed-biassource................. -40 -40 -45 =50 -50 volts
Peak AF Grid-No.1-to-Grid-Na.1 Voltage®. . 80 80 G0 100 100 volts
Zero-Signal DC Plate Current. ............ 63 57 26 28 23 ma
Maximum-8ignal 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 bias.............. e 0.1 max megohm
With cathode Dias. . ..ot n it e s Not recommended

o The driver stage should be capable of supplying the No.1 grids of the class ABstage with the specified
driving voltage at low distortion.

2 The type of input coupling network used should not introduee too much resistance in the grid-No.1
eireuit. Transformer or impedance coupling devices are recommended.

AF POWER AMPLIFIER AND MODULATOR—CLASS AB2

Maximum Ratings: [elon ICAS
DC PLATE VOLTAGE . ..ottt iiie e enaieiianaeens 600 max 750 max volts
DC Grin-No0.2 (8CREEN-GRID) VOLTAGE. . .. 250 mar 250 mar volts
MAXIMUM-SIGNAL DC PLATE CURRENT® 125 marx 135 max ma
MAXIMUM-SIGNAL PLATE INPUT®. ... ... 62.5 mar 90 max watts
MAXIMUM-SIGNAL GRID-No.2 INvUT®. . .. 5 3 max 3 max watts
PLATE DISSIPATION™. ... ... . ..ot 0conoa 20 max 25 mar watts
PEAK HHEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode..... ..., .. 135 mar 135 mazx volts
BuLe TEMPERATURE (At hottest point) .. ............... 220 max 220 maz °C
Typical Operation (Values are for 2 tubes):
DC Plate Voltage. .. ...t 400 500 600 600 750 volts
DC Grid-No.2 Voltage®. o 175 175 165 190 165 volts
DC Grid-No.1 (Control- Gnd) Voltage —-41 -44 -44 —-48 46 volts
Peak AF Grid-No.1-to-Grid-No.1 \oltage oe 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......... 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 Rcesistance (Plate to plate) .. 8700 4600 6R00 5000 7400 ohms
Maximum-Signal Driving Power (Approx.) . 0.2 0.3 0.2 0.3 0.4 watt
Maximum-8ignal Power Output (Approx.).. 62 83 90 113 131 walts
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Maximum Circuit Values {CCS or ICAS conditions):
Grid-No.1-Circuit Resistance

¥ Averaged over any audio-frequency cyele 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

300001 max ohms

Maximum Ratings: CCS ICAS
DCTPIATE VOITAGE . . .. .....o . 480 mar 600 maxr volts
DC Guip-No.2 VoLrace 250 mar 250 mar volts
DC Gup-No.l Vorrtace =150 mar ~150 max volts
DC PraTte CURRENT. ... 117 wmar 125 max ma
DC Grin-No.l CUREENT. 3.5 mar 4.0 max ma
PLATE INPUT Baoaooa 45 mar 67.5 max watts
Grin-No.2 Inrut 2omaa 2 max watts
PLATE DissipaTION 13.3 mor 16.7 mazx watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respeet to eathode 138 s 135 maxr volts
Heater positive with respeet. to cathode. ... ., .. R 135 i 135 mar volts
Buln TEMPERATURE (At hottest point) . .. .. .. ... ..... .. 220 wrar 220 mar oC
Typical Operation:
DC Plate Voltage. ... ... .. ... ... ... .. 400 475 600 volts
DC Grid-No.2 Voltagee . ..., 150 135 150 volts
From series resistor of 33000 51000 HHO00 ohms
DC Grid-No.1 Voltaged . .................... e —RT -77 —-87 volls
From grid-No.1 resistor of ... ... .. ........ .. 27000 27000 37000 ohms
Peak RF Grid-No.1 Voltage. ... .. 107 95 107 volts
DC Plate Current. . ............. 112 91 112 ma
DC Grid-No.2 Current.. ... .. .. 7.8 6.4 7.8 ma
DC Grid-No.1 Current (Approx.). 3.4 Bk 3.4 ma
Driving Power (Approx.) . . 0.4 0, 0.4 watt
Power Qutput (Approx.). ... .. . . 32 31 52 walts
Maximum Circuit Values {(CCS or ICAS conditions):
Grid-No.t-Circuit Resistance. . ... ... .. .. . . 30000f mar ohms

é Obtained preferably from a separate source modulated along with the plate supply, or from the modu-
lated plute supply through a series resistor of value shown.

& Obtained from grid-No.1 resistor of value shown or from a combinatiom of grid-Na.1 resistor with
cither fixed supply or eathode resistor,

I For operation at less than maximum rated conditions, this value may be as high as 100000 ohms.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: oces 1CAS
DCPLate VOLTAGE . ... .. oo 600 war TH0 max volts
DC Grin-No.2 Vorracy 250 near 250 mar volts
DG Grip-No.l1 Vorrack =150 war ~150 max volts
DC PLATE CURRENT . . 140 mar 150 mac ma
DC Guib-No.1 CURREN 3.6 mar 4.0 mar ma
PraTiz INvUT. | . 67.5 nmar 90 max watts
Grip-No.2 Inrur, 3 mar 3 mar watts
20 mar 25 max walts
Heater negative with respeet to cathode. . ... ... ... 135 wmar 135 max volts
Ieater positive with respect to eathode. .. ... .. ... .. 135 wmar 135 max volts
BuLn TEMPERATURE (At holtest point) . .. .. .. ........ .. 220 mar 220 mac °C

Typiccl Operation as Amplifier up to 60 Mc:

DC Plate Voltage. .................oiiii .. 500 600 GO0 750 volts
DC Grid-Nu.2 Voliages 170 150 180 160 volts
From series resistor of - 6000 51000 43000 56000 ohms
DC Grid-No.1 Voltage3t. ... .. . ... . -66 - 58 -71 -62 volts
From grid-No.l resistor of .. .. ... ... ... ... ... 27000 20000 24000 20000 ohms
From ecathode resistorof .. ... ... . ..., 470 470 430 470 ohms
84 w3 91 79 volts
. 135 112 150 120 ma
DC Grid-No.2 Current. .. ....................... 9 9 10 11 ma
DC Grid-Na.1 Current. (Approx.) 2.6 2 2.8 8.1 ma
Driving Power (Approx.) 0.2 0.2 0.3 0.2 watt
Power Output (Approx.)} 48 52 66 70 witls
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Typical Operation as Ampli 2

fier at 175 Mc

DC Plate Voltage. . ........ 5000000000060000000 320
DC Grid-No.2 Voliage* . ......... caoaaa 500 Co . 180

From series resistor of . .. ....... . 13000
DC Grid-No.1 Voltage2f ................ -51

From grid-No.1 resistor of . . 27000

From cathode resistor of . ... ..., 330
I'eak RF Grid-No.1 Voltage. ... 61
DC Plate Current. . ...... ... 140
DO Grid-No.2 Current. . ............. o 10
DC Grid-No.1 Current (Approx.) . .. D
Driving Power (Approx.) H
Power Output (Approx.) 25

Maximum Circuit Values (CCS or ICAS conditions):
Girid-No.1-Circuit Resistance. . ... .o oo

400
190
20004)
-54
21600
330
6]
150
4
o3
3

35

J0000% nax

volts
volts
ohms
volts
ohms
ohms
volts
ma
ma
mi
walts
watts

ohms

¢ Obtained preferably from separate source, from plate-voltage supply with a voliage divider, or
through series resistor of value shown. Grid-No.2 voltage must not vxeced 400 volts under key-up con-

ditions,

U Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.
1 For operation at less than maxirmum rated conditiong, this value may be us high as 1006000 ohins.

AVERAGE CHARACTERISTICS

AVERAGE CHARACTERISTICS

TYPE 6146 TYPE 6146
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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 Mc, plate voltage should be reduced to 67 per cent of
maximum rating; plate input to 79 per cent. At 175 Mc, plate voltage should be
reduced to 53 per cent of maximum rating; plate input to 66 per cent.

Plate shows no color when tube is operated at maximum CCS or ICAS ratings.

AVERAGE CHARACTERISTICS AVERAGE CHARACTERISTICS
TYPE 6146 TYPE 6146
E£=6.3 VOLTS LEF=6.3 VOLTS
GRID-N22 VOLTS =200 GRID-N22 VOLTS =200
120
100 1001
o ]
= [ 4
) 4
a
3 z
< 80 < 80 \
2 \ 3 — +30! |
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BEAM POWER TUBE

6] 5 5/ Forced-air-cooled, thoriated-

4 ]25A 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,

TILAMENT VOLTAGE (AC/DC) . .. oot it i e 5.0 volts
FILAMENT CURRENT. . . ... .. et 6.5 amperes
Mu-Factor GRID No.2 To Grip No 6.2
IRECT INTERELECTRODE CAPACITAN
Grid Nol toplate.............. 0,07 e puf
Grid No.1 to filament and grid No. 1 ok
Plate to filament and grid No.2. ... ... ..... 3 unf

SEAL TEMPERATURE:
J9F®P0 0 pnnoocosnasoecnonaeonannoannana60Ra0000000G000500000000000 220 max °CG

Grid No.2, grid No.1 and filament. . 180 mazx °C

# Plate volts, 3000; grid-No.2 volts, 100; plate milliamperes, 50,
AF POWER AMPLIFIER AND MODULATOR

Maximum CCS Ratings: . (lass A By Cluss ABe
DO PLATE VOLTAGE. ..o i e 3000 mor 3000 max volts
DG GRID-N0.2 Vorrac 600 nox A00 max valts
DO GRID-NOTIVOLTAGE. ... .. e e 500 mox =500 max valts
MAXIMUM-S16NAL DC PLATE CURRENT®. .. 225 mnux 225 max ma
MAXIMUM-SIGNAL PLATE INpUT® . ... L C. 350 max 500 maz wutts
MAXTMUM-SIGNAL Grip-No.2 INpoT®. ... ... B 20 mox 20 max watts
PLATE DISSIPATIONS . Lo e 125 mar 125 max watts

RF POWER AMPLIFIER—Class 8 Telephony
Moximum CCS Ratings:

DC PrATE VOLTAGE 3000 sarx volls
DC Grip-N0.2 VoLTaG 100 mazx volts
DC PLATE CURRENT . 135 mox ma
Prati INruT. ... FE 200 e walts
Grip-N 0.2 INPUT. . .. 11 mac walts
PLATE DISSIPATION .. L. i i e i 125 marx watts

PLATE-MODULATED RF POWER AMPLIFIER—Closs C Telephony
Maximum CCS Rotings:
DO PLATE VOLTAGE. ...ttt it ittt it 2500 nets volls

DC GRrIp-N0.2 VOLTAGE 100 wmox volts
DC Grin-NoO.1 VOLTAGE ~500 awar volts
DO PLATE CURRENT. . .ot ittt et i ettt et ettt s 200 jac ma
DC GRID-N 0.1 CURRENT. oa 15 max ma
Prate INnvor. ... 115 e walls
GRID-N0.2 INPUT. .. .. .. 20 mae watts
PLATE DISSIPATION. L. L.t ettt 83 e wutts

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

Maximum CCS Ratings:

DO PLATE VOLTAGE . . oLttt ittt it i ie et et e e e 3000 snnx volts
DIC GRID-NO.2Z VOLTAGE. .ttt it iannsanr e iiar i nanens 400 mar volts
DC GRID-NO.1 VOLTAGE. .o vvh i i iansnrrcarriaeiiate s inraanananns =500 mazx volts
DOC PLATE CURRENT . o 4 v vt sasarcaraar i e .. 225 max ma
1DC GRrib-NO.1 CURRENT 15 max ma
PR {ISSPRPG 6 0 0 0 00 06 960060 DDADDOD000D0O0IA6TA00a000000aR00a00a00000 625 max watts
Grin-No.2 INpuT apo 20 maz watts
PLATE DISSIPATION. Lo L vttt i ieeiiamre e it s e ie e cnniannns 125 max watts

° Avcraged over any audio-frequency of sine-wave form.
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BEAM POWER TUBE

tungsten-filament type used as af

O,
4 £ May be used with full input up to 75

Forced-air-cooled thoriated- 6" 56/

power amplifier and modulator, and
as rf power amplifier and oscillator. 4-250A

Me and with reduced input up to 120 Mec. 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. OUTLINE 35, Ouflines Section.

FILAMENT VOLTAGE (AC/DC) . o ot i it ittt et e e e e 5.0
FOLAMENT CURRENT. . ... it i it 14.1
Mu-Factor, Grip No.2 ToO GRID No.I* ... o, o 5.1
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.Ltoplate. . ... e e e e 0.14 max

Grid No.1 to filamentand grid No.2. . . ... ..o o i i 13

Plate to filament and grid No.2, . ... ... . ... ... ... . . 4.6
SEAL TEMPERATURE:

Plate. ..o e 220 max

Grid No.2, grid No.l,and filament. . .. ... ... ... ... ... .. ... ... 180 wmax
T Plate volts, 3000; grid No.2 volts, 500; plate milliamperes, 100,

AF POWER AMPLIFIER AND MODULATOR

Moximum CCS Ratings: Class AB;  Closs AB:
DO PLATE VOLTAGE. oot e i i 4000 max 4000 mar
DC GriD-N0.2 VOLTAC 600 mar 600 max
DO Grin-No.l VoLTacs =500 nmeer =500 max
MAXIMUM-S1GNAL DC PLATE CURRL .. e 350 max 350 max
MAXDIUM-SIGNAL PLATEINPUT®. Lo 750 mar 1000 max
MAXIMUM-SIGNAL GRID-NO.2Z INPUT®. ... L 35 max 35 mur
PLATI DISSIPATION® . Lo e 250 max 250 maur

RF POWER AMPLIFIER—Class B Telephony
Maximum CCS Ratings:
0" [POBH \S QI 6600000000 90000060000360800000000000000003300A AT 4000 max
DO GriID-N0.2 VOLTA( 600 mar
DC PLATE CURRENT 210 mac

Prare INpUT. ... doos 400 mar
GRID-NOZ INPUT . L i e e e e 23 mar
PraTe DISSIPATION. L. oL ... 9o 000 00000083000 0000800000 060 250 max

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum CCS Ratings:

DOC PLATE VOLTAGE . L i i e 3200 mox
DC GRID-N0.2 VOLTAGE 600 maee
DC GRID-NO.1 VOLTAGE. =500 max

DO PLATE CURRENT. ..ot i i 275 mux
DC GRIO-NOT CURRENT. ... e i 20 max
Prate Invur. ... ... 0060000000000000000 825 max
IRID-NOZINPUT. ... 335 marx

PLATE DISSIPATION. L. e 165 moc

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

Maximum CCS Ratings:

DC PLATE VOLTAGE. . .. . ono 0000 e 4000 max
D Grip-N0.2 VOLTAGE. 9ooo 600 max
DC GRID-NO.T VOLTAGE. . .. ..o it -500 max
DC PLATE CURKENT. . 350 max
DC GRID-No0.1 CURRENT. 20 max

PLATE INPUT. .. ... ... . 1250 max
GRID-NO.Z INPUT. . Lo i i e 35 max
PLATH DISSIPATION. . ...t ittt ittt 250 max

¢ Averaged over any audio-frequency eyele of sine-wave form.
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BEAM POWER TUBE

Small, sturdy, glass-octal heater-

6] 59 cathode type used as af power ampli-

fier and modulator and as rf power

amplifier and oscillator. May be used

with full input up to 60 Mc and with

reduced input up to 175 Mec. Class C Telegraphy maximum plate dissipation, CCS

20 watts, ICAS 25 watts. OUTLINE 17, Oullines Section. Heater volts, 26.5; am-
peres, 0.3. Except for heater rating, this type is identical with type 6146.

I
POWER TRIODE
Compact forced-air-cooled heater- S
6" 6" cathode type having integral radiator
used as rf power amplifier and oscilla-
tor and as frequency multiplier. Coax- Rl

ial terminal arrangement facilitates
use in cathode-drive cireuits of the coaxial-cylinder type. May be used with full
input up to 900 Mc and with reduced input up to 2000 Mec. Class C Telegraphy
maximum CCS plate discipation, 250 watts.

HEATER VOLTAGE (AC/DC):°

AVUIAZC . L i e et e et 6.3 0 volts
Maximum. ... ............. AN .. 6.9 volts
HEATER CURRENT (At 6.8 vOltS) . . ... e ittt it it ieiaieanns 3.4 amperes
AMPLIFICATION FacTowr* 25
1DIRECT INTERELECTRODE CAPACITAN
Grid toplate. ... ... e 6 wut
Grid to cathode and heater. .. ... ... .. ... . ... i 11 wut
late to cathode and heaterD .. ... ... .. e .22 uut

° Because the cathode is subjected to considerable back bombardment as the {requency s increased
with resultant inerease in temperature, the heater voltage should be reduced depending on operating
conditions and frequency to prevent overheating the cathode and resultant short life.

(3 Average heater voltage must be applied for a minimum period of one minute before the application
of plate voltage.

* Grid volts, ~15; plate milliamperes, 250.

9 With external flat shield having minimum diameter of 714 inches located in pliane 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 Ratings:

DO PLATE VOLTAGE . . . L L e e 1300 nar volts
DO GRID VOLTAGE . . L Lottt -300 max volts
DC PLATE CURRENT . . oottt ettt et 210 mar ma
DC GRID CURRENT. . ... ... ... ... See Rating Chart
PLATE INPUT . .o e 270 s watts
Pratie DISSIPATION . ... L e 167 mar watts
Typical Operation in Cathode-Drive Circuit: 600 Mc  ron Mc

DC Plate-to-Grid Voltage. . ... .. . . . e 1400 1100 volts
DC Cathode-to-Grid Voltage. . ... ... ... ... ... ... ..., 150 150 volts
Peak RF Cathode-to-Grid Voltage. ... .. ... o oo i, 200 200 volts
DC Plate Current. ... ... e 210 210 ma
DC Grid Current (ADProxX.). ...ttt e 70 il ma
Driver Power Output (Approx)®™. . ... .. .. . i, T0s e watts
Output Circuit Efficiency ( \pprox ........... 80 60 per cent

.. 180 120 watts
® In this type of service, the blhl can bo m()dul.llgd 100 per eent if the rf driver stage is also modulated
100 per cent simultaneously. Care should be taken to insure that the driver-modulation und amplifier-
modulation voltages are exaetly in phase.

“This vulue includes 18 watts of circuit loss and 40 watts added to plate input.

¢ This value includes 23 watts of circuit loss and 40 watts added to plate input.

Useful Power Output (Approx.) .
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RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:

DO PLATE VOLTAGE .. .. i i, 1600 mazx volts
DC GRID VOLTAGE. L. .. i =300 max volts
DO PLATE CURRENT . . ..ottt it et et et 260 mar ma
DO GRID CURRENT. ..o it ettt ettt See Rating Chart
PLATE INPUT. . e e e 400 max watts
PLATE DISSIPATION . L L. i e e 250 mnax watts
Typical Operation in Cathode-Drive Circuit: 600 Mc 900 Mc
DC Plate-to-Grid Voltage . ... 1650 1650 volts
DC Cathode-to-Grid Voltage 150 160 volts
From grid resistor of . .. ... .. . . 3000 15000 ohms
Peak RF Cathode-to-Grid Voltage. .. ... ... ... .. ... 200 200 volts
DC Plate Current. ... e e 250 250 ma
DO Grid Current (Approx.) . . ... e e 50 10 ma
Driver Power Output (Approx.) . . 75° 80¢ watts
Output Cireuit Eflicicney (Approx. 82 60 per cent

Uselul Power Output (Appmx.).........................::.... 270 180 watts
© This value inceludes 18 watts of eircuit loss and 45 watts added to plate input.
® This value includes 23 watts of cireuit loss and 45 watts added to plate input.

FREQUENCY MULTIPLIER—Class C
Maximum CCS Ratings:

DC PLATE VOLTAGE . L Lt 1600 max volts
DC GRID VoLTAGE -300 max volts
DC ’LATE CURRE 250 max mi
DC GRID CURRENT aoaa a booaoocaoano See Rating Chart
PraTe INvuT. ..o e .. 400 max watts
PLATE DISSIPATION 250 mazx walts
Typical Operation as Doubler in Cathode-Drive Circuit: 600 Mc 900 Mc
DC Plate-to-Grid Voltage. ... 0 o o0 oL 1760 16756 volts
DC Cathode-to-Grid Voltage . . ... ... ... . . ... 260 1756 volts
From eathode resistor of .. ... o . o L R60 645 ohms
Peak RF Cathode-to-Grid Voltage .. 300 300 volts
DC Plate CUITent. ... . e i 250 250 ma
DC Grid Current (Approx.).. ... N 21 mau
Driver I’ower Output (Approx.) . 125 100 watts
Output Circuit Etliciency (Approx 90 80 per cent
Uscful Power Qutput (Approx.} .. ... nn. 180 140 watts

@ Approximate total driving power required. A portion of this power appears in the plate circuit.

AVERAGE CHARACTERISTICS
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RATING CHART
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OPERATING CONSIDERATIONS

Type 6161 may be operated in any position. OUTLINE 89, Outlines Section.

For operation at 1200 Me, plate voltage and plate input should be reduced to
80 per cent of maximum ratings; at 1400 Mec, 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
Small, sturdy, pencil type used in
6] 73 pulse-detection and pulse-power-meas-
uring service at frequencies up to 3300 £
Me. Type 6173 may be operated in any N 4
position. OUTLINE 69, Outlines Section.
HEATER VOLTAGE (AC/DC). ..ottt e 6.3 volts
HEATER CURRENT 0,135 ampere
RESONANT FrEQUENCY (Approx.) ... ... ...... 1600 Me
DIRECT INTERE TRODE CAPACITAN (Approx.)

Plate to cathode. .. L. ..o e 1.1 pul
TERMINAL TEMPERATURE (Plate and cathodeY .. oo oo Lo 175 mox °C
PULSE-DETECTION and PULSE-POWER-MEASURING SERVICE]

Maximum Ratings: For altitudes ap to 10,000 feet
PEAK IN\'HI(SE Prate VorTace . 1000 mar volts
2 PL TOLTAG . 150 maur volts
"URRENT. . .. 1 merx ampere
DC PLATE CURRENT . . o . oo\ 1 max ma
PEAK HEATER-CATHODE VOLTA
Heater negative with respeet to cathode. ... ..o oo o L 90 mar volts
Heater positive with respeet to eathode. ..o oo o o 90 mae volts
HALF-WAVE RECTIFIER
Maximum Ratings: For oltitudes up to 100,000 feel
PEAK INVERSE PLATE VOLTAGE. ... oottt ittt 375 max volts
PEAK PLATE CURRENT 50 max ma
HOT-SWITCHING Tlu\st\T PL. ATE CURRENT:®
For duration of 0.2 second maximum. .. ...... ... . . i 250 max ma
DC OuTPUT CURRENT 5.5 max ma
PEAK HEATER-CATHODE VOLTAG
Heater negative with respect tocathode. .. ... ... .. . . ... 90 maxr volts
Heater positive with respect tocathode. ... ... .o o oo 90 max volts

t In this class of service, the heater should be allowed to warm up for a minimum of 60 seconds hefore
plate voltage is applied in order to allow the cathode to reach normal ope mtmg temperature and to be
able to suppl) the high peak plate currents encountered in this elass of service.

° A minimum plat(-load impedance (including the source impedance) of 300 ohms is required to limit
the hnt-wutchmg 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 sufliciently 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.
Since 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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BEAM POWER TUBE

Ceramic-metal, forced-air cooled,

6] 8] heater-cathode type used as an rf power

amplifier and oscillator. May be used

with full input up to 200 Mec. 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 VOLTAGE] (AC D) e . 120 ma volts
HEATER CURRENT (At 120 volts). . ... ... .. ... .. ... baooa . 1.6 amperes
Mwmu“ Heative TiIME (At 117 vnlm) b) minutes
Mu-Facror, Grid No.2 to Grid No.1° T
Dir I NTERELECTRODE CAPACITAN
Grid No.Tto plate®. ..o L 040 mor uul
Grid No.1 to cathode and heater. .. ... .. . . i 46 puuf
Plate to cathode and heater®® ... ... .. .. ... .. e 010 ser puf
Grid Nod togreid No.2. ..o oo e . 50 uuf
Grid No2toplate. .. ................... .. . 22 puf
Grid No.2 to cathode and heater® .. 4.4 e ppl
RAVIATOR TEMPERATURE (Measured on core at end adjacent to pla
terminal (laNge) . ... . e 180 mar o
SEAL AND TERMINAL TEMPERATURE:
Cathode, heater, grid No.1, grid No.2, and plate. . ................ ... 180w °C

1 Becausc the eathode is subjected to considerable back hombardment as the frequency is increased,
with resultant increase in temperature, the heater voltage should be reduced depending on operating
conditiong and frequency to prevent overheating the cathode and resultant short life.

° With external lat metal shield having a diameter of 8 inches angi 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 connected to grid-No.2 terminal.

® Same as preceding, except that center hole has diameter of approximately 3 inches, and shield is con-
nected to grid-No.l terminal.

2 For plate volts, 1000; grid-No.2 volts, 400; plate amperes, 1.

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

DC PrATE VOLTAC 1600 o volts
DC Grin-No.2 Vol 400 e volts
DC Grip-No.1 Vouraa =300 s volts

DC PrAaTE CURRENT. .
DC Griv-No.1 CURR

1.05 mer  amperes
0.2 nar ampere

Prate INeur. ... 1630 mer watts
GRrID-N0.2 INrurT. .. o 25 mar watts
PLATE DISSIPATION . i et it e 1300 nar watts

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

Maximum CCS Ratings:

DC PrLATE VOLTAGE 2000 yuer volts
DC Ggi-No.2 VoLr. B it volts
DC Griv-No.1 Vol ~300 max volts

1.25 mar  amperes
0.2 max ampere

DC Prarti CURRENT.
DC GriD-No.1 Curg

Prate INvor. ... 2500 mar watts
Grip-No.2 Ixy oo A0 mar watts
P8 I DI PI®S800 0o oo 06600000006 060000006003000000033060000000000 2000 mar watts

MEDIUM-MU TRIODE

6263 Pencil-type tubes having integral
radiator; used as rf power amplifier

626 3 A and oscillator in mobile equipment and

inajrcraft 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, ICAS 13 watts.

HEATER VOLTAGE (AC/DO):

Under transmitting conditions. .. 6.0 volts
Under stand-by conditions. . . .. cooooana 6.3 max volts
HEATER CURRENT at 6. 0 volts. ......... ... v, 0.280 ampere
TRANSCONDUCTAN 7000 umhos
AMPLIFICATION FacTor 27
INRECT INTERELECTRODES (TAPACITANCES (Without external shield):
Grid to plate. . L. e 1.7 puufl
Grid to cathode and heater 2.8 puf
Plate to eathode and heater. .. ... . . i 0.08 max upf
40 max °C
175 max °C

* [Mate volts, 2005 plate milliamperes, 27,

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
For altitudes up to 60,000 feet

Maximum Ratings: CCs ICAS
DO PLATE VOLTAGE. ... i e ae s 330 max 400 maz volts
DO GRIDVOLTAGE. . ..o i it it i ii i e —100 maxr -100 max volts

DG PLATE CURRENT. . oa 40 mee 53 max ma
DO GRID CURRENT. ... oo ottt e s 25 masx 25 mazx ma
DC CATODI CURRENT 55 marx 70 max ma
PLATE INPUT (6268.0)° ... . 13.2 max 22 max watls
PLATE DISSIPATION. .. ..o e 8 max 18 mux watts
Prak HHEATER-CATHODE VOLTAGE:

Heater negative with respeet to cathode. ... 50 max 50 max volts

Heater positive with respeet to cathode. ... R 5O g 50 maox volts
° (CS plate input 6263, 13 mar watts.

Typical Operation as Oscillator in Cathode-Drive Circuit:

ao0 Me 1700 Me 500 Mc
oS [N 1C4S
330 270 385 volts
30 20 35 volts
. 35 10 40 ma
DC Grid Current (Approx.) .. ... o 11 9 14 ma
Usefut Power Output (Approx.)®. .................. 5 0.9 i watts

Typical Operation as RF Power Amplifier in Cathode-Drive Circuit at 500 Mc:

oS ICAS
DC Plate-to-Grid Voltage. ..o oo e i e 348 408 volts
DC Cathode-to-Grid Voltage®. . .. ... . i 18 58 volls
DO Plate Currebl. .. ... et 35 40 ma
DC Grid Current (Approx.}.............. .. 13 15 ma
Driver Power QUtput {(ApproX.) ... ... 2.2 3 walts
Useful Power Quiput (ApDrox.). .. ..o 7 10°* witts

Maximum Circuit Values:
Grid-Cireuit JResistance. ... o i e 0.1 mas 0.1 mex megohm

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
For altitudes up to 60,000 feet

Maximum Ratings: CcCS ICAS
DCPLATE VOLTAGE. ...ttt ieeeannieeenas 275 max 380 mux volts
TIC GRID VOLTAGE. L .ottt it ir i v itneenraonaneatnenns =100 max =100 max volts
DC PrLATE CURREX 33 max 46 max mu
DC Grip CURRENT. 660 oG 25 mar 25 mux ma
DC CATHODE CURRENT . ¢ .ttt v it ierieiiannteesneensnnn 50 max 60 max ma
PraTe InvuTt. ., oLl 5000000000000000000000000000 9 mac 15 max watls
PLATE DISSIPATION . L .o oo ittt ieeie it iranaaeneeetens 5.5 max 9 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to eathode. .. ... oLt H0 o 50 mazx volts
Heater positive with respeet to eathode. ... ..o oont, 50 e 50 mac volts
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Typical Operation in Cathode-Drive Circuit at 500 Mc:

CcCS 1¢CAS

DC Plate-to-Grid Voltage. . ... .o o 317 6% volts
DC Cathode-to-Grid Voltage®™, ... .. i 42 52 volts
DC Plate Current. o ..o oo i e 35 35 ma
DC Grid Current (APProxX.). ...t iaiinenn .. 13 12 ma
Driver Power Output (ApproxX.) ... ..., 2 2.1 watts
Useful Power Qutput (Approx.). . ... i, 6.7 Qe watts
Maximum Cirevit Values:

Grid-Circuit Resistance. . ... e 0.1 maxr O 1 gt 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 efliciency of about 75 per
cent.

OPERATING CONSIDERATIONS

Types 6263 and 6263A may be operated in any position. OUTLINE 72, Outlines
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 Rencil-type tubes having integral -
6264A radiator; used as rf power amplifier
and oscillator and as frequency multi- K
plier in mobile equipment and in air- o t

craft transmitters at altitudes up to
60,000 feet without pressurized chambers and under severe vibration conditions.
May he used with full input up to 500 Mec and with reduced input up to 1700 Me.
Class C Telegraphy maximum plate dissipation, CCS 8 watts, ICAS 13 watts. The
6264A may be operatedin 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.

194



Technical Data =

HEATER VOLTAGE (AC/DC):

Under transmitting conditions. .. ... ... i
Under standby conditions. . . .............. 6.3 max
HEATER CURRENT (At 6 volts). .. .. .28
AMPLIFICATION Fac 40
TRANSCONDUCTANCE® | ettt 6800
Without With
Erlernal Erternal
l)mh( 'T Ib.Thlthl ECTRODE (. \l’AClTA\I(‘F‘S Sh {rld Shieldt
1. 1.5
f) ¢ ‘) —
() 07 max -
INCOMING-ATR TEMPERATURE. .. ... it i 40 mnax
PLATE-TERMINAL TEMPERATURE . . . .. .ottt it ane e 175 mazx

volts
volts
ampere

pmhos

pul
pul
puf
0(‘

o

1 A flat plate shield. 1-1/4 inches in diameter, located parallel to the pl.mo of the grid flange and mid-

way between the grid tlange and the radiator pht( 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

Maximum Ratings: cCS ICAS
DC PLATE VOLT: 330 max 400 max volts
DC GRID VOLTA -100 max =100 max volts
DC PLATE CURRENT. ... ............ 5 40 max 55 mar ma
DCGRIDCURRENT. .. ..ot . 25 marx 25 mazx ma
1C CATHODE CURRENT R0B0B500000000800 . 55 maxr 70 mar ma
PLATEINPUT. ..o e i i e ae e s 13.2 max 22 mazx watts
PLATE DISSIPATION. . .. .. it e s 8& max 13 max watts
PrAK HEATER-CATHODE VOLTAGE:

Heater negative with respeet to cathode................. 50 max 50 max volts

Heater positive with respect to cathode. . ... ... . ... 50 moc 50 max volts
Typical Operation as Oscillator in Cathode-Drive Circuit:

At 500 Me AL 1700 Me
cCSs I1CAS cecS
DC Plate-to-Grid Voltage. .. ...................... 325 380 263 volts
1DC Cathode-to-Girid Voitage® 25 30 13 volts
DC Plate Current. . ......... 35 35 40 ma
DC Grid Current (Approx.). ... e 11 13 13 ma
Useful Power OQutput ( '\pprm{ )' .................. 5 6 1 watts
Typical Operation as RF Power Amplifier in Cathode-Drive Circvit at 500 Mc:
Ces ICAS

DC Plate-to-Grid Voltage. . ... .. ... oo i, 342 395 volts
DC Cathode-to-Grid Voltage®. .. .. . 42 45 volts
DC Plate Current .. ............. 35 40 ma
DC Grid Current (Approx.). - 13 15 ma
Driver Power Qutput (/\pprox.) ...... . 2.4 3 watts
Useful Power Output (Approx.)®. . ... . .. 7.5 10 watts
Maximum Circuit Values:
Grid-Circuit Resistance. . ... .. ... o it 0.1 mox 0.1 maxr megohm

Maximum Ratings: CC8 ICAS
DC PLATE VOLTAGE 300 max 350 mazx
DC GRID VOUTAG —125 max —140 mazx
DC PLATE CURRENT. 33 marx 45 max
DC Grib CURRENT. . 25 max 25 max
DC CATHODE CURRENT 45 max 55 max
PLATE INPUT o 9.9 mar 15.9 max
PLATE DISSIPATION .. ..o it e e s 6 max 9.5 max
PrAKk HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ................ 50 max 50 max

Heater positive with respect to cathode. ................ 50 max 50 max
Typical Operation as Tripler to 510 Mc in Cathode-Drive Circuit:

cCcs ICAS

DC Plate-to-Grid Voltage. . .. oo i i iiiii it e e, 410 472
DC Cathode-to-Grid Voltage®............. ... ... . 110 122
DCPlate Current. . ... .iiit ittt s oo 26 36.5
DC Grid Current (Approx.}. ......covvvnenn, PN 4.1 5.8
Driver Power Output (ApPprox.).........oovouiinvia.. 2.75 4.5
Useful Power Qutput (Approx.)®.............. 2.1 3.4

For altitudes up to 60,000 feel

volts
volts
ma
ma
ma
watts
watts

volts
volts

volts
volts
ma
ma
watts
watts



RCA Transmitting Tubes ——e s = =0

Maximum Circuit Values:

Grid-Cireuit Registance., .. 0.1 max 0.1 mor megohm

° ¥rom 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 pereent.

AVERAGE CHARACTERISTICS
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BEAM POWER TUBE

Heater-cathode type used as rec-
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, Qutlines Section. Plate shows no color when
tube is operated at maximum CCS ratings.

6293

HIBATER VOLTAGE (AG/DC) .. . it ee i ee e 0000000000000000a 6.3 volts
HEATER CURRBENT. . .. .. it 0000C0000000000000G 1.25 amperes
TRANSCONDUCTANCE® ., ... ... .. ... .. ... .e. 008090000000000000 00T 7000 wmhos
Mu-Facronr, Grid No2 to Grid No 1* . oo o o i i e 4.5
D1IRECT INTERELECTRODE CAPACITANCES:
Grid No.Lto plate. . oo 0.24 nax peuf
(Grid No.l to eathode, grid No.3, grid No.2, internal shield, base sleceve,
and heater. .. .. 138 upt
Plate to eathode, g
heater. ... oL 8.5 uuf
# Plate and grid-No.2 volts, 200; plate milliamperes, 100,
MODULATOR—Rectangular-Wave Modulation
Maximum and Minimum CCS Ratings:
For Duty Fuactor® up lo 0.00%
and Mazximum Averaging Time of 10,000 Microseconds in Any Interrval
DO Prate-StreLy VOLTAGES. _ . ... it 2000 max 3500 mazx volts
INSIANTANEOUS I'LATE VOLTAGE®. . ... .. 9000400 2300 mae 4000 mazx volts
DC Guin-No.2 SUPPLY VOLTAGE* . ., ................ 500 max 200 nmax volts
o =300 mar -300 max volts
> Gran-N SuppPL LTAGE® Lo - . y
NC Grin-No.1 SurPLY VOLTAGE © 950 min 2180 min volts
Grin-No.l VOLTAGE:
Instantancous Negative Value. ... . . e 400 mae 400 max volts
Peak Positive Value, . .......... 0990000000 100 max 100 wmax volts



Technical Data

PEAK PLATE CUBRENT . ... ... ivtiriirrnrnneranannas 32 max 32 mazx amperes
PEAK GRID-NO.2 CURRENT . .. .\ iiriianrennannennn. 0.75 mac 0.756 mas ampere
PEAK GRID-NO.I CURRENT. .. .. ....oiiiiiiinannnnnn 0.5 mar 0.5 mazx ampere
PLATE INPUT. . ... 80 max 80 mac watls
GRID-NO.2 INPUT. ... oottt iiiieeannnnns 1.75 mac 1.75 mazx watts
GRrIp-NO.1 INPUT. . 0.5 max 0.5 mar watt
PLATE DIssiPATION T mar 10 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. . .. ........ 135 mas 135 max volts
BuLs TEMPERATURE (At hottest point) . ... ........... 175 mac 175 mac °C

® Duty factor is detined as the ON time in microsceconds divided by 10,000 microseconds. ON time
for this tube is detined 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 instantaneous value is 70 per cent of the peak value. The peak value is defined
as the maximum value of & smooth curve through the average of the fluctuations over the top portion
of the pulse.

A For tube protection, it is essential that sufficient resistance be used in the plate-supply cireuit, 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 ealeulated 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 aetual operating conditions; then, with the tube in the same
socket and under the same ambient-temperature conditions, apply to the tube sutlicient de input to
obtain the same bulb temperature. This value of de input is 2 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 {requen- 63 83
cies up to 2800 Mec. Coaxial terminal arrange-
ment facilitates use in cathode-drive circuits of
the coaxial-cylinder type. Maximum over-all
length, 4-9/32 inches; maximum diameter, 1.760
inches. Heater volts (ac/dc), 6.3; amperes, 3.4;
amplifieation factor, 23. Direct interelectrode capacitances: grid to plate, 6 ppf; grid to cathode and
heater, 11 puf; plate to cathode and hieater (with external flat shield in plane of grid terminal), 0.19 puf.
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: de plate volts, 1500 max:
de grid volts, =300 ma.c; de plate ma., 400 max; de grid ma. (up to 900 Mc), 75 maz; plate input, 600
mar watts; plate dissipation, 600 niax watts. The 6383 is a DISCONTINUED type listed for reference
only. As a replacement, the 6161 is a similar type, although not directly interchangeable.

L ONERGL BEAM POWER TUBE

03@ LK Nine-pin miniature heater-cath-
G R ode type used as rf power amplifier 64]7
NCAE/ =G

N / and oscillator and as frequency mul-
PQ) @GI 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/de), 12.6; amperes, 0.375. Except for heater ratings, the 6417 is
identical with type 5763.

K,G3.8

TWIN BEAM POWER TUBE

Small, sturdy, heater-cathodetype
used as af power amplifier and modu- |
lator, as push-pull rf power amplifier 6524
and oscillator, and as frequency tripler.
May be used with full input up to 100
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RC A Transmitting Tubes

Me 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. QUTLINE 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) . .o\ ittt tii ittt eiiae it innnearnnn e 6.3 volts
HEATER CURRENT. . .. ............. 1.25 amperes
TrRANSCONDUCTANCE (Each unit)*. 4500 prohos
Mu-Facror, Grid No.2 to Grid No. i 10 nit)¥ 8.5
IRECT INTERELECTRODE CAPACITANCES (Ea(‘h unit):
Grid No.l to plate. ... e e 0.11 snax pul
Grid No.1 to cathode, grid No.3, internal shield, grid No.2 (pins 1 and 7),
and heater. ... e, 7 puf
Plate to cathode, grid No.3, internal shield, grid No.2 (pins 1 and 7), and (
L 3.4 L
BuLe TFMI’P,I{ATURE (At hottest point). ... ... ..o i, 210 max °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
DO PLATE VOLTAGE.  « ..o vi ittt i ieciaanns 400 mar 500 max volts
DC GRID-N0.2 VOLTAGE, . .. .. 300 mazx 300 mac volts
DC GRrRID-N0.2 SUPPLY VOLTAGE. 400 mar 400 muar volts
C GR1D-No.1 VOLTAGE. . . .. ~200 nur -200 max volts
DC PLATE CURRENT. . ....... 125 max 125 mazx ma
DC Grip-No.l CURRENT. ... .. 4 maz 4 mazx ma
Prate Ixrur. .. ..ol 45 max 55 max watts
GRID-N0.2 INPUT. . 2 max 2 max watts
PLATE DISRIPATION. . ... ... i aens 13.5 wmox 16.7 max watts
PeEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. . . 135 mae 135 max volts
Maximum Circuit Values {CCS or ICAS conditions):
Grid-No.1-Cireuit JResistance. - oo v vt ne et e 30000 mux ohms

PUSH-PULL RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
ond
PUSH-PULL RF POWER AMPLIFIER—Class C FM Telephony
Values are on a per-tube bagis

Maximum Ratings: CCs ICAS
DC PLATE VOLTAGE. . .. 500 max 500 max volts
DC GRrID-N 0.2 VOLTAGE, 300 max 300 mar volts
DC Grip-No.2 SuPPLY VOLTAGE 400 max 400 mux volts
DC Gri-No.1 VoLTaGE . -200 mazx -200 max volts
DC PLATE CURRENT. ... .. aaa 150 max 150 max ma
DC GRID-N 0.1 CURRENT 4 mar 4 mar ma
Prate INvur. ... 70 max K5 max watts
GRID-NoO.2 INruT. .. ... bao 3 max 3 max watts
PLATE IISSIFATION. ..o i ie e et 20 max 25 mazx watts
Peak HEATER-CATHODE VOLTAGE:

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

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

Maximum Circuit Values: {CCS or ICAS conditions):
Girid-No.1-Circuit Resistance. .. ... .. .. o i it 30000 wmax ohms

FIXED-TUNED OSCILLATOR TRIODE
UHF pencil-type tubes
having integral resona-

tors; used in radiosonde =

service at a {requency of
> INTEGRAL

6562/ '1()80 .M(-. May be used at ccsoon e
ambient temperatures
5794A ranging from -55°C to
+75°C. Fixed-Tuned Os-
cillator maximum plate ®A
dissipation, 3.6 watts. The
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6562 is a DISCONTINUED type listed for reference only. As a replacement, the
6562/579TA is directly interchangeable.

HEATER VOLTAGE RANGE® (AC/DC) .. ..ot 5.2t06.6 volts
Heater CURRENT (At 6.0 volts) . ............. BODBOO0RG000000008000000 0.160 ampere
FrEQUENCY (Approx.).......... 1680 Me
FREQUENCY-ADJUSTMENT RANGE® =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 expectaney of the 6562/5794A in such serv-
ice is only a few hours.

® As supplied, tubes are adjusted to 1680 = 4 megacyeles.

FIXED-TUNED OSCILLATOR
Maximum Ratings:

DC PLATE VOLTAGE . | o it it e i s 120 mar volts
DO PLATE CURRENT . . ot ot e i et an et aaee e e ciraae s 32 max ma
DC GRID CURRENT . . . o 0 ettt ittt tie i ieanns 8 mar ma
Prate INrur 4 maxr watts
PLATE DISSIPATION . . o ettt it ittt ia i 3.6 max watts
PrAK HEATER-CATHODE VOLTAGE. . ...t iiei e e 0 mar volts
AMBIENT-TEMPERATURE RANGE. .. ... oottt . —55t0o 475 °C
Operating Frequency Drift:
Maximum Frequeney Drift:

For heater-voltage range of 5.2 to 6.6 volts, plute-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, Outlines
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 3{” from
the end of the tube (excluding cathode tab). If this precaution is not followed, the
heat of the soldering operation may crack the glass seals of the leads and damage
the tube. Under no circumstances should any of the electrodes be soldered to the 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 serew. 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
screw is = 12 megacycles.

BEAM POWER TUBE

Small, sturdy, uhf, forced-air-
cooled, heater-cathode, cermolox type; 68] 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 Me and beyond. Class C Telegraphy
maximum plate dissipation, CCS 115 watts.

HEATER VOLTAGEL (8¢ DCY oo L Lo 6.3 volts
HEATER CURRENT. L L 21 ampercs

jon
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MINIMUM HEATING TIME. ..o e 60 seeonds

Mu-FAcTor, Grid No2 to Grid No.lsk ..ot e 18

DECT INTERELECTRODE CAPAGITANCES:®
Grid No.Ttoplate. .. ... i N 0.065 max nuf
Grid Nao.l to cathode and heater 0600 14 auf
Plate to cathode and heater. . ... . . . 0.015 max puf
Grid Nod togrid No.2. . ... . ... e - 17 uuf
Grid No2 o plate. . ..., . ... o 4.4 puuf
Grid No.2 to cathode and heater 0.4 max pufl

TrrMINAL TEMPERATURE (Plate, Grid No.2, Grid No.1, Cathode, and Heater) 250 mazx °C

§ Bercause the cathode is subjected Lo considerable back bombardment as the frequency is increased
vnrh resuitant increase in temperature, the heater voltage should be reduced depending on operating
conditions and frequeney to prevent overheating the eathode and resultant short ljfe.

% For plate and grid-No.2 volts, 250; plate ma., 100,
© Measured with special adapter,

AF POWER AMPLIFIER AND MODULATOR—Class AB)
Maximum CCS Ratings:

DC PLATE VOLTAGE 1000 mazx volts
300 mar volts
180 mazx ma
180 mox watts
Maxivu 4.5 max watts
PLATE Dis 115 max watts
Typical CCS Operation: Vialues are for 2 tubes
DCPlate Voltage. . ... ... 50 860 volts
DC Grid-No.2 Voltage? 300 300 volts
DC Grid-No.l Vaoltage, From fixed-bias souree. | . .. -15 -15 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage®® A .. an 30 volts
Zero-Signal DC Plate Current . .. ... .. .. . RO RO ma
Maximum-Signal DC Plate Current. . . ... ... .. .......... 200 200 ma
Zero-Signal DC Grid-No.2 Current . e 0 [ ma
Maximum-8ignal DC Grid-No.2 C urn-nl ....... e . 20 20 ma
Effeetive Load Resistanee (Plate to plate) - . 4330 7000 ohms
Maximum-Signal Driving Power (Approx.). ... ............. 0 0 watts
Maximum-Rignal Power Output (Approx.). .. .............. 50 &0 watts
Maximum Circuit Values:
Grid-No.1-Cireuit Resistanee under Any Condition:e e
With fixed bias 30000 mue ohms
With cathode bias. . .. ... .. . .. oL Not recommended

°% The driver stage should be eapable of supplying the No.1 gn(h of the Class ADB) stage with the speci-
fied driving voltage at low distortion,

@@ The resistance introduecd into the grid-No.1 c¢ireuit 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
Moximum CCS Ratings:

DCPLATEVOLTAGE, .. .. .. e e 1000 nas volts
DC Guin-No.2 VoLTAaGE. .. .. ... ... .. RN . 300 mux volts
MAXIMUM-SIGNAL DC PLATE CURRENT® 180 maxr ma
MaxiMunm-R16NAL DO Grib-No.1 Currext® 30 max ma
MaxiMun-S16yAL PLATE INPUT® 180 mozx watts
MaxiMusM-816NAL GRID-N0.2 INPU'X' 4.5 max watts
PLATE DISSIPATION® . L e e 115 mnear watts
Typical CCS Operation: Values are for 2 tuhes

DC Plate Voltage. . .. 50 850 volts
DC Grid-No.2 Volrag 300 300 volts
DC Grid-No.1 Voltage, From fixed-bias source.............. -13 -15 volts
Peak A Grid-Na.1-to-Grid-No.1 Voltage 18 16 volts
Zero-Rignal DO Plate Current. ..o oo o o &0 &0 ma
Maximum-Signal DC Plate Current. .. ... ... ... .. ..... 3535 355 ma
Zero-Signal DC Grid-No.2 Current. .. .. 0 0 ma
Maximum-8ignal DC Grid-No.2 Current. . 25 25 ma
Maximum-Signal DC Grid-No.l Current. . ... .. ... e 15 15 ma
Effeetive Load Resistanee (Plateto plate). . ... ... ....... 2450 3960 ohms
Maximum-8ignal Driving Power (Approx.)e .. .. ... ... .. 0.3 0.3 watt
Maximum-Rignal Power Output (Appros). . ............... 85 140 watts
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Ratings:
DO PLATE VOLTAGE. 4ottt ittt ittt ittt i uas 800 max volts

DC GRID-N0.2 VOLTAGE. 300 max volts
DC GRID-NO.1 VOLTAGE. .. 00 . -100 max volts
DC PLATE CURRENT. ...... . 150 max ma
DC GRIp-No.1 CURRENT. .. . 30 max ma
PLATE INPUT. .. .......... o 120 mazx watts
GRID-NO.2 INPUT. .. ...... .. 3 max watts
PLATE DISSIPATION. L. oL i e i e i 75 max watta
Typical CCS Operation: At 400 Me

DC Plate Voltage. .. ... it e 400 700 volts
DC Grid-No.2 Voltage?. .. ............ .. 200 250 volts
DC Grid-No.1 Voltage*. ... ............ .. -20 ~-50 volts
DC Plate Current. . .................. 00 100 130 ma
DC Grid-No.2 Current................ ao 5 10 ma
DC Grid-No.1 Current................ .. 5 10 ma
Driver Power Qutput (Approx.)*. ... . 2 3 watts
Useful Power Output (Approx.)..... 16 45 watts
Maximum Circuit Values:

Grid-No.1-Circuit Resistance underany condition, . ..................... 30000¢max ohms

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings:
DC PLATE VOLTAGE. . ... it it 1000 max volts

DC GRID-N0.2 VOLTAGE 300 max volts
DC GRID-NO.1 VOLTAGE . -100 max volts
DC PLATE CURRENT. ........... 000 180 max ma
DC GriD-No0.1 CURRENT nooa 30 max ma
PLATE INPUT......... 180 max watts
(GRID-N 0.2 INPUT. . . e 4.5 max watts
PLATE DISSIPATION. . . .o i e e i 115 max watts
Typical CCS Operation: Al 400 Me At 1200 Me

DCPlate Voltage. . . ......... .ot un.. 400 900 900 volts
DC Grid-No.2 Voltage®. ... ... .. - 200 300 300 volts
DC Grid-No.1 Voltaget .. 5000 . -35 -30 -22 volts
DC Plate Current. ... .. . nooo . 150 170 170 ma
DC Grid-No.2 Current. .. ....... 5 5 1 1 ma
DC Grid-No.1 Current............. oo 3 10 4 ma
Driver Power OQutput (Approx.)*. ... 3 3 5 watts
Useful Power Qutput (Approx.)...........ciov.n.. 23 80 40 watts
Maximum Circuit Values:

Girid-No.1-Circuit Resistance under any condition. . ........ . ... ... . ... 300004 max ohms

® Averaged over any audio-frequeney 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 efTfective resistance per grid-No.1 circuit of the AB:
stage should be held at a low value. For this purpose, the use of transformer coupling is recommended.
@ 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 driverstage is required to supply tube losses and rf-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 characteristies, and in tube characteristics during life.

# If this value is insufficient to provide adequate bias, the additional required hias 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

1400 ) TYPE 7842 1
£4°6.3V0LTS
23 GRID-No.2 VOLYS « 300
1200 4
" 20
& 1000
Y
2 8
3 800 >
H -~ o
W
5 400
: d 3
400 GRID-No.| VOLTS E¢y*Of
200 =
=10
4 %200 400 600 800 1000
PLATE vOLTS 92CM~9222Tr
TYPICAL COOLING
REQUIREMENTS
TYPE 6816
AIR FLOW DIRECTED THROUGH
RADIATOR FROM *x 1/2" ORIFICE
LOCATED 14" FROM RADIATOR.
MAX ALLOWABLE TEMPERAT
TYPlCAL CHARACTERISTICS RISt WITh MCOMING R TERR:
240 ERATURE OF 25°C
Friver 6nie. [omaib= 220 A 3 -
[ Eqe6.3 VOLTS S 7’@
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GRID-N.l{IC;) OR GRID-No.2(IC2)
MILLIAMPERES

PLATE - TERMINAL TEMPERATURE RiSE
ABOVE INCOMING - AIR TEMPERATURE —*C

07200 400 600 800 1000

PLATE VOLTS 40
92CS - 9225T1

20

O 20 40 60 80 100 120 140
PLATE DISSIPATION - WATTS
92CM-~9220T

K,G3,1S
Pgp (4)Pay
2205

TWIN BEAM POWER TUBE

Small, sturdy, heater-cathode

68 50 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/dc), 12.6; amperes, 0.625. Except for heater rating, the 6850 is
identical with type 6524.
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BEAM POWER TUBE

Small,sturdy, heaterscathode 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 Me and with reduced input
up to 145 Me. Class C Telegraphy maximum plate dissipation, CCS 20 watts, ICAS
25 watts. Requires Octal socket and may be operated in any position. QUTLINE 18,
Outlines Section. Heater volts (ac/dc), 12.6; amperes, 0.625. Except for heater
rating and bhase, the 6383 is identical with type 6146.

BEAM POWER TUBE

Small, sturdy, ulf, {orced-air
cooled, heater-cathode, cermolox type 6884
used as af power amplifier and modu-
lator, and rf power amplifier and oscil-
lator in compact and mobile and fixed
equipment. Useful at frequencies up to 2000 Me and beyond. Class C Telegraphy
maximum plate dissipation, CCS 115 watts. May be operated in any position. OuT-
LINE 78, Quflincs Section. Heater volts (ac/dec), 26.5; amperes, 0.52. Except for
heater rating, the 6884 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 Me 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/dec), 12.6; amperes, 0.4. Except for
heater rating, the 6893 is identical to the 2126.

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 Me in
HK cathode-drive circuits of the coaxial-

cylinder type. Class C Telegraphy max-
imum CCS plate dissipation, 100 watts. May be operated in any position. QuT-
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,DC)®. ... 6.3 volts
HEATER CURRENT. ..o\ttt ettt e e e 1.05 amperes
TRANSCONDUCTANCEX, | i i ian 21800 umhos
AMPLIFICATION FACTOR. . ... ot 95
DIRECT INTERELECTRODE (CAPACITANCES:
Gridtoplate. .. ... ... . ... ... 2.0 upf
Gridtoeathode ... ... . .. . . . 6.5 upf
Plate tocathode. . ... .. ... .. ... ... ... ... .. ... ..., 0,024 puf

° Because the cathode is subjected to considerable back bombardment as the frequency is increascd 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
Moximum CCS Ratings:
DC PLATE V OLTAGH. i eies DOGOD0CaaaaaE 600®%maz volts

o ~150 mntr volts

Pc.:.k Negative RF'. .. ... ..... 590000000000 0600000A00 400 mar volts
Peak Positive REF........... 0o 30 max volts
DC Guip CURRENT.......... oo 50 max ma
DC CATHODE CURRENT oo 100 mac ma
GRID INPUT. .. ........ 00 2 mur watts
PLATE DISSIPATION. T0 nox 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:

DCPLATE VOLTAGE. .. ..ttt ie et e e 1000 mer volts
GRID VOLTAGE:

IO onaoa00n0000000000000000000000000090800300800000 -130 mour volts

Peak Negative RE. . 400 mae volts

Peak Positive RE. . 30 max volts
DC Grip CURRENT 50 max ma
DC CATHODE CURRENT . . .« ottt ittt iiiarie e 125 max ma
Gwip INPUT . 5000 canoo oo 2 max watts
PLATE DISSIPATION «. L oot e et nnnn s e eee e aeaenaeennn 100 max watrs

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

equipment operating at frequencies up to 500 Mec. Tube is internally neutralized

for push-pull amplifier service. At 500 Me, tube delivers useful power output of 5
watts in CCS or 6 watts in ICAS.

HEATER ARRANGEMENT: Parallel
6.3 volts
.................. o 0.6 ampere
ac 10500 pmhos
Mu FacTor, Grid No.2 to Grid No.) (Bach unit)® .. ... .. .. ... .. ... 3t
IDIRECT INTERELECTRODI CAPACITANCES (Approx., Kach unit):®
Grid No.l1 to plate 0.156 pefi
Grid No.l to cathode, heater, grid No.3, and grid No.2 6.4 npfl

Plate to cathode, heater, grid No3, and grid No2.. .. ... ... .oy .6 puf
° Plate and grid-No.2 volts, 150; plate ma., 25.
® Without cxternal shicld.

PUSH-PULL RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
PUSH-PULL RF POWER AMPLIFIER—Class C FM Telephony
Vulues urc on @ per-tube bagis unless specificd otherwise
For operation at frequencies up to 500 Me

Maximum Ratings: CeS ICAS
DC PLATE VOLTAGE. .. oottt iiviv i ia e iaaaanns 250 mar 250 mux volts
DC Grip-No.2 VoLTAGE ... 200 max 200 mux volts
DC GRID-NO.1 VOLTAGE .. —100 mar -100 max volts
DC PLATE CURRENT. . 90 mur 100 max ma
DC Grin-No.1 Curk 6 mar 8 mdxr ma
DC CATHODE CURRENT .. 100 mac 120 max ma
PLATEINPUT. .. ... ... i 12 max 14 mace watts
GRID-N0.2 INpUT 3 max 3.5 mar watts
GRrID-No.1 INpUT 0.2 mar 0,21 max watt
PLATE IISSIPATION. ... .......... 6 mux 7.5 mar watts
Praxk HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 100 mar 100 max voults

Heater positive with respect to cathode. .. oa 100 morx 100 mex volts
BurLs TEMPERATURE (At hottest point) ... ... . oo 225 max 225 mare °C
Typical Operation at 500 Mc: CcCs ICAS
PO Plate Vollage. ... e i iiirieirsserassisiarreees 180 200 volts
DC Grid-No.2 Voltage 180 200 volts
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DC Grid-No.l Vaoltage. . ... ... ... ... ... ... ...... .. =20 ~20 volts

From grid resistor for each grid of 27000 27000 ohms
Peak-to-IPeak RF Grid-No.l Voltage. ...... ... ..... . ... H0 50 volts
DC Plate Current. . ... 53 60 ma
DC Grid-No.2 Current. .. ..o 12.5 14 ma
DC Grid-No.1 Current 1.5 1.5 ma
Driver Power OQutput (Approx.).................ououi.. 1.8 1.2 witts
Useful Power Quiput (Approx)®. ... ... . ... ooiii... 3 6 watts

PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER—Class C Telephony
Vedues are om « prr-tubc bagis
For operation ut frequencies up to 500 Me
Maximum Ratings: CCS ICAS
DC PLATE VOLTAGE. .. .. .. e 200 mac 200 nac volts

DC GRID-No.2 Vo B . 200 max 200 max volts
DC GriD-No.1 V 5 —100 max —100 max volts
DC PLATE CURRENT....... ..., ... ........ oa 64 mar 80 max ma
DC Grip-No.1 CURy FE O .. 6 mdac 8 mac ma
DC CATHODE CURRENT .. ..o oo o 30 mar 96 mar ma
PLATEINPUT. .. ... .. . o .. 8 max 10 mar watts
GRID-N 0.2 INPUT 2 mur 2.3 mux watts
GrIp-No.1 Ixpur. 0.2 maz 0.24 max watt
PLATE DISSIPATION. 1 max 5 mar watts
PEAK HEATER-CATHODE VOLTA

Heater negatn( mth respect to cathode. ..o o o L 100 moex 100 max volts

Heater positive with respeet to cathode. ... oo o L. 100 mac 100 mox volts
BuLs TEMPERATURE (At hottest point) .. .. ... .. .. .. ... 225 mux 225 mux °C
Typical Operation at 500 Mc: [ 1CAS
DC Plate Voltage. . ... ... . i i 180 180 volts
DC Grid-No.2 Voltage. ... ... .. . i 180 180 volts
DC Grid-No.1 Voltage e -20 -20 volts

From grid resistor foreach gridof. ... .. ... ..o oo . 63000 27000 ohms
Peak-to-Peak IRF Grid-No.1 Voltage .. .. ... .. .. ... .. ..., 45 50 volts
X8 [HiE (GUA¥E o o o cononnnocaannannenaoancoansaob000000 40 55 ma
DC Grid-No.2 Current. ... . .. i 9.5 12.5 ma
DC Grid-No.1 Current. ... e - 0.6 1.5 ma
Driver Power Output (Approx. 1 1.2 watts
Useful Power Qutput tApprox)®. . ... ... . . .. 3.5 5 wutts

FREQUENCY TRIPLER—Class C
Vialaer are on o per-bile busis
For operation al frequencies up o 500 Me

Maximum Ratings: ces ICAS
Q] 1P Y 9 N 0 o nbenannoobancn00a00600000000080080 250 max 250 macx volts
DC GRID-NOZ VOUTAGE. . ... .. .. o i, 200 mas 200 max volts
DC GRID-NO.X VOLTAGE. ... ... ... .. ... ... ~100 max -100 max volts
DC PLATE CURRENT. .. ...t c e 60 mar 80 max ma
DC GRID-NO.I CURRENT. .. ... . .o oa b6 mas 8 maxr ma
DC CATHODE CURRENT . . .. ..ttt aes . 50 max 80 max ma
PLATEINPUT . .. ... . i 0o 8 mas 10 mac watts
GRID-No0.2 INruUT, 3 muc 3.5 max watts
Grip-No.1 InpuT. .. 00 0.2 mur 0.24 mazx watt
PLATE DISSIPATION . ... e 6 mar 7.5 mux watts
PeaK HEATER-CATHODE VOLTAGE:
Heater negative with respect to eathode. .. ... .o o ... 100 mae 100 uur volts
Heater positive with respect to cathode e 100 max 100 mux volts
BuLs TEMPERATURE (At hottest point) . ... .. ... .. .. ... 225 marx 225 muz °C
Typical Operation to 500 Mc: cCs 1CAS
DC Plate Voltage. . ... .o i i 180 200 volts
DC Grid-No.2 Voltage (Approx.......oo i, 180 190 volts
Through resistor of . ... ... . 1200 1200 ohms
DC Grid-No.l Voltage. .. ..o i e e it ~T4 -74 volts
From grid resistor (each gridy of ... ... ... . oL 82()0Q 8200(_) ohms
Peak-to-Peak RF Grid-No.I Voltage............. ... ... .. 165 165 volts
DCPlate Current. .. ... e 40 46 ma
DC Grid-No.2 Current. . .. .o e e e 9.7 11 ma
DC Grid-No.1 Current. .. .. ...t iineenns . 1.8 1.8 ma
Driver Power Output (ApProX.)... ... o.tiinennurennns 1.1 1.1 watts
Useful Power Output (Approx.)®. . ... ... .. v, 1.8 2.2 watts

® NMeasured at load of output cireuit.

OPERATING CONSIDERATIONS

The 6939 requires a Noval nine-contact socket and may be operated in any
position. QUTLINE 9, Ouflines 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 hetween 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 oceur 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 isrecommended that a100-ohm resistor be connected in series with grid No.2,
as close as possible to the socket, to prevent the generation of parasitic oscillations.

AVERAGE CHARACTERISTICS
EACH UNIT

TYPE 6939
[~  E4*»6.3VOLTS
PARALLEL HEATER ARRANGEMENT
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AVERAGE GRID-No.2 CHARACTERISTICS
EACH UNIT
TYPE 6939
«»  300|—— E¢*63 VOLTS
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Z 250
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FULL-WAVE GAS AND
MERCURY-VAPOR RECTIFIER
See type 604 /7014,

HALF-WAVE MERCURY-
VAPOR RECTIFIER
See type 615/701K,

HALF-WAVE GAS AND
MERCURY-VAPOR RECTIFIER
See type 635 'T019,

See type 6361, 7020,

BEAM POWER TUBE

Glass-metal, forced-air-cooled,
heater-cathode types having integral
plate radiators; used as af power am-
plifiers and modulators and as rf power
amplifiers and oscillators. Class C Te-

flow of air through the radiator.

7014

7018

7019
7020

7034/
4AX150A
7035/
4X150D

legraphy maximum CCS plate dissipation, 250 watts. Full ratings to 150 Mec; re-
duced ratings to 500 Mec. May be operated in any position. QUTLINE 82, Outlines
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

TOSL/LXIS0A  T085/4X 150D

Heater Vonrace (ac/pe)t. .. ... ... 0DODORoOabOGRaaaG0aaasn 6.0
HEATER CURRENT. ... i 2.6
HeariNG Trsis (Minimum). ..o
MU-FACTOR. Grid No.2 to Grid No.1®. ... .. 0 .

DIRECT INTERELECTRODE CAPACITANG

at junction with fing) .
TEMPERATURE OF PLa
TEMPERATURE OF BAgE SE

® Grid-No.2 volts, 300; grid-No.2 milliamperes, 50,

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

MAXIMUM-SIGNAL DO PLATE CURRENT™. .. ... i e,
PLATE DIsSipATION", . .
GRID-NO0.2 DISSIPATION
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respeet to cathode. .. ... o o0
Heater positive with respeet to cathode. .. ... oo oo o

Maximum Circuit Values:
Grid-No.1-Circuit Resistance (fPertube). oo

AF POWER AMPLIFIER AND MODULATOR—Class AB?2
Maximum CCS Ratings:
DO PLATE VOLTAGE, oL e e e et e e,

26.6
0.68

30
5

0.03

16
4.4
250 max

200 max
175 mox

2000 max

400 mug
250 max
250 mac

12 mox

150 mar
150 mue

0.1 mazc

2000 muozx

volts
amperes
seconds

pul
pul
puf

°C
°C

°C

volts
volts
ma
watts
watts

volts

volts

megohm

volts
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DC GRID-NO.Z VOLTAGE. . .ottt ittt 400 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT® . 250 max ma
PLATE DisSIPATION". . 90000000G00000 250 max watts
GRID-NO.2 INpUT®. ... ... .. ... 12 max watts
FRID-NO. L INPUT. . ottt it i it e araaann e 2 max watts
Peax HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode .. 150 max volts

Heater positive with respect to cathode 150 mox vults

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

-
Maximum CCS Ratings: ].Z)IJA’;)C 514;)1;)1{71‘
DCPLATE VOLTAGE, . ..\ttt it 1600 max 1000 max volts
DC GRID-N0.2 VOLTAGE. 300 ma.r 200 maz volts
DC Grip-No.1 VOLTAGE. .. 250 mar 250 max volts
DC PLATE CURRENT. .. ....... A 200 max 200 max ma
PLATE DISSIPATION. . e o 165 max 165 max watts
GRID-NO.2 INvUT ... .. ... ... 10 max 10 max watts
GRID-No.1 INnvUT . ... .. S 2 mar 2 mar watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respeet to cathode.............. ... 150 max 150 max volts
Heater positive with respeet to cathode. . ... ... ... ..., 150 max 150 max volts
Maximum Cirevit Values:
Grid-No.1-Circuit Resistance, Under any condition ... .....c... .. ..., 25000 max ohms

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony
o 1]
Maximum CCS Ratings: 1153)) g\DIc 5{)1‘101{1’0
DC PLATE VOLTAGE. .« ot it ittt it iaaarinnrenaaenans 2000 max 1250 maoc volts
DC GRID-NO0.2 VOLTAGE. . ....... 0000 300 max 300 mac volts
DC GRID-NO.1 VOLTAGE. .. ...... 6600 -250 max —-250 max volts
DC PLATE CURRENT. o, . vv v v cuv 5000 250 max 250 max ma
PLATE DISSIPATION. . . 250 mux 250 max watts
GRID-NO.2 INPUT. . . 12 mux 12 max watts
GRID-NO. L INPUT. . .. vt iiiiii i iieinsaennns 2 mazx 2 max watts

Maximum Circuit Valves:
(Grid-No.1-Circuit Resistance, Under any condition .. . ..o 25000 mox ohms

t Because the cathode is subjected to consicerable 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 by 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 connected to ground.

* Averaged aover any audio-frequency eycle of sine-wave form.

POWER PENTODE
Sce type 8077, T054. 7054

MEDIUM-MU TRIODE—
POWER PENTODE

Miniature heater-cathode type

7060 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 Me; triode unit is used in reactance

modulator circuits. Requires Miniature nine-contact socket and may be operated

in any position. OUTLINE 6, Ouflines 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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volts
ampere

wuf
pul
puf

uuf
puf
puf
puf
wul
puf

volts
volts

HEATER VOLTAGE RANGE (AC/DC)........... .. ouuut, 000000000 0naooaaa 12 to 15
HEATER CURRENT (Approx.) at 13.5 volts 0.28
DIRECT INTERELECTRODE CAPACITANCES:®
Triode Unit:
2.2
2.4
0.22
0.044
Grid No.l to all Other Electrodes except Plate. .. ... 7.1
Plate to all Other Electrodes except Grid No.1...... 2.6
Triode Grid to Pentode Plate. ........................ 0.022 max
Pentode Grid No.l to Triode Plate. . ................... 0.015 max
Pentode Plate to Triode Plate. .. ... i e 0.16
° Without external shield.
AVERAGE CHARACTERISTICS
TRIODE umiT
40 T 1
TYPE 7060
0 E¢"13.5 VOLTS
0 A7 an,
a
&30 / o
i ,y/
> 1
§ 25 / / / 5”}
2 VI EE;
= / o /
2 20(fn §
& / v
o \\ 9
s NSl A /
& 5 it B2 S8 //Ef-“*6 V4 «5'/
w o,
<0 N 3 / / S
) N~ A AR A /
/ e 08
s 'E_",_ e —i Y] 2 “ 2
{ / / -
o 100 200 300 400 500
PLATE VOLTS 92CM-98077
AVERAGE CHARACTERISTICS
PENTODE UNIT
40 T T
| ! \ TYPE 7060
G 1 I ! £¢+13.8 VOLTS —3
& | | | i GRID =No.2 VOLTS #125
3 | | | : i
- i
5 30 == = = 1 ECiO =TT
§‘ h | iy ’__—|—4|
Fs | ___._.—___._-—-— [ o,
SO e e e, e = I |
p P i L
30| | Lod Lk L
H -""-T-_-_l-_- GRID-NoI VOLTS ECi=15 | |
© b
e 15 i
3 -2 |
2 |
> 2.8
=10 T ]
w = |
< -35
d s e |
— 1)
——
e Y
Q 100 200 300 400 500
PLATE VOLTS 22CM-9811T
AMPLIFIER—Class Ay
. . Trionde Pentode
Maximum Ratings: it Unit
PLATE VOLTAGE. L, i iiie it iiiiiniieinnnnnnnnnnns 300 mar 300 mar
GRID-N0.2 SuprLy VorLTac .. - 300 max
FRID-NOZ VOLTAGE, ittt it i einnnnnnnnnns 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 ——

| ] ™ :
100! MAXIMUM_OPERATING CONp,, NI O
i fra
! : 8 s | |
* v 4
16 s .,_ﬁ--r-—- = -«:g — e
> o] e i |
i s mo S = e o
e
«2 o |
A SET T ==
e I Lo
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0560 ! R e e
g el
hZ o H E i &
fu Pt :
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GRID~-N22 VOLTAGE EXPRESSED AS PER CENT OF
MAX. GRID-N22 SUPPLY VOLTAGE RATING
92CM-7586TVI
GRID-No.1 VOLTAGE, Positive bias value. ... ... .. ... .. 0 nax 0 max volts
Grip-No.2 InruT:
For grid-No.2 voltagesup to 150 volts. . ...... .. .o - 1 max watt
For grid-No.2 voltages between 150 and 300 volts. . ..., . See grid-No.2 Input Rating Chart
PLATE DISSIPATION . ... ..ttt i it ii et iiaee 2.5 max 3 mux watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode........... ... 0. 120 muc 120 mazx volts
IHeater positive with respeet to cathode. . oo .o oo oot 120 mus 120 max volts
Trivde Penfode
Characteristics with 13.5 Volts on Heater: Unit Unit
Plate Supply Voltage. . .. .. .. . . e 150 200 volts
Grid-No.2 Supply Voultage .. - 125 volts
Cuthode Resistor.. ................ .. 150 82 ohms
Amplification Factor........ .. ... i .. 40 -
Plate Resistance (APProX.). .. ..c..oo i nnnnaas 8200 150000 ohms
‘Transconductance. . ............... 4900 T000 umhos
Plate Current 9 15 ma
Grid-No.2 Current - 3.4 ma
irid-No.1 Voltage (Approx.) for plate current of 100 pa...... -6.5 -8 volts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. . ........ ... .o i 0.5 muzx 0.25 mar megohm
For cathode-bias operation 1 max 1 mur megohm
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings, (Pentode Unit):
IDDC PLATE VOLTAGE . .« ottt tttatan ettt anaaasaeensannanann 300 max volts
DC GRID-NO.2 VOLTAGE . . vt e e irtiieratne i eian s caaneenaanan 150 mar volts
DC GRripD-No.1 VOLTAGE:
Negative-bias value. . .o oo ie i iin i insaeneercanereaasns 50 max volts
Positive-bias value. . . oot s 0 max volts
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DC PLATE CURRENT. ... ovuuennnnns 0 ooa 20 mazx ma
DC Grip-N0.2 CURRENT.. . T max ma
DC GRrRID-No0.1 CURRENT. .. 00 3 mazx me
GRID-NOZ INPUT. . . i iieiiiii e it itenneisncerananaanaans 0.8 max watt
PLATE DIBSBIPATION. . ..o i ieiie e ieiiaentasanaasaananns 2.75 max watts
Preax HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.............c.cceiiiinennnnnn 120 mazx volts

Heater positive with respect to cathode o 120 max volts
Typical Operatian with 13.5 Valts on Heater: At frequencies up to 40 Me
DCPlate Voltage. . ... ... i iiinnrannn 200 250 300 volta
DC Grid-No.2 Voltage 85 106 125 volts
DC Grid-No.1 Voltage -7 -9 ~11 volta
DC Plate Current. ......... 11 15 20 ma
DC Grid-No.2 Current 3.2 4.5 6 ma
DC Grid-No.l Current (Approx.).......... 0.9 1.2 1.6 ma
Driving Power (Approx.)......... 9 15 25 mw
Power Output 1.3 2.1 3.5 watts
Maximum Circuit Yalues:
Grid-No.1-Circuit Resistance. .. ..o iviiiiiiiiiiieiiennens 000006000000 0.1 max megohm

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 Me, plate

voltage and plate input should be reduced to 80 per cent of maximum ratings; at
175 Mg, to 70 per cent. Class C Telegraphy maximum plate dissipation, CCS 100
watts, ICAS 125 watts. May be operated in any position. QOUTLINE 29, Ouilines
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) .. ittt ittt iie e iiae s 6.3
HEeATER CURRENT at 6.3 volts 2.85
Mu-Facror, GrRip No.2 To Grip No.1* 7
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.Ltoplate. ... i e it inns 0.6

Grid No.1 to grid No.2 and internal shield. . . .. 11

Grid No.1 to cathode and heater. ....................... 8.5

Grid No.2 and internal shield toplate. . ................. 9.5

Grid No.2 and internal shield to cathode and heater 2.0

Plate to cathodeand heater. .. ...... ... ... ..o v, 0.2
BuLs TEMPERATURE (At hottest point) 2350 max
* For plate and grid-No.2 volts, 300; plate ma., 250.

AF POWER AMPLIFIER AND MODULATOR—Class ABy

Maximum Ratings: ccs 1CAS
DC PLATE VOLTAGE 1500 mux 2000 max
DC Grin-No.2 VoLtau 400 max 400 maz
MAXIMUM-S16GNAL DC Prate CURRENTE 350 max 350 max
MAXIMUM-SIGNAL PLATE INPUTS 0000 300 maz 400 mazx
MAXIMUM-SIGNAL GRID-NO.2 [NPUT. ..., L. 0000 20 mar 20 mae
PLATE DISSIPATIONT. ... ittt iatannranan. 100 max 125 max
PeAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to eathode. ... ............. 135 max 135 max

Heater positive with respect to cathode. . ... ... ..., 135 max 135 maz

PLATE-MODULATED RF POWER AMPLIFIER-—Class C Telephony
Maoximum Ratings: ces ICAS
DC PLATE VOLTAGE. « vttt v viiint it rvnass 1000 max 1200 max

DC GRrip-N0.2 VoLrace 400 mur 400 max
DC Grin-No.1 VOLTAGE. coao =300 mas =300 max
DC PLATE CURRENT. . .00ttt iiitiriinnnneerarenernannans 280 max 280 mue

volts
amperes

pul
pul
puf
paf
pul
wpf
°C

volts
volts
ma
watts
watts
watts

volta
volts

volts
volts
volts

ma
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DC GRID-NO.1 CURRENT 25 mazx 30 max ma
PLATE INPUT. ... .......... 00g o 250 maz 335 mazx watts
GRID-NO.2 INPUT. . . ......... 0000 13.5 mazx 13.5 max watts
PLATE DISSIPATION. . . vttt iieriarrsensrsnananannas 67 mar 83 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................. 135 mazx 135 max volts
Heater positive with respect to cathode. ................ 185 max 135 max volts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance®. .. ........oooiiviiiviias 30000 max 30000 moazx ohms

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: CcCS 1CAS
DO PLATE VOLTAGE. . .ot oot ot i i e ina e ein i canaenas 1250 max 1500 max volts
DC GRiD-N0.2 VOLTAGE 400 max 400 max volts
DC GRrIp-NoO.1 VOLTAGE 0000 -300 max -300 max volts
DC PLATE CURRENT............. AN 340 marx 340 max ma
DC GRID-NO.T CURRENT. ... vttt t et cinanan 25 max 30 max ma
1214402 HETPHP0 0 0 5 00000008 00000000000G6060060300DEAA000AD 375 mux 500 mar watts
GRID-N0.2 INPUT. . .. naao 20 max 20 max watts
PLATE DISSIPATION. . .. ..o i e 100 max 125 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

Healer positive with respect to cathode. ................ 135 maz 135 mar volts

Maoximum Circuit Values:

Grid-No.1-Circuit Resistance®. ........ ... ... 30000 maxr 30000 max ohms
+ Averaged over any audio-frequency cycle of sine-wave form.

° When grid No.1 is driven positive, the total dc grid-No.1-circuit resisiance should not exceed the speci-
fled 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,

heater-cathode t s used as af
4CX250B piificrs and modulators and as rf

7204 power amplifiers and oscillators. May
be used with full input up to 500 Me.
4 C X 2 50F Class C Telegraphy maximum plate
dissipation, CCS 250 watts.
7208/ 7204/
LCX250B LCX250F

HEATER VOLTAGEY (AC/DC) 6 26.5 volts
HEATER CURRENT. ............ 2.6 0.58 amperes
MinmuM HEATING TIME. ... ool - 30 seconds
Mu-FAcTOR, GRIDNO2 TOGRIDNOAK . .. .o 5
DIRECT INTERELECTRODE CAPACITANCES:®

Grid No.Lto plate. ..o oot i it 0.03 wufl

Grid No.l to cathode, grid No.2, and heater .. 16 puf

Plate to cathode, grid No.2, and heater. . . ........ ... ..o 4.4 upl
PraTe TEMPERATURE (Mecasured on base end of plate surface at

Junetion with fins). ... ... i 250 max °C
TEMFERATURE OF PLATE S:AL, GRID-N 0.2 SEAL, AND BASE SEALS. ........ 250 mazx °C
% For grid-No.2 volts, 300; grid-No.2 ma., 50.

AF POWER AMPLIFIER AND MODULATOR—Class AB1

Maximum CCS Ratings:
IXC PLATE VOLTAGE. « 0 vt ottt ittt iie i ian s e anansanaan 2000 max volts
DC Grip-No.2 VOLTAGE. . .. 400 mar volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. ..ot iie i 250 max ma
PLATE DISSIPATION® 250 mar watts
GrID-No.2 INPUT" .. ......... 12 mux watts
PrAk HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ... .o i iiian.n 150 max volts

Heater positive with respeet to eathode. ... o v iieeiieieieennns 150 max volts
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Typical CCS Operation: Valucs are for 2 tubes
DC Plate Voltage. . . .......iviiinneernnencaranss 1000 1500 2000 volts
DC Grid-No.2 Voltage. . .. .. 350 350 350 volts
DC Grid-No.l1 Voltage. ........c...vou.n -65 -55 ~55 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage. P 94 94 94 volts
Zero-Signal DC Plate Current. . .........covvneans 166 166 166 ma
Maximum-Signal DC Plate Current. ........oovuv.. 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 Ilesistance (Plate to plate) 3300 6000 8700 ohms
Maximum-Signal Driving Power (Approx.). . 0abo 0 0 0 watts
Maximum-Signal Power Output (Approx.)........... 220 400 590 watts
Maximum Circuit Values:
Grid-No.[-Circuit Resistance (Pertube).......... .. iiiiiiiinrinennnn. 0.1 max megohm
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Up to 500 Mc
DC PLATE VOLTAGE. ...ttt ettt ittt iieiiie e e 1500 max volts
DC GRID-NO.2 VOLTAGE . « .t ettt ittt teit s et eiriiaianaaerreeeaias 300 mazx volts
DC GRID-NO.1 VOLTAGE. .. .... o0 -250 max volts
DC PLATE CURRENT... .. 200 maz ma
PLATE DISSIPATION. 165 maz watts
GRID-No.2 INPUT. . 8 mazx watts
GRID-NO.L INPUT . .o it ittt e it i iaas 2 maz watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. 150 mazx volts
Heater positive with respect to cathode............ ..o, 150 max volts
Typical CCS Operation: At frequencies up to 175 Me
DCPlate Voltage. . ... .. it ii i 500 1000 1500 volts
DC Grid-No.2 Voltage (Modulated approx. 55%5)2. . .. 250 250 250 volts
DC Grid-No.l Voltage*. . ... ...t iiiiiiiiian.n, -100 -100 -100 volts
Peak RF Grid-No.1 Voltage. . .. .. 113 113 113 volts
DC Plate Current. ............. .. 200 200 200 ma
DC Grid-No.2 Current.............. . 32 31 31 ma
DC Grid-No.1 Current (Approx.).......... ... 6 6 6 ma
Driving Power (Approx.)® 0.7 0.7 0.7 watt
Power Output (APProX.). ... ..coviniviiiineninnne. 50 140 235 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under any condition...................... 25000 max ohms
RF POWER AMPLIFIER AND OSCILLATOR~~Class C Telegraphy
and
RF POWER AMPLIFIER—Ciass C FM Telephony
Maximum CCS Ratings: Up to 500 Me
DC PLATE VOLTAGE. ¢t 1ttt tve it iiaiiinneiioeaiasaiioiaineesianiiias 2000 maz volts
DC GRID-N0O.2 VOLTAGE. .. 300 max volts
DC Grip-No.1 VOLTAGE. .. o -250 max volts
DC PLATE CURRENT. .. .......... oo 250 maz ma
PLATE DISSIPATION. .. .. 250 maz watts
GRID-NO2 INPUT .. .. ... ooun .t 00 12 max watts
GRID-NO. L INPUT ..o i i i it e i eaiaaeas 2 maz watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.. 150 nax volts
Heater positive with respect to cathode. . ........ ... .. ..o oo 150 max volts
Typical CCS Operation: At frequencies up to 175 Me
DC Plate Voltage. . .. ..o iiiinennrancnn 500 1000 1500 2000 volts
DC Grid-No.2 Voltage. . .... 250 250 250 250 volts
DC Grid-No.1 Voltage. . ...... v -90 -90 -90 -90 volts
Peak RF Grid-No.1 Voltage 000 109 109 109 109 volts
DC Plate Current. . .......... 000 250 250 250 250 ma
DC Grid-No.2 Current. ........ 48 45 36 30 ma
DC Grid-No.1 Current (Approx.),....... g 12 12 11 11 ma
Driving Power (Approx.). .......ceu. oo 1 1 1 1 watt
Power Qutput (ApProX.)..oiivvvvereeennions 65 180 290 400 watts
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Al frequency of 500 Me with coaxial carity
DO Plate Voltage . oottt ettt inrsenne s tnesnsenrnseasassennenronss 2000 volts

DC Grid-No.2 Voltage. . 300 volts
DC Grid-No.l Voltage. -90 volta
DC Plate Current. .... 250 ma
DC Grid-No.2 Current 10 ma
DC Grid-No.1 Current (Approx.). 25 ma
Driver Power Output (Approx.)®. 18 wattas
Useful Power Output (Approx.)......cvvvivnervnnns o 250 watts
Maximum Circuit Values:

Grid-No.1-Circuit Resistance, Under any condition.........civveennnran. 25000 max ohms

LINEAR RF POWER AMPLIFIER —
Single-Sideband Suppressed-Carrier Service

Maximum CCS Ratings: Up to 500 Me

DO PLATE VOLTAGE. t ittt vt iiiinsssisssstassioroceraesoarenanss 2000 max volts
DC GRID-NO.2 VOLTAGE . . o1ttt et vssatann e aearennnnes 400 mazx volts
MaxrMuM-SIGNAL DC PLATE CURRENT. . 250 mar ma
PLATE DISSIPATION 250 max watts

GRID-NOZINPUT ... ottt iin i cininnn s 12 mar watts
Peag HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 150 max volts

Heater positive with respect to cathode 150 mar volts
Typical CCS Operation: With twco-tone modulation at 80 AMe:
DC Plate Voltage. . ........cviiiiiiiiiinnnnnans 1000 1500 2000 volta
DC Grid-No.2 Voltage*. ................ .. 350 350 350 volts
DC Grid-No.1 Voitage¥* -55 -55 =55 volts
Zero-8ignal DC Plate Current 83 83 83 ma
Iffective RF Load Resistance 1650 3000 1350 ohms
DC Plate Current at Peak of Envelope. .. .......... 250 250 250 ms
Average DC Plate Current. . .........viiiniennnnn.. 1756 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 0 0 0 ma
Peak-Envelope Driver Power (Approx.). . 1 1 1 watt
Output-Circuit Efficiency (Approx.)........o.vvuvn. 95 95 95 %o
Distortion Products Level:?

Third Order. . ... .. i 29 29 30 db

FifthOrder. ... ... i i 40 38 35 db
Useful Power Qutput (Approx.):{

B ) T 55 100 147.5 watte

Peak Envelope... ... ... ... ... ... .. o ., 110 200 295 watte
Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under ahy condition:

With fixed bias 25000 max ohms

With cathode bias. . ... o i i Not recommended

$ Because the cathode is subjected to considerable back hombardment as the frequeney is increased with
resultant increage 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 JETEC No.320 surrounding radiator, and with a cylindrical shield JETEC
No0.321 surrounding the grid-No.2 ring terminal. Both shields are connected to ground.

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

®The driver atage is required to supply tube losses and rf-circuit losses. The driver stage should be de-
signed to provide an excess of power above the indicated values to take eare of variations in line voltage,
in components, in initial tube characteristics, and in tube characteristics during life.

SThe de grid-No.2 voltage must be madulated approximately 559, 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 recammended.

*Obtained 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 cqual-and-constant-amplitude audio {requencies are
applicd to the input of the system.

#*()btained from a fixed supply.

? Without the use of fecdback 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 ¢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
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BEAM POWER TUBE

7212

Small, rugged, heater-cathode
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'zPLANE OF ELECTRODES

and vibration is essential. May be used with full input up to 60 Mc and with re-
duced input up to 175 Mc. 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. Except for base and special ratings and perform-

ance data for shoek and vibration, the 7212 is identical with type 6146.
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BEAM POWER TUBE

Sturdy, uhf, forced-air-cooled,
heater-cathode, cermolox type used as 72] 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 Me. Class C Telegraphy maximum plate
dissipation, CCS 1500 watts.

HEATER VOLTAGE (AC DO oo e e 5.6 typical  volts
6 max volts
HEATER CURRENT (At 5.5 volta). ... .. ... ... ..ooiino. ... 17.3 amperes
MiNiMUM HEATING TIME (At 5.5 volts). . . . 5 minutes
MU-FACTOR, GRID NO.2 TO GRID NO.Idk .. oo 17
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate®. o 0.17 max wuf
Grid No.l to cathode and heater. . .. . 42 unl
Plate to cathode and heater®®. . .. .. .. 0.017 i
Grid No.ltogrid No.2. ... ... .. ... ... ... ....... .. 55 puf
Grid No2toplate. . ... ... ... ... i, .. 16 wuuf
Grid No.2 to cathode and heater 1.4 max puf
SEAL TEMPERATURE (Plate, grid No.2, grid No.l, 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: Upto 1215 Me
DC PLATE VOLTAGE. ......... o aa 2000 mac volts
DC GRID-N0.2 VOLTAGE. . .. 1000 mazx volts
DC Grip-No.1 VOLTAGE -300 max volts
DC PLATE CURRENT... .. Q.85 mur ampere
DC GRID-No.1 CURRENT. . 0.2 max  ampere
PLATEINPUT. ... ......... oo 1700 max watts
GRID-NO.2 INPUT. . ....... .. 35 maz watts
PLATE DISSIPATION. . Lo et ettt e 1000 max watts
Typical CCS Operation: In grid-drive circuit at 600 Me
DCPlate Voltage. . ... o i 1800 2000 volts
DC Grid-No.2 Voltage®. . .. 500 500 volts
DC Grid-No.l Voltage®. ... ... ... ... ... .. ... .. .. ... -30 -30 volts
DC Plate Current. ........ .. 0.75 0.83 ampere
DC Grid-No.2 Current 0.015 0.015 ampere
DC Grid-No.l Current (Approx.). . ....................... 0.04 0.04 ampere
Driver Power Qutput (Approx)*. . ......... ... ....... .. 50 55 watts
Useful Power Output {(Approx)*...... .. ....... . R 650 800 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under any condition. ... .................. 50004 max ohms
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings: Upto 1215 Me

DC PLATE VOLTAGE. .. ..ottt e ettt e et 2500 max volts
DC GRID-N0.2 VOLTAGE 1000 max volts
DC GRID-No.1 VOLTAGE -300 max voits

DC PLATE CURRENT. ... ..
DC GRID-NO.1 CURRENT.

1 max ampere
0.2 max ampere

PLATEINPUT. . ... ... .o i, .. 2500 max watts
GRID-NO.2ZINPUT. . ... iiiea, no 50 max watts
PLATE DISSIPATION . ... i e vt o aaneanneroneennns 1500 max walts
Typical CCS Operation: In grid-drive circuil al 600 Me

DC Plate Voltage. . ... ... . iiiiriiiiiiierereiannanenns 2250 2500 volts
DC Grid-No.2 Voltage®*, | o . 500 500 volts
DC Grid-No.l Voltage®. ~-30 -30 volts
DC Plate Current...... ga 0.9 1 ampere
DC Grid-No.2 Current. .. .. .ouun et ininnr s 0.02 0.02 ampere
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DC Grid-No.1 Current (ApProx.) ... ....coiiiiiienivennnnn. 0.07 0.07 ampere
Driver Power Qutput (Approx.)*. . 70 75 watts
Useful Power Qutput (Approx.)*. . ... ..ot iiiinnnnneenns 1050 1350 watts

Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under any condition. ..................... 5000*mazx 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.

°With external, flat, metal shield having diameter of 8 inches, and center hole approximately 3 inches in
diameter, provided with spring fingers that conneet the shield to grid-No.2 terminal. Shield is located
in plane of grid-No.2 terminal perpendicular to the tube axias,

®With external, flat, metal shield having diameter of 8 inches, and center hole approximately 235 inchoes
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.

eObtained preferably from & 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.

*The driver stagc 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 variationsin 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.

*1f this value i3 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, Ouflines 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 ¢fm is usually adequate
to grid-No.2, grid-No.1, cathode, and heater terminals.

TYPICAL CHARACTERISTICS TYPICAL COOLING
— —T—T REQUIREMENT:
TYPE 7213 —T 1
T Gl e 1 L IR FLAG THROUGH RADIATOR —
—— GRID-No.2 VOLTS <500 —— | IN EITHER DIRECTION. |
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g Bledl—n__ w
s ECi= +40 we - PRESSURE DROP- —|
T 3 o CURVE | \nCHES OF WATER
w© q L —
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= \\/ gy L 8 0.6 —
~No25 2= [ 1
£ +20 S 2s0f- 0 1.5 —
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s \/ WO 150 L~
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¢ [0 a Y
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RATED PLATE DISSIPATION
FOR EACH CLASS OF SERVICE
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TYPICAL PLATE CHARACTERISTICS

TYPE 7213
E¢*5.5 VOLTS A
GRID-No.2 VOLTS 800
6
E¢i=+40
L)
3
ui
o
b
a4 i — 420
w /
3
a3 — 1
/’ GRID- No | VOLTS Ec;»0
2 [ G —
Vif—t— - —- -20
i
i S Ecpe-40
Q 400 800 1200 1600 2000 2400 2800
PLATE VOLTS 92497357

BEAM POWER TUBE

Sturdy, uhf, forced-air-cooled,
heater-cathode, cermolox type used as 72]4
rf-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 D) d. . e e e i 5.6 typical  volts
6 mar volts
HeATR CURRENT (ACSBD volts) ..o 17.3 amperes
MiniMusM HeATING TiME (AL 5.5 volta) ... . ... ... - 5 minutes
Mu-IFFAactor, Grin No.2 To Grip No.1#* 19
DIRBCT INTERELECTRODE CAPACITANCES:
Grid No.l to plate®. .. e 0,17 mar puf
Grid No.l to cathode and heater. ... o o oo i 42 puf
Plate to cathode and heater®®. . . . 0.017 max puf
Grid No Ll togrid No.2. ... e e e 55 mi
Grid No2 to plate. ... 16 i
Grid No.2 to cathode and heater™. ... o Lo o o Lol 1.4 max upul
SeAL TEMPERATURE (Plate, grid No.2, grid No.1, cathode, and heater). . . .. 250 max o
* For plate volts, 2500; ¢rid-No.2 volts, 600; plate ma., 600,
GRID-PULSED RF AMPLIFIER
‘or maximvm ON time® of 10 microzeconds
Maximum CCS Ratings: For mazin ) / ¢ Upto 1215 Me
DO PLATE VOLTAGE. L. e 5000 mar volts
PO GRID-N 0.2 VoLTAC 1200 max volts
DO Grip-No.1 VoLrac =300 mac volts

DC Prare Curkext DURING i 18 mar amperes

DO PLATE CURRENT. Lttt e ettt et et e e 0.2 maxr  amperc
GRID-NO.Z INPUT {AVerage) . ... e 50 mar wattn
GRID-NOL INPUT (A VELAO) L L e e e e ettt et 30 max watty
PLATE DISSIPATION (AVEIREC) . L o e e e et 1500 mur watts

Typical Operation:
Iu Class C cathode-drive cirewit with rectangudar-wave pulscs af 1215 Me and with duty foclor? of 0.01
DO PRte VOLEage . o e 4500 voltls
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DO GRA-No.2 VOl .« .ot 1000 volts
DO Grid-No.l Vollage. . oo e -850 volls

13C Plate Current during pulse 11 AMperes
DC Plate Current . 0 11 ampere
DO Grid-No.2 Current. .. 000 ampere
DC Grid-No.l Current. .. . . 0 01 ampere
Prriver Power Ouiput at peak of pulse (Approx.)* 45 kw
Useful Power Qutput at peak of pulse (Approx.) ... ... oo 20 kw
PLATE-AND-SCREEN-PULSED RF AMPLIFIER
. N For maxinion ON time® of 10 microseconds

Maximum CCS Ratings: / Upto 1215 Me

PEAK POSITIVE-PUILSE PLATE VOLTAGE. .. .. ... o i 16000 max volts
PrAK PosITIvE-PULsE GRip-No.2 VOLTAGE 1206 mar volts
DC GRID-NO.T VOLTAGE. ... .. e - 300 mar volts

1>C PLATE CURRENT DURING PULSE 18 max  amperes

DO PLATE CURRENT. .. oo e e . . . . .. 0.2 e ampere
GRI-NO.2 INPUT (Average) .. ... ... . . . . . . .. S0 e watts
GRID-NO.T INPUT (Average) . .. 30 mar watts
PLATE D18s1PaAT1ON (A verage) 1500 mae watts

Typical Operation:

In Class C cathode-drive cirewit with rectangular-ware pulses af 1215 Me and with doty foctar? of (101
Peak Positive-Pulse Plate Voltage, ..o 9000 10000 volts

Peak Positive-1Pulse Grid-No.2 Voltag 1000 1000 volts

. . —R0 —R0 volts
DC Plate Current during pulse. 16 18 AMPEres
DC Plate Current 0.16 0138 ampere
bC Grid-No.2 Current...., 0.008 0,009 ampere
DC Grid-No.1 Current. .. . 0.014 0016 wmpere
Driver Power Output at peak of pulse (Approx)4. .. ..., 10 11 kw
Useful Power Output at peak of pulse (Approx.)... ... ..., 50 137} Lkw

tBecause the cathode is subjected to considerable hark bombardment as the frequency is inereased with
resultant inerease in temperature, the heater voltage should be reduced depending on operating condi-
tions and frequency o prevent overheating the cathode and resuitant short life.

°\With external. lat, metal shicld 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. Shicld is loeated
in plane of grid-No.2 terminal perpendicular to the tube axis.

=\With external. lat, metal shicld 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
loeated in plane of grid-No.1 terminal perpendicular to the tube axis.

@ N time iz defined as the sum of the durations of all the individual pulses which occur during any 1000-
miecrosecond interval, Pulse duration is defined as the time interval between the two points on the pulse
at which the instantancous value is 70 per eent of the peak value. The peak value is defined as the maxi-
mum value of a smooth curve through the average of the fluctuations over the top portion of the pulse.

9 Buty factor for the 7214 is defined as the ON time in microseconds divided by 1000 microseconds.
*The driver stage is required to supply tube losses, ri-circuit losses, and in cathode-drive cireuits, the rf
power added to the plate input. The driver stage should be designed to provide an excess of power sbove
the indicated vahie to tike care of variations in line voltage, in compobents, in initial tube characteris-
ties, and in tube characteristics during life.

TYPICAL PLATE CHARACTERISTICS

TYPE 7214
Egt5.5VOLTS
GRID - No.2 VOLTS +1000

o |
E¢,*+500

$0 7 7460

_ '
© +300
- % GRID-No.1 VOLTS Ecy* +200
A
o

PLATE AMPERES

20
+100

Ec =0

2000 4000 6000 8000 10000
PLATE VOLTS 92CM = 101867
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Technical Data

OPERATING CONSIDERATIONS
Type 7214 may be operated in any position. OUTLINE 88, OQutlines 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 {ull input at fre-

quencies up to 60 Me. For operation at

100 Me, plate voltage should be reduced to 80 per cent and plate input should be
reduced to 85 per cent of maximum ratings; at 175 Me, 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 7T-contact socket and may be
operated in any position. OQUTLINE 28, Outlines Section. Under operating conditions
at maximum ratings, some forced-air cooling will be required to limit the maximum
bulb temperature to its specificd 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/DU) . oot e e cnnas 6.3 13‘5{ +10%  volts
-20%
HEATER CURRENT, ... 0ottt ir et e it iaeanannnnann 2.856 1.25 amperes
7270 & T2TL
MU-FACTOR, GRID NO2 To GRID NOI® . . o i i iiens 8.25
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.Ltoplute. . ... i i ittt et et aerans 0.4 nuf
Grid No.1 to grid No.2 and internal shield. .. ........... ... . 10 ppf
(irid No.1 to eathode and heater. .. ..o . 8 puf
Girid No.2 and internal ghield toplate. .. . ... .. .. .. ..., 000 10 i
Grid No.2 and internal shield to cathode and heater.. ... ... . ..., 2.2 st
Plate to cathode and heater. .. ... i i e 0.14 pul
Heater to cathode. .. ... o oL 5 17 upf
BuLs TEMPERATURE (At holtest point) 250 ma:e oC
® FPor plate volts, 250; grid-No.2 volts, 250; plate ma., 10,
AF POWER AMPLIFIER AND MODULATOR—Class AB1
Maximum Ratings: cCcs ICAS
DC Prate VoLTace 1100 wnax 1350 max volts
DC GRID-NO2 Vorrace. ... .. booa 425 mar 425 mazx volts
MAXIMUM-SIGNAL DO PLATE CURRENTS . . 340 max 340 max ma
MAXIMUM-SIGNAL PLATE INPUT,. ... 00 .. 180 mox 250 maz watts
MAXIMUM-SIGNAL GRID-NO.2 INPUTE . .. . . 20 max 20 moax watts
PLATE FMSSIPATIONY . ... e e 60 mar 80 mar watts
PrEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. 135 mazx 135 max volts
1Leater positive with respect to cathode. ..o o000 00 135 mur 135 max volts
PLATE-MODULATED RF POWER AMPLIFIER-—Class C Telephony
Maximum Ratings: ces ICAS
DC PLATE VOLTAGE. .. ... 00000 900 ax 1100 max volts
DC GRID-N0.2 VOoLTAGE 425 max 425 max volts
DC Grip-No.l VOLTAGE . =300 max 300 max volts
DO PLATE CURRENT. .. ..o i ees .. 280 mux 280 max ma
DC Grip-No.U CurreNT 25 maz 30 max ma
Prate INvuTr. ..o 160 macr 210 max watts
GRID-NO.2 INPUT. .. 13.5 max 13.5 max watt
Prare DISSIEATION, . 40 max 50 max watts
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PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respeet to cathode. .. ... ... .. ... 35 max 135 mar volts

Heater positive with respect to cathode. . ............... 1335 moe 135 muc volts
Maximum Circuit Values:
Grid-No.1-Cireuit Resistancee® ..o, 30000 mar  S00O0 mox ohms

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

Maximum Ratings: Ces ICAS
DO PLATE VOLTAGE. .ottt e aas 1100 max 1350 mac volts
DC GRib-No.2 Vouracis, 425 mar 425 mux volts
DC GRID-NO.L VOLTAGE. ..ottt it e it iaeenen —300 max -300 max volts
DO PLATE CURRENT. . ottt ei it ita i 340 max 340 mae ma
DC GrID-NoO.1 CURRENT. . . na 25 mar 30 max ma
PLATE INPGL. ... L boa 235 max 315 mear watts
GRID-NO.2 INpUT 20 mar 20 mazx watts
PLATE DisSiPATION 60 mac 80 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 135 max 135 mux volts

Heater positive with respeet Lo cathode 136 max 135 muar volts

Maximum Circuit Values:
Grid-No.1-Circuit Resistanee®. . ... oo i 30000 mar 30000 max ohms

tAveraged over any audio-frequency eycle of sine-wave form.
°If this value is insufficient to provide adedquate bias, the additional required biss must be supplicd by a
cathode resistor or fixed supply.

BEAM POWER TUBE

Small, rugged, heater-cathode

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 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, Qutlines 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.

AA =PLANE OF ELECTRODES

BEAM POWER TUBE

Rugged, heater-cathode type used

7358 as rectangular-wave pulse modulator

in applications where dependable per-

formance under severe shock and vi-

bration is essential. Rated for service AA'zPLANE OF ELECTRODES

with duty factors up to 1.0 at a maximum averaging time of 10000 microseconds.
Rectangular-wave modulator maximum plate dissipation, 10 watts.

HEATER VOLTAGE (AC/DC) ... ..ot ea 6.3 volts
HEATER CURRENT at 6.3 volts. ............... .. . 1.25 amperes
TRANSCONDUCTANCE® . . ...\ ii i .. 7000 umhos
MUG-FACTOR, GRID NO.2 TOGRID NO.1®. ... oo i 4.5
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l toplate. . .oov o i 0.24 marx upf
Grid No.1 to cathode and grid No.3 and internal shield, gri
basesleeve, and heater........ o o ool 13 uuf
Plate to cathode and grid No.3 and internal shield, grid No.2,
base sleeve, and HCaLer. .. . .. i e e 8.5 upf
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BULB TEMPERATURE (At hottest pointy . .. ... . it i ireinenennns b 220 max °C
® For plate volts, 200; grid-No.2 volts, 200; plate ma., 100.

MODULATOR—Rectangular-Wave Modulation
For duty faclor} betiween 0,001 and 1 and macimn averaging time of 10,000 microseconds in any interval

Maximum CCS Ratings:

DC PLATE SUPPLY VOLTAGE (Bhh1% . i iiiiennneeens oo Sec Rating Chart [
INSTANTANEOUS PLATE VORTAGE. ... ... ......... 116% of Ebb
DC GRID-N0.2 SurpPLY VOLTAGE®. .. .............. 500 max volts

DC Grib-No.1 Surrey VOLTAGI®. . ... ... ..., 300 maz volts

(Minimum) . ... i it et e, See Rating Chart I
GRID-N0.1 VOLTAGE:

400 max volts
100 maz volts
See Rating Chart I
0.75 maxz  ampere
0.5 max  ampere

PEAK GRID-N0.2 CURRENT. .
PEAK GRID-NO.1 CURRENT.

PrLAaTE INPUT. ... ... 80 max watta
Grin-No.2 INruT 1.75 maz watts
Grib-No.1 Invur Ca bDo oo 0.5 mazx watt
PLATE DI1SsIATION®. ... ... See Rating Chart [
Peak HEATER-CATUODE VOLTAGH:
Heater negative with respect to eathode 135 max volts
Heater positive with respeet to cathode 135 max volts
Maximum Circuit Values:
Grid-No. 1-Cireuit Resistanee. .. 0 L e it e eeeennn 30000 max ohms
TYPICAL CHARACTERISTICS TYPICAL CHARACTERISTICS
TYPE_7358 ) TYPE_7358

2 150l— Es:6.3 VOLTS i E4:6.3 VOLTS
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1 Duty factor for the 7358 is defined as the ON time in microseconds divided by 10,000 microseconds.
ON time 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 in-
stantaneous value is 70 per cent of the peak value. The peak value is defined as the maximum value of a
smooth curve through the average of the fluctuations over the top portion of the pulse.

° For tube protection, sufficient resistanee must be used in the plate supply cireuit, the grid-No. 2 supply
cireuit, and the grid-No.1 supply circuit so that the short-circuit current is limited to 0.5 ampcere in each
circuit.

® Averaged over any interval not exceeding 10,000 microseconds. Care should be used in determining
the plate dissipation. A calculated 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
measuring 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 de input is a measure of the plate dissipation.

OPERATING CONSIDERATIONS
Requires Octal socket and may be operated in any position. OUTLINE 18, Oul-

lines Section. The bulb becomes hot dur-

RATING CHART Ui ing operation. To insure adequate cooling,

a TYPE 7358 1 therefore, free circulation of air must be
& AVERAGING TIME=|0000 5 >
w3 AN MICROSECONDS Max. ] provided around the 7358. The plateshows
= . no color when operated with maximum
Wy, - rated dissipation. Connection to the plate
= cap should be made with a flexible lead to
a. .
- prevent any strain on the seal of the cap.
Q ) For tube protection, sufficient resist-
i ance must be used in the plate supply cir-
g B = cuit, the grid-No.2 supply circuit, and the
o%m e ae LT ee e e grid-No.1 supply eircuit so that the short-
AT S mrcmt. cur.rent is limited to 0.5 ampere in
920s-s014T1 €ach cireuit.
TYPICAL PLATE CHARACTERISTICS
T T T T
TYPE 7358
- E¢ 6.3 VOLTS
GRID-No.2 VOLTS*500
4
Ec\'*‘°°
+T5)
o3 ,// 0
— 45
g / T
3 +25
g ,____ — ]
5
R 7
GRID-No.l YOLTS EC(*0
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//;" £y *-100 -75 -50
7 T v S
i ———
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PLATE VOLTS 920M=10127T

BEAM-DEFLECTION TUBE

Miniature heater-cathode type
7360 having unique design and mount struc-

ture consisting of two plates, two de-
flecting electrodes, together with a
cathode, grid No.1, and grid No.2,

224



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 Mec; 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) ..ttt e e ettt e e e 6.3 volts
HEATER CURRENT. . ............... 0.35 ampere
DIRECT INTERELECTRODE CAPACITANCES (ApPprox.):°
Grid No.1 to all other electrodes, except plate. . ... ................. 7.5 puf
Grid No.1 to deflecting electrode No. 1. ... ... .. ... . ... . .. .. ... .... 0.15 puf
Grid No.1 to deflecting etectrode No.2. . . ... .. ... ... ... ... ....... 0.15 uuf
Grid No.T toplate No.l. ..o e, 0.003 puf
Grid No.1 to plate No.2... ... .. 0.003 ppf
Plate No.1 to all other eleclrmlm except deflocting-electrode No.2. 0.8 puf
Plate No.2 to all other clectrodes, except deflecting-electrode Nn.". e 0.8 uuf
Plate No.l toplate No.2. . ... ... i 0.3 uuf
Detlecting-electrode No.1 to all ather eleetrodes, except plate No.1. .. .. 1.6 uuf
Deflecting-electrode No.2 to all other electrodes, except plate No.2. . . .. 4.6 uufl
Detlecting-electrode No.1 to plate No.1 4 uuf
Deflecting-electrode No.2 to plate No.2. 4 puf
Deflecting-electrode No.1 to detflecting- vlutrmh Nu ................. 1.4 puf
°Without external shield.
Characteristics, Class A1 Amplifier:
Plate-No.1 Supply Voltage. ..., ..... 150 volts
Plate-No.2 Supply Voltage. . ............ .. 150 volte
Deflecting-Electrode-No.l Supply Voltage. .......... . ... ... .0ccovu... 25 volts
Deflecting-Eleetrode-No.2 Supply Voltage. . ... ... . . . ... 25 volts
Grid-No.2 Supply Voltage.............. ... . 175 volts
Cathode Resistor .. ... i i i 150 ohms
Total Beam Current (plate-No.1 current plus plate-No.2 eurrent) . .. 8.5 ma
Grid-No.2 Current. . . ... . e 2.1 ma
Transconductance:
Grid No.1 to both plates connected together. . . ... ... . 5400 umhos
Detlecting-clectrode No.1 to plate No.1®. . ... ..... .. 800 umhos
Deflecting-electrode No.2 to plate No.2®. . ... ... .. 800 umhos
Switching Voltage®. .. . ... 11 volts

® Defined as the partial derivative of the plate current wnh respect to the difference between the de-
tflecting-electrode voltages, evaluated about the point of equal plate currents.

® Defined as the sum of (a) the absolute value of the ditference 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 detlecting clectrodes 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. . ... .. ... .. .. .. 300 max volts
PLATE-N0.2 VOLTAGE 300 max volls
DEFL NG-ELECTRODE No.1 Vour. =100 max volts
DEFL ING-ELECTRODE N 0.2 VOoLTAG =100 max volts

GRID-NO.2 VOLTAGE. .. ... . i e 250 max volts

PLATE-NO.1 DISsIPATION 1.5 max watts
PraTe-No.2 Dis 1.5 max watts
FRID-NO.Z INPUT . L e e 0.5 max watt
PEAKk HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode 180 max volts
Heater positive with respect to eathode. ... o o o o ... 180 marx volts

Typical Operation:
In accompanying budanced-modulotor cireuwit using separate eceitation®
Plate Voltage, Each plate. ... .. ... . .. . . 150 volts

Deflecting-Electrode Voltage, Kach electrode (Approx.) .. .o ... ... 25 volts
Grid-No.2 Voitage J 175 volts
Cathode Resistor. .. ... . ... .. . . 1200 ohms
Peak ta- poa.k \F I)ullp(‘ting Flo(‘lrudo Voltage® ... . ... 2.8 volis
10 volts

1.5 - ma
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Grid-No.2 CUITent. . . .. oottt ittt 0.75 ma
Plate-to-Plate Load Impedance (APpProx.) . ... oo nennnen 5000 ohms
Push-Pull, Peak-to-Peak, Double-Sideband Output Voltage .. 4 volts
Carrier Suppressiont.. .. ... .. e 60 db
Third-Order Distortiont. .. .. ... .. e -47 db
Fourth-Order Distortionf. ... ... .o —43 db
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance:
IPor fixed-bias operation. ... ... ... ... ... ... 0.5 mar megohm
For cathode-bias operation. .. ....... ... ... ... ... . . L. 2.2 max megohms
Deflecting-Electrode-Circuit Resistance, Each. oo oo oo 0000000 0.05 muxr megohm
Balanced-Modulator Circuit
—O0
PUSH-PULL
DOUBLE-SIDEBAND
OUTPUT TO
SINGLE-SIDEBAND
FILTER
O
C)
CARRIER INPUT R|
{250 TO
5000 KC) 4250V
Ris
92Cs~-10258
Cr2 0,001 uf Ri:0.47 megohm Ru: 2700 ohms
C20.22 uf R 1200 ohms Ri2: Quadrature Balanee
C3: 0,001 uf 1Rz, R4t 68000 ohims Potentiometer, 2500 ohms
Cy: 0.01 uf Re: 47000 ohms Rus, Rt 2700 ohms
C., Cg: 0.0033 uf Re: 12000 ohms Ri: 0.1 megohm
Cr: 0.1 uf Rs: 47000 ohms NOTE: All resistors !4 watt, =10
Cs, Cs: Sufficient to resonate Rs: 0.1 megohm pereent, unless specified. All ca-
Input of SSB filter Re: 2700 ohms pacitors 100 volts.
Ciuo: 0.22 puf Rin: Carrier Baulanee Potenti-
Cu: 0,47 uf ometer, 5000 ohms
Maximum Ratings: BALANCED-MIXER SERVICE
PLATE-NO.L VOLTAGE. ... e 300 nax volts
PLATE-NO.2 VOLTAGE. . .. .. .. ... . . T 300 mar volts
DEFLECTING-ELECTRODE-NO.1 VOLTAG .. R . =100 mox volts
DEFLECTING-ELECTRODE-N 0.2 VOLTAGE. .. .. . . =100 mur volts
GRID-NOZ VOLTAGE. . ... ... L. . S . 250 max volts
PrLATE-NoO.1 DIssipATION Lo L . 1.5 mac watts
PLATE-N 0.2 DISSIPATION. ... .. ... e . A . 1.5 max watts
Grin-No.2 Iseur .5 mar watt
Peak HeaTER-CATHODE VOLTAC
Heater negative with respect 1o cuthode. S0 BooODoDaeEROBAOBOAGd 180 mar volts
Heater positive with respect to cathode. . ... ... oo oo 1807 o volts
Typical Operation:
In accompanying bolanecd-micar cireiit using scpurate «ceilation™
Plate Voltage, Fach plate. ... ... .. . 150 volts
Deflecting-Llectrode Voltage, Each clectrode tApprox) .o oo 25 volts
Grid-N o2 VOltage. .. oo it e e e e 175 volts
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Cathode ResIstor. . i e e 1200 ohms
Peak-to-Peak Single-Sideband Deflecting-Eleetrode Voltage™* . 8 volts
Peak-to-Peak RF Grid-No.1 Voltage. ... ... .............. .. 10 volts
Plate Current, Eachplate. . ............... .. 1.5 mit
Grid-No.2 Current. . ... ... .. ... 0.75 ma
Plate-to-Plate Load Impedance (Approx.)............. 40000 ohms
Push-Pull, Peak-to-Peak, Single-Sidehand (iulput Vultagt- oo 25 volts
Oseiliator Suppressiont, ... L L. 60 -40 db
Third-Order Distortiont. ... o e -40 db
Fourth-Order Distortiont . . .. .. . i i e -39 db

Maximum Circuit Values:

Grid-No.1-Cireuit Resistance:
For lixed-bias operation, ...
For cathode-hiags operation

Dietlecting-Tlectrode-Circuit Resjst:

0.5 max megohm
2.2 max megohms
0 06 max megohm

SINGLE-
SIDEBAND
QUTPUT

0
[-4
@
LB
AN/

T
e R H
1 [
SINGLE- ! ‘
SIDEBAND | #
INPUT !
E)___) Ci
RF R
OSCILLATOR
INPUT
= 92C5-10256R|
C1:0.001 uf L Inductor ometer, 5000 chms
Ca: 0,04 uf 10: 0,47 megohm Ru: 0.1 megohm
(g, Ca: 0,001 uf R+ 1200 ohms R, Rio: 2700 ohms
Car 0,04 puf R R 68000 ohms Ti: Tuned Input Transformer
Ce: Split-Stator Tuning Capacitor Rs: 0.1 megohm NOTE: All resistors, by watt, =10
to Resonate with 1, Ra: 12000 ohms perecent unless specified; all eca-
Ci, Cs: 0,04 uf 1z Oseilator Rejection Potenti- pacitors 100 volts

IThe de component must not execed 100 valts.,

#Operation with sel-cxcitation and cathode pesistor of 300 ohms iz simitar to operation with separate
excitation.

#% To etther eleetrode: the other electrade is by passed.

tReferred to gingle-sidebaind output voltage,

OPERATING CONSIDERATIONS

OUTLINE 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 sutficiently 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 de 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 ix in the order of 40 microamperes.
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AVERAGE CHARACTERISTICS

T 1 T T T T T
TYPE 7360
— E¢=6.3VOLTS
PLATE VOLTS =50
(PLATES CONNECTED TOGETHER) —
DEFLECTING-ELECTRODE VOLTS* 25
(DEFLECTING ELECTRODES
CONNECTED TOGETHER) o
N\

| AN

>/
/

15y
7

O/
&

&
"5 -4 -3 -2

GRID-No. | VOLTS
92CS-1025072

-6 =1

AVERAGE CHARACTERISTICS

T T T T
TYPE. 7360
| E;=6.3 VOLTS
PLATE-No.l VOLTS=150
PLATE-No.2 VOLTS=150
- DEFLECTING- ELECTRODE-
No. VOLTS=25
| DEFLECTING-ELECTRODE- ]
No.2 VOLTS_ADJUSTED TO GIVE
EQUAL PLATE CURRENTS,

KoY
7
©

-5 -4 -3
GRID-No. | VOLTS
92¢5-10249TI

-6 -2 -

AVERAGE CHARACTERISTICS

TYPE 7360

Et=6.3 VOLTS

PLATE-No.!I VOLTS=!50

PLATE-No.2 VOLTS=150

DEFLECTING-ELECTRODE-
No. 2 VOLTS=25

GRID-No.2 VOLTS=175

IblxDC PLATE-No.| CURRENT

lbszC PLATE-No.2 CURRENT

g\lbl -4

50 uxl = o)
3 ) D
45 wl.
3l
40 3\
> -
35 - &
30 2 \
T g
25 = P<
2
20 <
5’ o "
15 <>>I v I'.’
10 g
zl
o
R ARE RS
0 14 12 10 8 6 4 2 0

PLATE MILLIAMPERES
92CM-10252T2

—_— = RCA Transmitting Tubes —

t
e
10000 24
aFon
e T)
8000 Qaz
802
ZF~O
6000 O-C
O gL
wzi
zZ
4000 ;9
-8
2000
o]
]
g
1200 Séz
ouwg
[0
1000 528
wool
H40ZXT
800 B2 3%
Cava
9 59
600 5N s
-
=
400 & 2 ¢
° 2
200
[¢]

DOQ

-2

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,
orsimilar components. Itisrec-
ommended that an external
shield be used in those applica-
tions eritical for balance.

Chuassis 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 detlecting-electrode
circuit or plate circuit more
thantheothershould be
avoided. All components
should be rigidly mounted.

OPERATION CHARACTERISTICS

TYPE 7360
E$=6.3VOLTS
PLATE- No. | VOLTS= 150 »
PLATE - No. 2 VOLTS * 150 K
DEFLECTING - ELECTRODE - °
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AVERAGE CHARACTERISTICS

TYPE 7360 ! ! !
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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 beyond. Class C Telegraphy max-
imum plate dissipation, CCS 115 watts. May be operated in any position. QUT-
LINE 78, Qutlines 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)®. L Lo 6.3 volts
HEATER CURRENT. .. .ottt ettt e et et e e e et e e 3.2 amperes
HEATING TIME, MINIMUM. .o et et e e e 60 seconds

MU FACTOR® 18
DIRECT INTERELECTRODE CAPACITANCE 6

0,065 max ppf

uuf

Plate to cathode and heater. ... ... ... ... ... ... ... ... .. .. .... 0,019 max uuf
Grid No.ttogrid No.2. .. ....... L 19 upuf
Grid No.2toplate. .............. 1.5 upf
Grid No.2 to cathnde and heater. 1.3 marx ppf

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

®For plate volts, 250; grid-No.2 volts, 250; plate ma., 100,

*Measured with special shield adapter.

TUNABLE OSCILLATOR
TRIODE

Heater-cathode, pencil type hav-
ing integral resonators; used as uhf 7533
oscillator in radiosonde equipment.
Tunable at frequencies between 1660
and 1700 Mec. May be used at ambient

COAXIAL
OUTPUT
TERMINAL RESONATORS

229
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temperatures ranging from -53 to +75°C. UHF Oscillator maximum plate dissi-
pation, 3.6 watts.

HEATER VOLTAGE RANGE (AC/DC) 5.2 w 6. 61 volts
HEATER CURRENT at 6 volts.. ... c. ampere
FREQUENCY (Approx.)........ e 1680‘7 Me
TUNING RANGE ... ... i i 1660 1o 1700 Me
RF Coaxiar OutpuT TERMINAL: Characteristic impedance {(Approx.). 50 ohms
TUNING SCREWS (2):

Maximum Torque {Absolute) at tuning-range stops...... ... A 6.5 oz-in.

Maximum Ratings: UHF OSCILLATOR—Class C

At frequeneles between 16609 and 1700 Me and altitades wp o 100,000 feel
DC PLATE-TO-GRID VOLTAGE. .. oottt i 130 mor volts

DC PrATE CURRENT 34 max mu
DC Grip CURRENT. . 8 mar ma
PraTe INPUT. . ... .. BN 4 mar watts
PLATE DISSIPATION. ... ... ........ S 3.6 mar watte
AMBIENT-TEMPERATURE RANGE. .. ... ... ... =55 t0 +75 °oC
As cathodc-driver ogeillotor at frequency of
Typical Operation: 1660 Me 1680 Mce 1700 Me
Heater Voltage. ... . ... .. .. . . . . 6 6 6 volts
DC Plate-to-Grid Voltage. .. .. ... .. 124.5 124 123 volts
DC Cathode-to-Grid Voltage 7.5 6.75 6 volts
From grid resistor ol ............... 1500 1500 1500 ohms
DC Cathode Current. . . 85 31.5 32 ma
DC Grid Current. ............. h 6 ma
Uselul Power Qutput (Approx.).... ... .. ...... 575 570 475 mw
Circuit Values:
Grid-Circuit Resistance, maximum. . . ... .... .. F 2400 chms
Grid-Cireuit R(’smance, minimum .. . . 1300 ohms

1 This range of heater voltage is for radwsmndo applications in which the heater is supplied from bat-
terles and in which the equipment design requirements of minimum size, light weight, and high effi-
ciency are the primary considerations even though the average life expectancy of the 7533 in such serv-
ice is only a few hours.

°As supplied, tubes are adjusted to 1680 =4 Me.

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 %i-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 he soldered to these terminals.

Accurate frequency adjustment in the 1660-to-1700 Mec operating range, to-
gether with minimum frequency drift, may be obtained by using both tuning
screws. Alternately turn each tuning screw 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 Me; also used in modulator and af power-amplifier




Technical Data

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 volta
HEATER CURRENT, at 13.5 volts. . . ampere
[IRECT INTERELECTRODE CAPACITANCES:®

Grid No.lto Plate. . ... ... i i, 0.15 max pul

Grid No.1 to Cathode, Heater, Grid No.3, and Grid No.2. ............ 10 nul

Plate to Cathode, Heater, Grid No.3, and Grid No.2.................. 5.5 i
° Without external shield.
Characteristics, Class A1 Amplifier, with 13.5 Volts on Heater:
Plate Voltage. . ... .. .. . . . e 250 volts
Grid NouB. ..o Connected to cathode at socket
Grid-No.2 Voltage......... volts
Grid-No.l Voltage. ... ................... -18 volts
Mu-Factor, Grid No.2 to Grid No.1....... .. 8.7
Transconductance. . ........... ..t .. 5300 umhos
Plate Current.. . ... ... .. ... ... ... .. .. .. 40 ma
Grid-No.2 Current. . ... ... . 3 ma

AF POWER AMPLIFIER AND MODULATOR—Class AB)

Maximum CCS Ratings:
DO PLATE VOLTAGE. . ... . e e et 300 max volts
GridNo.8............... ... Connect to cathode at socket
DC GRin-No0.2 VOLTAGE. .. ......... 250 max volts
MAXIMUM-81GNAL DC PLATE CURRENT® 70 max ma
MAXIMUM-SIGNAL PLATE INPUT® 21 max watts
MAXIMUM-SIGNAL GRID-N0.2 INPUT®. . 2 max watts
PLATE DISSIPATION . . e e 10 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to eathode. .. .......................... 100 max volts
BuLs TEMPERATURE (At hottest point). ... ....... ... ......... ... ...... 225 max °C
Typical CCS Push-Pull Operation With 13.5 Veolits on Heater:

Values are for two tubes
DC Plate Voltage. . .. ...ttt e e 300 volts
Grid No3........... Connected to cathode at socket
DC Grid-No.2 Voltage® 250 volts
DC Grid-No.l Voltage® -2t volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage 40 volts
Zero-Signal 1DC Plate Current. . .. ................ . 40 ma
Maximum-Signal DC Plate Current. . ... .......... . 125 ma
Zero-Signal DC Grid-No.2 Current. . .............. . 2 ma
Maximum-8ignal DC Grid-No.2 Current. ............ oo . 14 ma
Effective Load Resistance (Plate to plate)} 5000 ohms
Maximum-Signal Driving Power. . . 0 watts
Total Harmonie Distortion. . .................. L. 5 per cent
Maximum-Signal Power Qutput (APpprox.). ... ...c.ooiiiiennnnnanen.. 20.5 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance. . . . ....... .ttt 0.1 mex megohm
RF POWER AMPLIFIER AND OSCILLATOR--Class C Telegraphy
and
RF POWER AMPUFIER—Class C FM Telephony

Maximum Ratings: At fre(g[égczes up t;é:fsﬂlc
DC PLATE VOLTAGE ... ... ittt in ittt it cueannasannanns 300 max 300 mazx volts
GRIDNO.3.............. Connect to cathode at socket
DC Grin-No.2 VOLTAGE. . 250 max 250 maxr volts
DC GrID-N0.1 VOLTAGE. . -125 max =125 max volts
DC PLATE CURRENT 70 mazx 80 max ma
DC Grip-N0.2 CURRENT 15 mazx 15 max ma
DC Grip-No.t CURRENT.. 0 5 mazx 5 mae ma
PLATE INPUT. . .......... 00 21 mazx 24 mex watts
@ EIN@F3 S Y0 0 0000000000090000090098368000000300000 2 max 2 max watts
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PLATE DISSIPATION, . oottt i e et ia it aeean 10 max 12 max watts
PiaK 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
Buus TEMPERATURE (At hottest point). . .. ... ............. 225 max 225 max °C
As amplifier at 175 Mc
Typical Operation With 13.5 Volts on Heater: cCs ICAS
DC Plate Voltage. . ... ..., 250 300 300 volts
Grid No3. oo Connected to cathode at socket
DC Grid-No.2 Voltage®. .. ... ... .. ... ... 200 200 250 volts
DC Grid-No.1 Voltage*. ... ... .................. -40 -12 -53 volts
Peak RF Grid-No.l Voltage. .. .................... 47 52 §2 volts
DC Plate Current. . ............ ... . ... ... ... 60 70 80 ma
DC Grid-No2 Current. . .......... it 3.7 3.7 5.1 ma
DC Grid-No.1 Current (Approx.) 1.5 21 1.6 ma
Driver Power Output (Approx.} 1 1 1.5 watts
Useful Power Qutput (Approx.t. ... ... ... ....... 6.5 8.5 10 walls

Maximum Circvit Valves:
Grid-No.1-Cireuit Resistance. .. ... ... 0.1 mae 0.1 mer megohm

PLAT&MODULATED RF POWER AMPLIFIER—Class C Telephony
. Al frequencies up to 175 Me

Maximum Ratings: oes 1048
C PLATE VOLTAGE. .. .. .. .. 250 e 250 mux volts
GRIDNoO.3. ... ..., boO00o00O0OODONONDAO0OOOR0ADOD Connect to cathode at socket
DC GRID-N0.2 VOLTAG 250 e 250 max volts
DC Grip-No.1 VOLTAGE nor =125 mar volts
DC PLATE CURRENT. .. ... mar 70 mae ma
DC GRID-N 0.2 CURRENT. . mite 10 mux ma

13C GRID-N 0. CURRENT. . 5 omax 5 max ma
PLATE INPUT. .. ... ..., 13 mox 17.5 muar walts
GRID-NO.2 INPUT. .. boooo 1.4 mox 1.4 max watts
PLATE DISSIPATION. .. ... vt 7 marx 8 e watts
PrAK HEATEK-CATHODE VOLTAGE:
Heater negative with respect to cathode.............. ... 100 max 100 max volts
Heater positive with respect to cathode. . ............... 100 max 100 max volts
BULB TEMPERATURE (At hotlest point) . ................... 225 mor 225 mux °C
Typical Operation with 13.5 Volts on Heater:
At175 Me ces 1CAS
DC Plate VOtage. .. .ot ettt 250 260 volts
Grid No. 3. ..o e Connected to cathode at socket
DC Grid-No.2 Voltage®. . ... ... . ... i 250 250 volts
DC Grid-No.1 Voltage** e -70 -75 volls
From a grid-No.l resistor of . ... ... .. ... ... ... ..... 33000 313000 ohms
RY Grid-No.1 Voltage. . ...t 75 80 volts
DCPlate Current. ......... ... i 60 70 ma
DC Grid-No.2 Current. .. ...t 2.5 3 ma
DDC Grid-No.1 Current (APProX.) . . oot veie e nneenann. 2.1 2.3 ma
Driving Power (Approx. ¥ . . e 1 1 watt
Useful Power Outputt. .. ... ..., 6.5 7.5 watts
Maximum Circvit Valves:
Grid-No.1-Circuit Resistance. . ........ coievii .. 0.1 max 0.1 maex megohm
FREQUENCY MULTIPLIER
Maximum Ratings: cCs 1CAS
DC PLATE VOLTAGE. ...ttt it ieieneenen e 300 max 300 mux volts
GRIDNOB. L et ieeen Connect to cathode at socket
DC GRID-N0.2 VOLTAGE 250 mux 250 max volts
DC GRID-NO.I VOLTAGE. . ...t it it iiii it —125 marx -125 max volis
50 max 60 mazx ma
15 max 15 max ma
5 max 5 mux ma
18 max 15 max watts
oa 2 max 2 max watts
PLATE DISSIPATION. . ..o .ttt e niavaaeneans 10 max 12 max watts
Prak HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode 100 maz 100 max volts
Heater positive with respect to cathode................. 100 mazx 100 max volts
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BuLn TEMPERATURE (At hottest point). . .................. 225 mar 225 max °o¢
Typical Operation With 13.5 Volts on Heater: As doubler 10 175 Me
DCPlate Voltage. .. ... .. .. i 250 300 volts
Grid NO.B . oo Conneeted to cathode at socket
DC Grid-No.2 Voltage. .. ...t ii e 200 250 volts
DC Grid-No.l1 Voltage®. . ... ... ... ... i -53 -66 volts
From a grid-No.l resistor of . .. ... ... ... .. ... ...... 53000 44000 ohms
Peak RF Grid-No.1 Voltage. . .......... ... .. 60 71 volts
DC Plate Current. . ... ... . e 50 60 ma
DC Grid-No.2 Current. ... ... . .. i 2.6 3.5 ma
1DC Grid-No.1 Current (Approx.}. ............co.vuin... 1 1.5 ma
Driving Power (Approx. )™, .. . 0 0.4 0.6 watt
Useful Power Qutputt. ... ... i e 3 4.5 watts
Astripler to 175 Mc
DC Plate Voltage. .. ... i 200 250 volts
Grid No.3 Connected to cathode at socket
DC Grid-No.2 Voltage. .. ... . . i oo 200 250 volts
DC Grid-No.1 Voltage. ... ... .. . ... -90 -120 volts
From a grid-No.lresistorof. ...................... ... 50000 70000 ochms
Peak RF Grid-No.1 Vollage. .................. ... . 105 130 volts
DC Plate Current. ... ..ottt 50 60 mnu
DC Grid-No.2 Current. . ... it 3 3.9 ma
DC Grid-No.1 Current (ApproxX.). .. .... ..o on. 1.85 1.7 ma
Driving Power (ApproX.)® .. . . e 0.1 0.6 watl
Useful Power Qutputt. ... ... ... ... . . i 1.4 2.3 watls

Maximum Circuit Valves:

Grid-No.1-Circuit Resistance. .. ............ ... ... ..... 0.1 max 0.1 2mar megohin
® Averaged over any audio-frequency cycle of sine-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.
f 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.

=& 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.

t Measured at load.

* 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.

4% 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

I I T
TYPE 7551

2350 I £426.3 VOLTS ]
g B——— GRID No.3 CONNECTED
& TO CATHODE AT
H SOCKET.
5300 1y 10 GRID-No.2 VOLTS #250 —
o
g /
Seso S
& I 1
~ \\ %
£ A 1$ EgQ
2200 Gy GRID=No.} VOL i

\ s
& v / e
& \\ / a
(%4 -

150 -\ L} 1y
« v i ———
> WX
3 . N |15 -0
100y b —i—=
= G
s 50 A = 5 -15
RC " o
" = T -25
=) = L Do
(<] 100 200 00 00
PLATE VOLTS 92CM-10304T

233



RCA Transmitting Tubes e

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.l, a
grounded shield erossing the terminal end of the tube socket through the space be-
tween pins 2 and 3 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
-apacitor. 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 CHARACTERIST'CS than is used for telegraphy service may he

T T T . . . -
TYPE 755|s required to avoid excessive af hypassing.
E¢=6.3 VOLT o f @D Y e
w T okiooNo3 connecTeD To catope | However, if the capacitance value is too
gzs— AT SOCKET 02 voLTS=250 | small, rf fP‘odbvu(-k may oceur lwtwef)n
g \ \ plate and grid No.1, depending on the cir-
P cuit layout, operating frequency, and
g \ 15 powergain of the stage. AF bypassing diffi-
s \ p culties can usually be eliminated if the
S 0 grid-No.2 bypass capacitor is replaced by
g \ GRID-No.l VOLTS IEC|=5 a series-resonant circu.it which is tuned t.o
s 1 resonate at the operating frequency, This
I ' | l o circuit presents a high impedance to audio
0 100 200 300 frequencies but a very low impedance to
PLATE VOLTS s EEEe 5
eacs-103071 1S Tesonant frequency.
P
HIGH-MU TRIODE
Heater-cathode, ceramic-metal, @
75 52 pencil type used as 4 low-noise ampli-
fier in receiver applications up to 1500 3

Mec. 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) . . Lottt et e e e e

6.3 volts
HEATER CURRENT at 6.3 volts. . .. ...t il i .. 0.225 ampere
CATHODE WARM-Up TIME (Average, to reach 8047 nf upnml]m, plate eur-
rent: for heater volts, 6.3; de plate supply volts, 80; de grid volts, 03
cathode resistor, 0 ohms, load resistor, 10 ohms). .. ... ....... ... . ... 10 seconds
{)IRECT INTERELECTRODE CAPACITANCES:
Grid to Plate. . ... e 2.4 puf
Grid to cathode and heater 4.4 uuf
Plate to cathode and heater 0.04 neax pul
Heater to eathode. . ........... 2.6 puf
Cathode toplate. .. ... . 0.04 muc puuf
Cathode togridand heater. ... ... .. ... ... ... 7 ppuf
Plate to grid and heater . 2.0 puf
PLATE SEAL TEMPERATURE 225 max °C
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Characteristics, Class A1 Amplifier:

Plate Vollage . ...t i e i e e et e e 125 volts
Cathode Resistor 50 ohms
Amplification IFactor. .. 80
Plate Resistance (Approx.). .. 6000 ohms
Transconductance. .. ........ 13500 umhos
Plate Current. . . .. 13 ma
RF AMPLIFIER~-Class Ay
Maximum CCS Ratings: For altitudes ap to 100,000 foot and frequencies up lo 1500 Me
DC PLATE VoLTAGE 250 max volts
DC GRrID VOLTAGE. . =50 mar volts
DC Prate CURRENT. .. a 25 mar ma
PLATE D88 IPATION . o ittt it e e e e 2.5 max watls
Peak HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ... ... o o . o L. 50 mac volts
Heater positive with respect to eathode. .. .. ... .. . . . 50 max volts
. . . . — At 550 Me At1100 Me
Typical CCS Operation in Cathode-Drive Circvits: .4, 5 Me Bandwidth  with 10 Me Bandwidth
DC Plate-to-Grid Voltage. ... ... . e e 125 150 volts
Cathode Resistor. .. .............. 50 50 ohms
Input Signal Level Range ~70to-20  -70 to -20 dbm
DC Plate Current. ... ... i 13 13.5 ma
Power Gaiu 16,5 16 dh
Noise Figure 6.5 12.5 dh

Maximum Circuit Values:

Grid-Circuit Resistance:
For fixed-bias Operation. . ... .. . e Not recommended
For eathode-biasg operation 0.25 mue megolhm

OPERATING CONSIDERATIONS

Type 7552 may he operated in any position. OUTLINE 68, Ouilines 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,
yvet 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

e —T—7
TYPE 7552 NOISE FIGURE CHARACTERISTIC
[FEr=63 VOLTS CATHODE DRIVE-SERVICE
| PLATE-TO-GRID SUPPLY ihdallinds —
VOLTS =1
CATHODE RESISTOR (0HMS):50 ngPsEs oo a
INPUT-SIGNAL LEV
o 241 (dbm=-70 = 5 | PLATE-TO-GRID SuPPLY vOLTSsI25 |
© [ | | (o2 = CATHODE RESISTOR (OHMS):50
! 22 e Y, [BANDWIDTH {Mci=I0
z I | \D‘/ o«
g aND oW >
© 20—89 5 (=3 [e]
@ - fo freg
FaU T 0] b e ]
2 _/'/‘ /_ S L]
16 — 15T 1 F4 | et
T /;o 6
14— = T )
12—t 400 600 600 1000
® FREQUENCY - Mc
350 550 750 950 9205 ~10270T2

FREQUENCY~ Mc
92CM - 10271T)
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HIGH-MU TRIODE

Heater-cathode, ceramic-metal,
7 5 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. Our-
LINE 68, Outlines Section. For other considerations, refer to type 7552.

H H

HEATER VOLTAGE (AC/DC) .. . i it ittt it et araaanr e e 6.3 volts
HEATER CURRENT at 6.3 volts 000 0.225 ampere
CATHODE WARM-Up TIME to reach 80% of operating plate currentt....... 10 mae  seconds
DIRECT INTERELECTRODE CAPACITANCES:f
(&1 {4 [0F¥486 0 0 0 0 000 D0 aB B 000000806000 000000000000B000000000A0000 2.4 upuf
Grid to cathode and heater......... 4.4 pupl
Plate to cathode and heater 0.03 max puf
Heater to cathode. ................ . 2.6 puf
Cathodetoplate.................. . 0.03 mux ppf
Cathode to grid and heater.................... 7 ppuf
Plate to grid and heater............... 2.4 ppuf
PLATE SEAL TEMPERATURE. ... ... vvvirvinennnonns 225 maz °C

t For heater voits, 6.3; de plate volts, 80; de grid volts, 0; cathode resistor, 0 ohms.
1 Without external shield.

AVERAGE PLATE CHARACTERISTICS
CATHODE ~ DRIVE SERVICE

TYPE 7553
E¢76.3VOLTS
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PLATE ~ TO-GRID VOLTS 92CM~ 104387

NOISE FIGURE CHARACTERISTICS GG CEREEIISITIOS

CATHODE DRIVE-SERVICE CATEO0EIORIVERSERVICE
T T T T T T T
, T~ 3
TYPE 7553 TYPE 755
| E4=6.3 VOLTS | L E¢=6.3 VOLTS ]
PLATE-TO-GRID SUPPLY VOLTS=I25 PLATE-~TO-GRID SUPPLY VOLTS=I25
£ CATHODE RESISTOR (OHMS)=50 I CATHODE RESISTOR (OHMS) = 50 i
4 ° INPUT=- SIGNA|L LEVEL (dbm)=~70i
v
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Characteristics, Class Ay Amplifier:

Plate Voltage. ... ... e i o ao 125 volts
Cathode Resistor.. ... . .. ... . ... 8000 ag 50 ohms
Amplification Factor. ... ... .. ..., .. .. 80
Plate Resistance (Approx.)........ 6150 ohms
13000 pmhos
12.5 ma
RF AMPLIFIER—Class Ay
Maximum CCS Ratings: For altitudes up to 100,000 feut and frequencics up to 1500 Me
DC Prate VOLTAGE 250 mux volts
DC GRID VOLTAGE. =50 max volts
DC PLATE CURRENT. 25 mue ma
PLATE DISSIPATION. .. ...... ... 2.5 mux watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ... ... . 0 .. 50 max volts
Heater positive with respect to cathode. ... ... ... ... .. ... 50 nmax volts
Typical CCS Operation in Cathode-Drive Circuit: At 550 Me AL 1100 Me
DC Plate-to-Grid Voltage. ... ......... ... iiinernennnn. 125 150 volts
Cathode Resistor. . ........... .. ... o .. 50 50 ohms
Input-Signal Level Range -70to-20 -70 to -20 dbm
DC Plate Current. .. ... .. . e 12.6 14 ma
Power Gain for bandwidth of:
d M. e e = 20 db
5 Me. ... 16.5 - db
8§ Me........ - 18 db
Noise Figure. ... . e e 6.5 11.6 db
Maximum Circuit Values:
Grid-Circuit Resistance:
For fixed-hias operation. ... .. o e Not recommended
For cathode-bias operation . .. .. i it i iie e riner s 0.25 wmax megohm
P
HIGH-MU TRIODE
Q Heater-cathode, ceramic-metal,
pencil type used as rf amplifier, oscil- 7554
& lator, and multiplier in airborne equip-
S 4 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 Mec. Class C Telegraphy maximum plate dissipation, CCS

2.5 watts.

HEATER VOLTAGE (AC/DC). .. ... .. i T 6.3
HEATER CURRENT at 6.3 volts, . .. ... v 0.225
CATHODE WARM-Ur TIME to reach 809, of operating plate currentf........ 10
DIRECT INTERELECTRODE CAPACITANCES:]
Grid to plate. . .. .ot e 2.4
Grid to cathode and heater. . ..., ... ... L i 4.4
Plate to cathode and heater. ... .. .. 0.04
Heater to cathode. . ............. .. 2.6
Cathode to plate .. 0.04
Cathode to grid and heater. . .. 7
Plate to grid and heater....... . 2.4
PLATE-SEAL TEMPERATURE. . ... .\ ittt 225

maxr

4 nax

Hmax

volts
ampere
seconds

puf
uuf
puf
puf
puf
iy
upf

°eC

t For heater volts, 6.3; dc plate volts, 80; grid volts, 0; cathode resistor, 0 ohms; load resistor, 10 ohms.

} Without external shield.

Characteristics, Class A Amplifier:

Plate Voltage. . ... . i i it it ai i i 125
Cathode Resistor, . 50
Amplification Factor. ... ... iiei ittt it i i e 70
Plate Resistance (Approx.)....... 4400
Transconductance. ............... .. 16000
Plate Current 14

volts
ohms

ohms
pmhos
ma
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RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony
Al frequencies up lo 5000 Mc and altitudes: " Bclu*eeud
Jpta 80,000 a
Maximum CCS Ratings: 80,050 feet 100,000 j":’cl
DC PLATE VOLTAGE. .. .. oottt it ee e 250 max 200 max volts
DC GRID VOLTAGE. .« ittt ittt e in e ~50 max -50 maxr volts
DC CATHODE CURRE . 25 mac 25 max ma
DO GRID CURRENT. . ..ottt iie i ena s 6 ma.r 6 max ma
PLATE DISSIPATION. .. .. 2.5 max 2.5 mazx watts
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................. 50 max 50 max volts
Heater positive with respect to cathode. . ............... 50 mur 50 mux volts

Typical CCS Operation in Cathode-Drive Circvit:

A8 ogeillutor
At Al At At At
500 1000 2000 3ovu 4150
Me Me Mce Me Me

DC-Plate-to-Grid Voltage. .. ... 205 203 151 25 200 volts
DC Cathode-to-Grid Voltage. . . ........... 5 3 1 0.1 0.26 volts
Fromagridresistorof....... ... ... .. 1000 600 250 500 130 ohms
DC Cathode Current........ ... ... ... 21 24 21 20 23 ma
DCGrid Current. . ... 5 5 4 0.2 2 ma
Useful I'ower Qutput (Approx.y............ 1.6 1.3 0.5 0.15 0.1 watts
As amplitier At At
500 Me 1000 Mc
DC Plate-to-Grid Voltage. . .. ... ... it 204 185 volls
DC Cathode-to-Grid Voltage. .. .. ... i 4 10 volts
Fromagridresistorof ....... ... ... .. . ... 800 2000 ohms
DC Cathode Current. . ......... i 21 24 ma
DC Grid Current. . . .« .oe it 5 1 ma
Driver Power Qutput (Approx. .. 0.2 0.2 wall
Useful Power Output (ApproxX.). ........ ... ... v 2.2 1.4 watls
Maximum Circuit Values:
Grid-Cireuit Resistance. . ... 0.23 maxr megohm
FREQUENCY DOUBLER-~Class C
At frequancies up to 2000 Mce and altitudes: Between
. Upto 81,000 and
Maximum CCS Ratings: 80,000 feet 100,000 feet
DCPLATE VOLTAGE. . .. .. o 250 marx 200 max volts
DC GRID VOLTAGE. . —50 mar —50 max volis
DC CATHODE CURRENT . L .o o ittt it ine s 22 max 22 max ma
DC GRID CURRENT. . .t vei et ivenneemae i aeaaeaeens 6 muc 6 mar ma
PLATE DISSIPATION. . ... ittt ie i 2.5 mar 2.5 max watls
Typical CCS Operation in Cathode-Drive Circuit:
Up to 550 Me Up to 1000 Me
DC Plate-to-Grid Voltage. .................. 193 207 218 181 volts
DDC Cathode-to-Grid Voltage. 18 7 18 6 volts
Fromagridresistorof . . . ............ ... 3600 2300 2600 2000 ohms
DC Cathode Current 20 18 21 19 ma
DC Grid Current. .. 5 3 5 3 ma
Driver Power OQutput (Approx.). ............ 0.8 0.2 0.8 0.2 watt
Useful Power Output (Approx.)............. 1.3 0,75 0.9 0.4 watls
Maximum Circuit Valves:
Grid-Circuit ResiStance. . ..o vt it ittt 0.25 muxr megohm
FREQUENCY TRIPLER—Class C
At frequencies up to 2000 Mc and altitudes: Between
Up to 80,000 and
Maximum CCS Ratings: 80,000 feet 100,000 feet
IDC PLATE VOLTAGE. - ottt ittt nae s 250 mar 200 mar volts
DC GRID VOLTAGE. . ...... .. —50 max -50 mur volts
DC Catuopk CURRENT .. 20 max 20 max ma
DC GRID CURRENT . .ovvvneennnnn e 6 mar 6 mar ma
PLATE DUSSIPATION . o v v vt vttt ine i rareneenaaonnaanenn 2.5 max 2.5 max watts
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Typical CCS Operation in Cathode-Drive Circuit: Lipto 645 Me
DC Plate-to-Grid Voltage. .. ... 0ot 202 240 volts
DC Cathode-to-Grid Voltage. . ... ... ..., . 27 15 volts
Froma gridresistor of .. .. o000 5 9000 25000 ohms
NC Cathode Current 19 13 ma
DO Grid Current. ..o .o oL 3 0.6 ma
Driver Power Output (Approx.)......... o 0.6 0.2 watt
Useful Power Outpul (ApproxX.) . ..., 0.7 0.4 watt
Upto 1000 Me
DC Plate-to-Grid Voltage . ... ... ... . ... 205 185 volts
DC Cathode-to-Grid Voltage . 30 10 volts
Fromagridresistorof . ... ... ... ... .. . 10000 14000 ohms
DO Cathode Current. .. ..o oo 19 12 ma
DC Grid Carrent. ... ... ... 3 0.7 nia
Diriver Power Output (Approx.). 0.6 0.2 watt
Useful Power Output (Approx.) 0.4 0.15 wiatt
Maximum Circvit Values:
Grid-Clreuit Besistanee. oo e e .25 megohm

OPERATING CONSIDERATIONS
Type 7554 may be operated in any position. QUTLINE 68, Outlines 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 sufliciently 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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PLATE -TO-GRID VOLTS s2cm- 102621

BEAM POWER TUBE

Miniature, heater-cathode type
used in fixed-station communications 7558
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, Outlines 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 75658 is electrically jdentical with
type 7551; the characteristics curves shown for type 7551 also apply to the 7555,
For mobhile applications, use type 7551.
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BEAM POWER TUBE

75 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 Mec. Maximum plate dissipation

for either service, CCS 250 watts.

HEATER VOLTAGE (AC/DC)T ...
HeArer CURRENT at 6 volts. . ...
MiNivum HEaTing TiMe L. ... . .
MU-FACTOR, GRID NO.2 TOGRID NO.1f. ... ... ... ... o
DIRECT INTERELECTRODE CAPACITANCES (Approx.):°
Grid No.ltoplate. .. ... o
Grid No.l to cathode, grid No.2, and heater.
Plate to cathode, grid No.2, and heater. .. ....... ... ... ... ... ...
PLATE TEMPERATURE (Measured on base end of plate surface at junction
with {ins)
"TEMPERATURE OF PraTE
tFor grid-No.2 volts, 300; grid-No.2 ma., 50.

LINEAR RF POWER AMPLIFIER
Single-Sideband Suppressed-Carrier Service

N

50 mae
50 max

volts
amperes
seconds

pul
pul
puf

°C

°oC

Peak envelope conditions for a signal havring @ minimum peak-to-arcrage power rativ of 2

Maximum CCS Ratings: For altitudes up to 20,000 fect and frequencics up lo 500 Me

DO PLATE VOLTAGE . . .ottt it i e e i ae e
DC Grip-N0.2 VOLTAGE
DC Grip-No.1 VOLTAGE

DC PLATE CURRENT AT PEAK oF EXVELOPE
PLATE DissiPATION. . .. e
GRID-NO.Z2 INPUT .« o oottt ittt
PEAK HEATER-CATHODE VOLTAGE:

Typical CCS Operation with Two-Tone Modulation:*® At 30 Me
DC Plate Voltage. . ..... L 2000
DC Grid-No.2 Voltage® 400
DC Grid-No.1: With fixed bias source =17
Zero-Signal DC Plate Current. .. ........ ... ... ... ... kil
Effective RF Load Resistance. .. ......................... 3050
DC Plate Current:

Peakenvelope. . ... ... ... . 350

AN B0 0000000000 p0E00G0000000004000000000006004 a0 225
DC Grid-No.2 Current:

Peakenvelope. .. ... ... 35

Average......... ... ... 16
Average DC Grid-No.1 Current* 0,05
Peak-Envelope Driver Power Qutput (Approx)#...... .. ... 1
Qutput-Circuit Efficiency (Approx.) .......... ......... ... 95
Distortion Products Level:#

Third order... 21

Fifthorder. . ... ...t i 29
Useful Power Output (Approx.):

Peak envelope®*

Average®™ . L 200

Maximum Circuit Values:

Grid-No.1-Circuit Resistance, Under any condition:
With fixed bias. .. ... .
With cathode bias

LINEAR RF POWER AMPLIFIER—AM Telephony
Maximum CCS Rutings: For altitudes up to 20,000 feet and frequencics up lo 550 Me

DCPLATE VOLTAGE. . ..ottt i i iie e R
DC Grip-No.2 VOLTAGE. . . .

2000 max
500 max
=250 max
350 max®
250 mar
12 mar

150 mar
150 mar

At 500 Mc
2000
400
-7
70
3050

360
180

25000 max

volts
volts
volts
ma
watts
watts

volts
volts

volts
volts
volts
ma
ohrs

watts
watts

ohms

Not recommended

2000 max
500 max

volts
volts
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DC Grip-No.! VoLTAGE —250 max volts
DC PLATE CURRENT 180 mur ma
PLATE DISSIPATION . .. 250 max watls
GRID-No.2 INPUT. . . 12 max watts
Grip-No.l InvuT 2 max witts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode coo 150 max volts

Heater positive with respect tocathode. ... ... ... o .o oo 150 mazx volis
Typical CCS Operation: Al 30 Me At 500 Mc
DC Plate Vollage . . ... .. e i 2000 2000 volts
DC Grid-No.2 Voltay . 400 400 volts
DC Grid-No.1 Voltage:

With fixed-hias souree . . = -77 volts
DC Plate Current. ..., .. . . . . 175 175 ma
DC Grid-No.2 Current. .. ... . e e e e 6 4 ma
Effective REF Load Resistance. ... o o o i oo 3050 3050 ohms
Driver Power Output (Approx ¥ oo oo o 0.25 3 watls
Qutput-Circuit Kfficieney tAppre 95 85 per cent
Useful Power Output t Approx. 160 90 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under any eondition:

With fixed Bias. . .. e 25000 max ohms

With eathode bias. ... o o Not recommended

Because the cathode is subjeeted to considerabie back bombardment as the frequeney is inereased with
resultant increase in temperature, the heater voltage should be reduced depending on operating condi-
tions and frequeney to prevent overheating the cathode and resultant short life.

°With cylindrical shield JEDEC N0.320 surrounding radiator, and with a cylindrical shield JEDEC
N0.321 surrounding the grid-No.2 ring terminal. Both shields are connected to ground.

®The maximum rating for a signal having a minimum peak-to-average power ratio less than 2, such asis
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.

oTwo-Tone Modulation operation refersto that class of amplifier servicein which the input consistsof two
equal monofrequeney rf signals having constant amplitude. These signals are produced in a single-side-
hand suppressed-carrier system when two equal-and-constant amplitude audio frequencies are applied to
the input of the system.

30btained preferably from a fixed supply.

*This value represents the approximate grid-No.1 eurrent obtained due to initial electron velocities and
contact-potential ¢ffects when grid No.1 is driven to zero volts at maximum signal.

*[river power output represents circuit losses and is the actual power measured at input to grid-No.1
eireuit of the 7580. The actual power required depends on the operating frequeney and the circuit used.
The tube driving power is approximately zero watts.

4Without the use of feedback to enhance linearity.

*This value of useful power is measured at load of output cireuit having indicated efficiency.

TYPICAL PLATE CHARACTERISTICS

TYPE 7580
1750 €46 VOLTS ]
Ec,"+10 GRID-No.2 VOLTS =400
1500 J/ !
GRID-No.l VOLTS Ec|°0
4] et
@250
I 4
3 -10
alow
3
& 750 d b 20
g -39
-1
300 P =20
-50|
280 - Eci--60
- 1__~7d
T } 80
(] 400 600 1200 1600 2000
PLATE VOLTS 92CM-103337
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TYPICAL CHARACTERISTICS

[1vee 7580

L E¢=6 VOLTS
| GRID-No.2 VOLTS:400
600| GRID-No.I VOLTS=Eg,

500

400{—

1001

GRID-No.1 (IC)) OR GRID-No.2 (IC2) MILLIAMPERES

PLATE VOLTS
92CM-10335T

TYPICAL CONSTANT-CURRENT CHARACTERISTICS

1
T
' | | :
| |
| | | 1¢;=GRID-No | MILLIAMPERES
1 - |— IgzGRID-No.2 MILLIAMPERES

%JL;—

TYPE 7580 l

Eg*6 VOLTS |
GRID-No 2 VOLTS«400
Ip*PLATE MILLIAMPERES

GRID -No.| VOLTS

«B0 ¥ oo

| L] —
*1005 o 80 1200 1600 2000

PLATE VOLTS 92CM-i0336T

OPERATING CONSIDERATIONS

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 c¢fm
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 Mec 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/DO) . . ..o e e e 6.3 volts
HEATER CURKENT at 6.3 volts. .. ... .. e e .. 3.2 amperes
MiNiMUM HEATING T1ME 60 seconhds
MU-FACTOR, GRID NO.2 TO GRID NO.15. .. . ... . . 18
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.ltoplate. . ... o e 0.13 max pul
Grid No.1 to cathode and heater .. 11 upl
Plate to cathode and heater. . ... ... ... ... ... ... ao 0.019 max nul
Grid No.Ttogrid No.2. . ... .. i, P 20 puf
Grid No2toplate. .................... .. 6.5 uuf
Grid No.2 to cathode and heater .. 1.3 max uul
TugMINAL TEMPERATURE (Plate, grid No.2, grid No.1, cathode, and heater) 250 max °C
S For plate volts, 1000; grid-No.2 volts, 500; plate ma., 115,
GRID-AND-SCREEN-PULSED RF AMPLIFIER
For maximum ON tine® of 10 microseconds
Maximum CCS Ratings- Upto 1215 Me
DC PLATE VOLTAGE. .. ... e i 2250 mux volts
PEAK POSITIVE PULSE-GRID-NO.2 VOLTAGE. .. .. ... ... ... ... .......... 750 max volts
DO GRID-NO.I VOLTAGE . o ..ot i ~200 mar vol.s
DC PLATE CURRENT DURING PULSE. . ... ..o 3000 mac ma
DC PLATE CURRENT. .. ... e e e 80 marx ma
GRID-NOZINPUT (AVErage) . . ... e e 4.5 mare watts
GRID-NO.1 INPUT (Average) . . .. ... ..o i 2 marx watts
PLATE DISSIPATION (AVEIrAZe) . o .o i e e et 115 max watts

Typical Operation:
In Class-A Bacathode-drive® circu it with rectangular-wave pulses at 1215 Me and with duty factor® of .01

DCPlate Voltage. .. ... ... o . oo 1350 1500 volts
Peak Positive-Pulse Grid-No.2 Voltage. .................. .. 700 700 volts
DC Grid-No.1 Voltage. ... .. o 0 0 volts
DC Plate Current, during pulse. .. ............ ... ... ...... 2700 3000 ma
DCPlate Current. ... .. . L A7 53 ma
DC Grid-No.2 Current..................... ... ..., 1.6 2 ma
DC Grid-No.1 Current. .. ... i 5 5 ma
Driver Power Output at peak of pulse (Approx.)* 390 4600 watls
Usefu! Power Outpul at peak of pulse (Approx.)™. ... ....... 1600 2300 walls
Maximum Circuit Values:

Grid-No.1-Circuit Resistance, Under any condition. . ...... .. 30000 mar ohms

PLATE-AND-SCREEN-PULSED RF AMPLIFIER

Maximum CCS Ratings: For mazimum ON time® of 10 microseconds Upto 1215 Me

'AK POSITIVE-PULSE PLATIE VOLTAGE. .................... 3000 mar volts
PEAK PosITIVE-PULSE GRID-NO.2 VOLTAGE ... .............. 750 max volts
DC GRID-NO.1 VOLTAGE. ... ... e =200 mux volts
DO PLATE CURRENT DURING PULSE. ... ... .. .. . ..., 3000 max ma
DO PLATE CURRENT L i et e i naae s 50 mur ma
GRrID-N 0.2 INruT (Average). ... 4.5 mar watts
GRID-NO.1 INPUT (Average). ..., 2.0 mar watts
PLATE DIssIPATION (AVerage) . .. ..., 115 max watts

Typical Operation:
In Clasg ABu cathode-drive® circuit with rectangalur-ware pulses at 1215 Me and with duly factor® of 0.01
Peak Positive-Pulse Plate Voltage .. ... . ... ... ........ 2700 3000 volts
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Peak Positive-Pulse Grid-No.2 Voltage. ....... .. .. ...... 700 700 volts
DC Grid-No.l Voltage. ... ... ... it 0 0 volts
D Plate Current during pulse. . ... ... . 2700 3000 ma
DC Plate Current. .. ... .. 32 35 ma
DC Grid-No.2 Current. .. .. 1 2 ma
DC Grid-No.1 Current..................... .. 9 8 ma
Driver Power Output at peak of pulse (Approx)*........... 350 450 watts
Useful Power Output at peak of pulse (Approx.)*, . ......... 3700 1500 watts

Maximum Circuit Values:

Grid-No.1-Circuit Resistance, Under any condition. ... . ..... 30000 mar ohms
+ Measured with special shield adapter.

° ON time is defined as the sum of the duration of all the individual pulses which occur during any 1000-
microsecond interval. Anincrease in de plate current during the pulse may be permissible at shorter ON
times, and a decrease is usually required at longer ON times. 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 fluctua-
tions 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.
* Driver power output includes circuit losses and {eed-through power. It is actual power measured at
input to the tube drive circuit. It will vary with frequency of operation and driver eircuitry.

*This value of useful power is measured in load of output circuit.

OPERATING CONSIDERATIONS

Type 7649 may be operated in any position. OUTLINE 78, Qutlines 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.
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TYPICAL PLATE CHARACTERISTICS

| __ TYPE 7649
£476.3VOLTS
GRID-Na.2 VOLTS = 700
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] 500 1000 1500 2000 2500 3000

PLATE VOLTS 92CM-1064 2T

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 Me and higher. Class C Teleg-
raphy maximum plate dissipation, CCS 700 watts. Tube has matrix-type cathode.

HEATER VOLTAGE (AC'DCIY. . .o e 6.3
HpeATER CURRENT at 6.3 volts . ...... .. 7.85
MiNiymus HeatiNg TiMe. ... ... . 120
Mu-Factor, GRID-N0.2 To GRID NoO.1#%, 13
DIECT INTERELECTRODE CAPACITANCES
Grid Nodltoplate. . ... ... o i 0.011 max
Grid No.1 to cathode and heater. ... oo oL 29
Plate to cathode and heater. . . ........................ G011 neer
Grid No.1 to grid No.2, 37
Grid No2toplate. .. ... . i 5.3
Grid No.2 to cathode and heater 1A warr
PLATE-CORE TEMFERATURE. ... .. ... i 250 max
TERMINAL TEMPERATURE
(Plate, Grid No.2, Grid No.1, Cathode, and Heater). ... .. 230 e

#For plate volts, 223: grid-No.2 volts, 225; and plate ma., 100.
AF POWER AMPLIFIER AND MODULATOR—Class AB)

Maximum CCS Ratings:
DC PLATE VOLTAGE
DC GRID-N0.2 VoLTAG 1200 wmux
MAXIMUM-S{GNAL DC PLATE CURREN 500 max
MAXIMUM-SIGNAL GRID-NO.1 CURRENT®. . ................. 100 max
MAXIMUM-SIGNAL PLATE INPUT® 1500 max
MAXIMUM-SIGNAL GRID-N 0.2 INPUT® 25 mae

3000 max

PLATE DISSIPATION®. ... .. ... 600 newx
Typical CCS Operation: Values are for 2 tubes
DC Plate Voltage. . .. oot i it iii i i 2700 3000
DC Grid-No.2 Voltage®. .. oo 450 450
DC Grid-No.l Voltage from fixed-bias source. .............. -40 —44
Peak AF Grid-No.1-to-Grid-No.1 Voltage. . ... L. RO 80
Zero-Signal DC Plate Current. oo 200 200

volts
amperes
seconds

puf
nuf
nul
pul
puf
puf

oC

o("

volts
volts
ma
ma
watts
watlls
walts

volts
volts
volts
volts

ma
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Maximum-Signal DC Plate Current. .. .. ............c.c0o.u.. 900 1000 ma
Zero-Signal DC Grid-No.2 Current. ............ N . 0 0 ma
Maximum-Signal DC Grid-No.2 Current . ... ... . 6 5 ma
Effective Load Resistance (Plate to plate). . .. e 6000 6400 ohms
Maximum-Signal Driving Power (Approx.)................. 0 0 watts
Maximum-Signal Power OQutput (Approx.). ... ...c.ovan... 1400 1600 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under any condition:
Withfixed bias. .. .. ... . ... . L 15000 max ohms
With cathode bias. .. . ..o o Not recommendecd

LINEAR RF POWER AMPLIFIER

Ningle-Sideband Swuppressed-Carrier Serviee

Maximum CCS Ratings: Upte 1215 Mc
DC PLATE VOLTAGE. .. ... Gao @pRoREERA00E0000000da0d0G 2500 mar volts
DC GRID-N0.2 VOLTAGE. . naoo 1200 mux volts
MAXIMUM-S1GNAL DO PrLaTe Cul N naoaaon 500 mar ma
MAXIMUM-816NAL DO GRID-N0.T CUKRENT. .. ... ...... ... 100 e ma
MAXIMUM-SIGNAL PLATE INPUT. (... ... oL 1250 mar watts
MAXIMUM-S1GNAL GRID-N 0.2 INpUT. ... .. cooo e mar watts
PLATE DISSIPATION. .. ... it 600 oy wilts
Typical CCS Operation with Two-Tone Modulation:T Al 30 Me
DO Plate Vollage . . ... o . i 2250 2500 volts
DC Grid-No.2 Voltage . 450 450 volts
DC Grid-No.1 Voltage®. ... . ... -37 volts
Zero-Signal DC Plate Current. . ... ... ... 160 ma
Effective RF Load Resistanee. .o o o oo 2500 ohms
DC Plate Current at Peak of Invelope. ..o o oL tan ma
Average DC Plate Current. ... L. 315 ma
DO Grid-No.2 Current at Peak of Envelope. 3 1 ma
Average DC Grid-No.2 Current 1.8 2.5 ma
Average DC Grid-No.1 Current 0.005 003 mau
Peak-Envelope Driver Power cApproxa oo o oo oo 1 1 watt
Output-Cireuit Efficiency (Appron) oo oo 4 B0 9%
Distortion Products Leve:4*

Third Order. . ......... e -1 -31 db

Filth OPAer. . .ot e -36 -36 db
Useful Power Qutput (Approx.):

AVETAZE. . .ot e e e 290 340 watts

Peak Envelope™. .. o o e H80 6RO watts

Two-Tone Modulation operation refers Lo that ¢lass of amplitier service in which the input consists of
twa monofrequeney 1f signals having equal peak amplitude.
*4With masimum signal output used as a reference, and without the use of fecdback 1o enhanee linearity.

PLATE-MODULATED RF POWER AMPLIFIER—Class-C Telephony

Maximum CCS Ratings: Upto 1215 Me

DC PLATE VOLTAGE ... .. 2000 mag volts
DC GRID-N 0.2 VOLTAGE 1200 mar volts
DO Grin-No.1 Vortac R e e . =250 mar volts
DOC PLATE CURRENT. L. ottt e e e 50O o ma
DC GRID-NO. T CORRENT. .. ... i s 100 o ma
PLATEINPUT. .. 1000 e watts
GRID-NO.Z INPUT . . . . e e 17 mar watts
PLATE DISSIPATION. . . ... e e e Q00 s wutts
Typical CCS Operation: In cothodi=drive® civenit at 400 Me

DC Plate Voltage. . ... .. i 1500 2000 volts
DC Grid-No.2 Voltage®. ... ... ... ... ... ... ... B 100 100 volts
DC Grid-No.1 Voltages. L. 13 B volts
DC Plate Current. . ... i 150 500 ma
DC Grid-No.2 Curredt. ..o o f 5 ma
DC Grid-No.1 Current (ApproX.) . ..o 15 12 ma
Output-Circuit Btlicieney (Approx.) R( RO %
Driver Power Output (Approx.)== . RS 35 watts
Useful Power Qutput (Approd) . .. i 00 500 witts
Maximum Circuit Values:

Grid-No.1-Circuit Resistanee, Under any condition, ..., .. 500 153000 o ohms
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RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings: Upto1215)Me
DC PLATE VOLTAGE. . oottt it i e 2500 max volts
DC GRIDNO2 VOLTAGE . .. oo et ee i i aene 1200 max volts
DC GRID-NO.L VOLTAGE. ..o e -250 max volts
DO PLATE CURBENT ... ... o Noo0a000a0aa0a 500 max ma
DC GRID-NO.LT CURRENT. .. oo 100 max ma
PLATE INPUT . . e e e e 1250 max watts
GRID-NOZ2INPUT. ... .o oo .. 25 mar watts
PLATE Dissiration. ... .. 700 marx watts
Typical CCS Operation: In cathode-drive® circnil ALLOO Me Al1215 Mc
DC Plate Voltage. . . ..o i i 2250 2500 2500 volts
DC Grid-No.2 Voltage®, 400 400 400 volis
DC Grid-No.1 Voltage. . . -45 -35 -50 volts
DC Plate Current. . ........ . .. 450 500 500 ma
DC Grid-No.2 Current......... 7 8 6 ma
DC Grid-No.l Current (Approx.). 10 12 10 ma
Output-Circuit Efficiency (Approx.)........... 80 80 70 per cent
Driver Power Qutput (Approx.)**. .. .. T 30 35 80 watts
Useful Power Qutput (Approx.)?... .. [ 650 800 375 watts
Maximum Circuit Valves:
Grid-No.1-Cireuit Resistance, Under any condition:

With fixed DIgs. . . oot 15000 max ohms

With cathode bias . ... Not recommended

+ Because the cathode is subjected to considerable back bombardment as the frequency is inereased
with resultant increase in temperature, the heater voltage should be redueed depending on operating
conditions and frequency to prevent overheating the cathode and resultant short lfe.

© Mecasured with special shield adapter.

* Averaged over any audio-frequeney cyele of sine-wave form.

® Preferably obtained from a fixed supply.

O This value of useful power is measured in load of output circuit.

4 Cathode is at de ground potential.

# Obtained preferably from a separate source modulated atong with the plate supply.

# Obtained from grid-No.1 resistor or from a combination of grid-No.1 resistor with either fixed supphy
or cathode resistor,

#% Driver power output includes cireuit losses and feed-through power, It is the actual power measured
atl input (o drive cireuit.

@ Ohtained 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. OUTLINE 84, Outlines 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

1 T
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TYPICAL CHARACTERISTICS

= —
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TYPICAL CONSTANT - CURRENT 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 100 300 600 700 watts
AirFlow. .. .. oo oL 2 4 11 16 cu ft/min
Static Pressure. . ........ ... ... . ., 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 ¢fm is usually adequate.
Forced-air cooling of heater and cathode terminals is usually required during stand-
by (heater only) operation. Air flow may bhe removed simultaneously with all volt-
ages.

BEAM POWER TUBE

Rugged, uhf, forced-air-cooled,

765] 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 Mg, and
with reduced efficiency at higher frequencies. Plate-and-Sereen 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.
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HEATER VOLTAGE (AC/DC) ..\ttt et 6.3 volts
HEATER CURRENT @t 6.3 VOItS. . . ... 0. it it 7.5 amperes
MINIMUM HEATING TIME. ... ..ottt iieee et et 120 seconds
MuU-FACTOR, GRID-NO.2 ToGRID NO.1*. .. .. ... ... ... ... . .cooo.... 13
DIRECT INTERELECTRODE CAPACITANCES:}
Grid No. L to plate. . . ... .. it i ittt 0. 13 max puf
Grid No.1 to cathode and heater. . ... ... .. oo it innnnn. 29 wuuf
Plate to eathode and heater. .. ....... .. ... ... ... .. ... ... 0 iia.... .01 muz uuf
Grid Noltogrid No.2. ... .o e . 38 upf
Grid No.2toplate. . ... .. . 6.5 uuf
Grid No.2 tocathodeand heater. . ... ... ... .. ... ... .. . ...... 0.8 max puf
PLATE-CORE TEMPERATURE . . .. ... .ttt aaaaen, 250 max °C
TERMINAL TEMPERATURE (Plate, Grid No.2, Grid No.l, 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 muzimunm ON tHhae® of 10 microgeconds
Maximum CCS Ratings: Upto1215 Mc
5000 max volts
1200 mar volts
=250 muc volts
9 max amperes
0.5 max ampere
GRID-N0.2 INPUT (Average). 25 max watts
GRID-NO.1 INPUT (Average). . ........ouinnenan.. 10 max watts
PLATE IISSIPATION (Average) 600 max watts
In grid-pulsed cathode-drive® eircuit with reclangular-
Typical Operation: wave pulse at 1215 Me and with duty factor® of 0.01
DCPlate Voltage. . .. ... ... i it 3600 4000 volts
Peak Positive-Pulse Grid-No.2 Voltage .. .. .................. 800 1000 volts
DC Grid-No. I Voltage. ... ... o i i -100 -120 volts
DC Plate Current during pulse . e 8 4 amperes
DCPlate Current. .. ...ttt 019 0.2 ampere
DC Grid-No.2 Current. .. .. .. ... . i 0. 005 0.006 ampere
DC Grid-No.1 Current .. 02 0.02 ampere
Output-Circuit Efficiency (Approx.).............. ... ... 80 80 per eent
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-und-sereen-pulsed cathode-drive® rircuit with ree-
tangular-ware pulses at 1215 Me with duty factor® of 0.01
DC Plate Voltage. . . ..ot e 3600 4000 volts
IPeak Positive-Pulse Grid-No.2 Voltage..................... .1th} 1000 volts
DC Grid-No.l1 Voitage 000000000a 0 0 volts
DC Plate Current during pulise. . .. ...... ... ... ... ..... 8 9 amperes
DCPlate Current, . ...ttt ii i iiaan. 0,145 0,165 ampere
DC Grid-No.2 Current.. 50 0.003 0,006 ampere
DC Grid-No.1 Current. ... ... .ottt 0.017 0.017 ampere
Output-Circuit Efficiency (Approx.).............. ... ... ... 80 80 ampere
Driver Power Output at peak of 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. . ... ... 8000 max volts
PEAK PoSITIVE-PULSE GRID-N0.2 VOLTAGE o0 1200 mar volts
DC GRID-NO.1 VOLTAGE. .. ................ oo ~250 mar volts
IDC PLATE CURRENT DURING PULSE. .. ..... .. 9 maxr amperes
DCPLATE CURRENT. . ... .ot iiininaeans .. 0.12 max  ampere
GRID-NO.2 INPUT (Average)........c.oueuuvnn. a .. 25 max watts
GRID-NO.1 INPUT (Average).........ocovuuunn .. 10 max watis
PLATE DISSIPATION (AVETAEE) o v o ittt iintt i iii i iniiaasannannnses 600 max watts
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TYPICAL PLATE CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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) . I'n cathode-drive®™ cirenit with rectangular-ware
Typical Operation. pulses at 1215 Me and with dufy factor® of 0.01
Peak Positive-Pulse Plate Voltage............ 7200 8000 7200 8000
Peak Positive-Pulse Grid-No.2 Voltage. ... ... 800 1000 800 1000
DC Grid-No.l Voltage. .. ..o, 0 0 ~T75 —-80
DC Plate Current during pulse. ............. ] 9 8 9
DC Plate Current. . ..., 0.09 0.1 0.09 0.1
DC Grid-No.2 Current. ............ ... ..., 0.003 0.008 0.003 0.004
DC Grid-No.l Current. ..., 0.015 0.016 0.019 0.02
Qutput-Circuit Efficiency (ApproxJ).......... 80 80 80 80
Driver Power Qutput at peak of pulse (Approx.)© 1.8 2.2 4.5 5.3
Useful Power Output at peak of pulse (Approx.)* 22 28 30 39

1 Measured with special shield adapter.

volts
volts
volts
amperes
ampere
ampere
ampere
per cent
kw

kw

© ON time is defined as the sum of the durations of all the individual pulses which occur during any
1000-microsecond interval, An increase in de plate current during the pulse may be permissibie 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 iz 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 ia at dc ground potential.
® Duty factor is defined as the ratio of ON time to total elapsed time in any 1000-microsecond interval.

2 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.

* This vulue of useful power is measured in load of output circuit.
OPERATING CONSIDERATIONS

Type 7651 may he operated in any position. QUTLINE 84, Outlines 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 Mec and beyond. Class C Teleg-
raphy maximum plate input, CCS 52.5 watts. Type 7801 may be operated in any
position. OUTLINE 76, Oullines Section. For thermal considerations, refer to Power
Tube Installation Section.

HEATER VOLTAGE (AC/DC). oo o e i, 12.6 volts

HEATER CURRENT at 12,6 volts. . ......... 0.5 ampere

MiNnmuy HEATING Tim 40 seconds

Mu-FacTor, GRIDNO2ZTOGRID No.E. ... .. 30

IIRECT INTERELECTRODE CAPACITAN
Grid Nodtoplate. . .. .. . 0.025 nag puuf
Grid No.1 to cathode and heater. ..o oo o o 9.5 pnpuf
Plate to eathode and heater. . ... ... . o o 0.004 moex peuf
Grid No.ltogrid No.2. .. .. . o o . 17 upf
Grid No2toplate. .. ... ... . ... .. M2 pnuf
Grid No.2 to eathode and heater 018 mac i

TERMINAL TEMPERATURE (Plate, grid No.2, grid No.1, eathode, 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. ... .. 5 08000ONG0O0E00000G000GNaAANORAERARG0ARD0 750 max volis
DO GRID-NOZ VOLPAGE . .o et et . o 250 max volts

DO GRID-NO.T VOLTAGE. .. ... i i e =100 max volts
DO PLATE CURRENT . .. oot R . 70 mar ma
DO GRID-NO.TCURRENT. . ... o . e . 15 mar ma
PLATE INPUOT. Lo . 52.5 maxe watts
GRID-NO.Z INPUT . .. e et '.Z nr walts

Typical CCS Operation in Cathode-Drive Circuit:
Shown graphically in the following three charts:

—T— —T
wwn oo | TYPE 780I
Puwow g HEATER VOLTS:12.6 ]
EExQ DC PLATE VOLTS:=650
$4 & = | DC GRID-No.2 VOLTS =225 .
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for wae with « macinum modidation factor of 1
Maximum CCS Ratings:
DO PLATE VOLTAGE . . . 0ttt it ettt 750 marx

DC GRID-NO.Z VOLTAGR. . ..ottt it s 250 mux
DC Grip-No.l VoLt —100 mar
DC PLATE CURRENT. .. 60 mar
DC GRID-NO.T CURRENT. .. oottt iie i 15 mar
PLATE INPUT .« ottt it et et e it it i e aaes 45 mar
GRID-NO.2 INPUT. . . . i it 2 maxr
PLATE DISBIPATION. « o o ot ot e ittt it it ii e i e hd

Typical CCS Operation in Cathode-Drive Circuit:
Shown yraphically in the following chart:

1 T

TYP 780I
HEATER VOLTS :12.6
\ DC PLATE VOLTS * 650

DC GRID-No. 2 VOLTS *225 |

DC PLATE MILLIAMPERES =50
N DRIVER POWER OUTPUT WATTS= ]
™~

0 ‘V\\\ -E(l:l
N

AN

GRID-No. 1 (I¢) MILLIAMPERES
GRID-No,2 (I 2) MILLIAMPERES

POWER OUTPUT (PQ) - WATTS
POWER GAIN (PG)-db
NEGATIVE GRID-No,! {-EC}}VOLTS

51— o
& A\
. N
Icz Fodad |
[o] 1000 2000 3000

FREQUENCY-Mc
92C5-10943T

252

volts
volts
volts
ma
ma
watts
watts



= = Techuical Data = o

AF POWER AMPLIFIER AND MODULATOR
and
LINEAR RF POWER AMPLIFIER

Single-Sideband Suppressed-Carricr Service

Maximum CCS Ratings:

750 mazx volts
250 max volts
70 max ma
15 max ma
MAXIMUM-BIGNAL PLATE INPUTZ. ... i 52.5 maxc watts
MAXIMUM-SIGNAL GRID-NO.2 INPUT . ..., 2 max walts
PLATE DISSIPATIOND. . O
RF POWER AMPLIFIER—Class B Telephony
Maximum CCS Ratings:
750 max volts
250 max volts
35 marx ma
8 mar ma
52.5 max walts
2 mur watlls
L]

Maximum Circuit Yalues:

Grid-No.1-Circuit Hesistance, Under any condition. ..., ..., ... ... 30000 max* ohms
I Because the cathode is subjected to considerable back bombardment as the [requency is increased
with resultant increase in temperature, the heater voltage should be reduced depending un operating
conditions aud frequency to prevent overheating the cathode and resultaut 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.

2 Averaged over any audio-frequency eyele of sine-wave form for AF Power Amplifier and Modulator
Serrice.

* 1f this value is insufficient to provide adequate bias, the additonal required bias must be supplied by a
cathode resistor or fixed supply.

TYPICAL
CHARACTERISTICS

T
TYPE 780l
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_GRID-No.2 VOLTS=225 _
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TYPICAL PLATE CHARACTERISTICS

1 T H
TYPE 7801
HEATER VOLTS #12.6
GRID-No.2 VOLTS*225 "
v
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GRID -No.t VOLTS

TYPICAL CONSTANT-CURRENT CHARACTERISTICS

TYPE 7801 E
HEATER VOLTS*12 6 |
GRID-No.2 YOLTS +225
Igy* GRID-No.I MA

1co*GRID-No.2 MA

7842
7843
7844

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. QUTLINE 77, Outlines 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 helow, the 7842 is identical to type 7844. Type

200 300 400 500 600 700 800
PLATE VOLTS $2CM-1095R T

BEAM POWER TUBE

Small, uhf, conduction-cooled,
heater-cathode, cermolox types used as
af power amplifier and modulator, and
rf power amplifier and oscillator in
compact mobile and fixed equipment

7842 has matrix-type cathode.
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7842 7843 7844
HEATER VOLTAGE (AC/DC)] .. ... i 6.3 26.5 6.3 volts
HEATER CURRENT 3.2 0,52 2.1 amperes
Mintum HEaTiNG TUME. . ..o 60 60 60 seconds
7848, 7854
MU-FACTOR, GRID N0.2 To GRID No.1#. . .. ........ 18 18
DIRECT INTERELECTRODE CAPACITANCES:®
Grid No.ltoplate. ... ... ... ... ... ..., 0.065 mox 0.065 max puf
Grid No.1l to ecathode and heater. ... ............. 14 14 puf
Plate to cathode and heater. . ... .............. .. 0.019 max 0.015 max ppf
Grid No.ltogrid No2. . ... . oo L. 19 17 pauf
Grid No2toplate. .. ... . .. i 4.5 4.4 puf
Grid No.2 to cathode and heater. . ... 00 1.3 max 0.4 maux pul
CONDUCTION-CYLINDER TEMPERATURE, .. ............ 250 mac 250 max °C
SeAL TEMPERATURE (Plate, grid No.2, grid No.l, cathode
and heater) .. ... e 250 mar 250 mux °C
# For plate volts, 250; grid-No.2 volts, 250; plate ma., 100.
AF POWER AMPLIFIER AND MODULATOR—Class ABj
Maximum CCS Ratings:
DCPLATEVOLTAGE. ... ... ... ... ..., 1000 pax volts
DO GRID-N 0.2 VOLTAGE 300 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. . ... .. Sooe 180 mazx ma
MAXIMUM-SIGNAL PLATE INPUT® . ... .o e 180 max watts
MAXIMUM-SIGNAL GRID-N 0.2 INruT®. . ... . .. 4.5 mazx watts
PLATE DISSIPATION® L. i i e i O
Typical CCS Push-Pull Operation: Vulnes are for 2 tubes
DC Plate Voltage. . .. .. i e i cie e 650 850 volta
DC Grid-No.2 Voltage®. . ................. N 300 300 volts
DC Grid-No.1 Voltage {rom fixed-bias source. .. .. . -15 -15 volts
Peak AF Grid-No.l-to-Grid-No.1 Voltage*. . ... . 30 30 volts
Zero-Signal DC Plate Current. .. ............ . 80 80 ma
Maximum-8ignal D(' 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
Eifective Load Resistance (Plate toplate). .. ... ... 4330 7000 ohms
Maximum-Signa!l Driving Power (Approx.) ......... 0 0 watts
Maximum-Signal Power Qutput (ApproxX.)............. 50 80 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistanee, Under any condition:*
For fixed-bias operation. .. .. o i e e 30000 max ohms
For cathode-bias operation. . ... .. i i i e Not recommended
AF POWER AMPLIFIER AND MODULATOR—CLASS AB;
Maximum CCS Ratings:
1000 mazx volts
300 mazx volts
180 max ma
MAXIMUM-SIGNAL DC GRID-NO.1 CURRENT® . 30 max ma
MAXIMUM-SIGNAL PLaTe INvUT®. ... ... oo oa 180 max watts
MAXIMUM-SIGNAL GRID-NO.2 INe 4.5 mox watts
PLATE DISSIPATION® . L i i i i e O
Typical CCS Push-Putl Operation: Values are for 2 tubes
DCPlate Voltage . ... ... ... . .. i ittt 650 850 volts
DC Grid-No.2 Voltage?. . ........ ... .. ..., 00 0000 300 300 volts
DC Grid-No.1 Voltage from fixed-bias source -15 -15 volts
Peak AF Grid-No.1-to-Grid-No.] Voltage. . ... 46 46 volts
Zero-Signal DC Plate Current PN 80 80 ma
Maximum-Signal DC Plate Current. .. ..., ... 0000 355 355 ma
Zero-Signal DC Grid-No.2 Current. . ....... 0 [ ma
Maximum-Signal DC Grid-No.2 Current. . .. .. o 25 25 ma
Maximum-Signal DC Grid-No.1 Current. .,...... 0 15 15 ma
Effective Load Resistance (Plate to plate), ..., .. . 2450 3960 ohms
Maximum-Signal Driving Power ((Approx,)¥* 0.3 0.3 watt
Maximum-Signal Power Output (ApproX.). ...y, 856 140 watts
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Ratings: Up tv 1215 Me
IDC PLATE VOLTAGE . . o .\ vttt iiea et e i ia i aas s aeans o 800 max volts

DC GRID-N0.2 VOLTAGE. . 300 max volts
DC Grip-No.1 VOLTAGE. . - ~100 mex volts
DC PLATE CURRENT. .. ........ e 150 mazx ma
DC G1rip-No.1 CURRENT.. ...... 30 max ma
PLATE INPUT. .. ...... 120 mac watts
GRID-N 0.2 INPUT 3 mazx watts
PLATE DISSIPATION .« « o oo e vt ee e e e ie e ie ittt s e O

Typical CCS Operation: A 400 Mc

DCPlate VOIABZE . . . oot ittt n i 100 700 voits
DC Grid-No.2 Voltage®. . ... ..ottt 200 250 volts
DC Grid-No.1 Voltaget . . ... .o -20 -50 volts
DC Plate Current 100 130 ma
DC Grid-No.2 Current. ... ..o ov it 5 10 ma
DC Grid-No.1 CUrrent. .. oot e o iie it aes 3 1n ma
Drriver Power Qutput (Approx.)*%. . ... oo 2 3 watts
Useful Power Qutput (ApproX.)........vvioin . 16 13 watts
Maximum Circuit Valuves:

Grid-No.1-Circuit Resistance, Under any condition. .. ........ .. ... ... 30000 Kk max ohms

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and

RF POWER AMPLIFIER—Class C FM Telephcny
Maximum CCS Ratings: Up to 1215 Me
DO PLATE VOLTAGE . « .\ttt te e it ee et iiaa e ia i 1000 max volts
DC GRID-NO.2 VOLTAGE. . .ot i ittt 300 max volts
DC GRID-NO.1 VOLTAGE. « « ot i ittt ittt ~100 max volts
DC PLATE CURRENT .. ottt e ittt e ata e ata e 180 max ma
DC GRID-NO.1 CURRENT. .. .« it ittt inate et e 30 mox ma
PLATE INPUT. « . ot e e e et 180 mnr watts
GRID-N0.2 INPUT 4.5 max watts
PLATE I)1SSIPATION *
Typical CCS Operation: AL 400 Me A 1215 Me
DC Plate Voltage . . . ... ... oo 100 900 900 volts
DC Grid-No.2 Voltage®®. . ............... ..., 200 300 300 volts
DC Grid-No.l Voltage . . ... ... oveennnn -35 -30 -22 volts
DC Plate Current. . ......... ..., . 150 170 170 ma
DC Grid-No.2 Current............. i 5 1 1 ma
DC Grid-No.1 Current. ...t 3 10 1 ma
Driver Power Output (Approx)**............. 3 3 5 watts
Useful Power Output (Approx.) ............... 23 80 10 watts

Maximum Circuit Values:

Grid-No.1-Cireuit Resistance, Under any condition. .................. 300004 max ohms
 Because the cathode ig subjected to considerable back bombardment as the frequeney is inereased 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.

Opreferably obtained from a fixed supply.

aThe driver stage should be capable of supplying the No.l grids of the Class ABi stage with the specified
driving voltage at low distortion.

*The resistance introduced into the grid-No.1 eircuit by theinput coupling should be held to a low value.
1n no case should it exceed the specified maximum value; transformer- or impedance-coupling devices are
recommended.

wx[)river 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 AB:
stage should be held at a low value. For this purpose, the use of transformer coupling is recommended.
@0btained 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
eathode resistor.

44The 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 values to take care of variations in line voltage, components,
initial tube characteristics, and tube characteristies during life.

 If this value is insuflicient to provide adequate bias, the additional required bias must be supplied by a
cathode resistor or fixed supply.

*%Ohtained preferably from a fixed supply, or from the plate supply voltage with & voltage divider.
% Ohtained from fixed supply, by grid-No.! resistor, by cathode resistor, or by combination methods.

TYPICAL PLATE CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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BEAM POWER TUBE

Very small, uhf, conduction-
cooled, heater-cathode, cermolox type
used as rf power amplifier and oscilla- 7870
tor in compact mobile and fixed equip-
ment where forced-air cooling may not
be practical. Useful at frequencies up to 3000 Mec 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, Qutlines Section. Except for heater rating,
the 7870 is identical to type 7801.
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BEAM POWER TUBE

7905 Miniature, quick-heating filament
type used in rf power-amplifier, oscilla-
tor, and frequency-multiplier service
at frequencies up to 1756 Mc in mobile-
and emergency-communicationsequip-
ment. Delivers 7 watts useful power
(ICAS) at 175 Me.

FILAMENT VOLTAGE (AC/DC) .o oottt ittt it e ssatnaneaenne. 6.3 volts
FILAMENT CURRENT............. oo 0.65 ampere
FILAMENT WARM-UP TIME. .. ... ... e ns Less than une second
DIRECT INTERELECTRODE CAPACITANC
Grid No.1 to plate 0.14 mdr puf
Grid No.1 to fitament, grid No.3, and grid No.2. . ... ... ........ R.5 puf
Plate to filament, grid No.3, and grid No.2..... ... ... oo ., 3.9 uuf
°Without external shield.
Characteristics, Class A1 Amplifier:
Plate Voltage. ... ..ottt e e e 200 volts
Grid No.3. . ... ... Connected to pin 1 at socket
Grid-No.2 Voltage 185 volts
Grid-No.1 Voltage -6 volts
Mu-Factor, Grid No.2 to grid Neo.l1. .. 11.5
Transconductanee.................. .. .. 6700 pmhos
Plate Current. . ... .................. .. 36 ma
Grid-No.2 Current. .. ... e 2.5 ma

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

Al frequencics up o 175 Me

Maximum Ratings: ICAS
DO PLATE VOLTAGE. ... .. e e e 300 moe volts
GRIDNO3.................. Conueet to pin 1 at socket
DC GRID-N0.2 SUPPLY VOLTAC oo 300 mor volts
DO GRID-NO.2 VOLTAGE. . ..ottt et et e eieie e .. 250 mor volts
DC GRrID-No.1 VOLTAGE =125 max volts
DC PLATE CURRENT 60 meae ma
10 moe ma
3 max ma
18 mue watts
.. 1.3 mas watts
PLATE DISSIPATION . . ..o it 10 max watts
BuLp TEMPERATURE (At hottest point). ... o oo, 225 mus °C
As amplificr at 175 Me®
Typical Operation: 1CAS
DC Plate Voltage. .. ... i i iaa 300 300 volts
Grid Nod . o e Connected to pin 1 at socket
DC Grid-No.2 Voltage®. .. ... . .. . it 160 185 volts
DC Grid-No.l Voltage® ... ... .. ... .. . ... -6 -394 volts
Froma grid-No.l resistor of. .. ... ... . . i io... 18000 1%000 ahms
Peak RF Grid-No.l Voltage. . ... ..ot 41 13 volts
DC Plate Current. ... ... i 50 60 ma
DC Grid-No.2 Current.......... it 2.3 i ma
DC Grid-No.l Current (Approx.)..........ooiviivnenn.. 2 2.3 ma
Driving Power (ApproxXJ)t. . ..o 1 1 watt
Useful Power Output (Approx)tt. ... ..o . vl 5.5 7 waltts
Maximum Circuit Values:
Grid-No.1-Cireuit Resistance. . . ...c...c.ouiueinneneenenenn 0.1 marx 0.1 mar  megohm

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Al frequeneies np to 175 Mce

Maximum Ratings: 1CAS
DO PLATE VOLTAGE. ..« oottt it e et eee e et 250 mar volts
GRID N . ittt e et et e e e e e Conneet to pin 1 at socket
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DC GRID-NO.Z VOITAGE . . it ivriranrrrranssesasneasssrsssssassoes 250 mor volta
DC GRID-NO.L VOLTAGE. .ot i v iiireerrrarstrearasseanoasnsessssss =125 mar volts
DC PrLATE CURRENT 60 max ma
DC Grip-N0.2 CURRENT 10 snax ma
DC GRID-NO.1 CURRENT 5 max ma
PrLaTE INPUT 60000 0o 15 max watts
GRID-NOZ INPUT. .. .ot ii i rrr v enaeanrarsaanrtesansnns 00 1.4 mox watts
PLATE DISSIPATION . . .4ttt riiiarinriaarsarsaararorroisassnassasnses T max watts
BuLs TEMPERATURE (At hottest point) . ... .. cvvv it iean, 225 max °C
Typical Operation:® ICAS
DCPlate Voltage. .. oot i it iisisesiecnrrssinrssoaosanararssarsns 250 volts
GridNo.3.............. o0 Connected to pin 1 at socket
DC Grid-No.2 Voltage? 250 volts
DC Grid-No.1 Voltage®* RN =70 volts
Froma grid-No.1resistorof .. .o it e i 33000 ohms
Peak RF Grid-No.1 Voltage e 75 volts
DC Plate Current. ... ............ 50000000 oo 60 ma
DC Grid-No.2 Current 2.5 ma
DC Grid-No.t Current (Approx.)..... 2.1 ma
Drriving Power (ApproxJ)t....o.oiviiiiiein i, . 1 watt
Useful Power Output (Approx.)tt 6.5 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance. ..ot ens 0.1 mar megohm
FREQUENCY MULTIPLIER
Maximum Ratings: ICAS
DC PLATE VOLTAGE. ... ittt iaieraanan s tnaenatasssrsanrnraans 300 max volts
GripNo.3. . ... ... .. Connect to pin 1 at socket
DC Grip-No.2 Supet.y VOLTA oa 300 mac volts
DC GRrIP-N0.2 VOLTAGE. . ... A 250 max volts
DC GrID-NoO.] VOLTAGE. .. BBBG000R0000ADDE0GaGE -125 mur volts
DO PLATE CURRBNT. .. ..ottt iia i aa et car e 30 mar ma
DOC GRID-NO.2 CURRENT. .. oottt ittt i iaiaaraananrrarsranes 10 max ma
DC GRID-NO.1 CURRENT. .« ottt it ittt tia st ia i ieiaiaaraeaans B max ma
PLATE INPUT. .. ... ... 15 mas watts
GRID-NO.2 INPUT. . 1.5 mar watts
PLATE DISSIPATION. ... .. 10 wmax watts
BuLn TEMPERATURE (At hottest point) 225 mux °C

As doubler to 175 Me

Typical Operation:® ICAS
DCPlate VOIlAZE. . o oo i it ii i e r e iaannns 250 300 volts
[T 5 T 15 2 S Conneeted to pin 1 at socket
DC Grid-No.2 Voltage* 200 215 volts
DC Grid-No.1 Voltage? -b3 —80 volts

IFrom a grid-No.1 resis 53000 53000 ohms
Peak RF Grid-No.t Voltage ... oo oo, 60 87 volts
DCPlate Current. .. ... e e 45 50 ma
DO Grid=-No.2 Currenl. .. ..ot i i iaas 3.4 3.4 ma
DC Grid-No.l Current (APProXd ..o ivieiiiinreenrne.. 1 1.5 ma
Driving Power (Approxdt. ... ..ttt rreneaan 0.4 0.5 watt
Useful Power Output (Approx)tt. .. ..ot 2.5 3.5 watts

Asiripler to 175 Me
ICAS

DO Plate Voltage. ... i et er i rannras 250 250 volts
@85 @3 s o0 eoaooaooc0000aaa000000000000000000000D0000 Connected to pin 1 at socket
DC GRd-N0.2 Vollage® . . i ii i iinerr e 180 225 volts
DC Grid-No.d Voltage. . ... . .o i, 5 =90 —-108 volts

From a grid-No.1 resistorof . .......... . 50000 60000 ohms
Poeak RF Grid-No.l Voltage. .......... .. 105 118 volls
DC Plate Current. . ... .. 40 50 ma
DC Grid-No.2 Current. .. ... ... 2.5 3.4 ma
DC Grid-No.1 Current (Approx.) 1.8 1.8 ma
Driving Power (Approx)t........ 0.4 0.6 watt
Useful Power Output (Approx.)tt 1.4 2 watts
Maximum Circuit Values:
Grid-No.1-Cireuil ReSISANCE .+« vvvrrereeernneneens ‘. 0.1 max 0.1 max 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.
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 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 cireuit.
tt Measured at lonad.

¥ Obtained preferably from a scparate 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 Miniature 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 L.C on the basing
diagram, may be used to minimize the absorption of rf 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 ¢ is hypassed by using a feedthrough capacitor when
bringing this filament lead through the chassis.

POWER TRIODE

Thoriated-tungsten-filament type 8000

used as af power amplifier and modu-

lator and as rf power amplifier and os-

cillator. May be used with full input

up to 30 Mc; for operation at 60 Me,

plate voltage and plate input should be reduced to 70 per cent of maximum ratings;
at 100 Mc, 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, Qutlines 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) .. ..o\ttt ettt it eeannneeeennnns 10 valts
FILAMENT CURRENT . L L.\ ittt ittt et aie et e e iie i 4.5 amperes
AMPLIFICATION FACTOR . . .. ...t it e et e eieneans 16.56
DiECT INTERELECTRODE CAPACITANCES:

Grid to plate. . . . e e 6.4 uuf

Grid to filament, . ... ... e e e 5.0 uuf

Plate tofilament. ... ... .. . . i e e 3.3 puf

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum Ratings: cCs ICAS
DC PLATE VOLTAGE 1600 max 2000 mazx volts
DC Griv VOLTAGE -500 max -500 mazx volts
DC PLATE CURRENT 210 maz 250 mazx ma
DC Grip CURRENT 40 marx 46 mazx ma
PLATE INPUT. ... e 335 maxr 500 mazx watts
PLATE DISSIPATION 85 max 125 mazx watts
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum Ratings: CCS ICAS
DC PLATE VOLTAGE . . . ...ttt iiie i, 2000 max 2500 max volts
DC GRID VOLTAGE . . .\ttt it ctaiiiieie i ee e ) =500 mar -500 maz volts
IDC PLATE CURRENT. .. ..o\ttt ieeteiaae e enn 250 max 300 max ma
DC GRID CURRENT. . . ... .titttttiiiiiinanaannns 40 mazx 45 max ma
PLATE INPUT. . i i e 500 max 750 max watts
PLATE DISSIPATION . . vttt iiit v eiin e vens 125 mar 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 Mec and with reduced
input up to 50 Me. 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 8 in vertical plane. Maxi-
mumlength, 8-3/16 inches; maximum diameter,
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2-9/16 inches, For operation at 50 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, 3.4 uuf. Maximum CCS ratings as AF
POWER AMPLIFIER AND MODULATOR: dc plate volts, 1350 mar; maximum-signal de plate
milliamperes, 250 max; maximum-signal plate input, 330 max watts; plate dissipation, 100 mar watts.
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: de plate volts, 1350 max;
de grid volts, ~400 max; d¢ plate milliamperes, 250 maz; de grid milliamperes, 60 max; plate input, 330
mar 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 Mc, 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 3 in vertical plane. OUTLINE 45, Outlines 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) . o Lottt i iian et 10 volts
FILAMENT CURHRENT . oo o ottt tit it e tat it et it taa it aiiasiaaens 3.26 amperces
AMPLIFICATION FAcTOR¥ 20
DIRECT INTERELECTRODE CAPACIT
Grid to plate. ..o o e 5.0 upf
Grid to fllament. . . ... . . e s 6.4 puul
Plate to filament. . . ... v ittt e 1.0 upl

*(Grid volts, 50; plate amperes, 0.5,

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maoximum Ratings: cecs ICAS

DCPLATE VOLTAGE . . . ... o i e s 1000 mar 1250 ma.r volts
DCGRID VOLTAGE . . .. oottt e ie s -200 max =200 max volts
DC PRLATE CURRENT . .. ..ttt ittt ie i aans 160 mar 200 mar ma
DC GRID CURRENT . . ...ttt iine s 45 mar 45 mar ma
PLATE INPUT. ... s 160 mar 240 max watty
PLATE DISSIPATION . ... .. i 50 mar 5 mac watts

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

Maximum Ratings: cCS 1CAS

DC PLATE VOLTAGE . « v ottt iiieneeaenanaes 1250 mar 1500 mas volts
DC GRID VOLTAGE . . . ..ottt ittt i aaans =200 mar —200 max volts
DC PLATE CURRENT . .. .0ttt ittt i iine s 200 mar 200 mar ma
DC GRID CURRENT . . ... ittt iiiai i 45 mar 45 mar ma
PLATE INPUT . . ... i 240 maz 300 ma.r walls
PLATE DISSIPATION .. oot i iie s iane e 75 mar 85 mar 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-fillament 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 Me, plate voitage
should be reduced to 70 per cent of maximum 80] 2A
rating. May be mounted in vertical position
only, tilament end down or up. Maximuni length
(excluding flexible leads), 3-5/16 inches; maxi-
mum radius, 1-3/64 inches. Filament volts
(ac/de), 6.3; amperes, 1.92. Direct interelectrode capacitances: grid to plate, 2.5 uuf; grid to filament
mid-tap, 2.7 uuf; plate to filament mid-tap, 0.4 uuf. Maximum CCS ratings as RF POWER AMPLI-
FIER, Class C Telegraphy service: de plate volts, 1000 mazx; de grid volts, ~200 mazx; de plate ma., 80
mar; de grid ma., 20 mawr; plate input, 50 mar watts; plate dissipation, 40 mae watts. Foreed-air cool-
ing is required when plate dissipation exceeds 75 per eent of the maximum rated value. Plate shows an
orange-red color when tube is operated al maximum CCS ratings. The 80124 is a DISCONTINUED
type listed {or 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
AMe. For operation at 600 Me, 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. Hequires
P &S BENES BB P 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/de), 6.3; amperes, 1.92. Direct interclectrode capacitances: grid to plate,
3.0 wuf; grid to filament mid-tap, 2.7 puf; plate to filament mid-tap, 0.4 guf. Maximum CCS ratings as
RF POWER AMPLIFIER, Class C Telegraphy service: de plate volts, 1000 mazx; de grid volts, —200
maz; de plate ma., 20 mazx; plate input, 75 muz watts; plate dissipation, 40 mar watts. Forced-air cool-
ingis required for operation near maximum ratings. Plate shows an orange-red color when tube is oper-
ated at maximum CCS ratings and a bright orgnge-red color at maximum ICAS ratings. The 80254 is
a DISCONTINUED type listed for reference only.

BEAM POWER TUBE

Small, ceramic-metal, conduction-
cooled, heater-cathodetypehaving pre- 8072
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 cooling air may not be practical. Useful with full input
at frequencies up to 500 Me. Type 8072 requires a special 11-contact socket such as
Myecalex No.CP464-2, or equivalent, and may be operated in any position. OUT-
LINE 80, Ouilines Section. For thermal considerations, see Power Tube Installation
Section.

HEATER VOLTAGE RANGE (AC/DC). ... i volts
HEBATER CURRENT at 13.5 volts. . .. o amperes
MINIMUM HEATING TIME. ... ..o i b seconds
MU-FACTOR, GRID NO.2 TOGRID NOI K .. ... 11
DIRECT INTERELECTRODE CAPACITAN! g
Grid No.L to plate. . ... e e 0.18 muxc puf
Grid No.l toeathode. . ... .. i e 16 wul
Plate to cathode 0.011 wuf
Grid No.Ttogrid No. 2. L. e 22 pul
Grid No.2 to plate. ... ... i e 6.5 uuf
Grid No.2 to cathode. 3.2 puf
Cathode to heater. ... .. i et e e e 3.4 sl
TERMINAL TEMPERATURE (All terminals). ... ... ... ot 250 marx °C
PLATE CoRE TEMPERATURE (See dimensional vutline)............. ... .. .. 250 mox °C

% For plate volts, 250; grid-No.2 volts, 200; plate amperes, 1.2,
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LINEAR RF POWER AMPLIFIER
Single-Sideband Suppressed-Carrier Service
Peak envclope conditions for a signal having & minimum peak-fo-aterage porwer ratio of 2

Maximum CCS Ratings: Up to 500 Me
DC PLATE VOLTAGE. ... it et e 2200 mazx volts
DC GRrIp-N0.2 VoLTa RN 400 mar volts
DC GRrID-No.1 VOLTAGE -100 mmax volts
DC PLATE CURRENT AT PEAK OF ENVELOPE 450 ®mux ma
DC Grin-No,1 CURRENT 100 max ma
PLATE DISSIPATION . . ... i it e e 100®max watts
GRID-NO.Z INPUT. . . i ettt 8 max watts
PEAK HEATER-CATIIODE VOLTAGE:

Heater negative with respeet to cathode........ ... .00, .. 150 mazx volts

Heater positive with respect tocathode. ... ... ... ... ..o vivv.... 150 mar volts
Typical CCS Operation with Two-Tone Modulation: At 30 Me
DC Plate Voltage . .. ..o e 700 volts
DC Grid-No.2 Voltage™. ... ... . it 00000 .. 250 volts
DC Grid-No.1 Voltage? -20 volta
Zero-Signal DC Plate Current 1060 ma
Effective RF Load Resistance 1420 ohms
DC Plate Current at Peak of Envelope .. 2056 ma
Average DC Plate Current. ... ... . . . P 150 mu
DC Grid-No.2 Current at Peak of Envelope . 16 ma
Average DC Grid-No.2 Current. . .............. .. . 10 ma
Average DO Grid-No.1 Current. .. ............ v, .. 1.0 ma

.. 0.3 watt

OQutput-Circuit Efficiency (Approx.) . ... . i 95 per cent
Distortion Products Level:#

Third order. ... 30 db

Fifth order. ... 35 db
Useful Power Output {Approx.):#*

AV, L o et e 40 watts

Peak Envelope. .o i e e 80 watts
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance, Under any condition:

With fixed bias. . ... i e e 25000 mae ohms

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings: Upto 500 Me
DOC PLATE VOLTAGE. ..ot et e 2200 max volts

DC Grin-No.2 VoLTAGE 400 max volts
DC GRID-NoO.1 VoLTAGH =100 mux volts
DC PLATE CURRENT. | 300 max ma
DC GRiv-No.1 CURRENT. 100 max ma
GriD-No.2 INvuT. .. ... 8 mar watts
PLaTE DisstpatioN. ... ... ... 100®%max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respeet toeathode. .. ... ... ... ... ... .. .... 150 max volts

Heater positive with reapect toeathode. ... . . 150 max volts

In Grid-Drive Circuit

Typical CCS Operation: At50 Me At175 Me  At4700Me
DC Plate Vollade . . .. Lo, 500 700 500 700 700 volts
DC Grid-No.2 Voltage. ... .o oot 160 175 200 200 200 volty
DC Grid-No.l Voltage. . . ... i ~10 -10 -30 =30 =30 volts
DC Plate Current. ... ... . i, 300 300 300 300 300 ma
DC Grid-No.2 Current . . . 25 25 30 20 10 ma
DC Grid-No.l Current. ......... 50 50 40 40 20 ma
Driver Power Output (Approx.)t. .. 1.2 1.2 3 3 5 watts
Useful Power Qutput™ . . ... ... .. . . ieeens 83 110 70 105 85 watts
Maximum Circvit Value:
Grid-No.1-Circuit Resistance, Under any condition:

With fixed blas. . .. ... i it it i e 25000 ohms
Grid-No.2 Circuit Impedance . 10000 max ohms
Plate Circuit Impedance. . ... ... See note®
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i Because the cathode is subjected to back bombardment as the‘frequonvy is inereased with resultant
increase in temperature, the heater voltage should, for optimum !1fr*, he reduced to a value such that at
the heater voltage obtained at minimum supply vn]tage 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 having a minimum peak-to-average pawer ratio less than 2, such as is
obtained in single-tone operation, is 300 ma. During short periods of c¢ircuit adjustment under single-
tone conditions, the average plate ecurrent may be as high as 450 ma.

® Maximum plate dissipation islimited by t_h*‘ maximum plate core temperature and the cooling system
to maintain tube operation helow the specitied maximum plate core temperature. With simple low-cost
cooling techniques, maximum plate dissipation may be only about 100 watts; with more sophisticated
cooling techniques, maximum plate dissipation may he as high as 300 watts.

8 Obtained preferahly from a separate well-regulated rource.

* 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.

* IDriver power output represents circuit losses and is the actual power measured at input to grid-No.1
cireuit. 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 usedasarcference, 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 cffective plate supply impedance which limits the peak current through the
tube under surge conditions to 15 amperes
t Driver power output ineludes cireuit losses and is the actual power measured at the input to the grid
circuit. It will vary depending upon the frequencey of operation and the circuit used.
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POWER PENTODE
8077/ Miniature heater-cathode type

7054 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) .. ..o i i 12 to 15 volts
HeATER CURRENT (Approx) at 135 volts. . ................ 0.275 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.}:°
Grid No.lto Plate. ... e 0.063 puf
Girid Na.l to All Other Electrodes except Plate. . . .. .. 10.2 uuf
Plate to All Other Electrodes exeept Grid No.l. .., ...... 3.5 puf

° Without external shield.
AMPLIFIER—Class A1
Maximum Rotings:
PLATE VOLTAGE. .. .. i it eanes 330 mar volts

GRID-NO.3 VOLTAG 0 mar volts
GRID-NO0.2 VOLTAGE 180 max volts
GRriD-No.1 VOLTAGE:

Negative-bias value. . ... it i e 55 mar volts

Positive-bias value 0 mac volta
GRID-NO2 INPUT. . . .. . i e 1 mar watt
PLATE DISSIPATION. ... ...t e as 5 mar watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respeet to cathode 120 max volts

Heater positive with respect to cathode. . . 120 max volts
Choraocteristics With 13.5 Volts on Heater:
Plate Supply Voltage. . ... .. .. i 250 voits
Grid-No.3 . oo Connceted to cathode at socket
Grid-No.2 Voltage 150 volts
Cathode Resistor .. 120 ohms
Plate Resistance (APProx.). .. ..o 0.1 megohm
Transconductance 11500 umhos
Plate Current. ... ..... 19 ma
Grid-No.2 Current 3.5 ma
Grid-No.1 Voltage (Approx.) for plate ya=20 -10 volts
Moximum Circuit Volues:
Grid-No.1-Circuit Resistance:

For fixed-bias eperation. . ... ... . ... . o e 0.1 max megohm

For cathode-bias operation. .. ... ... ... . i 0.25 mar megohm

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

Maoximum CC$S Raotings:
DC PLATE VOLTAGE. . ..ottt ittt e ia e ee e 300 max volts

DC Grip-N0.3 VOLTAGE. . 0 max volts
DC Grip-N0.2 VOLTAGE 175 mar volts
DC GrID-NoO.1 VOLTAGE =50 maxr volts
DC PLATE CURRENT. .. .. 33 max ma
DC GRID-No0.2 CURRENT. . 5.5 maxr ma
DC Grip-No.1 CURRENT 3 max ma
GRID-NOZINPUT. .. .......... i a 1 max watt
PLATE DISSIPATION. L. L i ettt ie e ureanes 5 max watts
PrAK HRATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 120 maz volts

Heater positive with respect to cathode. . ............ 120 mar volts




Typical Operation with 13.5 Volts on Heater:

D Plate Voltage
Grid No.3
DG Grid-No.2 Voltage. .
DC Grid-No.1 Voltage
Peak RF Grid-No.1 Voltage
DC Plate Current
DC Grid-No.2 Current
DC Grid-No.l Current (Approx.)........voiui....
Driving Power (Approx.}.. ... oo ii i
Power Output (Approx) .. ...

Maximum Circuit Values:

Technical Data

Al frequencies up to 40 Me

200

250 300 volts
Connected to cathode at socket
145 175 volts
-9 -12 volts
11 16 voits
20 26 ma
4.1 5.5 ma
0.85 1 ma
12 16 mw
2.7 4 watts

Grid-No I-Clreuit Resistance. .. i ittt e cianeans

FREQUENCY MULTIPLIER

Maximum CCS Ratings:

0.1 max megohm

DO PLATE VOLTAGE. . .ttt ettt ia e e aaas 300 max volts
DC GRID-N0.3 VoLTta 0 mar volts
DC Grip-No.2 VoLTaG 175 max volts
DC Grip-No.1 VouTag =50 max volts
DC PraT CURRENT. .. 33 max ma
DC GRrib N0.2 CURRENT. . 5.5 max ma
DC GRIDNO.L CURRENT. ...t es s 3 moc ma
GRID NO.2 INPUT . L e e e 1 max watt
PLATE DISSIPATION . L ... it i e e et anan S5 max watte
PrEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ... . ... ... ... .. ... ... 120 max volts
Heater positive with respect tocathode. . oo o o o o o o ... 120 marx volts
Typical Operation as Doubler: Al friquencies up to 40 Me
DO Plate Voltage. ... .. o i 200 250 300 volts
Grid Nod. .o oo Counnected to cathode at socket
DC Grid-No.2 Voltage. . ... ... ... ... ... 0o ... 115 145 175 volts
DC Grid-No.l Voltage. .. ... ..o it -1 -20 -23 volts
Peak RF Grid-No.l Voltage .. 19 24 31 volts
DG Plate Current. ... ... o e 11 15 20 ma
DC Grid-No.2 Current. .. ... 2 3 4 ma
DC Grid-No.1 Current (Approx. .. 0.3 0.45 0.6 ma
Driving Power {Approx.). . ... ... ... ... ... ...... 5 9 13 mw
Useful Power Output (Approx.). . ... ............. 1.4 1.9 2.5 watis
Maximum Circuit Values:
Grid-No.1-Cirenit Resistance. ... . 0 e 0.1 max megohm
AVERAGE CHARACTERISTICS
80
R TYpE 8077 /7084
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BEAM POWER TUBE

Small, ceramic-metal, forced-air-

8] 2] cooled, heater-cathodetypehaving pre-

cision-aligned grids; used as linear rf

power amplifier and r{ power amplifier

and oscillator in mobile or fixed equip-

ment. Useful with full input at frequencies up to 500 Me¢. For pldte and average
characteristics curves refer to type 8072.

HEATER VOLTAGE (AC/DC)} ... it i i it ia s 13.5 volts
HEATER CURRENT at 13.5 volls. ... ..o e s 1.3 amperes
Mivimum Heating TIME. ... ... 60 seconds
Mu-FacTor, Grip No.2 To GRrib 12
[YIRECT INTERELECTRODE CAl* ACITA\CF‘ 7

Grid No.ltoplate. ... .. i i i s 0,13 wmax uuf

Grid-No.1 to cathode e 16 frms

Plateto cathode. . . ... . ... . .. . . . e 0.011 i

Grid No.1 to grid No.2. ... i i e ettt e it 22 uuf

Grid No.2 to plate. . . .. ottt .. . 6.5 uuf

Grid No.2 to cathode . 3.2 upf

Cathode to heater 3.4 uuf
TERMINAL TEMPERATURE (All terminals) 2350 max °C
RADIATOR CORE TEMPERATURE (See dimensional outline) . . .. .. .......... 250 mor °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 ¢ signal haring @ minimum peak-lo-urerage power ratio of 2

Maximum CCS Ratings: Up to 500 Me
DC PLATE VOLTAGE. .. o\ oottt e e e s 2200 mar volts
DC GRID-NO.2 VOLTAGE. .. ..ottt it e e aae s 400 maex volts
DC GRID-NOL VOLTAGE . .. ...ttt =100 max volts
DG PrLATE CURRENT AT | ) 150%"mar ma
DC GRID-NO.T CURRENT. . .. .ottt ii e e 100 max ma
PLATE INPUT. .. . i it i ittt e i snennaans 150 max watts
GRID N0.2 DISSIPATION 8 mar watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ... ... ... .. ... ... . ... 150 mar vults

Heater positive with respect to eathode. .. ... .. ... . oo L 1560 mox volts
Typical CCS Operation with Two-Tone Modulation: AL g0 Me
DC Plate Voltage. . ........ ... .. it 1000 1500 volts
DC Grid-No.2 Voltage® e 250 250 volts
DC Grid-No.1 Voltage® -20 —20 volts
Zero-Signal DC Plate Current 100 100 ma
Effective RF Load Resistance 2270 3800 ohms
C Plate Current at Peak of Fnvelope. . .. ................ 210 210 ma
Average DC Plate Current. . ... .. ... ... it 160 160 ma
DC Grid-No.2 Current at Peak of Envelope. ............... 10 10 ma
Average DC Grid-No.2 Current. .. ... ... i ieiiiineene. . 7 7 ma
Average DC Grid No.l Current. ..................... .. 0.057 0.057 ma
Pcak-Envelope Driver Power OQutput (Approx.)* 0.3 0.3 watt
Output-Cireuit Efficiency (Approx.). . ..........ciiin.n. 90 83 Co
Distortion Products Level:*

Third order. . . ... . e 35 35 db

FifthOrder. ... ... ... .. i i i i i 40 40 db
Useful Power Output (Approx.):

AVOT RO . . it i i e e 53 83 witts

Peak enveloped (... . i i i 110 170 walts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under any conditions:

Withfixed bias. . . ... . e e 25000 max ohms

With fixed bias (In Class ABroperation)....... ... .ot iioineane.. 100000 max ohms

With eathode bias. . ... ... i i it Not recommended
Grid-No.2 Circuit Impedance. ... ... ... it iirii i iiirirrinaneas 10000 mar ohms

Plate Circuit Impedance. .. ... i e i it enar e Sce note %



o Technical Data

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. . . 2200 maz volts
DC Grip-No.2 VoLTac 8000 400 mazx volta
DC GRID-NO.1T VOLTAGE. ...ttt e e e iararennenaeas ~100 volts
DO PLATE CURRENT. . . oot ittt ittt et tanoaeoeaanas 300 max ma
DC GRin-No0.1 CURRENT. . 100 mazx ma
GRID-NO.Z DISSIPATION. . .ottt ie it et ittt annainnaans 8 mazx watts
PLATE DISSIPATION. ... oottt ittt ettt iaioaisoae e iiinananns 150 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.......... ... ... ccvievvnven.. 150 mazx volts

Heater positive with respect to cathode. . . ... ... . . v, 150 max volts
Typical CCS Operation: Iy grid-drive circuit At 50 Me At 470 Me
DC Plate Voltage. . .................... 700 1000 1500 700 1000 1500 volts
DC Grid-Neo.2 Voltage. . ................ 175 200 200 200 200 200 volts
DC Grid-No.1 Voltage. . . -10 -30 -30 -30 -30 -30 volts
DC Plate Current 300 300 300 300 3060 300 ma
DC Grid-No.2 Current.................. 25 20 20 10 10 5 ma
DC Grid-No.l Current.................. 50 40 40 30 30 30 ma
Driver Power Qutput (Approx)®......... 1.2 2 2 5 5 5 watts
Useful Power OQutput. . ................. 1204 1754 275 100 1657 235t watts
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance, Under any condition:

With fixed bias. . .. ... e 25000 maz ohms
Grid-No.2 Cireuit Impedance 10000 mar ohms
Plate Circuit Impedance. . . ... i it et e e, Sec note ¥*

} 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 Mec, heater volts=12.6 (Approx.)
° Measured with special shield adapter.

* The maximum rating for a signal having 2 minimum peak-to-avernge 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.

OThis value represents the approximate grid-No.1 current obtained due to initial electron velocities and
contact-potential effeets 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 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 sce 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.
fMeasured 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. OUTLINE 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
a(® & (9% rf power amplifier and rf power ampli-
62 (9 fier and oscillator in mobile or fixed
2 equipment. Useful with full input at
K G frequencies up to 500 Me.

RING H
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RCA Transmitting Tubes

HEATER VOLTAGE (AC/DCH .o vttt ettt ettt
HEATER CURRENT at 13.5 volts. .. ..
MiNiMUM HEATING TIME. ... e i e
Mu-FACTOR, GRIDNO2 TOGRIDNO.I¥e . .. o i
[Y1RECT INTERELECTRODE CAPACITANCES:®
Grid No.L to plate. ... ..o et et
Grid No.ltoeathode. ... .. .. . . .
Plate to cathode. .. .......

Grid No.2 to cathode. A
Cathode to heater. . ... ... ... . . .. . . e
TERMINAL TEMPERATURE (All terminals). ..............................
Raptator CoORB TEMPERATURE (See dimensional outline) . . ... ......... ..

% 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 fur ¢ gignal having a winimum peak-to-necrage power ratio of 2

Maximum CCS Ratings:
DO PLATE VOLTAGE. .. .o o e e e
DO GRID-NOZ2 VOLTAGE . . oL e e
DC Griv-No.l VOLTAGE. .......
DO PLATE CURRENT AT PEAK OF
DO GRID-NO.L CURRENT ... 0ottt i
PLATE DISSIPATION. L. ...ttt e
GRID-NOZ INPUT. . . . e
PeaX HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. ... ... ... ... ... ... ....
Heater positive with respect to cathode. .. ...... ... ....... .........

Typical CCS Operation with Two-Tone Modulation:

Peak-EnvelopeDriver Power Output (Approx)*. ... ... ... ... ... .. .....
Output-Circuit Efficiency (Approx.). .. ... o i
Distortion Products Level:*
Third order. . ... e
Fifthorder. .. ... e
Useful Power Output (Approx.):
Average...........
Peak envelope

Maximum Circuit Values:
Grid-No.1 Circuit Resistance, Under any condition:
With fixed bias. ... ... o e
With fixed bias (In Class AB1 operation). .. .........................
With cathode bias. . ........... ... .... .
Grid-No.2 Cireuit Impedance. ............... . ... ... ... ... ..
ate Circuit Impedance. .. .. .. i e

13.5 volts
1.3 amperes
60 seconds
12
0.13 nmac nul
16 uul
0.011 upf
22 puf
6.5 nut
3.2 pupl
3.4 uul
250 max °C
250 wmax °C
{pta 500 Me
2200 max volts
400 mazx volts
-100 mue volts
450%max ma
100 mae ma
400 maor wWatls
R e watls
150 juar volts
150 maor volts
At 30 Me
2000 volts
400 volts
~35 voits
100 ma
3050 ohms
333 ma
250 ma
10 ma
7 ma
0.05°9 ma
0.3 watt
90 per cent
29 db
32 db
1904 wutts
S804 walls
25000 max ohms
100000 nax ohms

Not recommended
10000 nag ohms
See note ¥

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and

RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
DC PLATE VOLTAGE. .. ... e e e
DC GRID-NO.2 VOLTAGE. . ...ttt an s
DO GRID-NOT VOLTAGE. .. e
DC PLATE CURRENT. . .. ..
DC Grip-No.1 CURRENT

Up to 500 Me

2200 max volts
400 max volts
—100 max volts
300 mas ma
100 mar ma



—_—— e Technical Data B

GRID-NO. 2 ENPUT . . e e e 8 mur watts
PLATE DISSIFATION, ......... 400 max watts
Pizak HEATER-CATRODE VOLTAGE:

Heater negative with respect to cathode. .. ........ aooa 150 max volts

Heater positive with respect to cathode. .. ... ... oo oo i 150 mox volts
Typical CCS Operation: In Grid-Drive Circuit at 50 Mec
DC Plate Voltage. ...t 700 1600 1500 2000 volts
DC Grid-No.2 Voltage. . .. 60 175 200 200 200 volts
DC Grid-No.1 Voltage. . .. ana -10 =30 -30 =30 volts
DC Plate Current. .. ... .. .. 5 o 300 300 300 300 ma
DC Grid-No.2 Current. . .. ano 25 20 20 20 ma
DC Grid-No.1 Current 50 40 40 30 mau
Driver Power Qutput (Approx.)@, ., . 1.2 2 & 2 ratts
Uselul Power Qutput#........coiiiiiiinen.n 120 175 275 375 watts

In Grid-Drive Circuit at 470 Me

DC Plate Voltage. . 6ocaoo cana 700 1000 1500 2000 volts
DC Grid-No.2 Volt.u,e 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 ma
DC Grid-No.1 Current. .. 0 30 30 JO 30 ma
Driver Power Output (Approx.)®. . ... ... 5 5 5 5 watts
Usefu} Power Outputf...... ... ... .. ... ... .. 100 165 23.) 300 watts
Maximum Circuit Values:
Grid-No.1 Cireuit Resistance, Undu any condition:

With fixed bias. o . 25000 max ohms

Grid-No.2 Circuit Impoddncu R R .. 10000 mar ohms
Plate Circuit Impedanee. ... e See note ¥
1 Because the cathode is subjected to back hombardment as the frequency is increascd 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 vultagu conditions (all other voltages constant) the
tube performance just starts to show some degradation; e.g., at 470 Mec, heater volts=12.5 (approx.).
° Measured with special shicld 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, i3 300 ma. During short periods of eircuit adjustment under
single-tone conditions, the average plate current may be as high as 450 ma.
® Obtained preferably from a separate, well-regulated source,
© This value represents the approximate grid No.1 current obtained due to initial eleetron velocities
and contact-potential effects when grid-No.1 is driven to zero volts at maximum signal,
4 Driver power output represents circuit losses and is the actual power measired at input to grid-No.1
circuit. The actual power required depends on the operating frequency and the circuit used. The tutbwe
driving power is approximately zeru watts.
* With maximum signal output uscd ag a reference, and without the use of feedback to enhance lineariry.
# This value of useful power is measured at load of output cireuit.
*4 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 will vary depending upon the frequency of operation and the cireuit used.
t Measured in a typical coaxial-cavity cireuit.

TYPICAL PLATE CHARACTERISTICS

TYPE 8122
HEATER VOLTS «13.5
GRIO-No.2 VOLTS * 400
2 €10 GRID-No.1 VOLTS2E¢, |
7
s
I
s
¥ 1 g
5 ——
w Ve .
= —
& -1 -10
Egvis
05 P -20
1 -25
~30
—
o 300 1000 1500 2000 2500
SLATE VOLTS s2cM= 112907
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RCA Transmitting Tubes

TYPICAL COOLING
REQUIREMENTS

TYPE 8122
FLOW DIRECTED THROUGH RADIATOR
TYPICAL CHARACTERISTICS TN CHNEY | SRoa0e
B e BuGH EY AND SockET
T LA B €D464-2 (MYCALEX CORF OF AMERICA}
TYPE_BI22 AND 8Y-PASS CAPACITOR (EF JOHNSON
[" HEATER VOLTS=13.5
»n GRID-No,2 YOLTS=400 7 PLATE-CORE TEMP -250°C.
l&-’ " GRID-No.l VOLTS=EC, 1w |INCOMING-AIR TEMP-24°C.
5 oo 5
a 1 > V2
= |_Icz F6 -
3 = A /
§ 300 w 7 ),
oy -5 -~
o~ al /
O 15 ] £
2 250 S / 4
~ Ecr+i5 | a4 / A
s ECy=5 -\ 7 3 4 /
o 200 ' I /
& \ x3 £
o o ,
@ - !
o 50 - / 4
—_ \0 +10 Q2 Vi
g
= -15\ N \
= 100
£ A |
o
€ 50 N \._‘\L £ —]
o \‘\\ Y
L~ s} 100 200 300 400
P~ PLATE DISSIPATION - WATTS
4] 200 400 600 800 (SOLID LINE)
PLATE VOLTS o 0.2 0.4 0.6 0.8
92CM - 11293T

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 to limit theradiator core and terminal temperatures to their specified values.

MEDIUM-MU TRIODE

Seven-pin miniature heater-cathode type Ha F’
used as af amplifier and as rl amplifier and oscil-
lator at frequencies up to 500 Mc. Class Ay Am- "3 ‘e
9002 plifier maximum CCS plate dissipation (design-
center value), 1.6 watts, Direct interelectrode

capacitances: grid to plate, 1.4 upf; grid to cath-
ode and heater, 1.2 puf; plate to cathode and
heater, 1.1 puf. Requires Miniature seven-con- 0
tact socket and may be operated in any position.
Maximum over-all length, 1-8/4 inch; maximum diameter, 3/4 inch. Except for interelectrode capaci-
tances, the 9002 is electrically identical with type 955. The 9002 is a DISCONTINUE D type listed for
reference only.
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Tube-Part Materials
Used in RCA-813 Beam Power Tube

- Muprear METAL Car —nickel-plated bruss 10. Buis ok ENvitore-—hard glass

. PLatis CoNNECTOR — nickel 11, BEAM-FORMING ELECTRODE—nickel

- FYAMBENT SUPIPORT SPRINGS—tungsten 12, PLATE-SUPPORT SPACER——coramic
MouNT SrackrR—nickel-chromi stri g q :

- MooNTt Srackr—nickel-chromiwm strip 13. Botrox SHIELD Disk—nickel

. MOUNT SUPPORT—ceramic

I FIaaMeENT CoNssetor—nickel-plated

. Top Simneen —nickel steel
- Heavy-Dury Frioavment—thoriated 15, Digserivie-Tyes Grrrer
tungsten

16, Mornep-Frare S1ev—hard glass

L PrLarE—zirconium-coated nickel

. | - . 17, Grant Base aluminum with eeramie
CALIGNED-TURN CoNTROL GRID  (GRID insert
No. Dy anp SeresN Grib (G No,2)—

molyvhdenum 18, TU~NasTEN-TO-Glss Sial

e
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OQUTLINES 39-47
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OUTLINES 54-58
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% Zone where condensed-mercury temperature should be measured.
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OUTLINES 64-67
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OUTLINES 68-73
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OUTLINES 74-76

425" MAX >/\ ¥

FREQUENCY &
ADJUSTMENT »42040" RF COAXIAL
SCRE 2001 > e ourpur TERMINAL

W
j—ir__ i 51" “DIA.
283"t 062 -ﬁ f‘{sos + 0|o" }
¥ Y
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¥ ¥ . 283" —»
1 500" " 6 +062"
MR 2 P TS ) E—
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020"+ 902 pin,

EXHAUST-TIP COVER __. |
{MAKE NO CONNECTION) {

PLATE TERMINAL |
CONTACT SURFACE 1165
$.030"
Ta% o e 686"

GRID-No.2 TERMINAL
CONTACT SURFACE -_

GRID-No.! TERMINAL )
CONTACT SURFACE ~——_ o

. 2257

L_ L 2012 ,?0215—

._ G : | m—— L
101" MAX.— '5°| 4 L.\’\ r
DIA | |~~~ CENTERING PIN
HEATER CATHODE / 3]8 073" MIN.  .026" MAX. DiA.
CONTACT SORFACE
546 Dm
HEATER TERMINAL 528"
CONTACT SURFACE 073" MIN:

STIPPLED REGION NOTE 2
EHID CERAMIC

_76_
= Applies to types 6562 and 6362/5794A only. Type 5794 does not have cathode tab and length of

heater terminal is only 0.20077 = 0.040". .
NOTE 1: Stippled region (which extends around tube) indicates rceommended clamping and contaet

area.
NOTE 2: Keep stippled regions clear; do not allow contacts or circuit components to proirude into
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Outlines ===

OUTLINES 77-80

CONDUCTION — 0
ONDUCTION ) 885" CERAMIC
780 +.070" : STIPPLED
MIN. -080 REGION
PLATE . NOTE 4
TERMINAL .
CONTACT
SURFACE~_ Y
N 3 x
NOTE |\‘L oM. iosst
GRID~No 2 TERMINAL™Y,,; I -I‘ggsnom 0[45
CONTACT SUSFAZE 3o vy o 1085 T )
i1
j £ leoo"
5 DIA 033755,,: MIN. |
) E 3
i =i 9% vt L 1316° AIR-COQLED
i [ o - 2 HEAT R=CATH o ~CO00L
o5 ooner” 088 i o1 HEATER - CATHODE e 235" DIA. | raviator
1025 SRl MmN | 260‘ DiA. CoNTACT SURkacE _ Y A—
CONTAZ gt
SURFaCE 070" MAX. £1
HEATER TERMINAL [ges?
CONTACT SURFACE +
.. 035" MmN, -.080"
e 200" MiIN. £050° M.
TERMINAL
CONTACT
GRID=No.2 TERMINAL
CONTACT SURFACE —»IT
375"
' f 035
‘A * 77;f‘, .“4‘; B B - -
' /054. \ | 5.9\ HEATEZM'CATHODE
025, SRID-Ne | MIN, 480' b
1025 A i CONTACT SURFACE
CS?J"F‘?]F.%CE NoTE 2€0" MAX. DIA.
D (0 = = l-.2€0" MAX. DIA.
L CORC RO s HEATER TERMINAL
] e CONTACT SURFACE
RADIATOR  __ ] T
1
1.850" -78-
.065" 8
- 050"
220
MIN. M'(I‘l
- . lauset
FLATE TERMINAL ——- 0 s I HAX.,
1.25" MAX .~ & “n 92
DiA. L0 £880"
i
I 1
GRID=1o 2 TERMINAL e R A e
GONTACT SURFACE ey Abath | \ SMALL cap
! .
L CO0"MIN. g PLATE CORE —

TEMPERATURE
- MEASUREMENT POINT

— 1.426" £ 00" DIA.- - -l

~-79~-

GRID-No.2 TERMINAL -
CONTACT SURFACE |
N —»t

3

-
I
*——1426" 3 DIO" DIA.-—-'I -80~

NOTE t: Keep stippled regions elear; do not allow contacts or cireuit components to protrude into
these annular volumes,
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OUTLINES 81-82

PLATE TERMINAL\

1.625" £.015" DIA.———»]
SMaLL CA .[

RADIATOR CORE —
[ ‘ * 065"

PLATE TERMINAL—> 226"
l MAX.

1.25 " Max.,
DiA,

GRID-No.2 TERMINAL
CONTACT SURFACE

——1.426" x 010" om.-———!

GZE CERAMIC
EZZT STIPPLEO
REGION
NOTE { -8l-
- --1.625"% 015" DIA,———=wf
- N
-‘—*—RAPD'KAAYOR
" LAT
t_é?;% 2 TERMINAL
17680", l
£.070"
1 o
| — = -1 %, MAX. DIA.
780"
020
1 e GRID-No.2 TERMINAL
“ __—— MAKE NO CONNECTION
X_ TO THIS SURFACE
A — - }
¥ w i = — _ —
" max. | Y-
834" U %" .
2020 T W
: T
Y b xS 456" MAX.
TISE T 083" ¢ G20”

03— [ ~
TP P T i GRID-No.! TERMINAL

303" £.005"——» IL»_

8 PINS
050" +.003" ~005"

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

je-———1.625" £ .015" DIA.———»
568"
sl +.005" -~
| -.009
| o
3 =
v +.025
255" *-025, [ { ]
015" | |
¥ T I
| ) bt —— RADIATOR
: 750" ANQDE PLATE
L £.040° TERMINAL
186"
+.08 |
- X
T -~ 1.406" MAX, DIA.
' ,;Z,?o-' - GRID=No.2 TERMINAL
I 020" | Tok]-—MAKE NO CONNECTION
Y [ " TO THIS SECTION
- s 'S
L. 1 250" M ! J—
336 T
+.0¢ . 0
e 1a7 o ; .306" MIN, 456" 1
MIN. — 005" MIN. R. 3 REG ¥
x o NS }

T~ CERAMIC

1.425"
+.008
UiA.
NOTE 1— ——
T
AIR - COOLED 1 240"
RADIATOR ~————~ 755" Max.
4.020
PLATE CORE-— -— | 1.947
X +.04
13

PLATE TERMINAL
CONTACT SURFACE ~——

T;
1.80" gia i ! 5"
|7gr DIA—— > 1] 575 +038
+025"
|

GRID=No.2 TERMINAL
CONTACT SURFACE —

GRID—No.! TERMINAL ———|
CONTACT SURFACE

HEATER - CATHODE
TERMINAL
CONTACT SURFACE

HEATER TERMINAL
CONTACT SURFACE

102" ia |
£XT2 STIPPLED REGION &D |
| «
BITI CERAMIC 132, DIA.
161" =84~
159" DIA- 1

NOTIE 1: Keep stippled regions clear; do not allow contacts or c¢ireuit comp nents to pr.otrude inty
these annular volumes. Diameters of stippled area ahove air-conled radiator, plate-terminal contact
surfiee, and grid-No.2 terminal contaet surface shall not be greater than its associated diameter.

o7



RCA Transmitting Tubes

OUTLINES 85-87

-
2 ) ¥ “pLATE
AX. - pp ‘&—}: “ FLANGE
1.309" Lom® +-008 b —
4620 03" _oi0 [ )
i B
; e 71 1% o
187" MIN. 1 |G
kT e Ty ~— 680" 1 008" 0.
{glsﬁl.‘l 400" sae b | I
K d . W, v
Loy MIN. MIN, | IR T A LI
Pt el 0a E /.ﬂ ]
— H ‘
re A |
3" H — RADIATOR 320" & 008"-s| L
2% N ——-'—-“_&,;/_ oia. . .. 5
MAX 796 — - -—.218" + 005
030" = Pm ola
I 040" %:4 y%8 M-
(NOTE _} P PLATE TERMINAL -85 0
F 3 85
l PLATE_TERMINAL
CONTACT SURFACE
= 187" £ .007" DIA,
re—1.030" £ .005" DIA.
le-— 765" MAX. DIA.
j— .784"+.008" OIA.
—
}__ L o77"¢.0c8"
re— GRID RF TERMINAL
«-545" MAX.
DA,
i
Tl L2872 005" 01a.
—BE- ™ -320":.005" DI
3.785;
(e 31850, .
NOTE 2
PLATE —
TERMINAL
CONTACT
SURFACE
S
3.285"
%265, DiA.
3.065" | o
. DIA. | 1775
3.010 v L +.085"
GRID=No.2~
fcgmmt/ms- Dt l
SURFACE MIN. 5
.250° :
g 21 TRt R
NOTE 7257 pia ke — \ © wRracE
[N NDICATES CERAMIC 500" £20 _HETER -~ CATHODE -
CEIE WIN, . CONTACT SURFACE
£ STIPPLED REGION be- Ii'{;}g_. [ y—
e ‘ RIS
-87 - 2.342°
27308 DIA.

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 protende into

these annular volumes.
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Outlines =——

OUTLINES 88-90

379"
3dge oA
K AR
1 ceoLen
~ | RADIATOR
NOTE I
279"
PLATE - +o7
TERMINAL
3.247
£.10
E 2
EX
3060" 4 —nlt- :
300" 0470 -
GRID-No.2 = W
g e
SURFACE  MIN. L i
" ! i REFERENCE
.S’?No-,-—g‘/ 135" | | '.\' IS M, LINE
N i MIN 1 Y " "
NOTE n——/‘./ 725" \ \ —.200" ¢ .025
200" Tgoa" O e
TN, . \ \_GRiD-No.l TERMINAL
178 0in, —— CONTACT SURFACE
N ‘—HEATER-CATHODE =
2.337" o TERMINAL
‘ 23077 VA CONTACT SURFACE
]ND;CAgS§H|$qEGRAMIC HEATER-TERMINAL
E53 STIPPLED REGION -88- CONTACT SURFACE
NOTE 1
BTN
RADIATOR ———»] T
3 %g
PLATE
FLANGE +¥y,)
1800" 0. L
11740 Y
Ya £ Vo
g f}%r "
PLATE TERMINAL _/~ “— 2.000"+.020" DIA.~>]
CONTAGT SURFACE sc6” RAOIATOR
i i “ ; “ ADIATO
~1.560" MAX, | £.007
8 - [ DA, DiA. 4
[ { [3 / [PV
GRID TERMINAL - 2 hHilhg
CONTACT SURFACE % £
16 I T
1.3957 - =
136" DA R ‘ L 3
3t Y 0k e,
e 4732 “ )
Y MAX I t %2
(3 - + Y
7N
e ATER G e AL | | ! | 3857 ia ! »
i [t mandits " .
CONTACT SURFACE i 370" A — aly
—s| || i |~——.200" M, Oia. ¥ ot
HEATER TERMINAL __| | 080" v A
CONTACT SURFACE — i (330 DIA. e 2,2 .
e th max._ | MIN, * o
DIA,
s -
(IR TV
MIN. [
69 fil g
_.L__._* i /06‘
g " [
6 *%
MIN, = *

—l .

Gg Gy FF
L—— 2.375" ¢ .010" ulA.-——-!

le——— 2 % MAX. 018, —»]

4 PINS’
313" ¢ .005" DIA.

-S0-

NOTE 1: Keep stippled regions clear; do not allow contaclts or circuit componcents to protrude into

these annular volumes,
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OUTLINES 91-92

"&£ 006" DA, >
b - —i — 773"+ 007" DIA.

1 ® l—f ——| -—.I25"4.004"DIA.
CATHODE-HEATER- |32 Ry Lo

TERMINAL (NOTE 3%
-l —HEATER
"R, TEAMINAL
8| (NOTE 2)
| b
! " ER
8= e MiN.
Do (NOTES 5 6 6)
i
= -GRID
T e
R a
: : 4 5/32 "
£,
3.200"
RAD[ATOR’-\‘ - 0.
° |
w 5 "
i IR
1"=i14 N.F._CLASS 2 MIN, *"le
THREAD |
. |
1 x Yo

025" Mit——» k— |
(NOTES 4 & 6}

.
> ke — % Max. Dia. ~Qi-
«— 2.000"% LI DA, =

B A,
— 574 /32 DI».*'*f—’i
| N ’
| RN T
AIR=COOLED — f“\ H Tw;“u" !
UIATOR el (1N |
i .
ﬂi!M M;‘ ‘
pPLATE ] l !
G et
4386" B 117
4.2685" T
=
PLATE i
comacr—/,;[
SURFACE | .,
GRID=No.2 "GZS.A_MAX'
TERMINAL
SONTACT
URFACE 34"
3365 o
ta.
1D -No. | .
TERMINAL 3.426" MA
CONTACT
SURFACE

CATHODE
8 HEATER

e ¢

BEVELED NQT TO

E N S

—e U=
t T
] HEATER TERMINAL

EXCEED ' =
16 18417 1"~uee”
— 188w TEE om. -g2-
Dia.

NOTE I:
plate radiator is 0.0407, measured within 1,32 of the bottom oi the radiator.

Maxinmum eceentricity of the axis of the grid-terminal dange with respect Lo the axts of the

NOTE 2: Maximum cccentricity ol the axis of the heater terminal with respect to the axis of the

cuathode-heater terminal is 0.02077.

NOTE 3: Maximum eccentricity of the axis of the cathode-heater terminal with respect o the axis of

the grid-terminal flange is 0.620"".

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 ¢nter more than

1/16"" with the boltom of the radiator resting on a flat plate.

NOTE 5: Surface of annular area indicated by “B” on the grid-terminal flunge is in the same plane

within 0.008", as determined by the gauge method described in Note 4.

NOTE 6: Suriace of annular area indicated by ““A" on bottom of radiator is paralicl within 0.030" Lo

the surface of the annular arca indieated by 13" on the grid-terminal flange.
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Outlines

QUTLINES 93-94

o r\\
PLATE -~ h
LATE—~_ /
29,
\/ 4 MS(Z i
\ .
FILAMENT LEADS / -
RE |o€r:4‘nrreo—\\l\ _‘\__T
FILAMENT SEALS f L
2 - "2_
¢ [
i !
GRID No2— .__L_

s

6RID-NoJ LEAOS
ARE DENTIFIED
Y -——/

GRID SEALS

“'l l"‘—‘ .550" MAX. Dia.
EXNAUST TUBE /2 e

CONNECTION

&

z

>

k5 [+]
"

3% & Vsp OtA

aly Max. DA,

5
Y RAGIATOR
E /Is /—
2%,
MAX.
.
3
MIN -_ 5 7 "
R éq e
]

- w
2" MAX. ¥ —4—“7]‘<~ | 'z max. i
b ) L P T e —
I oile — MO " MAX. DIA,

4 ! e 075" £ 005 DIA,

SR AL TS

-g4~

29]
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LIST OF CIRCUITS
Cirenit No.

Variable-Frequency Osecillator (2.5-4.0 Me). ... ... o 3-1
Variable-Frequency Oscillator (8.0-8.6 Mc¢). ... ... .. ... .. ... .. 5-2
Crystal Oscillator for Fundamental Output. ............. ... .. ... ... 5-3
Crystal Osecillator for Harmonic Qutput. .. ... ... .. ... . ... ... .. 5-1
175-Mc Amplifier, Doubler, or Tripler. . ...... . ... ... .. ... ... ... ... 5-5
Triode Amplifier, Class C Telegraphy Service. . ... ... ............ .. .. 5-6
Beam-Power-Tube Amplifier, Class C Telegraphy Service. . ... ......... 37
FPush-Pull Triode Amplifier, Cluss C Plate-Modulated Service.... ... .. .. 5-%
Push-Pull Beam-Power-Tube Amplifier,

Class C Plate-Modulated Service. .. ........ .. ... ... .......... 5-9
Class B Push-Pull Triode Modulator (594 watts).................... .. 3-10
(lass B Modulator with Type 807 in

Special Triode Connection (120 watts) . ........... ... ... .. ... 3-11
Class AB,, Push-Pull Modulator (100 watts). . ..................... .. 5-12
Class B Linear RF Amplifier for Single-Sideband. ... . ......... ... .. ... 5-13
50-Me Trunsmitter (120 watts) . .. ... . . o 5-11
Single-Sideband Exciter (filter type). ........... .. . ... oo 515
144-148 Me Transmitter for Mobile Operation. ... ... ... ... ... ... 5-16
Five-Band 10-80 Meter Transmitter (90 watts). .. .......... .. ... ..... 5-17
Typical Coaxial Cavity for Beam Power Tube 7650 . ... .............. 5-13
162-Megacyele Transmitter for Fixed or Mobile Operation. ... ... ... 5-19
Transmitter Power-Supply Circuit. ... ... ... ... . ... ... .. ... .. ... 5-24)
Oscillator for Dielectric Heating (27 Me). .. ... it 5-21
Oscillator for Induction Heating (450 ke). .. o ity 5-22
VHTEF Oscillator for Dielectric Heating (160 Mce)..,.oovviiienint, 5-23



Circuils

The ecireuits presented in the fol-
lowing pages have been included in this
Manual primarily to illustrate the use of
generictubetypesindiversified transmit-
ting and industrial applications. These
circuits have been conservatively de-
signed and are capable of excellent per-
formance. Several of these -circuits,
namely 5-13, 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, itisoften practical to usea portion
of one cireuit in combination with por-
tions of other circuits to obtain a design
mecting 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.

Electrical specifications are given
forthe circuit components to assist those
interested in home construction. Lay-
outs and mechanical details are omitted
hecause 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 dc working
voltages required. Where paper, mica,
or ceramic capacitors are called for, there
is no ohjection 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. ITowever, if electrolytic
capacitors having substantially higher
voltage ratings than those specified are
used, they may not “form” completely
at the voltages present in these circuits,
with the result that the effective capaci-
tances of such units may be below their
rated values. The wattage ratings speci-
fied for resistors assume methods of con-
struction that provide adequate ventila-
tion; compact installations having poor
ventilation may require resistors of
higher wattage ratings.

Information on the characteristics
and application features of each tube
will be found in the Tube Types—Tech-
nical Dala Section of this Manual, or,
for the receiving-type tubes, in the T'ube
Types— Technical DNata 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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RCA Transmitting Tubes

VARIABLE-FREQUENCY OSCILLATOR

Frequency 3.5 to 4.0 Mc (80 meters)

1(So

Output 3 watts (approx.)

(==

—

C2A

+75V

TYPE
6AG7
3

L7 Lg

0A3 0C3

1=15 ppuf, ceramic, zero
temperature coefficient

'a=100 ppf, ceramie, negative
temperature cocfficient
750 PPM

(3=6-75 ppf, trimmer, air gap
0.015 inch, Hammarlund
APC-75 or equivalent

C4=10-75 puf, trimmer, air gap
0.060 inch, Bud GE-2014 or
equivalent

Cy Co=0.001 ppf, silver mica,
500 v.

C7=100 puf, silver mica, 500 v.

Cg Co Cp Ciz C14=0.01 pf, disk
ceramic, 600 v,

Cro=15 gpuf, silver mica, 500 v.

TYPE a TYPE

[a)

Ls J
2

IMPEDANCE
LINE
TO

CRYSTAL
JACKS

nrv
AC

C=20 pf, clecirolytic 450 v.

Cis C16=3-30 ppf, trimmer, mica

J1=Closed-circuit jack for key

Ja=Coaxial receptacle for P

L1=28 turns of No. 18 Enam.
spaced over 234 inches on
134-inch diameter ceramic
form, National XR-13 or
equwalent

Iz Ls=2.5 mh, 125 ma, rf choke

L.«=8 henries, 80 ma, ¢hoke

1.s=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)

T.s=38 turns No. 18 hookup wire
wound on 1; at ““cold” end

T.;=56 turns No. 26 Enam.ran-
dom wound for approx. 3¢
inch on 1! -inch-diamete
coil form

L.s=3 turns No. 18 hookup wire
wound over “ground”” end

of Ls
P=Coaxial plug for J:
Ri Rs=100000 ohms, 0.5 watt
R2=27000 ohms, 0.5 watt
R14=2000 ohms, 10 watts
Rs=100 ohms, 0.5 watt
Re=15000 ohms, 1 watt
T=Power transformer;
350-0-350 volts rms, 90 ma:
5 volts rms, 2 amperes; 6.3
volts rms, 3.5 amperes



= Circuils

(5-2)

VAR!ABLE-FREQUENCY OSCILLATOR
Output 150 volts peak (Approx.) at 16-17.2 Mc

Frequency 8.0 to 8.6 Mc

TYPE
CA2
1

TYPE

i |/
Co7e

Ci=220 pul, ccramie, zero tem-
perature coeflicient

Ca=35.5-20 puf, variable, air gap
0.02145 inch, double-bearing
Hammariund  MC-20-8  or
equivalent

C1=4.5-25 upf, trimmer, ceramie,

Zoro  temperature coefficient
Centralab 822-A7Z or equiva-
tent

CyCu=390 pul, silver mica, zero
temperature coetficient

O O—wx

3

Ji=0.001 uf, disk ceramic,

6 V.

Cs=2.3-11.2 uuf, variable, min-
iature, air gap 0.0I17 inch,
Johnson 160-107 orequivalent

Co=100 uuf, disk ceramic, 600 v,

1L1=32 turns of No. 24 Enam.
on !4-inch dismeter ceramice
form, winding length 11/16
inch; form, CTC PLS7T-2C4L
or equivalent; tuned with
powdered-iron slug

]& I

RF
/ QuUTPUT
. Cg (2f)

O
+250 V.
92C5 1719

La=RF choke, 700 ph

L;=26 turns of No. 28 Enam.
on ly-inch diameter ceramic
form, winding length 4 ,-inch;
form, CTC PLS6-2C41L. or
cquivalent; tuned with pow-
dered-iron slug

R1=68 ohms, (0.5 watt, carbon

R2=147000 ohms, 0.5 wa!t,
carbon

R:=5000 ochms, 10 watts, wirc-

wound

NOTFE: Capacitor Cz tunes from 8.0 to 8.6 Mc to permit {requency multiplication for both 6-meter
and 2-moter transmitters, The tuned cireuit L, and Cs provides an rf output at twice the VFO fre-
quency. For an gutput at 8.0 to 8.6 Me, replace Ls with 2.5-mh rf choke and climinate Ca.

(5-3)

CRYSTAL OSCILLATOR FOR FUNDAMENTAL OUTPUT

TYPE 5763
OR 6417

C3)

T
MULTIPLIER

Ci C3=0.005 uf, mica, 600 v.

C2=1.0 puf per meter (approxi-
mate value for resonance at
frequeney {), variable, air gap
0.015 inch

Cy=350 puf (approx.}, mica (may

by
H7v AC

be in range of 10 to 100 puf),
600 v.

(3=3-30 uuf air padder. (Nor-
mally omitted. Use only if it
is desired to vary operating
frequency slightly from
erystal frequency)

295

)
d OR BUFFER
I/ L
. 7 3@)
Cy
1,
I

+2

50 V
40 MA (APPROX.)

L=Tune to fundamenta

frequency { with
Ri=27000 ohms, 0.5 watt
R:=47000 ohms, 0.5 watt
T =Filament transformer
X =Crystal




RCA Transmitting Tubes comee—————

(5-4)

CRYSTAL OSCILLATOR FOR HARMONIC OUTPUT

TYPE 5763

OR 6417 bats
i RF
- Ca OUTPUT
(26,3F, 0n 41

. | L.
L 1 ™11

O
7V AC 250V

X2 (F)

40 MA
(APPROX.)
(1=3-35 pul, air trimmer frequency 21, 3f, or {1), I:=2-turn link at rf ground
00 puf, silver mica, 500 v. variable air gup 0.023 inch nd of Lo
5 Ce=0,01 uf, disk ceramic, L 5 mh, rf choke R 00000 ochms, 0.8 watt
00 v, {»="Fune to harmonie Re=22000 ochms, 0.5 watt
Ci=1.0 ppf per meter (approxi- frequency 2f, 81, or 4f with T'=Filament transformer

mate value for resonanee at 4 t8ee note) N =Cryatal

NOTE: Fnrtunk-(‘,.oil design infarmation, refer to Paralle)-Tuned Tank Circvits in the Power-Tube Circuit-
Design Considerations Section

(5-5)

175-MC AMPLIFIER, DOUBLER, OR TRIPLER
Power Output (Approx.) 8.5 Watts for Amplifier, 3 Watts for Doubler,
1.4 Watts for Tripler

L Cy
RF

QUTPUT
(f 2f,3)

RF

INPUT
)
C Caz=T-10 pud, trimmer, disk 50- 12-15 v, for 705315 6.3 v, for or cquivalent; for doubler and

ceramie; for doubler Cp~4-30
upf
' ¢

er Li3=7.0 gh, 1000 ma,
110 Me, Ohmite Z-50 or

7
disk ceramice 175 Me for amplifier, 87.5 Mc

+ Oy LOO0  puf, feed- for doubler, 58.5 Mc for (ripler uivalent

through, silver mica Ly=2 turns of No. 18 kEnani. L:={ turns center tapped No.
Cy Ca=1000 puf, silver mica wound on Li-inch diameter 18 nam. wound on !4-inch
¢ 4=3.6-15 guf, vaviuble, air gap form, close wound diameter form, close wound

0.045 inch, Hammarlund Hi- s2=hHturnscentertapped foram-  1;=3 turns of No. 18 Enam.

15-X or ¢yuivalent plifier, 7 turns center tapped wound on !i-inch diameter
Eh=300 v. {for amplifier; 250 v, for doubler, 8 turns center form, close wound

for doubter; 200 v. for tripler tapped for tripler; No. 18 1=22000 ohms, 0.5 watt for
Ker=-42 v, for amplifier; - Fnam. wound on !%-inch di- amplifier; 47000 ohms, 0.5

for doubler; -90 v, for tripler ameter form, close wound watt for doubler; 68000 ohms,

=200v. foramplitier, doubler L. Ly=RF choke, 1.8 pzh, 1000 0.5 watt for tripler

and Aripler ma, 80-200 Me¢, Ohmite 7Z-1114
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Circuits

(5-6)

TRIODE AMPLIFIER

Class C Telegraphy Service

TYPE 8000

® gu
R
R
X 2
KEYING ==Cg
T MI Ce
X X c3 eF
]
gll? VACL - 2soovo*
300 MA

C1=0.0005 uf, mica, 1500 v.

Cz C3 Cy C5=0.002 pf, mica,
600 v,

Cs C .002 uf, mica, 5000 v.

C;=5-10 wpl, neutralizing
capacitor, air gap 0.8 inch
min

C9=0.75 uul per meter per
section (approximate value
fur resonance at frequency f)

F=Fuse, 0.5 amp

11=2.5 mh, 100 ma, rf choke

L2=1 mh, 600 ma, rf choke

Is=Tune to frequency f with Cy

Ls«=2-turn link at center of Ls

RF
OUTPUT
)

M= Mailliammeter, 0-100 mas, de

Mo2= Milliammeter, 0-500 ma, de

R1=6000 ohms, 20 watts

R2=50 ohms, center-tapped,
wire-wound

T=Filament transformer, 10 v,

4.5 amp, insulated for 2500 v.

Keying Circuit: Because this circuit is at a high de voltage, a relay-type circuit should be used for keying.

(5-7)

BEAM POWER TUBE AMPLIFIER
Class C Telegraphy Service

7 vAC

C1=4-50 puf, trimmer, air gap
0.015 inch

C20C;5Cs=0.01, disk ceramic,
600 v.

C3=0.005 pf, mica, 1500 v.

Cs=2 ppf per meter (approx-
mate value, including tube
output capacitance, for reso-
nance. For operation above

630V
200 MA (APPROX.)

60 Mc use lowest value which
will permit tuning over de-
sired range), air gap 0.075
inch min.

F=Fuse, 0.25 amp

L1=2.5 mh, rf choke

Lz=Tune to frequency { with Cs

Ls=2-turn link a¢ rf ground end
of L

Mi= Milliammeter, 0-10 ma, dc¢
Me2=Milliammeter, 0-200 ma, d¢
Ri=51000hms, 1 watt

R2=390 ohms, 10 watts
R3=15000 ohms, 10 watts
R1=25000 ohms, 20 waltts
T=Filament transformer,

6.3 v., 1.25 amp




= ———— RCA Transmitiing Tubes

(5-8)

PUSH-PULL TRIODE AMPLIFIER
Class C Plate-Modulated Service

TYPE 812-A

Cs
)

TYPE 8I2-A

"7V AC

Cr Cs Ce=0.005 uf, mica, 600 v,

=2 ppf per meter per section
(approximate value for
resonance at frequency f),
air gap 0.026 inch, min.

Cs C4=4-10 puf neutralizing
capacitor, Hammarlund
N(C-75 or equivalent

C:=0.002 gxf, mica, 5000 v.

C=1.5 puf per meter per secetion
(approximate vatue for reso-
nance at frequency {), air gap
0,170 inch min.

F=Fuse, 0.5 amp

Li1=3-turn link at center of L

Le2=Tune to {requency { with (

L3=2.5 mh, 500 ma, rf choke

Lsi=Tune to frequeney f with C,

298

4460
OHIMS

FROM
MODULATCR

I-=3-turn link at center of 1.
M= Milliammeter, 0-150 ma, de
M:= Milliammeter, 0-500 ma, dc
2=1650 ohms, 20 watts
Ti=Filament transformer,
6.3 v., 8 amp
T.= Modutlation transformer,
125 watts audio level



— Circuils =

(5-9)

PUSH-PULL BEAM POWER TUBE AMPLIFIER
Class C Plate-Modulated Service

RF
OUTPUT
£

2 Wr pe r me ur per v.m tion
(appmmmatv value for reso-
nance at fre queney f), air gap
0.030 inch min.

2 (4=0.002 uf, m)(-a 500 v.

b ( GAO 003 uf, mica, 5000 v.
=15 ;tpf per meter per section
(approximate value for reso-
nance at frequency f), air gap

~45Y +C  +350V
-8 80 MA

0.175 inch min.
Cy=0.002 uf, miea, 6000 v.

: 4 uf, eleetrolytie, 600 v.
“use, 1 amp
=3-turn lmk at center of T
Lea="FTune to frequeney f with Cz
Ia=6 henries, 150 ma, choke
Li=1 mh, 600 ma, tf choke,
Ls=Tune to frequency { with Cs
Ta=3-turn link at center of ls

299

FROM
MODULATOR

fy

+2000V
400 MA

= Milliammmeter, 0-8001ma, de¢
M= Milliummeter, 0-50 ma, dc
R=4000 ohms, nd)ustable,
wire-wound, 25 watts
T,=Filament tranqt‘ormor,
10 v., 10 amp
’I‘z—MnduIatmn transformer,
150 watts audio level




= e RCA Transmitting Tubés

{5-10)
CLASS B PUSH-PULL TRIODE MODULATOR
Power Output 590 Watts {Approx.)

AF AF
INPUT QUTPUT
-
420 MA (MAX. SIG)

™= Millinmmeter, 0-500 ma, dec primary to one-half secondary Modulation transformer,
"T1=Prriver Transformer, plate- 1.6 to L (Note 2) load impedance 11060 olims

to-plate impedance 1500 T:=Filament trausformer, plate-to-plate; turns ratio

ohms, turns ratio of total 10 v, 9 amp, center-tapped depends on modulating im-

pedance of modulated staye
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 cireuit having a low output impedance and an output of
approximately 25 walts is recommended. Por this eircuit, four 2A%’s in push-pull-parailel Class AB;,
operating with a plate voltage of 300 volts and a fixed bias voltage of -62 volts, with the indicated driver
transformer T, 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 l QUTPUT
+750 V
7 vAC 250 MA
Ri R2=20000 ohms, 1 watt, Stancor A4761 or equivalent turns ratio depends on modu-
carbon Te=Maodulation transiormer, lating impedance of modu-
’1‘1=]}riv4-r 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 impedanee and an output
of approximately 10 watts is recommended. For this circuit, with the indicated driver trans't'nrm(‘f T,
two 2433 in push-pull Class AB: operating with a plate voltage of 300 volts and a cathode-bias resistor
of T80 ohms may be used.
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Circuits

(5-12)

CLASS AB, PUSH-PULL MODULATOR
Power Output 100 Watts (Approx.)

HIGH=-
IMPEDANCE

MICROPHONE
INPUT

Cr=500 pul, mica, 500 v.
2=16 pf, miniature clectrolytic,
12 v.
(=25 uf, miniature electrolytie,
2v

Cy Co=25 uf, cleetrolytic 25 v.
Ca=0.01 uf, paper, 400 v.
17=0.002 uf, paper, 400 v.
CyCeCip=Rul,electrolytic, 450 v.
‘1=0.5 uf, paper, 750 v.
3 005 uf, mica, 1500 v,
("y3=0.1 uf, paper, 750 v.
Cia Crs Cre=20 uf, clectrolytic,
150 v.
C17=8 uf, electrolytic, 150 v,
C'R=8ilicon rectifier, type 1N-
3193

TO
TANK CIRCUIT
OF
TRANSMITTER

FiNAL
AMPLIFIER

SUPPLY

+= RI choke, 2.0 mh, 125 ma.

Tilliammeter, 0-100 ma, de

300 ohme, 0.5 watt

Ra=220000 ohms, 0.5 watt

R3 R R13=1000 ohms, 0.5 watt

R1=470 ohms, 0.5 watt

Ri=Potentiometer, 0.25 meg-
ohm

Re R9=270000 ohms, 0.5 watt

R:=2200 ohms, 0.5 watt

R 90 ohms, 1 watt

R10=22000 ohms, 1 watt

Ri2 R11=47 ohms, 1 watt

R15=1000 ohms, 1 watt

R16=2200 ohms, 2 watts

R17= 10000 ;hms, adjustable, 25
watts

301

T ,=Transistor input transform-
cr, primary 200000 ohms, sec-
ondary 1000 ohms.

T2=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
or equivalent

Ti=Modulation transformer,
100-115 watts, UTC 8-21 or
equivalent

Tu:=Filament transformer, 117

v.to 6.3 v., 1 amp




(5-13)

RO A Transmitting Tubes - =

CLASS B LINEAR RF AMPLIFIER FOR SINGLE SIDEBAND
Power Output 875 Watts (Approx.) Frequency 3.5-28 Mc

OO Ce Ol Cu Cua Oy
* 01 uf, disk ecramie,

H00 v,

C;=Neutralizing capacitor, Guuf
(Approx.) air gap 0.06 inch,
Bud ('15-2028 or equivalent

Cia Chn Cre=100 uf, electrolytie,
150 v,

'y =VH[" by-pass: {-inchlength
of coaxial ecable RG-58/U
usced as connecting lead with
outer  shield connected to
chassis

Crr Cin Cay=1000 ppuf, disk cer-
amic, 6000 v,

Cry="T'uning capacitor, 19-488
uuf, air gap 0.045 inch. 2000
v., Johnson 151-3 or equiva-
leul

: 15300 pf, sitver miea, 2500 v.

Jutput (loading) capacitor,

etion, 10-365 uufl per sec-

I=Indicator tamp, 6.3 v.

J=Closed-circuit jack. For ap-
plication of 100 volts negative
standby bias

L:=1RF choke, hifilar, B & W
FC-15 or cquivalent

L:=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

Ly=5 turns of insulated hook-
up wire wound over Lz

Yis Fie 1i Lis= Parasitic suppressor
choke; 7turnsof No. 18 Enam.
wound on and connceted
across Ry, Rs, Rg, and R,

Ls=RF choke, 1 mh, 600 ma,
National IR 154-U or equiva-
lent

L Li=Pi-network inductor,
Tllumitronic Pi Dux No. 195-1
or equivalent, tapped at 0.4,
0.7, 1, 2.2 and 4.5 uh, re-
spectively for 10 to 80 meters,

&
—
()

Lt wound with No. 8 wire:
Ly with 'i-inch copper strap.
About half the turns from
close-wound end of coil ean
be removed.

Lis= R¥ choke, 2,5 mh

M= Milliammeter, 0-1000 ma,
de

M.

Millinmmeter, 0-200 ma, de

3 25000 ohms, 235 watts

Re R:=39 vhms. | watt

SiN2=R8wilch,single-pole, single-
throw

S:=DBand switeh, rotary, single-
pole, H-positiom, heavy duty

Ti=Filament transformer, 6.3
v., 16 amp., Triad F-22\ or
cquivalent

Te=Filament transformer, 2.5
v., 10 amp., Stancor P-3024
or equivalent

Ts;=Plate transformer, 1250 v.,
300 ma, Stancor PT-8313 or
cquivalent.




— Circuits

(5-14)

50-MEGACYCLE TRANSMITTER
Power Output 120 Watts (Approx.)

OSCILLATOR
LMPLIFIER MULTIPLIER
TYPE

128774

DOUBLER
TYPE
Cq 2E26

R
) 'Cux
Coshe
10
]
R
6
Rg
5*—‘ ]
637 2, &30a
e I 930
= ) 13 |"L s r,‘ oo:
. o, S 1
Haoay o C3af—y— CL3'8 Cqp EL15) o
5 ELII ) n g £ $3b
I3 - C3q B 5
& i ﬁC35 130010 48 OB¢
1 350V 10 50070
. _l MOD, 600V
METER AC
(3 bo=515 turns Uf. Na. 10 solid, It: Rii=17 ohms, 0.5 watt,

10 puf, mica, 500 v,
Cs O Oy Cg G Gy Cre
a ( «

o G Oy C

Con Ui Cae Jan (
upul, disk ceramie, 1000 v,
Te= 100 uuf, mica, 500 v,

C7 C2«=3.7-32 ppf, variable, air
gap 0.015 inch, Hammarlund
HIF-50¢ or equivalent

T upf, mica, 500 v,

1. .2-30 ppf, variable, air
gap 0045 inch, Hammarlund
HEF-30-X or equivalent
Cr9=5.0-28.6 puf, double-sec-
tion variable, air gap 0.045
inch, Hammarlund HFD-30-

X orequivalent

Ca Cop G2y Cas Con Cus Cae=
1000 ppf, feed-through, cer-
amice, 500 v,

1.8-27.3  uuf, butterfly,

variable, air gap 0.030 inch,

iiammarlund BI'C-25 or
equivalent

Czs G Cyp Crr Ciz=1000 ppf,
disk ceramic, 3000 v,

Li=RF choke, | mh

L2=10 turnsg of No. 20 tinned on
4y-inch diameter form, wind-
ing length 34-inch

Co=
¢

tinned, on 4e-inch diameter,
winding length 1 ineh,

Ly L:=2 turns of No. 20 plastic
cavered on Va-inch diameter,
close wound

L«=8 turns of No. 10 solid, tin-
ned, on Sg-inch  diameter,
winding length 114 inch

Li=6 turng of No. 10 solid
tinned on 7¢-inch diameter,
winding length 1 inch

Ls=2 turns of No. 14 Enam.
covercd with insutation tub-
ing on ?4-inch diamoter, close
waound

Lo Ly Lt Lya Lirs Liz=R¥F choke,
7 1zh, 1000 ma, Ohmite Z-50
or equivalent

Lia= R choke, 25 turns of No.
16 Fnam. on !4-inch dia-
meter, close wound

NC=Neutralizing capacitors:
No. 12, tinned wire; }4-inch
length placed in proximity of
8291 plates

R1= 100000 ohms, 0.5 watt

1::=120 ohms, 0.5 watt

R .
IRy kg Ryy Rip=1000 ohms, 0.6
watt

Re Ri-=130 ohims, 0.5 watt
R:=47000 ohms, 1 watt

10000 ohms, 2 watts

Ri:=10ohms, 0.5 watt

56000 ohms, 2 watts

Ris=3.3 ohms, 0.5 watt, wire
wound

Riz=338 ohms, 0.5
wound

R15=13000 ohms, 10 watts, wire
wound

Si=Crystal —=VFO Switch; two-
pole, two-position, wafer, non-
shorting, rotary

S:= Meter Switch; two-pole, six-

position, wafer, non-shorting,

rotary: Shown in oscillator,
amplifier, multiplier plate-
current position

S;=Tuning Switch; 60-degree
indexing Centralalhy PA-304
or equivalent; two progres-
sively shorting 30-degree wa-
fers, Centralab PA-12 or
equivalent, using every sce-
ond contact.

X =Crystal, 8-Mcrange

watt, wire

NOTES: 1. With 8-Mc 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-multiplicr plate
current to 30 ma; doubler grid-No. 1 current to 2 ma; douhier plate current to 100 ma; final grid-No. 1
current to 30 ma; final grid-No. 2 current to 100 ma; and final plate current to 300 ma.

303



(5-15)

RCA Transmining Tubes ==

SINGLE-SIDEBAND EXCITER (FILTER TYPE)
Output Frequency 3.8-4.0 Mc

______ Rl

+200 V.

t—— OUTPUT
TO

I
/1 LINEARKF
7\ \ AMPLIFIER
!
6 |
|
el
4200 V.
g MECH.
VOkL%GE 0.5V. P-P {FILTER
. + 455 KC.

BALANCED MODULATOR

OSCILLATOR i C20
X it
R
; %D} J_ Rig :Fczz 22 |La
B
lLS IN3£¢AJL Ry LCia Cis5 : c ) 21
o3 ¢ <ZRo0 23]
cal T R23
Ri2 it
SPEECH It
INPUT
C7 Cig _I_c R -.[ Xy
ned T o5 I3
+200v.0 + +200V. 6.3 V.

Ci1=68 puf, ceramie, zero tem-
perature coefficient

C2=300 uuf, ceramic, zoro tem-
perature coefficient

Ca=5-60 uuf, variable

s Co C7 Cin Cpy Crg=0.005 4f,
mica, 600 v.

13=470 uuf, silver miea, 500 v,

Cs=0.001 pf, mica, 500 v.

Cs Cre=22 puf, mica, 500 v,

; 5-320 puf, variable

500 puf, miea, 500 v.

.01 pf, disk ceramie, 600 v.

.02 pf, disk ceramic, 600 v,

).2 pf, paper, 200 v,

1002 uf, paper, 200 v.

).04 uf, paper, 200 v,

0.0056 uf, mica, 500 v.

5 turns of No. 22 Enam.
spaeed uniformly over 0.6 inch
on I-inch diameter form; grid-
No. 1 tap, 7} turns above
ground cnd: cathode tap, 1.9
turns above ground end

Le=RF choke, 2.5 mh

1..=88 ph, approx., adjustable;
high (, ferrite core; conver-
ter-tube  oseillator  coil  for
standard AM band may he
usged; cathode tap, approx. 15
iper cent of total turns above
ground.

1.:=50 gh, approx., adjustable;
3 turns of No. 86 Enam,,
close wound in single layer on
9/32-ineh tube, tuned to erys-
tal {requency with {-inch
iron slug

R1 R:=1500 ohms. 0.5 watt

R 300 ohms, 0.5 watt

Rs=Amplitude Balance Con-
trol; 2500 ochms, composition,
linear taper

R4 R14=33000 ohms, 0.5 watt

R:=39 ohms, 0.5 watt

e R12=300 ochms, 0.5 watt

Rg=27000 ohms, 2 watts

Ra R Ris Ran=268000 ohms, 0.5

watt
R11=470000 chmg, 0.5 watt

Ria= 17000 ohms, 0.5 watt

Lis=Carrier Amplitude Balance
Control, 25000 ohms, com-
position, linear taper

L1c=100000 ohms, 0.5 watt

20000 ohms, 0.5 watt

3 6000 ohms, 0.5 watt

RR21=Carrier Phase Balance Con-
trol, 2500 ohms, composition,
linear taper

Res Raz=2700 ohms, 0.5 watt

T'=Primary: Two wires wound
in parallel, each 2314 turns of
No. 34 wire, single Teflon in-
sulation (or silk if necessary),
bifilar wound on !j-inch dia-
meter tube; winding length,
3ginch; tuning slug, 1 inch
Secondary: 26 turns of No. 32,
Formex insulation, close
wound in single layer

X =Crystal, 456.85 kilocycles

NOTI: The leakage resistance of the 1N\ serves ar the grid resistor for the miser stage: in some
eases. however, it may be necessary to add a 4AT0000-0hm gried resistor across the diode.
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(5-16)

Circuils ——=e

144-148 MEGACYCLE TRANSMITTER FOR MOBILE OPERATION
Power Output 30 Watts (Approx.)

Quick Heating

48 TO 49 332 Mc

144 TO 146 Mc

OUTPUT 1334-143 Mc (50 OHMS)

it
=
C)

) Cig
9

Cig
lead

A O—
250\/

Ciu O O i
(.’:J Cao Co=0) L0y uf
[HUTRY

1=2.3-14.2 pul, variable,
miniuatuee, air gap 0,017 inch,
son 14.1) 107 orequiv; aln-nt
00 paf, disk ceramic,

8.0 uul, variable, min-
iature, air gap 0017 ineh,
Jnhn«mn]t.() 102 orequivalent

5 8 uuf, tubular trim-

332-B or equivalent

Ca Con ¢ 20 Czp Cay=0L001 gf,
silver mica, Frie 370-10A-102)
ur(-qun.nlvnl
o W8-17.0 upf, varinble, air

o p 0.015 inch, Hammarlund
HF-15 or cquivalent

Coy=0-80 ppf, trimmer,

Arco /I(»‘_Z or cquivalent

Cz1=3.6-15 puf, variable, air gap

0.0715 m(-h.Hdmmdrluml HF-

mica,

‘Z—.»O npf, v armhlo, air gap

5 inch, Hammarlund
M( -H0-M or equivalent

C23=220 guf, disk ceramic, zero
temperature cocflivient

Ca3
L5
S Ry LY
CONTROL' o

Jv-J a5l

o—-f-om 16V, -3V, o
oc

LOW - 3
IMPEDANCE ¢ ]
MICROPHONE 42+ +[Cqa
INPUT ,I Rs, ,I
5250 V. 6C 400 V. ucb
150 - 250 MA

Coi=0.0- Z()yyf variable, air gap
0243 inch, douhlv-h(mnm,
Hammarluud  MC-20-8  or
w|uwal( nt
Jas=4.5- unf, trimmer, ce-
ramie, zero temperature coef-
ficicnt Centralab 822-AZ or
equivalent

Cae Car=3890 wuf, silver miea,
, zero temperature coeflicient

& uf, eleetrolytice, 450 v,

0.0] uf, paper, 600 v,

L0 uf, cleetrolytic, 50 v.

licrophone jack, 2 contact
and shicld, Amphenol 80
PC2I or equivalent

| Y L. Lie= RF choke, 750 gh

L2=T7 turns of No. 21 Enam. on
!4{-inch  diameter  ceramic
form, wmdmg tength 65/32
inch; form, CTC PLS6-2C4L
or (-qulmlont tuned with
powdered-iron slug

Li=2!4 turns of No., 18 Enam,
on 7/16-inch diameter, wind-
mg longth !j-inch

=414 turns of No. 18 Enam.
on T/16-inch dldmvt(‘r wind-
ing length 3¢ inch, center
tapped

305

LsLw=RF choke, L. gh, Ohmire
Z-144 or equivalent

=3 turns of No. 20 Enam, on
}i-inch  diameter,  winding
fength ¥ inch, center tappod

Ls=3 turns of No. 20 Enam. on

14-inch dmmdor, winding
length /16 inch, eenter
tapped

Lo=RF choke, 7.0 gh, Ohmit.

Z-50 or equivalent
Lit=4 turng of No. I tinned on
8{-inch diameter, winding
length %4-inch, center tapped
L:=13{ turns of No. 14 Enam.
on 34-inch diameter, winding
length 4 inch
L15=32 turns of No. 21 Enam,
on Y{-inch diameter ceramic
form, winding length 11 16
inch; form, CTC PLS7-2011,
or equivalent; tuned with
powdered-iron slug
L1:=26 turns of No. 28 Inan.
on l{-inch diameter ceramic
form, winding length 30 inch:
form” CTC PLR6-2CA1, or
equivalent; tuned with pow-
dered-iron slug

(Continved on page 307)
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= RCA Transmitting Tubes

FIVE-BAND 10 TO 80 METER TRANSMITTER

Power Output 0 Watts

Rg Ry

J\/v—""q’\-—f\t v‘«—‘

fa
FiNAL

Frequency 3.5, 7, 14, 21, 28 Megacycles

AMPLIFIER

~

dus

rry

405

Cm

Czs

024

'
T CTLI
C25

\
€2

Csl
fl G \H
7

szi‘ L
[+]]
>0,
2
haN
-
RF
L8 ouTPuT
Cog Cao
AN
4

\ TYPE
6DT6A 32

5 “09

TO KEY 550V.180 V. 45 V.
Fy
- b3 yo mETER - Lig
(9 [12 550(? G 1
v TCe3
Ce1 ‘62

2

TO PONER
A e SUPPLY

b\—cj:cea CR KZY

306

)

i rﬂ’—
‘;i}—‘ —
o rtr
3V.AC 300 V.

3
L
- '50\_ To63 Vv
“—«—‘n—g’:;f T Cae SUPPLY
B

e
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(5-17)

FIVE-BAND 10 TO 80 METER TRANSMITTER (Cont'd)

Cy Cai Cas Ce2=0.005 uf, disk

cortamie, 1000 v,

Co Cr CrGa U Cr2 Ciz Cry Cus
Crs Caz Co Cu (u(/qr Cha
Ca Cin O Con Cean Cea

Cas= 0.001 ;xf (lisk ceramic,
1000 v,
C; Cir G5

3.7-52 ppf, variable,
air gap 15 inch, [Hammar-
lund HI-50 or equivalent

Cy( T3 O O Cog=0,001 uf,
m

3 oud, mica

300 puf, feed-through, ce-
ramic

C1i==1-7.5 puf, trimmer, tubular
ceramie, Centralab 829-7 or
equivalent

Ci7=0.003 uxf, ceramie, 1600 v.,
Centralab D1316-3020r equiv-
alent

Tie Cra=16.5-100 uuf, variable,
air gan 00715 inch, Ham-
marlund MC-100-8X or
equivalent; iz is used as

d 100-puf capacitor

5.3-112  upf, variable, air

gap 0,015 inch, Hammarlund

H l‘ 140 0r nqulv.lh-nt

30 nf, mica

Co Cu O Cr Ca2=0,001

. uf, disk ceramie, 3000 v,

2 Cug Cas Cag Caz Caz Can C

=120 ;zul' mica

.01 i, disk ceramie, 1000 v,

.02 uf, diigk ceramic, 1000 v,

2 pund. mica, 500 v,

50=220 ppf, mica, H00 v,

Cot Can== 1500 puf, feed-through,
Centralab 1¥F-1500 or equiv-
alent

CRICR2

i

Coa
Ch

CRa=Crystal
Harmonte filters

- naxial eonnector

ot L Ls L Loa=RE choke, 2.5
mh

L2=57 turng of No. 24 on 54-
inch diameter, wound 32 turns
per inch; tapped 5!4, 81,
1114, and 28 turns from grid
end; B & W 3008 orequivalent

Li=7 turns of No. 16 Enam.
wound on RY

L:;=RIE choke, 1 mh

Le=10 turns of No. 10 Enam.
on l-inch diameter, winding
length 2 inches; tapped 414
and 714 turns from plate end

Ls=10 turns of No. 10 Fnam.
on l-inch diameter, winding
length 2 inches; tapped 414
and 714 turng {rom plate end

L:=203% turns of No. 18 on 114-
inch diameter, wound 16 turns
perinch; tapped 11 turnsfrom
plate end; 3 & W 3019 or
equivalent

Tu=2R8 turns of No. 24 on 5%
inch diameter, wound 32 turns
per inch; B & W 3008 or
cquivalent

Li2=14 turns of No, 20 on 5%
ineh diameter, wound 16 turns
per inch; B & W 3007 or
equivalent

Laz Lis=RF choke; 7 gh, Ohmite
VA )(lnr(qm\r'\l( nt

Li1:=25 turns of No. 16 Enam.
cloge wound on #{-inch dia-
meter plastic rod

M= Milliammeter, 0-3 ma. de

R1 R1a=G68000 ohms, 0.5 watt

Ran 1221 Res R“r Raa Raa
Rar= 1000 ohrs, 0.5 watt,

Ra=120 ohms, 0.5 watt

11 Ra Re=12000 ohms, | watt

R:=30000 ohms, variable, 4
watts

Ro=100 ohms, 1 watt

Rir Rin Rie= 100000 ohms, 0.5
watt

Re:=270 ohims. 0.5 walt

213=3900 ohms, 1 w’\(t

00 ohms, l).ﬁ wat(

22000 ohms, 0.5 watt

Roa=-470 ohmg, 0.5 watt

R2r Ra3=220000 ohms, 0.5 watt

R2a=100hms, 0.5 watt

1Ro7 Ree=220 ohmg, 0.5 watt

Si=Band switeh; rotary, ce-
ramie, 6 poles, 5 positions, #
sections; Centralab index as-
sembly PA-305 and wafers
PA-17 or equivalent; shown
in 3.5 Me position

Sa=Tune-operateswitch;singlee
pole, double-throw; shown in
operate position

S3=Coarse loading switch: ro-
tary, ceramie, 1 pole, 2-10 po-
gitions, 1 section, progressive
opening; Centratab TPA-2052
orequivalent

Si=Crystal-VI*Oswiteh; rotary,
ceramie, 3 poles, 2-5 positions,
1 section; Centralab PA-2006
orequivalent.

Meter swnch rotary, ce-

ra mn',2 poles, 2-6 prmtmnn 1
section, non-shorting; Cen-
tralab I’A-2003 or equivalent:
shown in GKBR triode unit
grid-eyrrent  position  (0-3
ma.); suceeeding positions in
order are 12BY7A grid-No.l
current (0-3 ma.), 6146 grid-
No.l current (0-6 ma.), 6116
grid-No. 2 current (0-30 ma.),
61 l() pl.n(- current (0-300 ma.)

Se=Keying switceh: double-pole,
double-throw; shown in eath-
ode-cireuit keying position

(5-16, continued):

1 R-=36000 ohms, 0.5 walt,
mrlmn

a1 1= 15000 ohms, 0.5 walt

R: 1= 18000 ohms, 0.5 watt

Ila= 1000 ohms, 0.5 watt, carbon

A= 18500 ohms, 3 watts (three
56000-0hm, l-walt resistors
in paralleD

3 ohms, 1 watt

121=68 olims, 0.5 watt, earbon

Riz Rus=
carbon

Ria=5000 ohms, 10 watis, wire
woun

R1;=1000 ohms, 1 watt, carbon

Ris=Potentiometer, 0.5 meg-
ohm

Ri:=50 ohms, 1 watt

S=Relay c¢ontact on transmit-

receive switeh

47000 olims, 0.5 watt,

Ti=Driver transformer, single-
plate to push-pull grids, pri-
mary 10000 ohms, turns ratio
primary to onc-half secondary
3:1: Stancor A-1723 or equiv-
alent

Te2=Muodulation transformer, 30
wattr, Stancor A-3R92 or
equivalent. Terminals 9 & 12
connected together

NOTES: 1. A metal shield should be used to isolate the final amplifier and the driver output cirenit
from the other rf circuits. Filament and 250-volt B+ line through shicld should he by-passed by
0.001~xf ceramic feed-through capacitors such as Centralab MFT-100 or equivalent.

2. Macement of a N-1 milliampere meter (in series with a 5000-ochm (.5-watt resistor) across terminals

A\ 1-\2,
cirenits, roqpm'tlvul_v
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RCA Transmitting Tubes

(5-18)
TYPICAL COAXIAL CAVITY FOR BEAM POWER TUBE 7650

Frequency 300 to 1500 Mc. Cathode Drive

= PLATE CONTACT
GRID-N0.2 CONTACT
2 GRID-No.! CONTACT

BY-PASS
2

250"

#—-1.500" 0.D. x
065" WALL

1—-2.500" O.D. x
065 WALL

3.500”1.D. x
1097 walLL

B—3.000"1.D. x

e

NEUTRALIZING __

ADJUSTMENT Ak & 065" WALL
L3 i ek CAPACITIVE PROBE
-! F: IT7 [T T duTPUT ‘CoupLiNG
1] il e ) =
i : | | ~a
| : | ol w—— i
£ ;- 45007 1,0, i
134" WALL

QUTPUT TUNING —

§ S—————

750700, % f_
058" WALL.  H 0 : 1
CAPACITIVE —— QU oty 8
PROBE | [eaiath ;
INPUT i S— ,.....3, I i - GRID-No 2 INPUT
COUPLING S| — i =—GRID-No.I INPUT
——d b 1}
i
H

— INPUT TUNING

.:_ 2
1:1

[
1
)
) HEATER CATHODE
i3

{.EGEND
7 METAL ‘%

HEATER —= | =—— 375"0.D. X 035" WALL

INPUT
. ARSIRER 7 WFORCED AIR 92CME10497
INPUT
Li=Length of Grid-No.2-Plate Le=Length of Grid-No.1-Grid- sa=Length of Cathode—Grid-
Cavity, 1 to 20 inches, ap- No.2 Cavity, 0 to 20 inches, No.l Cavity, 0.4 to 20 inches,
prox., depending on frequency approx., depending on fre- approx., depending on  fre-
and mode quency and mode, quency and mode.

NOTES: 1. At 12560 megacycles in three-quarter wavelength mode, approximate length of L1 is 4.3
inches, L2 is 3.3 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.)

TYPE
6524

R
INPUT
(154 Mc)

___J

TYPE f

6524
Ls
7 Rs
? cs
H Re
Lo
T Lo
P Cq )
Lis ] g S
T outhuT

(@62 MC)

("1 Ca=2.2-8.0 u4f per rection,
variable, bhuttertly, air gap
0.017 inch, Johnson 9MBI11
or equivalent

("3 Co=2.7-10.8 puf per section,
variable, butterfly, air gap
0.017 inch, Juhnson 11MBI11
or equivalent

('4=1.5-5.0 puf, variable, air gap
(.017 inch, Johnson 5M11 or
uquxvalvnt

CeCr CaCy Crp Cnn Crz C13=1500
;.q.lf feed-through ceramie,
Erie 362-152 or equivalent

Ia=1 turn of No. 10 base copper
wire, wound on !4-inch
diameter

T2 Ls=1%% turns of No. 10 hase
copper wire close-wound on
V4-inch diameter. L2 and Lz
are spaced to accommodate L1

L+ Ls Ls Le=Silver-plated eop-
per rod 3/16-inch diameter
approximately 3 inches long.
Rods of each pair spaced
11/16 inch on centers

Ls Lr=Silver-plated copper rod
3/16-inch diameter approxi-
mately 113 inches long. Rod

spaced 1 inch on centers

Lio=1 turn of No. 8 silver-
plated copper wire approxi-
mately 1 inch square

It Ltz Lis L Lis=RF choke,
Ohmite Z-460 or equivalent

My M= Milliammeter, 0-5 ma, de

Mo M;—Mllhammcter 0-150
ma, de

Rt Ra Ri Re=57 ohms, 1 watt

Rz R1=25000 ohms, 0.25 watt

Ri=51000 ohms, 0.5 watt

s Re=Potentiometer, 20000
vhms, 2 watts

NOTLE: Suitable tube sockets are Johnson 122-248 or equivalent mounted 9,16 inch below chassis. For
detailed operating conditions of this cireuit, refer to type 6524 in the T'ube T'ypes Section where typical
operation values for Intermittent Commercial and Amateur Serviee (ICAS) are given for both the

tripler and tinal at 462 Mec.
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(5-20)

— RCA Transmitling Tubes

TRANSMITTER POWER SUPPLY CIRCUIT

. T2 R cR -45 v,
I D 1 ne
E T% c -C A (R
. S o7, §%
SSo v
Cc
F
2
W7 v AC 8
TYPE
5R4GY8 300 V.
3]
Sy
$—O" O i
S2 C2-
X v
I i 5.3V
AC
Cy Co Ca (=40 uf, eleetrolytie, Re Rs=4700 ohms, 1 watt Tas=1Filament transformer, 6.3
430 v, s=15H v., 1.2 amp. Stancor P-6131
o, 10 uf, electrolytic, 150 v, Ra=5000 ohms, 25 watts, ad- or equivaient. Conneet 6.3-v,
CR-XNilicon rectifier, type I1N- justable winding of 12 to 5-v. winding
2193 R:=100000 ohms, | waft of Ty
la=Choke, 4h., 175 ma., Stan- &; S2=Switeh, single-pole, sin- K=Relay, double-pale, double-

cor ("-1410 or equivalent
Lo=Choke, 4.5 h., 200 ma.,

Staneor C-1411 or equivalent
Ri== 100 ohms, 0.5 watt

gle-throw
Ti=Power trans{ormer; approx.

350—0—350 v, 200 ma.; 5 v
Jamp.; 6.3 v, 7.5 amp. (min.)
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throw f-v. ac coil, Poiler and
Brumfield GATIN or cquiv-
alent



(5-21)

ez Circuits

OSCILLATOR FOR DIELECTRIC HEATING
Frequency 27 Mc (Approx.)

Cr Ce Co=0.005 uf, mica, 600 v,

Cy=2 pl.llLs 3/32-inch dluml-
num, 5 inches x 7 inches
spadc (,d 7% inch

Cp=50 uuf, max., depends on
work load

I'=Fuse, 0.5 amp

Ia=3 turns 3/16-inch copper

tubing spaced 3¢ inch on

21{-inch 1

Io=RF choke, 40 ma

la=RF (hukv 500 ma

L1=3 turns 5,’lﬂ-m('h enpper
tubing spaced 5§ inch on
334 -inch 1,D.

Ls Ls= 2 turns 3, 16-iuch copper

LOAD
ELECTRODES

tuhm" with adjustable
spacing between turns on
334-inch I.D,
Ml:Milliammel(-r, 0-100 ma, de
M= Milliammeter, 0-1000 ma, d¢
00 ohms, 25 watts
T=TFilament transformer, 10
volts rms, 9 amp

NOTE: Adequate shielding should be used to assure compliance with FCC requirements regarding

spunuus radiation.

(5-22)

OSCILLATOR FOR INDUCTION HEATING
Frequency 450 Kc (Approx.)

C3
+ e
4000 v Cs
L AMP
Cy CL,=0.01 uf, mica, GOO v. inches long on 4-inch
C2 Coz 0.1 uf, papcr, 5000 v., diameter
0.6 a‘*mp rms min. 1.:=38.0 mh, rf choke, 250 ma
(4=0.002 uf, mica, 8000 volts Lz=63 uh, choke, 15 amp rms,

min., 15 amp rms

IF=Fuse, 1 amp

Li= 3mlh, rf choke, I amp rms,
insulated for 10000 peak
volts, single-layer solenoid,
300 turns No. 18 Enam., 12

NOTE:
spurious radiation,

insulated for 5000 peak vulLs,
40 turns No. 8 Enam,, 8 inches
on 4-inch dinmeter form.
Li=Single-turn secondary,
sheet copper
Ls=Work coil

311

Mi=Milliaunmeter, 0-1000 ma, de
Milliammeter, 0-150 ma, de
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 buib
between grid and plate seals.

Adequate shielding should be used tu assure compliance with FCC requirements regarding



(5-23)

_— RCA Transmitting Tubes

VHF OSCILLATOR FOR DIELECTRIC HEATING
Frequency 160 Mc (Approx.)

TYPE
5786

|
! LOAD
ELECTRODES ~p-

Co7F M'

R

—

M2 (d)

C3 F

o +
2700V
500 MA

] K
] INSULATOR
WORK
t 5
i MOUNTING PLATFORM—
”
3l cs
6
L2 I ¢7
L 6 '/2” U

Cr=250 ppf, mica 0.005 inch
thick, 3 inches x 331 inches
copper plate, held to mount-
ing platform by insulated
pressure clamps

=0,001 uf, mica, 600 v.

00 puf, mica 0.065 inch

thick, 4 inches x 5 inches
copper plate, held to mount-
ing platform by insulated
pressure clamps

= 10-30 puf, variable, eon-

sisting of copper plate

3 inches x 314 inches mounted
on [» and round disk 8 inches
in diameter, air gap ! inch
to 1 inch

Cs Cr=100 puf, mica (“postage
stamp’’), 600 v,

F=Fuse, 0.5 amp

Li=Copper strap 1-3, 16 inches
wide x 1/16 inch thick

Te=14 inch x 1 inch rectangular
waveguide or equivalent

M;=Milliammeter, 0-150 ma, de¢

Ma=Milliammeter, (-750 ma, de

R=L000 ahma, wirc-wound,
HO watts

T=1Ftlament transformer,
11 volts rms, 12.5 amp,
naximum starting surge
50 amp

B=Blower, designed to supply
an air flow of at least 140 efm
through an outlet area of
617 square inches to the
radiator and the filament wnd
grid seals.

NOTE: Entire vseillator and load assembly i3 enclosed in metal box having one end open for cooling-air
exit and for case of loading work. Mounting piatform divides box into two compartments, Sec tube data

for RCA-BT86 forced-air-cooling

requirements, Tube and cireuit must be protected {rom fumes or

vapors that may come from work. Adequate shiclding should be used to assure complianece with 1MCC
roguirements regarding spurious radiation.
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cathode-follower

class AL ... coao

class AB. ... .. ... ...

class B, caleulations. . ... ........... 56,
class C........ ... .. 5

sg C, caleulations
keyed. ... ... L
modulated. ... ... ... oo Lo L
paralfel........ ... ... L oo
push-pull .
radio-frequency . . . ..

Amplitude Modulation. .

Anode:
current
types. ...
voltage

AP Power Amplifiers

Basic Considerations, ... ... .. ... ...... 3
Beam Power Tubes. .. ... . .0 L. 9
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self (eathode-resistor) 35
SUPPIY . . 69
C
Caleulation of:
average anode current. ... L. T
cathode (=clf-hias) resistor. ... ... .. 35
class AB and class B af amplifier service 54
class AB2 amplifiers, multigrid tubes. .. 55

class B amplifiers, triodes. ... ... ... .. 56, 57
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bias. . ... 29, 35
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directly heated. ... ..
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follower. . oo
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E
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cathode voltage . . 86
SUPDLY . . 67
High-Level Modulation. ... .. ..., ... 18
Inductive Coupling. .. ................ 11,12
Input Signal . ... ... .. .. o oL 6
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Peak Plate Current. .. ... 20
Pentodes. . ... . 8
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RCA Technical Publications

on Electron Tubes, Semiconductor Products,
Batteries, and Test and Measuring Equipment

Copies of the publications listed helow 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
8Y" 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, and 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 cireuits 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.*°

e 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
circuits, Resistance-Coupled Amplifier
Section, new receiving-tube and picture-
tube charts, and several circuits for high-

tPrade Mark Reg. U, 8. Pat. Off.

fidelity audio amplifiers. Features lie-
flat binding. Price $1.00.*°

® RCA ELECTRON TUBE HANDBOOK
—HB-3 (734" x 525""). 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,
cameta 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. Alsoavailable with RC A Semi-
conductor Products Handbook HB-10
at special combination price of $25.00*
Write to Commercial Engineering for
descriptive tlyer and order form.

® RADIOTRONT DESIGNER'S HANDBOOK
—4thEdition (8%,”x5","")— 1500 pages.
Comprehensive reference thoroughly
covering the design of radio and audio
cireuits and equipment. Written for the
design engineer, student, and experi-
menter. Contains 1000 illustrations, 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.*
o RCA POWER TUBES—PG-101E
(1074" x 834'")—46 pages. Completely
revised and hrought up to date. Tech-
nical information on 200 RCA vacuum

Prices shown apply in U.8.A. and are subject to change without notice.
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[

<



power tubes, rectifier tubes, thyratrons,
and ignitrons. Includes terminal connee-
tions. Price 75 cents.*®

o RCA RECEIVING-TYPE TUBES FOR IN-
DUSTRY AND COMMUNICATIONS—RIT
104B (107g" 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.*®

o RCA RECEIVING TUBES AND PICTURE
TUBES — 1275K  (107%"” x 834") —64
pages. New, enlarged, and up-to-date
booklet contains classification chart, ap-
plicationguide, characteristies 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" x834"")—36 pages. Contains tech-
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.*®

® RCA INTERCHANGEABILITY DIRECTORY
OF INDUSTRIAL-TYPE ELECTRON TUBES
—ID-1020C (107%" 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 (107¢" x
834’} —20 pages. Contains a selection of
photocell-circuit diagrams; technical
data and characteristic curves of RCA
photoconductive, photojunetion, and
photovoltaic cells; interchangeability in-
formution; and supplementary informa-
tion on tungsten and fluorescent light
sources. Booklet is designed to introduce
the enginecr, the hobhyist, and the ex-

tTrade Mark Reg. U, 8, Pat, Ot

perimenter to application possibilities of
RCA photocells. Price 25 cents.*®

® RCA MAGNETRONS AND TRAVELING-
WAVE TEBUS—MT-301A (10%24” «x
8%4'')—48 pages. Operating theory for
magnetrons and traveling-wave tubes,
application considerations, and tech-
niquesformeasurementof electrical para-
meters. Price 60 cents.*®

e RCA PENCIL TUBES — 1CE-219 (1073”
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.*®

o RCAPHOSPHORS—TPM-1508A (1024"
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.*®

o RCA CAMERA TUBES—1CE-262 (1075”
x 834")—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.*®

® RCA INTERCHANGEABILITY DIRECTORY
OF FOREIGN vs. U.S.A. RECEIVING-TYPE
ELECTRON TUBES — 1CE-197B (8%&%” x
1074’")—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 shawn apply in U.R.A. and are subject to ehange wirhout notice.
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Semiconductor Produects

¢ RCA TRANSISTOR MANUAL — SC-10
(334" x 834'')—304 pages. New manual
contains detailed technical data on RCA
semiconductordevices. Easy-to-readtext
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-fiat binding. Price $1.00.*°

e RCA SEMICONDUCTOR PRODUCTS
HANDBOOK —HB-10. Two binders, each
734" Lx 534" W x 274" D, having gold-
imprinted red covers. Containsover 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.

¢ RCA SEMICONDUCTOR PRODUCT
GUIDE—60S16R3 (1074 x 834')—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 (107g"
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 (1074 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 Mec.
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
(1074 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. I’at. Off.

¢ RCA BATTERIES—BAT-134E (107" x
834’')—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.*®

® RCA BATTERIES FOR TRANSISTOR AP-
PLICATIONS —TBA-107A (102¢"" 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.8.A. and are subject to change without notice.
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Test and Measuring Equipment

INSTRUCTION BOOKLETS — Iltustrated
instruction hooklets, containing specifi-
cations,operatingand maintenance data,
application information, schematic dia-
grams, and replacement parts lists, are

WA-14  (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.O¢cilloscope). ... 0.50*%
WO-91A (5-in.Oseilloscope). . 1.00*
WR-36A (Dot-Bar Gonor‘lfor) 0.50%
WR-39C (TV Calibrator). ... .. 0.50*
WR-46A (Video Dot/(Crosshatch

Generator). .. ... ... 0.75*

WR-19A (RF Signal Generator) 0.50*
WR-49B (RT Signal Generator) 1.00*
WR-61B (Color-Bar Generator) 1.00%*
WR-64A (Color-Bar/Dot/

Crosshatch Generator) 1.
WR-6TA (Test-Oscillator). .. ... 0.25*
WR-69A (TV-FM Sweep

Generator). ... ... ... 1.00*
WR-70A (RF-IF-VF Marker

Adder) .. . oo 0.75*
WR-S6A (UHTF \woop

Generator). ...... ... 0.50*

WR-99A (Marker Calibrator) .. 1.00*
WV-37B (Radio Battery Tester) 0.25*%
WV-38A (Volt-Ohm-

Milliammeter).. ..... 0.50*
WV-65A (VoltOhmyst{) .. ..... 0.25*

tTrade 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-THA (ITigh-Sensitivity

ACNVTVM)........ 0.75*
WV-75A (VoltOhmystt) . . . 0.25%
WV-TTA (VoltOhmystt) . ... ... 0.25*
WV-77B (VoltOhmystt). ... ... 0.25*%
WV (VoltOhmystf). ...... 1.00*
WV-84C (Ultra-Sensitive

DC Microammeter).. 0.75*%
WV-8TB (Master VoltOhmystt) 0.75*
WV-95A (VoltOhmystt) . ... ... 0.25*
WV-9TA (VoltOhmystf) . ... ... 0.50*
WV-98A (VoltOhmystt). ... ... 1.00*
WV-98B (Senior VoltOhmystt) 1.00*
WV-98C (Senior VoltOhmysti) 0.50*

195-A  (VoltOhmystt). ... ... 0. 25%
WT-100A (Electron-Tube

MicroMhoDMeter, Ser.

No.1001 and over) .. 2 00*
WT-100A (Tube Chart 1CE

—163). ... ... ..., 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

1CTE-234 Card

Punch Data). .... ... 0.507

*Prices shown apply in U.S.A. and are subject to change without notice.
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Reading List

The publications listed represent hoth 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.

BexEeDpICT, R. R. Industrial Elecironics. Prentice-Iall, Inc.

CHUTE, G. M. Elecironies in [ndustry. McGraw-Hill Book Co., Inc.

Davis AND WEED. Indusirial Electronic Enginecring. Prentice-Hall, Inc.
DoME, R. B. Television Principles. McGraw-Hill Book Co., Inc.

EVERITT, W. L. Communication Engineering. McGraw-Hill Book Co., Inc.
FINK, D. G. Engineering Electronics. McGraw-Hill Book Co., Inc.

Gray, T. S. Applied Electronics. John Wiley & Sons, Inc.

KLOEFFLER, R. G. Industriol 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 Enginecrs. McGraw-Hill Book
Co., Inc.

MARKUS AND ZELUFF. Handbook of Industrial Electronic Circuits. MeGraw-Hill
Book Co., Inc.

PENDER, DELMAR, AND MCILWAIN. Handbook for Electrical Engineering—Com-
muntcations and Electronics. John Wiley & Sons, Inc.

PREISMAN, A. Graphical Constructions for Vacuum Tube Circuits. McGraw-Hill
Book Co., Inc.

PRINCIPLES OF ELECTRICAL ENGINEERING SERIES. Applicd Electronies. John Wiley
& Sons, Inc.

RADIATION LABORATORY SERIES. Vol. 18—Vacuum-Tube Amplifiers; Vol. 19—
Ware-forms. MeGraw-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.,
Inc.

RICHTER, WALTHER. Fundamentals of Industrial Electronic Circuits. MeGraw-Hill
Book Co., Inc.

Singlc Sideband for the Radio Amateur. American Radio Relay League.
SPANGENBERG, K. R. Vacuum Tubes. McGraw-Hill Book Co., Inc.
TERMAN, F. E. Electronic and Rodio Engineering. McGraw-Hill Boolk Co., Inc.
TERMAN, F. E. Radio Engineers Handbook. McGraw-Hill Book Co., Inec.
TERMAN AND PETTIT. Electronic Measuremenis. McGraw-Hill Book Co., Inc.
The Radio Amateurs Handbook. American Radio Relay League.
The Radio Handbook. Editors & Engineers, Ltd.
FEDERAL COMMUNICATIONS COMMISSION

Part 12: Rules Governing Amateur Radio Service.

Part 18: Rules and Regulations Relating to Industriul, Scientific,
and Medical Serrvice.
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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 Hym Heater Tap NC No Connection
F Filament IC Internal Connec- P Plate or Anode
Fum Filament Tap tion— Do not use S  Shell

Subseripts for multi-unit types: B, beam unit; D, diode unit; P, pentode unit;
T, iriode untt, TR, tetrode 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 Vidicons, Image Orthicons,
Photojunction Types and Monoscopes

MICROWAVE TUBES PHOTOTUBES

Magnetrons, Traveling-Wave

Single-Unil, Twin-Unil,
Tubes, Pencil Tubes

and Multiplier Types

CATHODE-RAY TUBES
Special-Purpose Kinescopes,
Storage-T'ubes, and Oscillograph Types

SEMICONDUCTOR DEVICES
Germanium and Silicon Tran-
sistors, Silicon Rectifiers, Diodes

THYRATRONS AND IGNITRONS

RECEIVING TUBES

SPECIAL TYPES Voltage and Power Amplifiers, Con-
Vacuum-Gauge Tubes, verters, Oscillators, Mixers, Rectifiers,
I'mage Converters and Diode Detectors

PICTURE TUBES
Black-and-White and Color

For sales information, For technical information,
write to Sales write to Commercial Engineering

RADIO CORPORATION OF AMERICA

ELECTRON TUBE DIVISION Harrison, N. J.







