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SPACE-AGE TUBES meet the
challenge of space exploration with
reliable performance in adverse en-
vironments.

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

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

RCA Transmitting Tubes

Power-Tube Fundamentals

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

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

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

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

obtainable with mechanically operated
devices.

In electrical circuits, control of the
direction of current flow is necessary
when the power source produces ac volt-
ages and currents and the load requires
2 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 eircuits 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 unidireg-
tional current regardless of the kind of
energy furnished by the power source.

Basic Considerations

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

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

‘Vdcuum Tubes

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

The approximaté distribution of

the space-charge electrons in the ab- -
sence of an accelerating field is shown in

Fig. 1. The concentration is greatest in
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the region nearest the cathode. The gen-
eral relationship between plate voltage
(Ep) and plate current (Ip) in a two-
electrode vacuum tube is shown in Fig.
2. At very low positive plate voltages
(region E, to E,), only the loosely bound
electrons on the outer surface of the

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 Ej), the re-
lation between plate voltage and plate
current is nearly linear. When operated
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in this region, a two-electrode vacuum
tubé has substantially constant internal
resistance (called plate resistance, or rp),
and the plate current follows the normal
Ohm’s-Law relationship.

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

Two-electrode vacuum tubes are

extremely usgeful 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
tempeératures, and can be designed to
withstand very high inverse voltages.
The substantially linear relationship be-
tween plate voltage and plate current in
such tubes is also useful as a means of
obtaining virtually distortionless rectifi-
cation (detection) of radio signals,

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

the addition of a third electrode called a
grid between cathode and plate. When
the grid is placed relatively near the

cathode, the application of small volt-

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

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

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

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

Gas Tubes

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

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

Generic Tube Types

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

Diodes

The diode types listed in this Man-
ual are used principally as rectifiers in
equipment for converting low-frequency
alternating eurrent 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 eycle. Fig. 3 shows graphical
symbols for a filament-type half-wave



rectiflor and u heater-cuthode-type full-
wave roctifier,

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

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

Triodes

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

Because of its open constructxon,
the grid does not appreciably-obstruet
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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
Fig. 4

HEATER

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

‘ouTPUT

LOAD
RESISTANCE VOLTAGE
INPUT
SIGNAL PLATE
= SURPPLY
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Fig. 5
frequency multiplication, modulation,
and various special purposes.

The plate, cathode, and other elec-
trodes of a ‘tube form an electrostatic

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

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

LOAD OUTPUT
RESISTANCED VOLTAGE
pk LATE
. UPPLY

%

Fig. 6

effects on tube operation, especially at
radio frequencies. For example, the
grid-plate capacitance, Cgp, provides an
internal path between the output and
input circuits. When a triode is used as
an -amplifier at radio frequencies, suffi-
cient energy may be fed back through
this path to cause uncontrolled regener-
ation or oscillation. Although this type
of internal feedback is frequently em-
ployed in oscillator circuits, it is unde-
sirable in amplifier applications. Triode
radio-frequency amplifiers, therefore, re-
quire either special circuit arrangements
or the use of a feedback-cancelling tech-
nique known as nentralization. These
special considerations are discussed at
length in the Power-Tube Applications
Section. ;
Tetrodes

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

‘When a tetrode is used as an ampli-
fier, the screen grid is operated at a fixed
positive potential (usually somewhat
lower than the plate voltage), and is by-
passed to the cathode through a capaci-

tor having a very low impedance at the

operating frequency. This capacitor di-
verts signal-frequency - alternating cur-
rents from the sereen grid to ground, and
effectively short-circuits the capacitive
feedback path between plate and control
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grid. The screen grid acts as an electro-
static shield between the control grid
and the plate, and reduces the grid-
plate capacitance to such a small value
that internal feedback is usually negligi-
ble over the range of frequencies for

- which the tube is designed.

Because the screen grid is operated
at a positive potential with respect to
the cathode, it collects a substantial
number of the available electrons and,
therefore, reduces the plate cusrent
which can flow at a given plate voltage.
The addition of a screen grid thus in-
creases the internal resistance or plate
resistance of a tube. However, it also

- gives the grid No.1 a greater degree of

control over the plate resistance, and
thus increases the voltage-amplification
factor.

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

Because the use of a grid No.2 or
sereen grid reduces internal coupling be-
tween the output and input ecircuits,
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 characteristies of the tube input and
output circuits, and the mechanical lay-
out employed. Because of their high
power sensitivity, tetrodes used inrf 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 sereen grid,
electrons moving from the screen grid to
the plate tend to reverse their direction
and return to the screen grid. The result-
ing decrease in plate current causes a
corresponding risein plate voltage, which
terminates the negative swing of the
output signal before it completes a full
excursion. This effect, which tends to
reduce the power output of a tetrode
below that obtainable from a triode hav-
ing equivalent plate-input rating, is em-
phasized considerably when there is
secondary emission from the plate.

The loss of a portion of the output
energy which occurs in a tetrode under
“these conditions reduces the power-
handling capabilities of the tube, and
causes serious distortion of the signal
waveform. The output of the tube,
therefore, contains harmonics of the sig-
nal frequency and other spurious fre-
quencies which may cause considerable
interference to communications service.
Such distortion may also be highly oh-
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-
voltageswing of a tetrode by “dynatron
action’ can be overcome by the use of a
grid No.3, or suppressor grid, between
the screen grid (grid No.2) and the plate,

as shown in Fig. 8. Tubes which employ.

five-electrode structures of this type are
called pentodes.

When a pentode is used as an ampli-
fier, the grid No.3 or suppressor grid is
generally operated at a fixed negative
potential with respect to both the sereen
grid and the plate and thus establishes a
negativeelectrostaticfield between them.
Although this field is not strong enough
to prevent the desired movement of high-
velocity primary electrons from screen
grid to plate, it effectively prevents both
primary and secondary electrons from

flowing backward to thescreen grid. Con- .
sequently, the plate voltage of a pentode

may swing negative with respect to the
screen-grid voltage without the loss of
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output power and the waveform distor-
tion that occur under the same condi-
tions in a tetrode.

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

trode which can either be connected ex-
ternally to the cathode or operated at a
positive or negative potential with re-
spect to the cathode to meet various
application requirements. The use of an
independent suppressor grid permits the
introduction of an auxiliary signal or
control voltage into the tube circuit. Al-
though the screen grid can also be used
for this purpose, a suppressor grid is gen-
erally a more effective control electrode
becauseitrequires 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 between the wires of the
screen grid. Because relatively few elec-
trons impinge on the screen grid, a sub-
stantial portion of the electron energy
that would otherwise be absorbed by
the sereen grid and dissipated as heat is
diverted to the plate, where it can be
converted into useful output power.

In beam power tubes of the type
illustrated in Fig. 9, dynatron action and
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other undesirable effects of secondary
emission from the plate can be mini-
mized by spacing the electrodes so that
a space-charge effect is created in the
heavily shaded region. The negative elec-
trostatic field produced by the dense
concentration of electrons in this region
blocks the escape of secondary electrons
from the plate.
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In parallel-plane beam power tubes,
stray secondary electrons may be pre-
vented from reaching the screen grid bx
paths outside the effective field of the
space c¢harge by 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 frequency-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 circuits.



Construction

Although power tubes may vary
widely with respect to physical form,
size, and terminal arrangement, they
utilize two general forms of plate con-
struction. In internal-plate construection,
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).
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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. External-plate types have a greater
cooling efficiency because the heat from
the plate can be directly dissipated by

various methods of cooling. In some’

tubes, a radiator is attached directly to
the plate to increase the area of the cool-
ing surface. Other external-plate tubes
use conduction or liquid cooling to im-
proveheatdissipation andincreasepower
handling capability. i B
Most RCA external-platetubeshave
a tylindrical type of construction which
provides the following advantages. Short
effective heat pathsfrom 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-

and Materials

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 gjven in the
Tube Types Section.

A directly heated cathode, or fila-
mentary cathode, is a metallic condue-
tor drawn into wire or ribbon form, as
shownin Fig. 11. The conduectoris 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 optained with thoriated-tungsten
filaments, which are drawn from tung-
stenslugsimpregnated with thoria (thori-
um oxide). During tube processing, some
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of the thorium oxide is driven to the
surface of the filament and reduced to
pure metallic thorium, which emits use-
ful quantities of electrons when heated
to a relatively low temperature. This
surface thorium evaporates during tube
operation, but is continuously replen-
ished from the internal supply of thori-
um oxide.

Filamentary cathodes may also be
made of inexpensive nickel alloys, rather
than highly refractory metals, and coated
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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, calei-
um, and strontium carbonates), and is
converted to the highly emissive oxide
form during tube processing. Oxide-
coated filaments are especially suitable
for use in gas rectifiers, which require
low-temperature cathodes capable of de-
livering high emission currents and with-
standing intense positive-ion bombard-
ment. Quick-heating filaments of spe-
cially constructed low-conductivity ma-
terials are incorporated in certain tube
types designed for use in mobile and
emergency-communications equipment.
Tubes such as the 4604 are ready for full
operation one second after the filament
is turned on.

An indirectly heated cathode, or

" FILAMENT

heater-cathode, is a hollow metal cylin- '

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

The electrical insulation between
the heating and emitting elements in a
heater-cathode provides several advan-
tages from the standpoints of tube opera-
tion and circuit design. Because the cur-
rent through the heater' wire produces
no voltage drop in its associated cathode,
all points of the emitting surface are at
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the same de¢ potential with respect to
the other electrodes of the tube. Because
of this feature, this type of eathode 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 be
operated at a high temperature to sup-
ply the thermal energy required by the

Fig. 11

Fig. 12

cathode, The insulation must be capable
of withstanding these high temperatures
and, in addition, must possess sufficient
flexibility to accommodate bends of very
small radius because the heaters must
be folded or wound into forms compact
enough to fit inside the cathode sleeve.
The insulation generally used is alumi-
num oxide, or a similar material known
commercially as “alundum.” The insula-
tion is-first applied to the heater as a
suspension of fine particles in a nitro-
cellulose binder, and is then sintered in-
to a solid coating by operation of the
heater for a carefully 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 cathodeis free
from arcing caused by cathode peeling,
is resistant to ion bombardment, 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 strue-
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 Pe operated
in any position, the equipment designer
has greater freedom in locating tubes
and components to provide maximum
circuit efficiency or accessibility.

Plates

Plates or anodes of power tubes are
designed to collect as many as possible
of the electrons made available by the
cathode. They must also be capable of
dissipating heat. Typical plate designs
are shown in Fig. 13. The plates shown
at (a) and (b) are typical types used in
tubeshavinginternal-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
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other electrodes. Plates of this type are
used in tubes such as the 826.

Fig. 13

The radiator design shown at (c)
makes it possible to obtain substantial
heat dissipation from plates of limited
area by the use of forced-air cooling.
Two variations of this design are used to
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 plate is the 7844.

Internal plates may bemade of 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
earbonized nickel-plated steel.

Pure copper is now used extensively
in external-plate designs for tubes in var-
fous 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

#eal at safe values. With the aid of these
eooling methods, tubes of relatively small
physical size can handle very large
amounts of power.

Other metals used for tube plates
{ncludematerialssuchastungsten,molyb-
denum, tantalum, and graphite. Zir-
eonium is sometimes applied as a coat-
Ing. The use of graphite, tantalum, or
glreconium 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
to some 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
slderods, or of a single wire wound in
spiral form and swaged to the siderods,
or of a cage formed of individual rods.

In many external-plate beam power
tubes, such asthe compact ceramic-metal
germolox line of beam-power tubes, the
grid cages are formed from concentric
gylindrical metal blanks which arebrazed
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togethe® 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. Fig. 14 shows
some of the typical grid structures used
in beam power tubes.

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

Fig. 14

the grid is subjected to heat radiated
from Both of these electrodes, and, if gas
is present in the tube, may also undergo
heavy positive-ion bombardment. As a
result, the grid may emit primary elec-
trons. Its tendency to emit electrons is
further increased if it becomes contami-
nated with emissive material évaporated
from the cathode. The grids are often
coated with gold or platinum to reduce
the possibility of primary emission.

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

Getters

A chemical “getter’’ is often used in
‘electron tubes to absorb residual gases.
The getter is usually 2 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
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main electrode structure to assure that
the getter will not be flashed by the heat
developed during the exhaust process,
and that getter material will not be
deposited on the tube electrodes during
flashing.

Envelopes

Many small- and medium-sized low-
frequency power tubes having internal-
plate construction use simple cylindrical

soft-glass envelopes and have the low- °

voitage electrode leads brought out
through the base. “Hard” glasses of the
borosilicate type are used for the envel-
opes of many medium- and high-power
radiation-cooled tubes, particularly
where compact construction is necessary
to meet electrical-design requirements or
equipment-space limitations. These
glasses have relatively high softening
temperatures, low rates of expansion,
high electrical resistance, and excellent
resistance to abrasion and “weathering.”

Aside from the insulating materials
employed in envelopes and bases, insula-
tion is used in tube construction for elec-
trode spacers. Spacers must be made of
material which is unaffected by heat and
can be formed with extreme accuracy.
In small, glass-bulb type, low-power
tubes, spacers are generally disks or wa-
fers of high-quality mieca;inlarger tubes,
they are usually bars or cross-arms of a
low-]oss refractory insulating material.

In many cases, insulating spacers

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

- Insome 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 coppér is used for most of these
envelope sections because of its high
thermal and electrical conduetivity and
its high ductility, which readily permits
the fabrication of special shapes.

In several ceramic-metal tubes, the
plate sections of thée envelopes are fitted
with special radiators which make it
posgible 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 cireuits.
The grid-No.2 or screen-grid sections of
the envelopes of some ultra-high-fre-
quency metal-glass tubes provide exter-
nal shielding between the grid-No.1 and
plate sections. In the 7552 and other
“pencil”’-type tubes, the flange-type grid
sections of the envelopes act as shields
between the plate and cathode sections
and thus minimize feedback when these
tubes are used as amplifiers in ultra-
high-frequency cathode-drive circuits.

Power-Tube

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

Amplification

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

In this system of classification, a
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portion of the generalized mutual char-

acteristicis 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 responsé
obtained when the operating point is in
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the corresponding region of the charac-
teristic.

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

In elass B operation, the operating
point is in the vicinity of cutoff so that
the tube can respond to positive excur-
sions of grid voltage. In this type of op-
eration, plate current flows for approxi-
mately one half (180 degrees) of each
cycle of an alternating grid voltage.
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In elass 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 excui-
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
eycle 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 thelower
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 current does not flow
during any part of the grid-voltage cycle.
The suffix 2 may be used to denote that
grid current flows during some part of
the cycle. In most cases, these suffixes
are used only for class A; or class AB,
and AB; operation.

Class A Amplifiers

The basie circuit and operating
characteristics of a class A amplifier are
shown in Fig. 16. The operating point is
centered on a linear portion of the dy-
namic transfer characteristic by the use
of a suitable negative grid bias. The am-
plitude of the driving signal (alternating
grid voltage) is controlled so that the grid
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choice of operating conditions. For syme«;
metrical driving voltages, the dec plate
current remains substantially constant.
at the quiescent (zero-signal) value."

Because operation of a class A am-
plifier is restricted to the linear region of*
the characteristics, the maximum plate-
current swing available between cutoff’

and saturation is not fully utilized. Con-

sequently, the power output, which is-

proportional to the square of the plate-
current swing, is somewhat limited.The
highest theoretical plate-circuit effici-
ency (ratio of output power to input
power) obtainable under class A condi-
tions is 50 per cent. Efficiencies in the
order of 40 to 45 per cent can be achieved
in certain beam power tubes and pen-
todes, and efficiencies of 25 to 30 per
cent in triodes.

Although class A power amplifiers
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is never driven sufficiently negative with
respect to the cathode to cut off the plate
current of the tube. Plate current, there-
fore, flows during the entire signal cycle
(860-degree conduction). Although the
general terms of class A operation per-
mit the use of the grid-current region
(class A, operation), the driving voltage
is usually kept smaller than the grid
bias so that the grid is not driven posi-
tive with respect to the cathode and,
consequently, does not draw current.
Under these conditions (class A; oper-
ation), waveform distortion (variation
of output-signal waveshape from that of
input signal) consists principally of even-
order harmonics and can easily be limited
to less than 5 per cent of full output in
triodes and less than 7 per cent of full
output in multigrid tubes by a proper

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 ﬂeed 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

16

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

In general, the power output that
can be obtained from a given number of
tubes is the same in parallel and in push-
pull operation. Each method, however,
has advantages, Parallel operation im-
proves stability and output regulation
because it reduces plate resistance in
direct proportion to the number of tubes

»employed. In addition, it is usually the

simplest and most convenient method of
adding tubes to an existing stage be-
cause it does not require a change in cir-
cuit configuration or an increase in
driving voltage. It does not, however,
reduce harmonic distortion in relation
to total power output, and may actually
result in an increase in the total har-
monic output unless certain precautions
discussed in the Power-Tube Operating
Conditions and Adjustments Section are
observed.

A push-pull stage requires a driv-
{ng 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
{mportant 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 oh-
tained without an increase in plate volt-
Mge 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 har;nonic distortion
is not cancelled or reduced by push-pull
operation, this type of distortion is usu-
ally negligible in class A amplifiers, and
may be minimized by the proper choice
of operating conditions or by the use of
inverse-feedback circuit arrangements.

Hum caused by the presence of rip-
ple in dc plate, screen-grid (grid-No.2),
or bias (grid-No.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-
tetiuating the low-frequency response of
an audio or video amplifier to reduce
interference from power-supply hum. 4

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
charaecteristic is highly asymmetrical,
the plate~current waveform contains a
large amount of even-harmonic distor-
tion and is similar to that of a half-wave
rectifier.

In class B af amplifiers, push-pull
‘circuits such as that shown in Fig. 18
are used to obtain cancellation of the
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even-harmonic distortion and amplifica-
tion of hoth 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
cireuit. ’

Because of the small zero-signal
Jblate 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-
cireuit efficiency that can be achieved
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under class B conditions is 78.5 per cent.
This value may be closely approached
in well-designed class B audio amplifiers.
To achieve maximum power output and
efiiciency in a class B stage, however, it
i3 necessary to supply driving power to
the grids. Because the average plate cur-
rent and grid current vary with the am-
plitude of the driving signal, the plate
supply must have very good voltage
regulation so that serious distortion and
loss of power output will not occur on
large input signals. For the same rea-
sons, bias must be obtained from a sepa-
rate, stable, fixed supply, and not from
a grid resistor or cathode resistor,

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

Because of their linearity and rela-
tively high efficiency, class B amplifiers
are particularly suitable for use as out-
put amplifiers in rf transmitters employ-
ing “low-level” amplitude modulation.
Modulation applied to the final or out-
put stage of u 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 linea~ 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 uiescent 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 38 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 necéssary to employ a regulated
plate supply.

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

Class B linear amplifiers are used as .

output amplifiers in single-sideband,
suppressed.carrvier 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
Cireuit-Design Considerations.
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Class AB Amplifiers

Multigrid tubes and low-mu triodes
are not usually recommgnded 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 clags A and class
B operation, as shown in Fig. 20. Like
class B operation, it results in severe
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even-harmonic distortion and, conse-
quently, requires the use of & push-pull
cirecuit 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 AB2 operation,the grid is
driven positive by the larger input sig-
nals and, therefore, draws current. Class
AB, amplifiers thus require driving
power, but can deliver substantially
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 he
realized and the harmonic distortion
kept low. Cathode-resistor bias can be
employed for class AB; amplifiers, al-
though higher power output and lower
distortion can usually be obtained by
the use of fixed bias. Fixed bias must be
used for class AB, amplifiers.

The plate-circuit efficiencies that
can be attained in class AB; amplifiers
range from about 30 to 40 per cent for
triodes to as high as 50 to 60 per cent
for multigrid tubes. Efficiencies of 60 to
70 per cent can be attained i 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 sigrial. Class C
amplifiers can be modulated linearly,
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however, and are extremely useful as rf
power amplifiers, frequency multipliers,
and oscillators. Co

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 héight,
the average or dc value of the plate cur-
rent is determined by the pulse width
(i.e., the conduction angle employed)
and, therefore, varies inversely with the
magnitude of the negative voltage for
constant peak driving voltage.

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

plate-circuit efficiencies of 75 to 80 per

cent are easily achieved.

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

Class C Telegraphy

The term ““Class C Telegraphy”
applies to applications in which power
tubes may be operated at their highest
ratings. It includes ‘“‘straight-through’
rf power amplifiers which arenot‘‘keyed”
or modulated as well as those which are
actually “keyed’” for telegraphy service,
oscillators, and amplifiers for frequency-
modulated rf carriers.

The circuit of 2 typical “straight-
through” class C rf amplifier employing
a beam power tube is shown in Fig. 22.
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The output circuit or “plate tank” is
tuned to the excitation frequency, and
the bias is such that the conduction
angle is approximately 140 degrees. The
power output is controlled by adjust-
ment of the plate and screen-grid (grid-
No.2) supply voltages, theload coupling,
and the rf excitation.

Triode “straight-through’rf ampli-
flers must be neutralized to prevent self-
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oscillation resulting from internal feed-
back through the grid-plate capacitance.
Multigrid-tube “straight-through” am-
plifiers may also requirg 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” (a2 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. 28 and described above.
The only special consideration involved
in the operation of such an amplifier is
that the plate-tank circuit must be de-
signed to have constant impedance over
the entire frequency band covered by
the carrier at maximum deviation.

Modvulated Class C Amplifiers

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

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

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



must not exceed two-thirds the maxi-
mum values for class C telegraphy. For
control-grid, screen-grid, suppressor-
grid, or cathode modulation, the permis-
gible dc plate input is even smaller.
Maximum dec plate-voltage and plate-
current ratings for modulated class C
amplifiers are usually not more than 80
per cent of the class C telegraphy values.

The audio or video power required
for 100-per-cent modulation of a class C
amplifier is equal to one-half the dc
power input to the modulated ecircuit.
For symmetrical modulating voltages,
the de plate current of the modulated
amplifier and the dc supply voltage and
current of the modulated-electrode cir-
cuit remain constant. The additional
power output obtained by amplitude
modulation does not increase the carrier
power, but is equally divided between
two symmetrical ‘“‘sideband’’ signals.

The method of modulation that
provides the greatest plate-circuit effi-
ciency and linearity is plate modulaltion.
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 circuitin which modulation power
is applied only to the plate of 2 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 dc screen-grid voltage di-
vided by the dc screen-grid current.

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

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

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

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

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

When screen-grid voltage is ob-
tained from aseparatesupply, the modu-
lating voltage may be connected direetly
inseries with thesupply circuit, asshown
in Fig.25(a). When sereen-grid voltage is
obtained by the series-resistor method,
itisgenerally necessary tousethe*‘clamp-
tube’” method of modulation shown in
Fig. 25(b).

Suppressor-grid (grid-No.3) mod-
ulation can be used with certain beam
power tubes and pentodes. Operating
conditions are similar to those used in
screen-grid modulation, except that the
suppressor grid is supplied with a fixed
negative 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 between suppressor-grid
voltage and plate current.

Cathode modulation combines the
characteristics of plate and grid-bias
modulation. The modulating voltage is
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introduced in the common de 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-
tainable is less than that obtainable with
plate modulation.

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

The bypass capacitors shown in
Figs. 23 through 25 should have very
low reactance at the rf earrier 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 /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 ecarrier 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 dec plate and screen-grid currents.
In the case of grid-bias modulation, I is
the de grid current and E the grid-bias
voltage.

Frequency Multiplication

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

By frequency multiplication, high-
frequency ecarriers 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 oir-
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.

24

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

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

Because of its smaller conduction
ungle, a frequency multiplier is more
sensitive to small changes in excitation
voltage and loading than an equivalent
“gtraight-through” -class C amplifier
and, therefore, has poorer output
regulation. From the excitation stand-
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-theexcitation voltage. Because the plates

oint, this difficulty can be minimized

y 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”
elreuit such as that shown in Fig. 26. In
this type of circuit, the grids are excited
in push-pull so that the tubes conduect
alternately on successive half-cycles of

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 Circuit-Design Considera-
tions Section.

Oscillators

RF power oscillators are usually
class C amplifiers which obtain excita-
tion from their own output circuits and
employ either quartz crystals or induct-
ance-capacitance tuned circuits as fre-
quency-determining elements. Crystal-
controlled oscillators can provide the
highest degree of frequency stability,
and are used in equipment which oper-
ates entirely or predominantly on fixed
freqiencies or on fixed harmonically re-
lated frequencies. In general, mechanical

-considerations make it impracticable to

cut crystals for fundamental frequencies
higher than about 20 megacyecles 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-
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cycles per second and higher. Repre-
sentative erystal oscillators are shown
in the Circuits Section.



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

Circuit Configuration

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

As mentioned previously, a grid-
drive triode rf amplifier must be neu-
tralized to cancel the regenerative feed-
back which takes place through the grid-
plate capacitance of the tube. Neutrali-
zation, however, becomes less effective
and more difficult to achieve as the
operating frequency is increased because
of unavoidable resonance effects in the
components of the neutralizing circuit.
These effects alter the phase of the neu-
tralizing voltage and, in most cases,
make it impossible to obtain neutraliza-
tion at frequencies of more than a few
hundred megacycles. Although multi-
grid tubes capable of operating as grid-
drive uhf amplifiers are available, tri-
odes are generally preferable for uhf
service 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 thé
same degree as the screen grid (grid
No.2) of a multigrid tube.

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

A “cathede follower,” shown in
Fig. 28, is a grid-drive amplifier in which
the cathode is used as the output elec-
trode and the plate as the ground or
common terminal of the input and out-
put circuits. Because the grid-cathode
capacitance of the tube does not shunt
the driving circuit, the cathode follower
has higher input impedance than a con-
ventional grid-drive amplifier and, con-
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sequently, requires less driving power
for the same power output. The output
{mpedance, 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 outpufare
both developed across Rg, 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-
trahzatlon, regardless of the opemtmg
frequency.
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Power-Tube
Circuit-Design Considerations

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

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

In the produection 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,
wnauthorized 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-ievel 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 by ad-
justment of the de 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 ecircuits are generally
made adjustable.

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

Tube Selection

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

An initial selection of types having

suitable filament-voltage, plate-voltage,

late-input, and plate-dissipation rat-
ngs 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-
slderation in the design of a transmitter,
{t is desirable to select types which re-
quire few or relatively minor changes in
operating conditions with changes in
frequency. In this respect beam power
tubes and other multigrid types are
generally superior to triodes.

Additional factors which must be
eonsidered 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
{n the Power-Tube Applications Section
and in the Technical Data Section.

Multiple-Tube Stages

Most satisfactory operation of
parallel, push-pull, or push-pull-parallel
stages is obtainéd 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
eommon fixed supply or a common grid
resistor. Equalization of zero-signal plate
eurrents in push-pull af amplifier stages
substantially aids the cancellation of
gven-order harmonic distortion. For

eomplete cancellation of even-order har-

monics, the plate-current excursions in
the two sides of a push-pull stage must
also be equal. This type of equalization
(dynamic balance)is difficult to achieve,
however, because of the large number of
tube and circuit variables involved.

Zero-signal or average plate cur-
rents in multiple-tube stages are most
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easily equalized by means of individual
grid-bias adjustments. The particular
method used in any case depends on the
type of cathode employed in the tubes
and on the circuit configuration. Two
methods in general use are shown in
Fig. 29.

Multiple-tube stages .employing
beam power tubes and other multigrid

£

. &

Fig. 29

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
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considerations in the design of a class
A amplifier are: (1) the selection of &
driver capable of supplying the required



peak driving voltage; (2) the selection
of input and output coupling devices
having the desired frequency and im-
pedance characteristics; (8) the selection
of bypassing and decoupling components
necessary to minimize hum, assure sta-
bility, or improve the over-all frequency
response.

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

DRIVER
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class AB31 af power amplifiers are sub-
stantially the same as those for class A
amplifiers, except that special considera-
tion must be given to the characteristics
of plate and screen-grid (grid-No.2) sup-
ply circuits, and to the method used for
obtaining grid bias. Because the average
plate and screen-grid currents of a class
AB; amplifier vary with the amplitude
of the driving signal, serious distortion
and inadequate power output may re-
sult on large input signals unless plate
and screen-grid supply voltages are well
regulated and the bias is extremely sta-
ble. For optimum performance, plate-

CLASS A POWER
AMPLIFIER

AF
INPUT

> AF
S oUTPUT

PLATE L-—O PLATE
3 SUPPLY =3 SUPPLY
T VOLTAGE - VOLTAGE
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-
dticed 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. 80, to eliminate unbalanced de
from the output transformer and the
driver transformer,
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supply regulation should be within 10
per cent, screen-grid-supply regulation
within 5 per cent, and grid-bias-supply
regulation within 3 per cent.

Class B and class AB2 af power
amplifiers normally draw grid current
on large input signals and, therefore, re-
quire appreciable driving power. Power
output, frequency response, and har-
monic distortion are critically dependent
on the circuit constants employed in the
amplifier and in the driving circuit. Con-
sequently, the design of a class B or class
AB; amplifier involves the design of a
complete system, including the driver
stage, the interstage coupling circuit,
the output (class B or class AB;) stage,
and the power-supply and bias circuits
for both stages.

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

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

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

The driver transformer must also
have the desired frequency-response
characteristics when operated into a
very high load impedance (or even an

open circuit) such as that presented by

the grid circuit of the class B or class
AB; stage on very small driving signals.
To assure good response at the higher
audio frequencies, the transformer must
also be designed to have low leakage re-
actance. In addition, the resistance of
the secondary windings must be kept
low to minimize de voltage drops which
might affect the operating bias during
grid-current flow.

For maximum power output and
minimum harmonic distortion, the op-

erating point of a class B or class AB,

amplifier must not be affected by the
normal variations in average plate,

sereen-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 currengs 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 cireuit 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. VR:

where R, is the effective plate (or plate-
to-plate) load resistance required for the
af amplifier and R, is the effective re-
sistance of themod#lated 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.)

W= T (1280 @XOIA0)_ 175 yats.
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This amount of af power can be obtained
from a push-pull 811-A class B amplifier
operating under CCS conditions at a de
plate potential of 750 volts. (Values are
given in the technical data for the 811-A
under AF Power Amplifier and Modu-
lator—Class B, Typical Operation.) The
effective plate-to-plate load resistance
required for the 811-A’s is 5100 ohms.
The equivalent resistance of the 812-A
plate cireuit is
1250

Ra= g 0140~ 4464

or approximately 4500 ohms.

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

N, 5100 1.1
N, =4 4500~ 1 (epproz.)

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).

w. Wa_(2000)(0.200+0.040)
T 2

=240watts

This amount of power can be obtained
from a push-pull 811-A class B amplifier
operating under ICAS conditions at a de
plate potential of 1000 volts. (Values are
given in the technical data for the 811-A
-under AF Power Amplifier and Modu-
lator —Class B, Typical Operation.) The
effective plate-to-plate load required for
the 811-A’s is 7400 ohms, The equiva-
lentresistance of the 813 plateand screen-
grid circuit is
: 2000 :
R.=§300+0.040~ 0003

or approximately 8400 ohms.

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

N _ [7400 0.94
NT\/ 8200 1 (PPTO%)

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

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 respouse, a suitable block-
ing capacitor and af choke should be
used to isolate the unbalanced dc cur-
rent from the secondary winding.

RF Power Amplifiers

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

Linear RF Power Amplifiers

For single-sideband suppressed-
carrier (SSB) operation, only one side-
band is transmitted, and the carrier is
suppressed to the point of nonexistence,
as shown in Fig. 31. In an SSB transmit-
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ter, thesignal to be transmittedis usually
generated at a low frequency, converted
to the transmitted frequency in one or
more stages of frequency conversion,
and amplified to the desired power level
by linear rf power amplifiers. An SSB re-
ceiver performs similar functions in the
inverse order and, except for the demod-
ulating stage, does not differ significantly
from the conventional superheterodyne
communications receiver.

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

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

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

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

Dvriving Power

One of the most important con-
siderations in the design of a class B or
class C rf power-amplifier stage is the
provision of adequate driving power.
The data for most newer tube types lists
“typical” driver-power output, which
represents circuit and tube losses. This
value is the actual power measured at
the input to the grid-No.1 circuit and,
therefore, changes as the stated condi-
tions change. The “typical” driving
power listed in the data for many older
types indicates only the signal power
dissipated in the internal grid-cathode
cireuit of the tube and in the resistance
of the bias ecircuit. These figures do not
normally include driving power that
may be lost in tube sockets or in the
components and wiring of driving cir-
cuits, or tube losses due to electron-
transit-time phenomena, internal lead
impedances, or other factors.

The driver stage must be capable
of delivering sufficient signal power to
supply all the tube and circuit losses.
Although these losses vary with fre-
quency, tube operating conditions, cir-
cuit configuration, and the components
and layout of the circuit, they can be
estimated with reasomable accuracy for
“straight-through” amplifiers. At fre-
quencies up to about 30 megacycles per
second, total tube and circuit losses are
approximately twice the driving-power
figures given in the tube data. At higher
frequencies, electron-transit-time losses
and other tube and circuit losses increase
so.rapidly that it is generally necessary
to use a driver stage capable of supply-
ing 3 to 10 times the driving power
shown in the tube data.

The driving power available for a
class C amplifier or frequency multiplier
should be sufficient to permit saturation
of the driven tube, i.e., a substantial in-
crease or decrease in driving power
should produce no appreciable change
in the output of the driven stage. This
consideration is particularly important
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when driving power is obtained from a
series of frequency-multiplier stages be-
cause such stages have much poorer out-
put regulation than “straight-through”
amplifiers. Care must be used, however,
to assure that the maximum current or
input ratings of the driven tube are not
exceeded.

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

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

Fig. 32

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 cireuit, in which a satu-
ration effect occurs; i.e., above a certain
value of driving voltage and current,
the outputincreases very slowly and may
even decrease. Therefore, a cathode-
drive stage should not be driven near
saturation because the maximum grid-
No.2 input may be exceeded.

During the tuning of a cathode-drive
rf amplifier, variations in the load on
the output stage produce corresponding
variationsintheload onthedrivingstage.
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-
teristics to avoid distortion of the modu-
lated signals. These amplifiers are not
biased to cutoff but to a value deter-
mined by the amplitude of the unmodu-
lated rf driving signal, and their opera-
tion is usually limited to a relatively
narrow region of the characteristic. Bias
must usually be obtained from a sepa-
rate fixed supply, such as a battery or a
rectifier, having very good output regu-
lation.(Self-bias obtained from a heavily
bypassed cathode resistor can be used
for certain beam power tubes.) Both the
bias and the maximum amplitude of the
driving signal must be readjusted if the

plate voltage is changed.

Fig. 32 illustrates the use of fixed
bias in rf stages having various circuit
configurations.The battery symbol indi-
cates any dc source capable of supp'ying
the required voltage and having good
regulation. The rf chokes and bypass
capacitors are used to exclude the rf grid
voltage from the bias supply. When a
tuned grid circuit is used, as shown in
Fig. (32¢), the rf choke usually is not re-
quired, and in some cases may even be
detrimental.to the operation of the stage.
The use of the wrong value of rf choke
in the grid circuit of an rf amplifier may
result in parasitic oscillations, especially
when a similar choke is used in the plate
circuit.

Batteries, rectifiers, or other dc¢

sources having high internal resistance
should not be used as fixed-bias supplies.
If such devices are used, the normal flow
of grid current may charge the batteries
to voltages greater than their rated val-
ues, or may increase the voltage drop in
the rectifier bleeder. The resulting in-
crease in total operating bias may cause
asubstantial reduction in the power out-
put of the stage.

Class Camplifiers generally use grid-
resistor bias obtained hy 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 Circuils Section.

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

The value required for a sclf-bias
cathiode resistor (inohms) is equal to the
required self-bias voltage (in volts) di-
vided by the total cathode current (in
amperes). In a triode, the total cathode
current is the sum of the de plate cur-
rent and degrid 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-
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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 be extremely stable to
avoid distortion of the modulated car-~
rier and excessive dissipation. Conse-
quently, bias should be ohtained 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-
regulator tubes in place of a load resistor
in the output of a bias rectifier. Voltage
regulator tubes having regulated-volt-
age ratings between approximately 75
and 150 volts are-available. When regu-
lated fixed-bias potentials greater than
150 volts are required, tubes having suit-
ahle voltage ratings and similar current
ratings may be connected in series. When
it is necessary to accommodate larger
currents than ean be safely handled by a
single regulator tube, types having the
same voltage rating can be connected in
parallel. In parallel arrangements, a re-
sistor having a value of approximately
100 ohms must be connected-in series
with each tube to assure equal division
of the total load current. Examples of
the use of voltage-regulator tubes are
shown in Fig. 33.

Frequency Multipliers
The principal considerations in the

‘design of frequency multipliers are the

flers 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

choice of suitable tube types and the de-
termination of operating conditions
which will provide maximum power out-
put at the desired harmonie.

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,
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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 ahout
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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-

bias rating of the tube, as well as by the
peak-emission capabilities of the cath-
ode. The over-all efficiencies obtainable
in frequency-multiplier service are also
limited by driving-power requirements,
which increase as the square of the grid-
driving voltage. Tube types for use in
frequency-multiplier stages should have
high-wattage filaments or cathodes capa-
ble of supplying the very high peak-emis-
sion currents required, and high trans-
conductance or high amplification fac-
tors to provide high power sensitivity.

Oscillators

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

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

(1) Minimize mechanical vibration
and variations in ambient temperature
which might alter the characteristics of
the frequency-determining erystal 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 meansof a “huffer” stage (usually
a class A or class AB, amplifier).

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

The frequency stability of a crystal
oscillator is determined principally by

-the temperature coefficient and mount-

ing of the crystal, and only to a limited
extent by tube operating conditions and
loading. Consequently, it is not usually
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necessary to use regulated plate and
screen supplies for such oscillators, or
to isolate them from varying loads by
means of buffer stages. When extremely
high stability is required, however, (e.g.,
in frequency standards and commercial
transmitters), it is usually necessary to
employ all of the stabilizing measures
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 feedbacl\:. Triodes used in crys-
tal oscillators should, therefore, be low-
power types, or be operated at substan-
tially reduced platé\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
erystal 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 erys-
tal-oscillator circuits, it may be neces-
sary to use external capacitive feedback
to obtain oscillation. This feedback may
be provided by a small adjustable capa-
citor (usually not more than 2 or 8 micro-
microfarads) connected between thegrid-
No.1 terminal and the plate terminal of

_the tube. Under no circumstances should

the external feedback capacitance be

Jlarger than necessary for oscillation, be-

cause even small excess values may pro-
vide sufficient feedback to destroy the

_erystal.

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 coms=

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 because selection of desired
harmonies can be accomplished in the
plate circuit without affecting the oscil-
lator frequency.

Parallel-Tuned Tank Circuits

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

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

PLATE
SUPPLY
VOLTAGE,

- Fig. 34
frequency, f, of such a circuit in mega-
cycles per second is given by
(100
21/LC 1)
where L is inductance in microhenries,
andCiscapacitanceinmicromicrofarads.

This expression shows that the reso-
nant frequency varies inversely as the
square root of the product L.C. Doubling
both L and C halves the resonant {re-
quency. For any given frequency, f, the
product of L and C is a constant.
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Exceptin cireuits operating at ultra-
high and higher frequencies, L is usually
‘“lumpped” 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-eapacitance 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 cireuit’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 operatmg conditions is
given by
Q= C X f X Ep 2)

T 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 dc plate potential in volts, and
Ib is the total de plate current of the
stage in milliamperes.

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

_ L ®)

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

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

The first step in the design of a
plate-tank circuit is the determination
of the most suitable operating Q for the

* type of service in which the stage is to

be used. The use of too low a Q resultsin
a distorted waveform 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-circuitlosses. 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

030X QX @
f X Ep

Fig. 35 shows C as a function of the
ratio Eb/Ib for a Q value of 12. The
curves in Fig. 35 can he used to deter-
mine values of tank-circuit capacitance
suitable for use in equipment operating
in the amateur bands. Values of C oh-
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. 86 (a). These
values represent the total capacitance
required for resonance at the correspond-
ing frequencies, and include tube and
stray circuit capacitance.Values slightly
higher than those indicated can gener-
ally be used without appreciable reduc-
tion of power output.

When a split tank circuit is em-
ployed for a single-ended stage, as shown
in Fig.36 (b), the total tank capacitance
should be one-fourth that indicated by
Fig. 35 or Equation (4). The correspond-
ing tank inductance, therefore, is 4 times
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that required for a tank circuit which is
not split. If the tank tuning capacitor is
8 split-stator type, such as that shown
in Fig. 86 (c), each section should have
one-half the capacitance indicated by
Fig. 36 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. 856 or Equation
(4), or if the tuning capacitor is a split-

" gtator 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-eircuit capaci-
tance indicated. In this case, each sec-
tion of a split-stator tank ecapacitor
ghould have the capacitance indicated
fn Fig. 85 and in Equation (4).
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where L is the inductance of the coil in
microhenries, R is the mean radius in
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When the required tank-circuit ca-~
pacitance is known, the tank inductance
required for resonance at the desired fre-
quency can be determined by substitu-
tion of the value of C in Equation (1).
Approximate winding data for single-
layer coils, such as that shown in Fig.
87, suitable for use in amateur transmit-
ters can then be obtained from the fol-
lowing formula:

L= B2X N2
~ 9R + 10B

be larger than the optimum total capaci-
tance indicated in Equation (4). In such
cases, the designer has a choice of the
followmg procedures:

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

N

-~ R

-

Fig. 87
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tank circuit for the lowest Q wvalue
obtainable under these conditions; )

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

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

Interstage Coupling

One of the most important consider-
ations in rf circuit design is the method
used for coupling the input of an ampli-
fier or frequency multiplier to the out-
put of the preceding stage. An inter-
stage rf coupling circuit must permit
efficient, transfer of energy at the desired
frequency; discriminate, if possible,
against harmonics of the desired fre-
quency; and, where necessary, provide
de isolation between the driver and the
dri‘ven 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: eapacitive coupling, direct
inductive coupling, and indirect induc-
tive (“link”) coupling.

In capacitive coupling, a capaci-
tor having very low reactance at the
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desired frequency is connected between
the plate-tank circuit of the driver stage
and the grid of the following tube. This
eapacitor should be designed for use at
radio frequencies, and should have a
voltage-breakdown rating adequate to
withstand the maximum poténtial dif-
ference developed between the driver
plate circuit and the grid of the follow-
ing tube. The input side of the coupling
capacitor may be connected directly to
the driver plate, as shown in Fig. 39 (a),
or to a tap on the plate-tank coil, as
shown in Fig. 89 (b).

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

Direct inductive coupling, shown
In Fig. 40, is very efficient, but also in-
volves high coupling impedances- and,
therefore, requires that the driver and
driven stage be in close proximity. The
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coupling between the plate and grid
windings may be fixed or adjustable.
Adjustable coupling provides a conven-
fent means for controlling loading and
excitation. The grid winding may be
either tuned or untuned. Although the
tuned type provides maximum efficiency,
the additional 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-
sble with direct inductive coupling, it
nllows 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 induec-
tively coupled to the plate-tank coil of
the driver and to the grid-tank coil of
the following stage. Because of their low
impedance, these link windings may be
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connected together through suitable
transmission lines of considerable length
with little danger of excessive radiation
or interference pickup. Bécause the links
are inductively coupled to the plate and
grid circuits, the transmission lines are
not required to carry dc and, therefore,
may be grounded.Theseinterstage trans-
mission lines may be any of the various
types commercially available, such as
twisted pair, ribbon line, open-wire line,
or coaxial cable, depending on the re-
quirements of the circuit.

The coupling between link wind-
ings and their respective tank coils may
be either fixed or adjustable. Fixed links
should be coupled as tightly as possible
to their tank coils in order to assure
maximum energy transfer. When vari-
able coupling is desired, it is usually suf-
ficient to have only one of the links ad-
justable. Link windings should always
be coupled to their-tank coils at points
of minimum rf potential. In single-ended
tank circuits (not split), the correct loca-
tion for a link winding is at the end of
the plate-tank coil connected to the
plate-voltage supply or at the ground
(or bias-supply) end of the grid-tank
coil. In split single-ended circuits or
push-pull circuits, link windings sheuld
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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
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any losses. Because these circuits are
usually required to work into low-im-
pedance antennas, transmission lines, or
other load devices, they must also de-
liver heavy output currents. Conse-
quently, they must be designed to have
the highest possible efficiency. In addi-
tion, any harmonics present in the out-
put of the final stage must be eliminated
in the output coupling circuit so that
they will not enter the antenna or out-
put transmission line.

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

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

Probably the simplest and most
convenient type of output coupling is
inductive coupling. This type permits
accurate impedance matching to high-
or low-impedance antennas, transmis-
sion lines, or other loads, and inherently
tends to diseriminate against harmonies.
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
Ttage across the rf output terminals and
oad.

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

For unmodulated or plate-modu-
lated class C amplifiers, Zp=Eb/2Ib;
for class B amplifiers and grid- or sup-
pressor-grid-modulated class C ampli-
fiers, Zp=Eb /(4 Ib); where Eb is the 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 suffi-
cient energy having the same frequency
and the same phase as the grid voltage
is fed back from the plate cireuit to the
grid circuit. Feedback of the proper
phase for oscillation (regenerative feed-
back) may take place through the grid-
plate capacitance of the tube, or through
external capacitive or inductive cou-
pling between plateand grid circuits. The
amount of feedback necessary to cause
self-oscillation is inversely proportional
to the power sensitivity of the amplifier
and, therefore, is much smaller for beam
power tubes and other multigrid types
thanfor 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
eircuits from the tube.

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

tubes to improve their stability at the
higher radio frequencies.

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

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

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

Parasitic Oscillations

Parasitic oscillations are oscillations
which occur in a circuit at frequencies
other than the desired signal frequency,
its harmonics, or its subharmonics.They.
may be continuous, or occur only during
keying, modulation, or surges in the
power-supply circuits of the equipment.
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Because they absorb power from the cir-
cuits in which they occur, parasitics re-

_duce efficiency and performance at the

desired operating frequency. They may
also be responsible for voltage flashover,
instability, or premature failure of tubes
and other circuit components, and may
create serious interference by causing
radiation of spurious carrier and side-
band frequencies.

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

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

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

(1) Long connecting leads between
grid and plate terminals of tubes and

" the corresponding tank circuits.

(2) Push-pull tank circuits employ-
ing split-stator tank capacitors in which
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the common terminals of the tank ca-
pacitors are not at rf ground potential.

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

(4) Long leads in neutralizing cir-
cuits.

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

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

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

The second method is the insertion

in one of the tube circuits (grid, plate,

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

Fig. 43 shows a beam power tube
in an rf amplifier which has been stabi-
lized to eliminate parasitics. Lg, Lk, and
L, represent the distributed inductance
of the grid, cathode, and plate leads, re-
spectively. Cgp and Cgi are the grid-
plate and plate-cathode capacitances of
the tube. Ly, 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

Lp
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non-inductive resistor having a value of
25 ohms or less is installed in the cathode-

return lead directly at the tube socket.

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

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

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

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

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

(2) Resonance conditions'in power-
supply filter circuits. :

(8) Resonance conditions in modu-
lation-circuit components. :

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

(5) The use of parallel feed in both
the grid and plate circuits of a tube. /

In addition to the stabilization of
individual stages in power-tube equip-
ment, it is also necessary to prevent un-
desired coupling and feedback between
stages operating at the same frequenty.
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
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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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Power Tube
Operating Conditions and Adjustments

Calculation of Operating
Conditions

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

Simple calculations can be used to
determine operating conditions for any
type of service in which plate current
flows for less than the entire signal cycle.
They can be used for triode and multi-
grid-tube class C amplifiers (both modu-
lated and unmodulated), for push-pull
class AB and class B audio amplifiers
and for class AB and class B linear rf
amplifiers.

The basic factors used in these cal-
culations are the peak plate current of
the tube, and the corresponding instan-
taneous plate voltage, grid voltages, and
grid currents. The peak plate current is
determined by the average or dc plate
current and by the plate-conduction
angle (i.e., the fraction of the signal cy-
cle during which plate current flows).
For a given dc plate current, peak plate
current varies inversely with conduction
angle and is equal to the 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 |
Conduction
Angle
(degrees) K K, K; Ky K;

210 2.75 0.723 0.206 0.795 0.284
200 2.87 0.745 0.148 0.862 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 1.850 0.213
140 4.00 0.862 0.520 1.520 0.200
130 4.256 0.880 0.732 1.732 0.18%7
120 4.60 0.897 1.000 2.000 0.174
110 5.00 0.913 1.3456 2.845 0.160
100 5.50 0.927 1.800 2.800 0.145

90 6.10 0.940 2.410 8.410 0,130

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

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

Table 1l
Eci/Egqt K Eci/Em K

0.25 4.67 0.65 6.95
0.30 4.84 0.70 7.562
0.35 5.04 0.75 8.25
0.40 5.26 0.80 9.25
0.45 5.50 0.85 10.70
0.50 5.78 0.90 13.12
0.556 6.10 0.95 18.63
0.60 6.49
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results in substantially reduced plate-
circuit efficiency. The use of smaller con-
duction angles, on the other hand, tends
to increase plate-circuit efficiency, but
makes it necessary to provide substan-
tially higher driving power.

Use of Curves

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

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

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

A single set of curve families for a
multigrid tube shows the characteristics
of the tube at a particular grid-No.2 (or
screen-grid) voltage. If a different grid-
No.2 voltage is to be used, appropriate
“Average Characteristics” curves must
be obtained, or values shown in the avail-
able curves must be converted mathe-
matically. A simple method of conver-
sion is given later.

Class C Telegraphy Service
Multigrid Tubes

(1) Choose a plate voltage (Ep), a
de grid-No.2 (screen-grid) voltage (Eo,),

and a de plate current (Ip) which pro-
vide a plate input (P;) within the maxi-
mum rating for the tube, Also select a
conduction angle smaller than 180 de-
grees (preferably 140 degrees).

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

ibmmx = Ki X Ib

(3) Determine the effective mini-
mum plate voltage (eny,) and peak
positive grid-No.1 voltage (ec,yqy) from
the plate-famiﬂy curves for the chosen
value of E¢, and the calculated value of
ibmax- For maximum plate-circuit effi-
ciency and maximum power gain, both
€bmin and €cymay 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 enmin and ecypax values below the
knee causes excessive grid-No.1 and
grid-No.2 current; the use of values too
far to the right of the knee reduces
power output and may result in exces-
sive plate dissipation. .

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

PO = K2 X (Eb _ebm]n) X Ib

(5) Plate dissipation or plate loss

(Pp) is then given by

Pp= Ep 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 K; and K,
given in Table I, ealculate the de grid-
No.1 voltage or bias (E¢) as follows:

KX E,
“Eoy==(KsX ecimax) ~ B2 X oy ‘
’ - Hgogr

where ug;gl is the mu-factor (grid No.2

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

Eg = ~Fo + ecimax

(8) Determine peak grid-No.1 cur-
rent (icimay) from the grid-current char-
acteristics curves for the appropriate
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value of E.,. (Like peak plate current,
peak grid-No.l current flows at the in-
stant that plate voltage is equal to eppyy
and grid-No. 1 voltage is equal to ecpyux).
Then, using the value of K; given in
Table II for the calculated values of
E, and Eg, determine the dec grid
current (Ic,) as follows:

ch = iClmax/KG
(9) The approximate driving power

(Pq) required by the grid-cathode cir- .

cuit of the tube is then given by
Pa= 09 X Eg X Iy

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

(10) It is now necessary to calculate
the de grid-No.2 current (Iy,) and grid-
No.2 input (We,). First determine the
peak grid-No.2 current (icypqy) from the
screen-grid-current characteristics curves
for the-appropriate value of Eg,. (The
value of icynay is determined at the in-
tersection of the plate-voltage coordinate
corresponding to eb,,, with the grid-
No.1 voltage coordinate corresponding
t0 ecimax). Then, using the value of K;
given in Table I for the conduction an-
gle employed, calculate the de grid-No.2
current (Ic,) as follows:

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

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

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

(2) From Table I, X, for a conduc-
tion angle of 140 degrees is 4. Therefore,

peak plate current (iyy,,)=0.112 am-
pere X 4 =0.448 ampere, or 448 milli-
amperes.

(3) From the plate family for the
6146 given in Fig. 44 (Ec,=150 volts),
a suitable value for effective minimum
plate voltage (epmyy) to the right of the
“knee” is 70 volts. The corresponding
peak positive grid-No.1 voltage (ec;muxs
determined from K¢, curves) for a peak
plate current of 448 milliamperes is
approximately 416 volts.

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

(5) Plate dissipation (Pp)= (600 X
0.112) -1 = 16.2 watts. This value is

well within the maximum plate-dissipa-

tion rating of the 6146 for class C teleg-
raphy under CCS conditions (20 watts).

(6) The dc grid-No.1 or bias voltage
(E¢;) and peak rf grid-No.l voltage
(Eg,) are calculated next. (Note that
bias voltage Eg, is not the E; shown in
the characteristics curves, which repre-
sents total grid voltage, i.e., the alge-
braie sum of the bias K., and peak rf
grid-No.1 voltage ecyy,.). 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 {uge,) is 4.5. Therefore,

Eo = ~(0.520 X 16)- 2220 X150 5.5
~50.6=-58.9, or approximately—-59volts.

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

(8) The next step is to determine dc
grid-No.1 current (I¢,). From the grid-
No.l average characteristics curves
shown in the tube data (Eq, = 150
volts), for epyn of 70 volts and ecyyuy
of +16 volts, peak grid-No.l current
(icymax) = 28 milliamperes.

From Table II, K; for the ratio
B /Eg=59/756 = 0.787 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 8 milliamperes.

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

(10) From the grid-No.2 character-
isties curves shown in the tube data
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AVERAGE PLATE CHARACTERISTICS
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(Ecy = 150 volts), for Eyp= T0 volts and
E.,=+16 volts, peak grid-No.2 current
(ieymax) = 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 0.069 = 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 Me:

Caleu- Pub-

lated lished

DC Plate Voltage (Ep)... 600 600 volts
DC Grid-No.2

Voltage (Ec2) ..o ovennnns 150 150  volts
DC Grid-No.1

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

Voltage (egimax) ....... 75 13  volts
DC Plate Current (Ib)..... 112 112 ma

DC Grid-No.2 Current (Iez) 11.8 9 ma
DC Grid-No.1

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

(ApPprox., Pd) ....eeveee 0.2 0.2 watt
Power Output

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

Class C Telegraphy Service
Triodes

Calculations for triode class C am-
plifiers are similar to those described for
multigrid tubes except that somewhat
different considerations are involved in
the determination of effective minimum
plate voltage (epmn) and peak positive
grid voltage (ecmax), 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 (P1) 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:

ibms,x = Ib X K1

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

The maximum permissible value of
€umax and the minimum permissible
value of epy;, are determined at the
point where the horizontal coordinate
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representing the peak current intersects
the “E; = Ep” line (sometimes called
“Diode Line”). It is generally desirable
that epmin be slightly more positive than
€omax- 1 €bmin 18 smaller than ecmyy, 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 = Kz X (Eb - ebmln) X Ib

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

Pp= (Epx X Ip) - Po

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

(6) Using the value of Kj; given in
Table I, calculate the gridbias (E¢) re-
quired as follows:

Eg= — [K3 X (€cmax + ebnﬁn/ﬂ) + Eb/M]

where p is the amplification factor shown
in the pubhshed 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

Eg = -E¢ + ecmax

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

I, = iCmax/ K,
If this value of Iec 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 epmn.

(9) The approximate driving power
(Pa) required by the tube is then given
by Pa= 09X Eg X L

Example:
Calculate operating values for the

RCA Transmitting Tubes

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 de plate current (Iv)
required to provide this input at a plate
voltage, (Ep) of 1500 volts is I =
260/1500 = 0.173 ampere, or 173 milli-
amperes.

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

(3) The average characteristics
curves given in Fig. 45 show that a peak
plate current of 692 milliamperes is ob-
tained at a peak positive grid voltage
(€emax) Of 118 volts and an effective min-
imum plate voltage (epmin) 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 (Pp) = (1500-
%0.173) —203= 57 watts (approx.)

This value is well within the 65-watt
maximum rating for the 812-A for class

C telegraphy under ICAS conditions.

(6) From Tablel, K;is 0.520. From
the published data, the amplification fac-
tor u is 29. Therefore, the de grid voltage
or bias(Ec)=-[0.520X (118 + 140/29) +
1500/ 29] =—[0.520 X (118 + 4.8) + 52]
= —(64 + 52)= -116 volts.

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

(8) From the average characteris-
tics curves shown in Fig. 45, for eep,5 0f.
-+ 118 volts and epy, of 140 volts, peak
grid current (iemayx) = 195 milliamperes
(approx.).

From Table II, X; for the ratio
Ec/Eg= 116,284, or approximately 0.5,
is 5.78. Consequently, the dc grid cur-
rent (Ic) = 0.195/5.78 = 0.0337 ampere,
or 34 milliamperes (approx.).

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

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

Calcy~ Pub-

lated lished
DC Plate Voltage(Ep)...... 1500 1500 volts
DC Grid Voltage(Ee)....... —116 -120 voltas
Peak RF Grid Voltage(E,

234 240 volts

DC Plate Current (Ip) ..... 173 173  ma
DC Grid Current,
(Approx., Te). .. io.iuue, 84 30 ma

Driving Power (Approx., Pd) 7.2 6.5 watts
Power Output (Approx., Po) 203 190 watts

Plate-Modulated ~
Class .C Telephony Service.

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

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

Operating values for multigrid tubes
used as frequency multipliers are also
calculated as described above under
Class C Telegraphy Service, except that
values for the constants Ki, K., K;, K,
and K; are obtained from Table III in-
stead of Table 1.

Table It

K1 K2 K K K.
Doubler 4.60 0.63 1.00 2.00 0.174
Tripler 6.90 0.63 3.27 4.27 0.116
Quadrupler 9.00 0.63 6.46 7.46 0.089

Triodes

Operating values for triodes used as
frequency multipliers are also calculated
as described above, except that values for
the K constants are obtained from Table
II1 instead of Table I, and the following
equation is used to determine the value
of grid-bias voltage:

Ec= = (K X Egmax) +2 (3 Ep - evmin)

Class AB, SSB Service

Multigrid Tubes

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



procedure. All published maximum rat-
ings must be observed for each step.

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

(2) Determine peak plate current

RCA Transmitting Tubes

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

(4) Determine the minimum plate
voltage (Eopmn) from point of Inmgx
found in (2).

TYPICAL PLATE CHARACTERISTICS
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(Tvbmax) 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 (In,) between 1/6 and 1/10
of Ipmax found in (2). Locate Iy, at se-
lected Ep and construct a load line to
the point found in (2). In general, the

(5) Determine the grld-No 1 blas
(Ec,) from graph at the point of zero
signal found in (8).

(6) DC plate current at peak of
envelope (Ine) is approximately equal to
Tomax

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

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

(9) DC grid-No.2 current at peak
of envelope (I¢,) is approximately equal
to Iosmax/4-

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

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

(12) Peak Envelope Power input
(Pine) is equal to Ep X In,.

(13) Peak Envelope Power output
(PEP)isequal t0 (Tomax/4) (Ev-Ebmin)-

(14) Average Plate Dissipation
(Pp) is equal to 0.7 Py, — 0.5 PEP.

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

(16) Effective rf load resistance
(Rp) is equal to 2(Ep — Ebmin)/Ing-

Example:
Calculate operating values for the
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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 Ibmyx = 0.65 ampere
Locate Enpy, at 250 volts.

3) L, = (1/6.5) >< 065 0.10
ampere.

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

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

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

(7) Calculate: Iy = Ibe/l 4 0. 22/

1.4 = 0.16 ampere.

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

(9) Calculate: I, = Iogmax/4 =
0.065/4 = 0.016 ampere.

(10) Calculate: I, = Tg,/14 =
0.016/1.4 = 0.011 ampere.

(11) Calculate: P, = Eey X Iy =
250 X 0.011 = 2.7 watts. Verify that
grid-No.2 dissipation is within rating.

(12) Calculate: Pyg = Ep. Ine= 700
X 0.22 = 154 watts.

(13) Calculate: PEP = (Iymax/4)
(Eb = Eygy) = (0. 650/4) (700 250)
73 watts

(14) Calculate: Pp = 0.7 me, =0.5
PEP = 0.7 (154) - 0.5.(73) = 71 watts.

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

(16) Calculate: Ry = 2 (Ep, -
Eomin)/Iomax = 2(700-250)/0,65 = 1384
ohms.

Triodes.

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

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

e = 0.9 Pinpax/En
Verify value to be within maximuin rat-
ings.

(3) Determine peak plate currént
(Iomax) @8 8 Iy, found in (2).

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

(5) Determine peak positive grid
voltage (E¢mgyy) and effective minimum
plate voltage (Eppiy) for this value of
Tomax from the typical plate character-
istics for the tube.

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

(6) Zero-signal dc plate current
(Ivy) is equal to In,/b.

(7) Peak of envelope power input
(P1ue) isequal to Ep in (1) times Iy, in (2).

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

PEP = (I\)max/4) (Eb - Ehmln)

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

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

(11) Determine peak grid eurrent
(Iemax) from the grid-current character-
istics curves. The value of Iop,,, is shown
at the intersection of the plate-voltage
coordinate corresponding to Epy, with
the grid voltage curve corresponding to
Ecmax-
(12) Peak-envelope grid current
(Tce) is equal to one-third Iepmge, in (11).

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

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

(15) Calculate effective rf load re-

‘sistance (Rp) as follows: Ry = 2(Ep -

(2) Determine dc plate current at -
peak of envelope (In,) Which gives a

plate input approximately 90 per cent
of the plate input at the peak of envelope
rating:

b3

Ebmln)/Ibmax-

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

Py = Eg (Tomax/4)

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



sistance (Rp) in (13) must be modified
as follows: Ry = 2(Ep — Eppin + Bg)/
Ibmax-

Example:

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

RCA Transmitting Tubes

(15) Calculate: Rp = 2(E, -
Eomin)/Ibmex = 2 (1250 — 80)/0.36 =
6500 ohms.

Class AB and Class B
AF Amplifier Service

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

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

(3) Calculate: Iy = 3 Ipe = 8 X
0.12 = 0.36 ampere.

(4) Calculate: I, = L,,,/1.4 = 0.12/
1.4 = 0.09 ampere. '

(5) On Fig. 48 locate Inp,, = 0.36
ampere at Point A. Read Ecp. = 80
volts; Evpin = 80 volts.

(6) Caleulate Iy, = In./5 =
= 0.024 ampere.

(7) Pme = Ep Ine = 1250 X 0.120
= 150 watts.

(8) Calculate: PEP = (Ipy,./4) (Eb
~Evmin) = (0.36/4) (1250 — 80) = 0.09
(1170) = 105 watts.

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

(10) Record: By = Eepux = 80
volts.

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

(12) Calculate: L, = Ip./3 =
0.12/3 = 0.04 ampere.

(13) Caleulate: I, = I./1.4 =
0.04/1.4 = 0.028 ampere.

(14) Calculate: Py = Eg (Teyma/4)
= 80 (0.12/4) = 2.4 watts.

0.12/5
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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 caleulated 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

————=——— Operating Conditions and Adjustments s—————

gero-signal conditions and increases with
amplitude of the driving signal, it is also
necessary to calculate both the zero-sig-
nal plate current (Iy,) and the maximum-
gignal plate current (Ipmax). The maxi-
mum-signal value should not be con-
fused with the peak plate current (ibpmax),
which is the highest instantaneous value
and, at the assumed conduction angle of
180 degrees, is equal to 8.14 X Iy

.Class AB2 Amplifiers
Multigrid Tubes

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

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

ibmax = Kt X Tbmax = 3.14 Tbmax

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

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

Po= 2K, X (By — €pmin) X Ibmax
= 1.57T X (Ep - ebmln) X Ibmﬁx

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

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

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

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

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

Ibo = PDmux/(3 X Eb)

(7) The dc 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 E,.

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

Eg = ~Eo + ecimax
The total driving voltage (Egl_g]) re-
qulred for the stage, therefore, is ngen

Egl—a— 2 X (Bg) = 2 X (-E¢; + €cimax)

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

RLD—D = 127X (Eb - ebmin)/Ibmax

This value is four times the resistance
represented by a load line drawn on the
appropriate plate-family curves for the
tupe from the ibmay, €bmin Point to the
intersection of the plate-voltage (Ep)
coordinate with the Ip = 0 axis.

(10) Determine the peak grid-No.1
current (ic;m.x) per tube from the grid-
No.l-current curves given for the tube.
The value of ie,m.x I8 shown at the in-
tersection of the eymin coordinate with
the ecynax CUrve.

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

Pd = iClmnx X Egl/z

(12 )The peak grid-No.2 current
per tube (icsmax) i8 Obtained from the
grid-No.2 characteristies 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
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grid-No.2 current (Ieymqa) per tube as
follows:
Icﬂmnx = K; X iCEmax = 0.25 icomay

(14) The maximum-signal grid-No.2

input (We,) per tube is then given by

Wcz = Eoz X Iczmux

If this value of W, exceeds the maxi-

mum rating for the tube, it will be neces-

sary to reduce either epyy, or Ee,.

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

Example:

Calculate operating values for a
push-pull class AB, af amplifier stage
using two RCA-6146 tubes operating
under ICAS conditions. The basic oper-
ating values are Ep = 600 volts, E¢, =
200 volts, and Ipyy= 135 milliamperes
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
(ibmes) = 8.14 X 0.185 = 0.424 ampere,
or 424 milliamperes.

(3) From the average plate charac-
teristics curves for E¢, = 200 volts given
in the data section, the peak positive
grid-No.1 voltage per tube {ec,p..) =
4-5 volts (approx.) and the effective
minimum plate voltage (ep,,) = 65
volts (approx.). -

(4) Power output for two tubes in
push-pull (Pe)= 1.57 X (600-65) X 0.185
=113.5 Yvatts.

(3) Plate dissipation per tube (Pp)
= (600 X 0.185) — 113.5/2 = 24.2 watts.

(6) For one-third maximum rated
plate dissipation, zero-signal de plate
current (Iy0) = 25/(8 X 600) = 0.0139
ampere, or 14 milliampéres (approx.)
per tube.

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

(8) The peak af grid-No.l-to-grid-
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No.1 (driving) voltage (Eg.g) =
2 [-(~51) +5) = 112 volts.
(9) The effective plate-to-plate load
1.27X (600 —65)
0.136 =
5033, or approximately 5000 ohms.

(10) From the grid-No.l curves
given in the data section for Eg, = 200
volts, peak grid-No.1 current (ic;pmgy) is
8 milliamperes (approx.) for ecyma,x =
+5 volts and epp, = 65.

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

(12)From the grid-No.2 curves for
E¢, = 200 volts given in the data section,
for ecipmax=-+5 volts and ey p,=65 volts,

resistance (Rpp.p) =

peak grid-No.2 current per tube (icomay)

= 45 milliamperes.

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

(14) Maximum-signal grid-No.2 in-
put per tube (We,) = 200 X 0.0112 =
2.24 watts. This value is well within the
maximum rating for the 6146 (3 watts
per tube).

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

Values are for two tubes (;gtlgg' lgl;»le?:i
DC Plate Voltage (Eb).. 600 600 volts
DC Grid-No.2 .

Voltage (E¢z). . ...... 200 190 volts
DC Grid-No.1 Voltage

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

Grid-No.1 Voltage

(Bgig) .+ oo cvivnn. 112 109 volts
Zero-Signal DC Plate

Current (2Ibo)....... 27 28 ma

Maximum-Signal DC
Plate Current (21bnfkx) 270 270 ma
Zero-Signal DC Grid-

No.2 Current (2Icx). .. — 1.0 ma
Maximurne-SignalDCGrid-
No.2 Current (2Icamas) 22.4 20 ma

Effective Load Resistance

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

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

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

Class B Amplifiers

Triodes
The procedure for calculating oper-

————=——— Operating Conditions and Adjustments s—————

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

Example:

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

(1) Plate input per tube (Pp) =
1500 X 0.155 = 282.5 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
(pmex) = 3.14 X 0.;55 = 0.487 ampere,
or 487 milliamperes.

(3) From the average plate charac-
teristics curves shown in Fig. 45, for

fomax = 487 milliamperes, the peak posi- -

tive grid voltage (emax) = + 90 volts

(approx.) and the effective minimum -

plate voltage (epmin) = 100 volts.

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

(5) Plate dissipation per tube (Py)

= (1500 X 0.155) ~340/2 = 62.5 watts,

This value is within the maximum rating
for the 812-A (65 watts).,

(6) For one-third maximum rated .

dissipation, zero-signal dc plate current
per tube (Ipo) = 65/(3 X 1500) = 0.0145
ampere = 14.5 milliamperes.

(7) From the plate characteristics

curves given in Fig. 45, de grid voltage -

or bias (E¢) required to produce this
value of plate current at a plate voltage

of 1500 volts is approximately ~45 volts. .-

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

(9) The effective plate-to-plate load
resistance (Rpp-p) = 0.155
= 11500 ohms (approx.).

(10) From the grid-current curves

1.27 X (1500-100)°

shown in Fig. 45, peak grid current
(icmax) fOr eemax = + 90 volts and epp,y,
=100 voltsis 140 milliamperes (approx.).

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

Values are for two tubes c;;:gg" llias’;lg;l
DC Plate Voltage (Eb). . 1500 1600 volts
DC Grid Voltage (Ee) .. -45 -48 volts
Peak AF Grid-to-Grid

Voltage (Egg)....... 270 270 volts
Zero-Signal DDC Plate

Current (2Ibo). .. .. . 29 28 ma

‘Maximum-Signal DC Plate

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

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

Power (Approx., Pad).. 9.5 6 watts
Maximum-Signal Power
340 watts

Output (Approx., Po).. 340

Conversion Factors

Operating conditions for voltage
values other than those shown in the
publisheéd data can be obtained by the
use of the nomograph shown in Fig. 49
when all electrode voltages are changed
simultaneously in the same ratio. The

. nomograph includes conversion factors
. for current (Fy), power output (Fy),

plate resistance or load resistance (Fy),
and transconductance (Fgm) for voltage
ratios between 0.5 and 2.0. These fac-
tors are expressed as functions of the
ratio between the desired or new voltage
for any €lectrode (Egeg), and the pub-
lished or original value of that voltage
(Epub). The relations shown are appli-
cable to triodes and multigrid types in
all classes o.f service.

-To use the nomograph, simply
place a straight-edge across the page so
that it intersects the scales for Eges and
Epup 2t 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 Fgn scale.

For example, the dashed lmes on
the nomograph show that for a ratio
Edaes/Epun 0of 2/2.6 (all electrode volt-
ages reduced 20 per cent), Fi is approxi-
mately 0.72, F, is approximately 0.57,
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Fr is 1.12, and Fgm is approximately
0.892. These factors may be applied di-
rectly to operating values shown in the
tube data, or to values calculated by the
methods described previously.

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

Determine operating values for an
RCA-6146 beam power tube in Class C
Telegraphy Service at its maximum
ICAS plate-voltage (Ep) and plate-input
(Py1) ratings of 750 volts and 90 watts,
and at a grid-No.2 voltage (E,,) of 160

RCA Transmitting Tubes

volts. (The dec 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 Eg, for which curves
are available (i.e., 150 volts). For this
calculation, the chosen values of Ep and
Iy must be converted to the correspond-
ing values for Eq, = 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 (Iv) = ¥y X I = 0.91 X 120, or
approximately 109 milliamperes.

For a conduction angle of 140 de-

age (Ep) becomes or approxi-
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grees, K; = 4 and the peak plate current
(ibmax) = 4 X 109 = 436 milliamperes.

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

From the corresponding grid-No.1
and grid-No.2 curve families, peak grid-
No.1 current (icimax) = 24.5 milli-
amperes and peak grid-No.2 current
(icsmax) = 89.5 milliamperes.

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

From the nomograph, the current
conversion factor ¥y for the ratio 166/150
is 1.1.Consequently, ic;max = 24.5 X 1.1,
or approximately 27 milliamperes, and
icomax=289.56 X 1.1, or approximately 43.5
milliamperes.

The rémaining operating values can
then be calculated: Power output (Po)
= Ki X (Ep-epmin) X In = 0.862 (750-
80) X 0.120 = 69.3 watts.

Thedcgrid-No.1 voltageor bias (E¢,)

= "(Ks X eclmux) -M=—(0~52

. B281

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

The peakrf grid-No.1 voltage (Eg;)
= ~(-62) +16 = 78 volts.
" From Table II, the constant K, =
9.15 (approx.) for an E. /E. ratio of
62,78, or 0.795. Consequently, the de
grid-No.1 current (I,) = 27/9.15, or
approximately 3 milliamperes.

The dc grid-No.2 current (I,) =
K: X icziﬁa,x = 0.2 X 43.5, or 8.7 milli-
amperes. The de grid-No.2 input (We,)

= 160 volts X 0.0087 amperes, or ap- -

proximately 1.4 watts.

These calculated values are com-
pared below with the published “Typi-
cal Operation” values for the 6146 in

Class C Telegraphy, ICAS conditions: |

Calcu- Pub-
lated  lished
DC Plate Voltage (Eb). . 750 750  volts
DC Grid-No.2
Voltage (Ecg) o0 ovo1.. 160 160  volts

DC Grid-No.1

Voltage (Ect)y.convee -62 -82  volts
Peak RF grid-No.1

Voltage (Eg1). .« ... 78 79 volts
DC Plate Current (\h;). . 120 120 ma
DC Grid-No.2

Current (Iep).v.uunns. 8.7 11 ma
DC Grid-No.1

Current (Te)......... s 3 ma
Driving Power,

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

Power Qutput,

(Approx., Po) 69.83 70 watts

Plate-input power (Pi).. 90 90 watts
Plate dissipation (Pq)... 21 20 watts
Grid-No.2 Input (Wez).. 1.39 1.76 watts

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

The nomograph does not take into
consideration the effects of contact po-
tential or secondary emission in tubes.
Because contact-potential effects be-
come noticeable only at very small de
grid-No.1 (bias) voltages, they atre 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 oe-
cur in certain beam power tubes at very
low values of plate current and plate
voltage, the conversion factors shown in
the nomograph do not apply when these
tubes are operated under such conditions.

Adjustment and Tuning

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

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

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

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

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

(5) Quickly tune the driver plate
circuit to resonance, which is indicated
by a dip in driver plate current, as shown
in Fig. 50, and by maximum grid cur-
rent in the amplifier stage. If the ampli-
fier has a tuned grid circuit, this circuit
should also be tuned to resonance (indi-

cated by an increase in the amplifier

grid current).

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

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

P
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Fig. 60
followed after a change is made in
coupling or loading to compensate for the
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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, or improper neutralization.
If the plate-tank circuit of any class C
amplifier cannot be tuned to resonance,
the tank-circuit inductance or capaci-
tance, or both, may have to be increased
or decreased in value, depending on
whether the circuit is found to tune
higher or lower than the desired fre-
quency. An absorption-type wavemeter
is useful in such adjustments.

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

(10) Connect the external load to-

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

or the load coupling increased, Qﬁe plate
current of the amplifier should rise, Re-
tune the amplifier plate tank to reso-
nance after each change in coupling.The
amplifier plate current should still dip at
resonance, but its minimum value should
be considerably higher than under no-
load conditions, as shown by the dashed
curve in Fig. 50.

(11) Apply full plate, screen-grid,
and suppressor-grid voltages to the'am-
plifier. Increase the coupling between
amplifier and load, retuning the a.m:ﬁ&
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 dec plate voltage and de plate
current) exceed the maximum value
given in the tube ratings for the type of
service involved. .

Because the dc grid current of an
amplifier decreases as the load on the
amplifierisincreased, 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 bias. . »

Neutralizing Adjustments

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

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

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

following stages. Adjust the coupling be-

tween driver and amplifier to maximum,
and loosely couple -a fairly sensitive rf
indicator to the amplifier plate-tank coil.
Although a simple indicator is usually
satisfactory, a sensitive.rf meter con-

.nected to a one- or two-turn loop or a

vacuum-tube voltmeter equipped with a
suitable rectifier probe provides more
exact indications, particularly for final
adjustments.
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(3) Apply normal filament or heater
voltage to the amplifier, and all normal
operating voltages to thedriver, 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.

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

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

In neutralizing a push-pull ampli-
fier, both neutralizing capacitors should
be adjusted simultaneously. However,
both capacitors will seldom have the
same setting at the point of complete
neutralization because of slight differ-
ences in tube and stray circuit capaci-
tance, and because split tank circuits are
seldom electrically symmetrical.
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A dc milliameter connected in the
grid-return circuit of an amplifier can
also be used as a very sensitive indicator
for neutralizing adjustments. The am-
plifier is operated without plate, screen-
grid, or suppressor-grid voltage, and suf-
ficient rf excitation is applied to produce
a normal value of grid current. If the
amplifier is not properly neutralized, its
grid current will vary when its plate-
tank circuit is tuned through resonance.
The neutralizing capacitor should then
be adjusted slowly while the amplifier
plate-tank circuit is tuned back and
forth through resonance. As the point of
neutralization is approached, the varia-
tions in grid current decrease. When the
amplifier is perfectly neutralized, tuning
of its plate-tank ecircuit through reso-
nance does not cause even a slight
change in the reading of the grid-current
meter.

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

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

Power-Tube Installation

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

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

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

Ventilation and Cooling

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

Three basic methods are used to cool
power tubes: natural-convection, forced-
air, and conduction cooling. Most of the
tubes listed in this manual are designed
for operation at maximum ratings with
natural-convection cooling. Some types,
such as the 6161, require foreced-air cool-
ing; other types, such as the 826, 829B,
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and 8334, can be operated with natural-
convection cooling, but carry substan-
tially higher ratings when forced-air eool-
ing is employed. Recently developed
tubes having external plates are cooled
by forced-air cooling (type 8122) or by
conduction cooling (type 8072).

Regardless of the cooling method
used, power-tube equipment design
should always permit the unimpeded
circulation of air around all tubes and
include provision for adequate ventila-
tion of tube and equipment enclosures
so that the envelope temperatures will
not hecome high enough to damage the
tubes or their associated circuit com-
ponents. No further precautions need
be taken for tubes cooled by natural con-
vection, other than ensuring that the
maximum permissible seal or bulb tem-
perature is not exceeded. Tubes cooled
by natural convection are generally lim-
ited to plate-dissipation ratings below
1000 watts.

Tubes designed for forced-air cool-
ing can be made smaller and more com-
pact; however, systems using forced-air-
cooled tubes require duet 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 Malerials. Forced-air-
cooled tubes are generally limited to
plate dissipation ratings below 50,000
watts. Maximum permissible envelope
temperatures, air flow, and pressure re-
quirements for forced-air-cooled tubes

_are given in the Tube Types— Technical

Dala section.

Toacertain extent, conduction cool-
ing is inherent in all tubes as a result of
the physical contact between the tube
and its socket and mounting. However,

- tubes which are specifically designed for

conduction cooling can be made smaller
and more compact and do not require
the fan and duct work necessary for



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

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

W]\

Ky = T, ~ T,

where W), is the seleeted 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 lig-
uid be used to fill the cooling system and
that provision be made for continuous
purification and elimination of sources
of contamination, These precautions are
neecessary to prevent scale formation,
corrosion, and excessive electrolysis,
which can reduce tube life.
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The giass portions of a tube enve~
lope should not be exposed to the spray
of any liquid or be permitted to come in
contact with metal objects such as cir-
cuit wiring or grounded metal shields
because excessive temperature differ~
ences may cause envelope fractures.
Shields should not fit so closely as to im-
pede the free circulation of air around
the tubes. In many cases, they may be
designed to produce a “‘chimney’’ effect
which will increase the draft and im-
prove tube ventilation.

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

Wiring Considerations

Energy losses in power-tube circuit
wiring limit operating efficiencies and
may produce undesirable heat. These
losses may be caused by conductor re-

‘sistance (I2R losses), leakage (E2/R

losses), radiation, or stray coupling.
Excessive I2R losses in power-tube
circuit wiring can be avoided by the use
of conductors having adequate current-
carrying capacity and the lowest possi-
ble resistance, and layouts which permit
short, direct, connecting leads. Filament-
and heater-circuit conductors are par-
ticularly susceptible to large IZR losses
because they ecarry currents of high
average (dc) or rms (ac) vakie, and be-
cause their resistance is increased by
heat received by direct thermal conduc-
tion from the tube filaments or heaters.
‘When an installation requires the use of
long filament-supply leads or operation
of several high-current tubes from a com-
mon filament-supply line, these losses
may cause filament voltages to decrease
below the minimum values specified in
the tube data and the tubes may be dam-
aged. In such cases, conductors of ade-
quate size should be used to avoid exces-
sive losses or sufficient excess voltage

Power-Tube

should be provided at the supply to com-
pensate for the reswlting losses, In the
latter case, means of adjusting the sup-
ply voltage and suitable metering facili-
ties should be provided to assure that
correct filament or heater voltage is
received at all terminals. .

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

A signal conductor should have low
resistance at the highest frequency in-
volved, and be capable of carrying the
highest peak currents flowing in the cir-

cuit with negligible heating. Solid or -

stranded conductors are suitable for af
applications, and a special type of mul-
tiple-strand conductor called ‘‘Litzen-
draht” for low- and medium-power rf
applications atfrequencies up to approxi-
mately 8 megacycles per second, At
higher frequencies it is advisable to use
tubular conductors, which should be
silver-plated, if possible, to obtain maxi-
mum surface donductivity and to mini-
mize the effects of oxidation.

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

As a general rule, conductors having
enamel, plastic, or fabric coverings
should be used only in supply circuits
and low-frequency signal circuits opera-
ting at low voltages. Supply-circuit con-
ductors should be installed in compara-
tively cool locations as far from signal
conductors and unshielded signal com-
ponents as possible. Such conductors,

Installation

when completely insulated, may usually
be grouped. or cabled together on the
chassis or framework of the equipment.
When high voltages or very high tem-
peratures are involved, it is generally
-preferable to use bare conductors which
are adequately spaced and supported by
insulators of suitable mechanical design.
RF signal conductors, particularly
those carrying vhf or uhf currents, sthl(é
not be insulated, except at points wher
mechanical support is necessary, because
practically all types of surface insulation
absorb appreciable energy in the pres-
ence of rf fields.These conductors should
be isolated from each other, from circuit
components, and from the equipment
structure. R

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

Stray coupling in eircuit 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,
eircuit connections.These considerations
are discussed below under “Circuit Re-
turns.”

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

Circuit Returns

All currents in a power tube (except
heater current) originate in and return
to the cathode, which is, therefore, a
common terminal of all supply and sig-
nal circuits associated with the tube. The
direct currents drawn by the tube elec-~
trodes return to the cathode through the
power-supply and bias circuits.Although
these circuits also provide return paths
to the cathode for signal currents, they
usually contain resistive and reactive
components which offer considerable
impedance to ac signals and thus cause
substantial loss of signal energy. When
a single power supply is used for more
than one stage, its internal impedance
may also act as a coupling device be-
tween stages and thus introduce unde-
sired degeneration or regeneration.These
effects may generally be avoided by the
use of separate ac and 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 de circuit returns
are usually connected to the more nega-
tive terminal of the cathode resistor. If
the de voltage drop across the cathode
resistor is greater than the bias required,
however, the grid-circuit de return for
the tube may be connected to a tap on
the cathode resistor which provides the
desired bias voltage. When an rf choke
coil or a resonant network is connected
in series with the cathode of a power tube
employing fixed or grid-resistor bias, dc
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 dec
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circuit returns should be connected to
the negative filament terminal of the
tube. The use of this point for de returns
provides a small amount of protective
bias for the tube because the grid is
maintained at a negative potential with
respect to the cathode in the event that
external bias fails or is accidentally
removed.

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

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

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

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

cuits of more than one tube. AC returns
are generally made through capacitors
directly to the cathode, or to points hav-
ing the same ac potential as the cathode,
regardless of the location of the 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
#c return paths is not critical because
the impedance of such paths at audio
frequencies is generally negligible.

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

CSAF BYPASS CAPACITOR

Fig. 51

The ac circuit returns of an rf stage
should, therefore, be connected directly
to the appropriate cathode terminals of
the tube socket or to a single point on
the chassis which is at the same ac po-
tential as the cathode. Fig. 52 is a semi-
pictorial diagram showing the ac circuit
returns required in a high-frequency am-
plifier stage using a beam power tube.
Bypass capacitors are used across each
side of the filament center-tap resistor
to minimize the rf impedance of the
filament circuit. Capacitors used in rf
bypass applications should be specifi-

Power-Tube Installation

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 direet 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
circeuit 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 dc source which is
substantially free from ripple or other
undesirable fluctuations in potential.
When an application requires that a
suppressor grid draw a varying current,
the dc supply should be a battery or
other source having good voltage regu-
lation, This requirement is particularly
important when a suppressor grid is used
as a modulating electrode because the
average suppressor-grid current may
then vary with the amplitude of the
modulating signal.

Screen-Grid Supply

Grid-No.2 or screen-grid voltage
for a beam power tube, pentode, or
tetrode may be obtained from a separate
dec power supply or from the plate sup-
ply for the tube. In the latter case, the
required voltage may be 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 sereen-grid voltage. In addition, any
means employed for the reduction of
plate voltage should automatically pro-
duce a proportional reduction in screen-
grid voltage.

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

Such conditions are most likely to
occurin telegraphy transmitters employ-
ing “blocked-grid”’ keying or other meth-
ods of keying which cut off or substan-
tially reduce plate and screen-grid cur-
rents of multigrid tubes when the key is
up. Although Class C Telegraphy ratings
for most multigrid tubes permit 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 cases where a series-
resistor screen-grid supply voltage is
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used, precautions should be taken to
keep the screen-grid voltage within the
maximum value specified in the tube
data for key-up conditions.

Control-Grid (Bias) Supply

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

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

Supply-Voltage Variations

Because a tube may be seriously
damaged if its absolute maximum volt-
age ratings are exceeded, consideration
must be given to the variations in elec-

trode voltages which result from line- °

voltage fluctuations,load variations,and
normal manufacturing tolerances in cir-
cuit-component values. The operating
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voltage for each tube electrode should
be low enough so that the absolute max-
imum rated voltages of the tube will not
be exceeded under any combination of
these variations, or the voltage supplies
should have sufficient regulation to per-
mit the use of maximum rated voltages
without danger of exceeding the tube
ratings.

Protective Devices

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

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

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

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

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

For reasons of economy, a single de
milliameter is sometimes placed in the
cathode-returnlead orthe negative high-
voltage supply lead of a tube for the



measurement of total cathode current.
In such cases, the meter should be
shunted with a resistor to protect the
tube cathode and the meter irom 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 ef the
meter is generally satisfactory, and in-
troduces an error in meter reading of
only about one per cent.

Safety Considerations

Because the rated plate and screen-
grid voltages of most power tubes are high
enough to be extremely dangerous to the
user, care should be taken during mainte-
nance of power-tube equipment to insure
that all primary power is disconnected
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and all exposed circuif parts are effectively
grounded. When circuil adjustments are
made on “live” equipment, very great care
should be taken to avoid contact wilh 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 eleciric shock is pres-
ent.

Inthe design of equipment, personal-
safety considerations require the ground-
ing of all operating conirols and exposed
surfaces, enclosure of all live circuil ele-
ments, and the incorporation of ‘‘inter-
lock™ switches at all points of access to the
interior of the equipment. These swiiches
should automatically open the primary
circuits of all high-voltage power supplies
when access is required, )
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Rectifier-type power supplies em-
ploying electron tubes are used as sources
of plate, screen-grid (grid-No.2), and
other dc operating voltages in all types
of electronic equipment. They are also
used extensively in electroplating, in
motor-speed control, and in many other
applications requiring economical and
conveniently controllable dec power.

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

Mercury-Vapor Tubes

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

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

Filament Heating Time

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

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

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



required, suilable voltmeters should be
permanently incorporated in the equip-
ment. These meters must be insulated to
withstand the maximum peak inverse voll-
age applied to the tubes, and should be re-
cessed in the equipment and protected by
glass or plastic viewing panels to prevent
any possibility of injury through acci-
dental bodily contact. Portable instruments
should not be used for the measurement of
rectifier-filament voltages unless adequate
personal-safely precautions are taken by
the user.

Because 2 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 mereury, 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 conduet. 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 eontrol 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
15 inch above the base at the filament
end of the tube. The air flow may be re-
moved simultaneously with the anode
voltage. The rise of mercury-vapor tem-
perature above ambient temperature is
given as a function of heating time un-
der no-load and/or full-load conditions
for mercury-vapor rectifier types in the
Tube Types—Technical Data Section.

Shielding

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

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

In some cases, this type of interfer-
ence can be minimized by the use of very
short leads to the rectifier anodes. It is
usually necessary, however, to deter-
mine whether the interference is trans-
mitted by radiation or by conduction,
and to select the most effective method
for its elimination by experiment. Radi-
ation of such interference can usually be
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minimized by shields of the type used to
protect rectifier tubes against external
fields. The transfer of such interference
to a power line can be minimized by the
insertion of alow-passinductance-capaci-
tance filter in the input ecircuit of the
rectifier, as shown in Fig. 55, or by the
use of filament and high-voltage supply
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transformers having electrostatic shields
between primary and secondary wind-
ings. Low-pass filters of the type shown
in Fig. 56 are also useful. The bypass
capacitors used in such filters must have
a voltage rating at least equal to the
peak voltage developed across each half
of the transformer secondary (approxi-
mately 1.4 times the rms voltage).
Rectifier tubes operated in circuits
in which peak inverse voltages are 16000
volts or higher produce X-rays. Because

POWER-SUPPLY

TRANSFORMER RF
OVERLOAD ,/ %E
RELAY i
I RF BYPASS
. CAPACITORS,
S _L MICA
SIS ==
e
/=
TO AC e
POWER S T
LINE :
S 1 Ty
ELECTRO- ! RF ===
STATIC )  CHOKE To *
SHIELD } FILTER
H 4
Fig. 56

these rays constitute a serious health
hazard, tubes operated in such circuits
should be equipped with shielding de-
signed to absorb X-ray radiation.

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

Tube Ratings

Rectifier-tube ratings usually in-
clude maximum permissible values for
peak inverse anode voltage, peak anode
current, average anode current, and
fault anode current. Before these ratings
are defined and their application to rec-
tifier circuit design is discussed, it is de-
sirable to define certain other terms fre-
quently usedin 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 vollage 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 w1th respect
to cathode

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

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

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

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

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

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

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

Circuits

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

The half-wave single-phase circuit
shown in Fig. 57 delivers only one pulse
of current for each cycle of the ac input
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voltage. Because its output contains a
very high percentage of ripple, this type
of circuit is used principally in low-volt-
age, high-current applications (e.g., in
power supplies for ac/dc receivers) and
inlow-current, high-voltage applications
(e.g., in ultor-voltage supplies for kine-
scopes and other types of cathode-ray
tubes).

A full-wave single-phase circuit
using two half-wave rectifier tubes is
shown in Fig. 58, and a series single-
phase circuit in Fig. 59. Although the
bridge circuit requires four half-wave
rectifier tubes and three filament trans-
formers (or three independent filament
windings), it can deliver twice as much
output voltage as the two-tube circuit
for the same anode-transformer voltage,

and does not require a center-tapped
high-voltage winding.
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Fig. 60 shows a half-wave three-
phase circuit using three rectifier tubes.
This circuit delivers three current pulses
per cycle and its output, therefore,
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contains a smaller pereentage of ripple
than that of a full-wave single-phase cir-
cuit.The parallel three-phase circuit em-
ploying six half-wave rectifier tubes
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shown in Fig. 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-
vigsion 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-wave four-phase and six-phase cir-
cuits, respectively.

Quadrature Operation

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

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

This difficulty can be minimized by
the use of ““Quadrature Operation.” In
this method of operation, the peak value
of the total filament current is minimized
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Fig. 64
ki



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
Yoltage Ratios
E/Eav 2.22 1.11 1.11 0.854 0.854 0.427 0.785 0.74

Ebmi/E 1.41 2.83 1.41
Ebmi/Eav 3.14 3.14 1.67
Em/Eav 8.14 1.57 1.67
Er/Eav 1.11 0.472 0.472
Frequency Ratio
fr/f 1 2 2
Current Ratios
Ib/lav 1 0.5 0.5
Resistive Load
Ip/Iav 1.57 . 0.786 0.785
Ipm/lav 3.14 1.57 1.57
Ipm/Ib 8.14 3.14 3.14
Inductive Load®=
Ip/lav - 0.707 0.707
Ipm/Iav - 1 1

Power Ratios

Resistive Load

Pasg/Pde 3.49 1.74 1.24

Pap/Pde 2.69 1.28 1.24

Pal/Pde 2.69 1.28 1.24
Inductive Load®

Pas/Pde - 1.57 1.11

Pap/Pde - 1.11 1.11

Pa1/Pde - 1.11 1.11

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

avpid poor regulation at light loading.
# The use of & large filter-input choke is assumed.

E=transformer secondary voltage (rms)

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

Em=peak dec output voltage

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

Ip=average anode current

Ip=anode current (rms)

Note: Conditions assumed include sine-wave supply, zero voltage drop in tubes, no losses

2.45 2,45 2.46 2.83 2.83
2.09 2.09 1.06 2.22 2.09
1.21 1.06 1.06 1.11 .1.06
0.177 0.04 0.04 0.094 0.04

3 6 6 4 6,
0.38  0.167 0.33 0.25  0.167

0.587 0.294 0.587 0.503 0.408
1.21 0.52 1.06 1.1 1.05
3.63 3.14 8.14 4.5 6.8

0.5677 0.289 0.577 0.500 0.408

1.1 1.48 1.05 1.57 1.81
1.21 1.06 1.06 1.11 1.29
1.21 1.05 1.05 1.11 1.06

Ipm=peak anode current

f=supply frequency

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

amperes

Pdc=dc power (Eav X Iav)

in transformer and circuit, no back emf in the load circuit, and no phase-back.
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liver a de voltage (Eav) of 2500 volts at
an average de current (I;v) 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 8.14.

Ebmi=3.14 X 2500 = 7850 volts.

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

I, = 0.5 X 500 = 250 milliamperes.

(8) Select a tube having suitable
voltage and current ratings from the
Application Tables Section. The 866A,
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
1.25amperes,would also be moresatisfac-
tory, the 866A is the more economical
type for this application.)

(4) Determine the rms voltage (E)
which must be developed by each half of
the high-voltage transformer secondary
for the rectifier to deliver 2500 volts de
to the filter at the specified load current
of 500 milliamperes under full-load con-
ditions.

E =111 X (2500 4+ 15) = 2790 volts (1)

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

Regulation

The voltage drops in filter-choke
windings or current-limiting resistors
which follow therectifier, as well as those
in the rectifier tubes and transformer
windings, become a very important con-

Rectifier Considerations

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

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

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

Filters

The filter employed to minimize rip-
ple in the output of a rectifier may be
either a choke-input or a capacitor-input
type. Careful considerationmustbegiven
to the selection and design of the filter
if the maximum ratings of the tubes are
not to be exceeded.

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

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

Capacitor-input filters provide the
highest 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
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than when a choke-input filter is usec

When a capacitor-inputfilteris usec
a current-limiting resistor should be con
nected between the rectifier tubes an
the filter to limit current surges. Th
total resistance, Rs, required to limit th
surge current to a safe value, includin
the effective resistance of the power
transformer secondary (or one half o
thesecondary of a full-wave transformer
is a function of the dc output voltag
(Eav) and the rated peak anode curren
(Ipm) of the tube.

K X Eay

Rt = Ipm

The factor K is equal to 3.14 for the cir
cuit shown in Fig. 57, 1.57 for the circuit
shown in Figs. 58 and 59, 1.21 for the cir
cuit of Fig. 60, 1.11 for Fig. 63, and 1.0.
for Figs. 62 and 64. The balance coil use:
in the circuit shown in Fig. 61 limits th
peak anode current so that a limitin:
resistor is not needed. The current-lim
iting resistor may beshort-circuited afte
the rectifier-filter system has bee:
switched on to avoid a reduction in use
ful de output voltage. The resistor mus
be employed, however, each time th
circuit is switched on. Capacitor-inpu
filters may be used in rectifier circuit
employing mercury-vapor or inert-ga
rectifier tubes only when a current-limit
ing resistor is used as described above

Design of Choke-Input Filters

The filter-design charts shown i
Figs. 65 and 66 permit quick determi
nation of inductance and capacitanc
values for choke-input filters for use wit]
full-wave single-phase rectifier cireuit
operating from 60-cycle supplies. Fo
other supply frequencies, the inductane
and capacitancevaluesindicated by thes
charts should be multiplied by the rati
60 /1, wherefisthesupply frequency used

The chart shown in Fig. 65 is use«
todetermine component valuesforsingle
section choke-input filters or for the firs
section of a multisection choke-input fil
ter. Single-section and double-sectio
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 loat
resistance (Rt) in ohms is equal to th
de output voltage (Euy) of the rectifie
in volts divided by the load current (Ip

Rectifier Considerations
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Fig. 65

in amperes. A de¢ output voltage equal
to 90 per cent of the rms voltage (E) per
rectifier-tube anode is used in this calcu-
lation (from Table IV, E/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 R, curve.

The K curves in Fig. 65 indicate
combinations of minimum filter induc-
tance (L,) and maximum filter capaci-
tance (C,) which will keep the peak an-
ode currents (Ip;m) of the rectifier tubes
within their maximum ratings at a given
rms anode voltage. The factor K is equal
to the de voltage from the rectifier tubes
at theinput to the filter (in volts) divided
by the maximum peak-anode-current
rating of the rectifier tubes (per anode,
in amperes). The K curves shown in Fig.
65 represent the following relation:

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

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

When a particular rectifier tube is

used at its maximum peak-inverse-an-
ode-voltage rating and maximum peak-
anode-currentrating simultaneously, the
applicable K line may be determined di-
rectly by placing a ruler across the ap-
propriate pair of dashed lines shown in
Fig. 65. When a tube is used at voltages
below its maximum peak-inverse anode-
voltage rating, a lower value of K de-
termined from the above equation must
be used.

The Ry, and K curves, therefore, in-
dicate limiting values of inductance and
capacitance which will assure that aver-
age and peak anode-current ratings of
the rectifier tubes will not be exceeded.
Filter-component values can now be
chosen within the wedge-shaped portion
of the chart outlined by the appropriate
Ry and K curves on or above the Eg,
line for the maximum percentage of rip-
pte 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 generallyshould have
ripple of 0.25 per cent or less. Power-
supply ripple in high-gain speech am-
plifiers and receivers should not exceed
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0.1 per cent to prevent hum modulation
of output signals.

The most economical method of ob-
taining ripple voltages below 1 per cent
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is by the use of double-section filters of
the type shown in Fig. 67(b). Values of
L, and C, for the second section of such
filters are determined from the chart
shown in Fig. 66. After the value of Eg,
for the first section is determined, the
values of L. and C: (25 a product) for
any desired ripple percentage Eg, at the
output of the second filter section may
be determined from the appropriate Eg,
curve in Fig. 66. Although any values of
inductance and capacitance having the
indicated product L. X C, will provide
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Fig. 67

the desired filtering, serious instability
may result if the combination selected
is resonant at or near the ripple fre-
quency. The induetance of L., therefore,

RCA Transmitting Tubes

should always be greater than
3X (Ci+ Cy)
2 X (Cy X Cy)

For applications in which the load
resistance (Ry) varies over a wide range,
some means should be used to limit the
resulting variation in output voltage. A
bleeder resistor may he inserted across
the filter output to restrict the range
over which the effective load varies or
an input choke having an inductance de-
termined by the maximum load resist-
ance attained may be used. The most
economical methed 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 generally most econom-
ical to select low values of swinging-
choke inductance and obtain the re-
quired smoothing by the use of additional
filter sections employing non-swinging
(“smoothing’’) chokes.

Examples of Filter Design
Single-Section Filter

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

Procedure: Ry, = 3200,2.5 = 1280
ohms. The value K = 3200/5 = 640. The
curve for K = 640 in Fig. 62 would lie
between the curves for K = 600 and K
= 800 and, consequently, would be
above the position where the curve for
Ry = 1270 would be shown. Therefore,
any combination of inductance and
capacitance along the curve Eg, = 5 per
cent to the left of K = 640 will satisfy
the requirements. A 5-henry choke and
a b-microfarad capacitor would be 2
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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 dc load-current
ratings of the tubes (2 X 0.25 = 0.5 am-
pere); (b) keep the peak anode current
of each tube within its maximum peak-
anode-current rating (1.0 ampere). Be-
cause the voltage regulation must be
good from no load to full load, the input
choke shall be of the “swinging” type.

Procedure: At maximum load, Ry,
= 2500/0.5 = 5000 ohms. K = (2500 X
1.11) /1.0 = 2775. Because the curve in
Fig. 62 for Ry, = 5000 ohms would be
completely below the curve for K =
2775, the maximum-load value of Ry,
(minimum Ry) need not be considered in
the selection of constants for the first
filter section. If an Eg, of 10 per cent at
the output of the first filter section is as-
sumed to be satisfactory, the minimum
swinging-choke inductance and the cor-
responding value for the first-section
filter capacitor are selected along the
curve Egr, = 10 per cent to the left of
the curve for K = 2775. Suitable values
would be L; = 18.5 henries and C; = 1
miecrofarad. 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 Ry) at which the regu-
lating action of the choke will be effec-
tive is indicated by the point at which
the 1-microfarad line intersects the line
for 25 henries. This point corresponds to
an Ry, of 26000 ohms. Therefore, a
bleeder having a resistance of not more
than 26000 ohms should be used to pre-
vent the de output voltage from rising
excessively when the load is removed.
The bleeder¥draws a current of 2500/
26000, or 0.096 ampere, and is required
to dissipate 2500 X 0.096, or 240 watts.
Because the maximum average current
which can be supplied by two 866-A’s'in
a full-wave circuit is 0.5 ampere, the
useful load current available from the
rectifier filter combination is 0.500 -
0.096 = 0.404 ampere, or 404 milli-
amperes.

The second filter section (L.C,)
must reduce the ripple from the value of
10 per cent at the output of the first fil-
ter section to a value of 0.5 per cent.
From Fig. 66, the value of the product
L.C. at the intersection of the curve for
g, = 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,3X (142) /[2X (1 X2)]=9/4
= 2.25. Because the value of 18.5 henries
selected for L. is considerably greater
than 2.25, thefilter design is satisfactory.
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Interpretation of Tube Data

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

TubePowerOutputis theoutputob-
tainable from the tube itself and is equal
to plate input minus plate dissipation.
(The term power output 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 cireuit efficiency, operating
frequency, and other variable factors.

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

Grid (or Grid-No.1) Driving Power
is the actual signal-power input to the
control grid plusthe powerlost inthe bias
supply.Itisgiven by the formulaWgy=0.9
E¢L., where Wq is the grid driving power
in" watts, E; is the peak signal voltage
applied to the grid in volts, and I is the
average grid current in amperes. This
value doesnotincludesignal-powerlosses
that occur in the tube, grid-tank circuit,
socket, or wiring, or tube losses caused
by electron transit-time effects (except
where the value given in the tube data
is for a specific operating frequency).

Driver Power Output is the useful
power output of the driver stage or the
power measured at the input to the grid
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circuit of an amplifier. This value in-
cludes circuit losses and varies accord-
ing to the frequency of operation and
the circuit used.

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

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

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

absolute maximum system.

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

SERVICE APPLICATIONS

1. AF Power Amplifier and Modulator

Service

2. Plate-Modulated RF Amplifier — Class C

Telephony

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

1. Power Tubes for AF Power Amplifier and Modulator Service

Sideband Suppressed Carrier, Two-

Tone Modulation

5. Plate- or Grid-pulsed Amplifiers or
Oscillators

6. Special Services
7. Rectifier Tubes

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
2.7 N 6.3 275 — 825 BP 5686
26.5 N 6.3 375 40 21 BP 51614
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 BPBP 8298
80 FA 6.3 1000 180 115 C 6816
80 FA 26.5 1000 180 115 C 6884
80 FA 6.3 1000 180 115 CR 7457
80 C 6.3 1000 180 — CR 7842
80 C 26 .5 1000 180 — C 7843
80 C 6.3 1600 180 — C 7844
82 N 6.3 600 60 20 BP 56146
82 N 26.5 600 60 20 BP 56159
82 N 12.6 600 60 20 BP 56883
82 N 6.3 600 60 20 BPR 57212
82 N 26.5 600 60 20 BPR 57357
380 N 10 2250 360 100 BP 5813
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1. Power Tubes for AF Power Amplifier and Modulator Service (Cont.)

Power Filament Maximum Plate Ratings2 Kind3 RCA
Output Cooling! or Input Dissi- of TYPE
(Typical) Heater pation Tube NO.
Wattst Volts Volts Watts Watts
590 FA 6 2000 — 250 BP 323‘;2450“
590 FA 26.5 2000 _— 250 BP 120%50[;
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 56893
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 568813
90 N 6.3 600 62.5 20 BPR 57212
90 N 26 .5 600 62.5 20 BPR 57357
140 FA 6.3 1000 180 115 ' C . 6816
140 FA 26.5 1000 180 115 C 6884
140 FA 6.3 1000 180 115 CR 7457
140 C 6.3 1000 180 — CR 7842
140 C 26 .5 1000 180 — C 7843
140 C 63 1000 180 —_ C 7844
CLASS B AMPLIFIER®
10 .4 N 6.3 300 — 3 TT 1635
235 N 6.3 1250 165 45 T 5811A
235 N 6.3 1250 165 45 T 5312A
1650 N 10 3000 1125 300 T 5833A
2400 FA 10 4000 1600 400 T 5833A

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

BP Beam power > Pentode

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

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

4 Approximate.

§ ICAS ratings also shown in Technical Data Section.

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

Except for lypes listed in Table 7 (Rectifier Tubes), tube type numbers in BOLD FACE are suggested for use
innew equipment design.
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2. Power Tubes for Plate-Modulated RF Amplifier Service— Class C Telephony

Typical Operation Maximum Plate Ratings?
Filament Max Freq Kind3 RCA
Power Fre- Cool- or for Full DC  Dissi- of TYPE
Output quency ing! Heater Input Input pation Tube NO.
Wattst  (at) Me Volts Mce Volts Watts Watts
1.7 3000 C 12 .6 _— 750 45 — C 7801
1.7 3000 C 6.3 — 750 45 — C 7870
35 500 N 6.3/12.6 500 200 8 4 PP 56939
55 500 N 6 2000 260 8.5 5 PT 55893
6.4 30 N 6 — 250 10 8 BP 55763
6.4 30 N 13.5 —_ 250 10 8 BP 56417
6.5 175 N 6.3 175 250 15 7 BP 107095
6.5 175 N 6.3 175 250 15 7 BP 57558
6.5 175 N 12 to 15 175 250 15 7 BP 7551
6.7 500 N 6 500 275 9 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
717 — N 6.3/12.6 200 600 22 10 BPBP 5832A
17 400 C 12.6 — 750 45 — C 7801
17 400 C 6.3 — 750 45 — C 7870
28 — N 6.3 60 475 40 16.5 BP 5807
28 — N 12.6 60 475 40 16 .5 BP 51625
34 — N 6.3 60 480 45 133 BP 56146
34 — N 26.5 60 480 45 13.3 BP 56159
34 —_ N 12.6 60 480 45 13.3 BP 56883
34 60 N 6.3 60 480 45 13.3 BPR 57212
34 60 N 26 .5 60 480 45 13.3 BPR 57357
45 400 FA 6.3 1215 800 120 75 C 6816
45 400 FA 26 .5 1215 800 120 75 C 6884
45 400 FA 6.3 1215 800 120 75 CR 7457
45 400 C 6.3 1215 800 120 — CR 7842
45 400 C 26.5 1215 800 120 — C 7843
45 400 C 6.3 1215 800 120 — C 7844
750 — N 6.3/12.6 200 600 67.5 21 BPBP 5829B
770 — FA 6.3/12.6 200 600 90 28 BPBP 58298
85 — N 6.3 30 1000 115 30 T 5812A
88 — N 6.3 30 1000 115 30 T 5811A
120 900 FA 6.3 900 1300 270 167 T 6161
180 — N 0 30 1600 240 67 BP 5813
235 175 FA 6 500 1500 — 165 BP 7203/
4CX250B
235 175 FA 26.5 500 1500 — 165 BP 7204/
4CX250F
600 400 FA 6.3 1215 2000 1000 400 CR 7650
635 — N . 10 30 2500 835 200 T 5833A
800 600 FA 5.5 1215 2000 1700 1000 C 7213
1000 — FA 10 20 3000 1250 270 T 5833A
7 Both sections.
10 JCAS ratings only.
1 % 3 4 5 See Table 1.
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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
Qutput quency ingl Heater Input Input  pation Tube NO.
Wattst (at) Mc Volts Mc (Volts  Watts Watts
CLASS C AMPLIFIERS, RF TELEGRAPHY
1.2 -10 N 14/2.8 — 150 3 2 P 83A4
1.4 1000 N 6.3 5000 250 — 2.5 PT 7554
2 — N 1.4/2.8 — 135 2 1 T 83A5
3.2 3000 C 12.6 — 750 52.5 — C 7801
3.2 3000 C 6.3 — 750 52.5 — C 7870
93.5 940 N 12-15 — 9300 — .75 T-P 7060
4 40 N 12-15 — 300 — 5 P 8077/
7054
5 500 N 6.3 1700 360 9 625 PT 4037
5 500 N 6.3 1700 360 9 6.25 PT 5876
5 500 N 6.3 1700 360 9 6.25 PT  5876A
5 500 N 6.3/12.6 500 250 12 6 PP 56939
5.25 125 N 6.3 — 275 11 8.25 BP 5686
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 56263An
7 175 N 6.3 175 300 18 10 BP 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 BP 56417
20 125 N 6.3 125 500 30 10 BPQ 52E24
20 125 N 6.3 125 500 30 10 BP 52E26
20 125 N 12.6 125 500 30 10 BP 56893
21 — N 6.3 — 375 a5 21 BP 51614
1726 —_ 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 BP 5807
40 — N 12.6 60 600 60 25 BP 51625
40 1215 FA 6.3 1215 1000 180 115 C 6816
40 1215 FA 26.5 1215 1000 180 115 C 6884
40 1215 FA 6.3 1215 1000 180 115 CR 7457
40 1215 C 6.3 1215 1000 180 —_ CR 7842
40 1215 C 26.5 1215 1000 180 —_ C 7843
40 1215 C 6.3 1215 1000 180 —_ C 7844
52 60 N 6.3 60 600 67.5 20 BP 56146
52 60 N 26.5 60 600 67.5 20 BP 56159
52 60 N 12.6 60 600 67.5 20 BP 56883

91



RCA Transmitting Tubes

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

Typical Operation Maximum Plate Ratings?
Filament Max. Freq. Kind3 RCA
Power  Fre- Cool- or for Full DC Dissi- of TYPE
Output quency ingl Heater Input Input  pation Tube NO.
Wattst (at) Mc Volts Mece Volts  Watts Watts
52 60 N 6.3 60 600 67.5 20 BPR 57212
52 60 N 26.5 60 600 67.5 20 BPR 57357
770 — N 6.3/12.6 200 750 90 30 BPBP 5829B
85 470 C 12-15 500 2200 660 — BP 8072
90 -— FA 6.3/12.6 200 750 120 40 BPBP 5829B
130 — N 6.3 30 1250 175 45 T 5812A
135 — N 6.3 30 1250 175 45 T 3811A
180 200 FA 6.3 200 1600 400 250 T 6161
235 470 FA 13.5 500 2200 660 150 BP 8121
250 500 FA 6 500 2000 — 250 BP 7203/
4CX250B
250 500 FA 26.5 500 2000 — 250 BP 7204/
4CX250F
275 — N 10 30 2000 360 100 BP 5813
300 470 FA 13.5 500 2200 660 400 BP 8122
375 1215 FA 6.3 1215 2500 1250 700 CR | 7650
1000 — N 10 30 3000 1250 300 T 5833A
1350 600 FA 5.5 1215 2500 2500 1500 C 7213
1440 — FA 10 20 4000 1800 400 T 5833A
7 Both sections.
8 Design Center values.
?* For pentode unit.
W CAS— ratings only.
1 2, 3 4 & See Table 1.
4. Power Tubes for Linear RF Amplifiers—
Single-Sideband Suppressed-Carrier, Two-Tone Modulation
Typical Operation ) Max. Maximum Plate Ratings?
Filament Freq. Kind3 RCA
Power!2 Fre- Cool- or for Full 2pc Dissi- of TYPE
Output quency ~ ingl Heater Input Current pation  Tube NO.
Watts4 (at) Mc Volts Mc Volts Ma Watts
80 30 C 12-15 500 2200 450 — BP 8072
120 30 N 6.3 30 1250 175 45 T 811A
170 30 FA 13.5 500 2200 450 150 BP 8121
295 306 FA 6 500 2000 250 250 BP 7203/
4CX250B
295 30 FA 26.5 500 2000 250 250 BP 7204/
i 4CX250F
360 500 FA 6 500 2000 350 250 BP 7580
380 30 FA 13.5 500 2200 450 400 BP 8122
680 30 FA 6.3 1215 2500 500 600 BP 7650

12 Peak envelope.
h 29,4 See Table 1.

92

Application Tables

5. Power Tubes for Plate- or Grid-Pulsed Amplifiers or Oscillators

Typical Operation Maximum Plate Ratings?
= o)
2. Z

g ‘

F %E‘ 2 $lee E
S g 2 b 28| & = 3 |5 ¥ —_ -
sE|.2| .| & | B|E5(% | & | & |8&| ,F|5.|E
:2|192| &3, g AR s - %z| 88 225
S3|38| 2> 2 S |3 b o 3 Ee | E51Q
&0 |AR| RO | = O |[E8|=28 & A |20 FE | x| &

4kw | psec Mc Volts| Mc | Volts | Amp.| usec| usec

PLATE-PULSED AMPLIFIERS OR OSCILLATORS!3
1.2 1 0.001 3300 N 6 4000 1750 3 5 5000 PT 5893
45 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
3% 10 0.01 1215 FA 6.3 1215 8000 9 10 1000 RC 7651
65 10 0.01 1215 FA 5.5 1215 10000 18 10 1000 C 7214

GRID-PULSED AMPLIFIERS OR OSCILLATORS?!
23 160 0.01 1215 FA 6.3 1215 142250 3 10 1000 RC 7649
20 10 0.01 1215 FA 5.5 1215 M5000 18 10 1000 C 7214
20 10 0.01 1215 FA 6.3 1215 145000 9 10 1000 RC 7651

11 See Technical Datua Section for exact classification in each case.
4 DC Plate Volts,

7 Peak.

L % % 4 gee Table 1.

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

Service RCA TYPE NO.
Balanced Modulator ............ PPN Cesiesireean vesestencaaranne eveeeasd 360
Class C Oscillator ........ccoviivenvennn heressresasieaasssanssssas 4037, 5675, 6026
Control Amplifier ......... ceeenn ceeenn e e eeens S, 3C33
Frequency Multiplier......... eseanerenns eeeenes. 4037, 5763, 5876, 5876A, 5893, 6161,

6264A, 6562/5794A, 6939, 7551, 7554, 7558, 7905, 8077/7054
Integral-Cavity Oscillator ....... e eiresereat e eaae [N .« .6562/5794A, 7533
Linear RF Power Amplifier—AM Telephony ........... .. e ierareanes eeanees 580
Low-Noise Class A Amplifier, RFE ... ..ciiiiriirernnseciiinariiesn Ceeenenas 7552, 7553
Modulator-Rectangular-Wave Modalation .............. et 3E29, 6293, 7358
Pulse Detector .. .covvvenoancans PPN ) ¥ K
2 Y 1) S . [ 11 1N
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7. Rectifier Tubes

Maximum Plate Ratings5

Filament Peak RCA
Or Heater 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 JB66A
2.5 2500 2 0.5 J866A
5 10000 5 1.25 872A, 8008
5 15000 6 1.5 575A, 673
5 20000 8.3 1.8 6894, 6895
5 1615000 1610 162 .5 5754, 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 1 6.4 635/7019
6351./7020
5 3000 40 6.4 5561
HALF-WAVE, GAS TYPES
2.5 10000 1 0.25 3B28
2.5 4500 2 0.5 3B2s
2.5 5000 2 0.5 3B28
HALF-WAVE, VACUUM TYPES
6.3 375 0.05 0.0055 6173
2.5 12500 0.06 0.0075 2X2A
2.5 5000 1 0.25 836
FULL-WAVE, VACUUM TYPES
5 3100 0.715 0.147 5R4GYB
5 2800 0.650 0.175 SR4GY
FULL-WAVE, MERCURY-VAPOR TYPES
5 1550 1 0.225 83
2.5 900 10 2.5 604/7014

1 In-phase operation, unless otherwise noted,
18 Quadrature operation.
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RCA Tube Types—Technical Data

This section contains technical descriptions 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 secticn are listed according to the numerical-alphabetical-numerical sequence of
their type designations.

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

For an explanation of the terms used in the descriptive data for tube types,
reference should be made to the 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.

3 UHF POWER TRIODE

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

) input up to 2500 Mec and at higher fre-
HIFH quencies in cathode-drive circuits of
the coaxial-cylinder type. Class C Telegraphy maximum CCS plate dissipation,
100 watts. Requires special mounting which should support the tube by the plate-
terminal flange only. May be operated in any position. Flexible connectors of the
spring-contact type are required for all terminal connections. OUTLINE 85, Outlines
Section.

2C39A

HEATER VOETAGE TAG/DMI™: ol e swnge « ahishk 5ss 484 doreimie o o b 650 s sa/si s 6.3 volts
HBSn AR (CURIBEINTG ., oo amoetd] ol o 1o/ 53 afoks o 8 @ 8 o8 T 0 48 3 3 o @6 w7 S o8 1.0 ampere
{ERAREO ONDITORANOER s o 0123 w3 mje@ e s 53 50 oxm a5 4 5 &30 o5 @ 0wkiais So 3 6 1)) Wi 24000 nmhos
AMPLIFICATION FACTOR. . ......... T AT B . T W ME @ A O P 100
IIRECT INTERELECTRODE CAPACITANCES:
GG €0 PLELE . v v 4 cc vt v 0w sres v sporere g5 bmare b o e 4 p 8 E e A s et e 2 unf
Grid to cathode and heater. . ............ ... i 6.6 uuf
Plate to cathvde:and: heater—. . . b . oo sy aohio s omes onme e b s 0.035 max puf
SEAL TEMPERATURE (Plate, grid, cathode, and heater) . ................ 175 max °C

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

# Plate volts, 600; plate milliamperes, 70.

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

DC PLATE VOLTAGE. . . ..ottt itiiiiienienrannnrontansmmesasnenesnn 600®:nax volts
GRID VOLTAGE:

e ~160 max volts

Peak Negative RF. ... ...ooiiiiiininnnnnnen T B+ s bR (5 s i) 400 max volts

Peak Positive RF.................0.0. 30 max volts
DC GRID CURRENT . . .0t vttt teneeentnnonraannseaaunaesannsns B 50 max ma
DC CatuopeE CURRENT 100 maz ma
(@RI IRBE TR, § Edy, ot dpogauons b A smoms: sMeassinie ) Fmpommmsesss (i dromoonsst ) e 2 max watts
PLATE JOTSSTRAL EOIN - ijransl oiiousis) 4 skoksmononsgofassnshone i) ohosasf o) smomonons fo shaishopo oo sgagepons ox T0 max watts

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

volts.
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

Maximum CCS Ratings:
D B EATERY OBDACT 5.5 cxsionie e oreroror=f @ Hea = Selorors tmens Sorems) s (kK ok EeRantnsions 1000 max volts
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GRID VOLTAGE:

D i e e e e e e e e ~150 max volts
Peak Negative RE . ... ... it iiiriianarnnninrana e 400 nox volts
Peak Positive RF . ... ittt it i e iaiaaes e 30 max volts
DO GRID CURRENT. . . v it vn ittt tie et cairianarecedarennenrans 50 max ma
DC CATHODE CURRENT. . o vt v it ttiee st aer et ernnnennns 1256 max ma
GRID INPUT oottt it et et st e et 2 maz watts
PLATE DISSIPATION . o o v vttt iianassannssosennns e 100 maox watts

POWER TRIODE

Disk-seal lighthouse types used as
rf power amplifier, cw oscillator, and
plate-pulsed oscillator (2C40A only)
at frequencies up to 8370 Me. Class C
Telegraphy maximum CCS plate dis-

2C40
2C40A

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

the 2C40 in most applications.

2040
HEATER VOLTAGE (AC/UC) ... oo 6.3£5%
HEATER CURRENT. . ... oottt it it es 0.75
TRANSCONDUCTANCE®. | .. ... . i it 4850
36
DIRECT INTERELECTRODE CAPACITANC
Gridtoplate .................. 1.3
Gridtoeathode. .. ...... ... ... .. ... ... .. 2.2
0.03
100
176

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

RF POWER AMPLIFIER AND OSCILLATOR—CLASS C Telegraphy

Maximum CCS Ratings:
DO PLATE VOLTAGE. ... ..ttt e ettt i e
DO GRID VOLTAGE . . oo ottt ettt it ettt sar e e ian e s

DC Grip CURRENT
PLATE DISSIPATION. . .. o it ettt et e e ie e
Prak HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode ...........................
Heater positive with regpect to cathode. . ..... ... ... uvenen.nn.

PLATE-PULSED OSCILLATOR—Class C (2C40A only)

Maximum Ratings: For a mazimum ON time® of 10 microseconds

PEAK GRID CURRENT . . ...\ttt e s onae oo eternaannnennns
DO PLATE CURRBENT. . . . oottt ettt aae e tntetaaaeraeeanseranenis
DC GRID CURRENT. . . ..o viereneeeninnns e P
PLATE DISSTPATION.. . .. ..ot ii i e TS
Dury FacTorR™. .. .. ... ... ... . el e

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

2C40A
6.3%59, volts
0.75 ampere
5100 pmhos

35

1.3 . pul
2.2 pul
0.03 puf
100 uul
175 °C
500 nax volts
-50 mas volts
25 max ma
8 max ma
6.5 max watts
90 max volts
90 max volts
1400 max volts
~100 max volts

2 max amperes
1 max amperes

3 mazx ma

1.5 max ma

4 max watts
0.002 max

1.6 max psec

90 max volts

90 max volts

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

pulse.

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

in any 5000-microsecond interval.
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HIGH-MU TRIODE

Disk-seal lighthouse type used as rf power
amplifier and cw oscillator at frequencies up to
1600 Mec. Class C Telegraphy maximum CCS
plate dissipation, 12 watts. RequiresOctal socket
and may be operated in any position. QUTLINE
10, Outlines Section. The 2C43 is used princi-
pally for renewal purposes.

HBATER VOLTAGE (AC/DC) 6.3 =59
HEATER CURRENT. .. ....... " 0.9
TRANSCONDUCTANCE® . .. .., .. 8100
AMPLIFICATION FACTOR®. .. .. ., .. 50
DIRECT INTERELECTRODE CAPACITANCES:

Gridtoplate. ... ... .. 1.8

Grid to cathode 3.0

Plate to cathode 0.04 max

Cathode rf connection to cathode 100
BHAL TEMPERATURE 175 mazx

% Plate-supply volts, 250; cathode resistor, 100 ohms; plate milliamperes, 21.
RF POWER AMPLIFIER AND OSCILLATOR--Class C Telegraphy
Mciximum CCS Ratings:

C PLATE VOLTAGE. .. ...ttt e 500 max
CPLATE CURRBNT. .., oo 40 mazx
DC CATHODE CURRENT. . oottt ittt 56 max
PLATE DISSIPATION. oo ve oo e 12 max

BEAM POWER TUBE

Glass-octal type having quick-
heating coated filament used as af pow-
er amplifier and modulator and as rf
power amplifier and oscillator in mo-
bile- and emergency-communications

2C43

volts
ampere
pmhos

pul
pul
wpf
puf
°C

volts

ma
watts

2E24

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

18.5 watts.
EILAMENT VOLTAGE (AG/DC) . . i\ttt et e 6.3 volts
FILAMENT CUBRENT . ..o\ttt ittt ittt ciaene e eenannnns 0.65 ampere
FILAMENT HEATING TIME. . .. .0\ttt ittt i et ae e less than 2 seconds
TRANSCONDUCTANCE . . ...\ttt ittt it ittt e 3200 pmhos
MUuU-FACTOR, Grid No.2 to Grid No.1#F, ., ..., PN 7.5
DIRECT INTERELECTRODE CAPACITANCES:®

Grid No.l toplate. . ..ot i e e e e 0.11 max uuf

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

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

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

Maximum Ratings: CcCS ICAS
DCPLATE VOLTAGE. .. .. ettt ineniennndnan 400 max 500 max volts
DC GRID-NO.Z VOLTAGE. .. ...ttt et inareiienenins 200 mazx 200 mazx volts
MaxiMUM-SIGNAL DC PLATE CURRENT®. ., ....... ...\t 75 max 15 max me
MAXIMUM-SIGNAL PLATE INPUTS, .. ... .. ... ...00e, Ve 30 maz 37.5 mazx watts
MAXIMUM-SIGNAL GRID-NO.2 INPUTE. . . .......0vuunn . 2.5 max 2.5 max watts
PLATE DISBIPATIONE. . ..ttt ininn it rtaaiannarnsnn 10 max 13.6 max watts
Typical Operation (Values are for & tubes):
DC Plate Voltage. .. .....o..ouuuen.. P 400 500 volts
DC Grid-No.2 Voltage 125 125 volts
DC Grid-No.1 Voltaget. . -15 -16 volts
Peak AF Grid-No.l-te-Grid-No.1 Vo}tage ............... 82 - 82 volts
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Zero-Signal DC Plate Current. . ...... R Cheeriaaaa 18 20 ma
Maximum-Signal DC Plate Current. . ........c0vvuunen. © 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-Signal Driving Power (Approx.).........o.uu. 0.43 0.46 watt
Maximum-Signal Power Output (Approx.),............. 42 54 watts
Maximum Circvit Values (CCS or ICAS conditions):

Grid-No.1-Cireuit Resistance. . ... ... i i ittt iiiiennns, 300001 max ohms

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

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: CCS ICAS
DC PLATE VOLTAGE . . ...\ tttteireiiinaseteaeseesen 400 mazx 500 maz volts
DC GRID-NO.Z VOLTAGE. . .t vvittiitininnnaunnnsns . 200 mazx 200 maz volts
DC GRID-NO.1 VOLTAGE. . . ...ovivvnnninns Ceeaeana .. -175 mazx ~176 maz volts
DCPLATB CURRENT, s 4yttt i itiniee s rrnnananrens 60 max 70 max ma
DC GRID-NO.1 CURRENT. . ... viviivaennsvnsn Ceeaen 3.5 max 3.5 max ms
PLATEINPUT.. ... ... ittt iianaannas 20 max 27 maz watts
GRID-NO.2 INPUT. . . 1.7 max 2.3 maz watts
PLATE DISSIPATION 6.7 mazx 9 maz watts
Typical Operation:
DC Plate Voltage. . ................ . [P .. 400 500 volts
DC Grid-No.2 Voltage® . . ........coiiiiiiiiiinnann. 180 180 volts
From a seriesresistorof. .. ... ... ..o i, 27500 40000 ohms
DC Grid-No.l Voltagetd . .....ooiiniveiiennnnnn, -15 -45 . volts
From a grid-No.l resistorof . ................. .. 48000 18000 ohms
Peak RF Grid-No.l Voltage. . .............ovvn 61 62 volts
DCPlate Current. . .....ovti it 50 54 ’ ma
DC Grid-No.2 Current. . .................. e 8 8 ma
DC Grid-No.1l Current (APProX.). .. vvveeerrneeernennnn 2.5 2.6 ma
Driving Power (APProxX.). .. ..coou v inenaennnen. 0.15 0.16 watt
Power Output (APDIoX.). .. ..ottt iinaane 13.5 18 watts

Maximum Circuit Values (CCS or ICAS conditions): ]

Grid-No.1-Circuit Resistance. ... ... ... iii it 30000 max ohms
© Obtained preferably from separate source modulated along with plate supply, or from the modulated
plate supply through series resistor of value shown.

t+ For ac filament supply.

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

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

RF POWER AMPLIFIER AND OSClLLATOR—-C}Icn C Telegraphy

and .
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: cCs ICAS
DC PLATE VOLTAGE. ... ivviveanrnnnrsnnneennnnens 500 max 600 max volts
DC GrID-N0.2 VOLTAGE 200 mazx 200 max volts
DC Grip-NO.1 VOLTAGE. . . ~175 e -175 mazx volts
DC PLATE CURRENT...... 75 mazx 85 max ms
DC Grip-No.1 CURRENT 3.5 max 8.5 max ma
PLATEINPUT. .. ... vvivinnnnnnn e rerteaerr e 30 maz 40 mazx watts
GRID-NO.2 INPUT. .. .. ovtvunns e e 2.5 max 2.5 max watts
PLATE DISSIPATION. . 00t v iiiiniisannestneeisenniesse 10 smax 13.6 maz watts
Typical CCS Operation: - 125 Me
DC Plate Voltage. ............. 400 500 volts
DC Grid-No.2 Voltage®. .. ... . 200 190 volts
From a series resistor of. . 20000 29000 ohms
DC Grid-No.1 Voltaget®..... i eiieraaeerarsasrras —45 ~45 volts
From a grid-No.l resistor of . .....ovviveiiersnnnines 16000 15000 ohms
Peak RF Grid-No.l Voltage . 62 65 volts
DC Plate Current. ............ 75 60 ma
DC Grid-No.2 Current. ....... 10 10.6 ms
DC Grid-No.1 Current, ....... 8 ma

Technical Data

‘BITIVIDE FOWET (APPTOX.). . v vvnarenens tessarasanenaan 0.19 0.2 watt
Power Output (ApPProx.).........cvvus ferasreseiaiaaas 20 20 watts
Typical ICAS Operation: 186 Mc 160 Mc
DC Plate Voltage. .. ............. R 600 350 volts
DC Grid-No.2 Voltage®...,..... e ce 195 170 volts
From & series resistor of 40500 18000 ohms
DC Grid-No.l1 Voltagete .... -50 -50 volts
From a grid-No.1 resistor ot‘ 16700 16500 ohms
Peak RF Grid-No.l Voltage. .... .. 1 70 volts
DC Plate Current............ 66 85 ma
DC Grid-No.2 Current. . .. L. 10 10 ma
DC Grid-No.1 Current. .. .... 3 3 ma
Driving Power (ADPDProX.) . v ot ettt irneeitsnaerranan 0.21 2 watts
Power Output (ADDIoOX.). .o .unitureianianiirrninnne.n 27 16.5 watts
Maximum Circuit Valves (CCS or ICAS condmons)
@rid-No.1-Circuit Resistance. .. ........vviiiiiiiiiniininnnanannonn 300001 mazx 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
eonditions.

+ For ac filament supply.

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

AVERAGE CHARACTERISTICS OPERATING CONSIDERATIONS

TYPE 2E24
[ E£26.3VOLTS DC Type 2E24 requires Octal socket and
70[—} GRID-N22 VOLTS =180 may be operated in vertical position with
[ base up or down, or in horizontal position
ec‘\ i with pins 8 and 7 in vertieal plane. Effec-
o tive rf grounding and simplified shielding
-7 Vi of input from output are facilitated by
g \ \‘ the base sleeve with separate base-pin
= U DNSR0-nes voLTS Eciev80 connection and the single base-pin con-
ER nection for filament mid-tap, grid No.3,
] L and internal shield. OUTLINE 15, Outlines
1% N Section.
g \ 401 For operation at 150 Me, plate volt-
20 \ age and plate input should be reduced to
A 20 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
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BEAM POWER TUBE

Glass-octal heater-cathode type
used as af power amplifier and modu-
lator and as rf power amplifier and
oscillator, May be used with full input
up to 125 Mec and with reduced input S
up to 175 Me. Class C Telegraphy maximum plate dissipation, CCS 10 watts,
ICAS 18.5 watts. .

2E26

HEATER VOLTAGE (AC/DC) . .ottt ve ittt ettt eteie i aeans 6.8 volts
TIEATER CURRENT 0.8 ampere
‘TRANSCONDUCTANCE* 3500 umhos
Mu-FAcToR, Grid No.2 to Grid No.1%* ; 6.5
1IRECT INTERELECTRODE CAPACITANCES:®
Grid No.L t0 Plate. o o v vttt i i 0.20 max pnut
Grid No.l to cathode, grid-No.3, internal shield, grid-No.2, base siceve,
and heater .. ... ... e e 13 nuf
Plate to cathode, grid-No.3, internal shield, grid-No.2, and heater. . ... 7 nuf
BuLs TEMPERATURE (At hottest point). ... .................c.covn... 210 max °C

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

AF POWER AMPLIFIER AND MODULATOR-—Class AB2

Maximum Ratings: ccs 1CAS
DC PLATE VOLTAGE . .............. 600 mazx 150 maox volts
DC GRID-N0.2 VOLTAGE 250 max 250 max volts
MAXIMUM-SIGNAL DC Pr.ATE CURRENT® 15 maz 75 maz ma
MAXIMUM-SIGNAL PraTe INnrvur® 30 mazx 37.5 maz watts
MAXIMUM-SIGNAL GRID-N0.2 INPUT® 2.5 wmax 2.5 mazx watts
PLATB DISSIPATION®. . ... ... ... ............ccvue.... 10 max 12.5 maz Wwatis
PrAK HEATER-CATHODB VOLTAGE: :
Heater negative with respect to eathode. . ........... 100 max 100 max volts
Heater positive with respect to cathode. .. ........... . 190 rinz 100 max volts
Typical Operation (Values are for 2 Libes): -
DC Plate Voltage. . . ..ot 400 500 volts
DC Grid-No.2 Voltagest. . ............................ 123 125 volts
DC Grid-No.1 Voltage ..............coiviiuneeno... -15 -15 volts
Peak AT Grid-No.1-to-Grid No.1 Voltage. ............ . 60 60 volts
Zero-Signal DC Plate Current. .. ...................... 20 22 ma
Maximum-Signal DC Plate Current. ................... 130 150 ms
Maximum-Signal DC Grid-No.2 Current................ 32 32 ma
Effective Load Resistance (Plate to plate)............... 6200 8000 nhms
Maximum-Signal Driving Power (Approx.).............. 0.36 0,36 watt
Maximum-Signal Power Output (Approx.)............... 412 54 watts

Maximum Circuit Valves {CCS or 1ICAS conditions):
Grid-No.1-Circuit Resistance:
For fixed-bias operation. . ......... ... . i 300003 max ohms
For cathode-bias operation Not recommended
® Averaged over any audio-frequency cycle of sine-wave form.
* Preferably obtained from a separate source or from the plate-supply voltage with u voltage divider.
t 1n applications requiring the use of grid-No.2 voltages above 135 volts, provisions should be mads for
adjustment of grid-No.1 bias for each tube separately. The necessity for this adjuse nent at lower grid-
No.2 voltages depends on the distortion requirements and on whether the plate-dissipation raiing is
exceeded at zero-signal plate current.
1 For operation at less than maximum ratings, this value may be as high as 100000 ohms.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephany

Maximum Ratings: CeS I1CAS

DO PLATE VOLTAGE. . .. .ottt ieiniiinae e iin s 100 max 500 mazx volts
DC GRID-N0.2 VOLTAGE. . ....... P 200 max 200 max volts
DC GRID-NO.L VOLTAGE . .. ...t tiivvneeearnnnennn. . =175 max -175 maz volts
DC PLATE CURRENT. . . .. .c.... P e Al max 70 max ms
DC Grip-No.1 CURRENT..... e e 3.5 max 3.5 max ma
PLATE INPUT. ..ot i e e 20 nuxe 27 mazx watts

Technical Data

GRID-NO.Z INPUT. . . ..ottt it cenn 1.7 max 2.3 max watta
PLATE DISSIPATION. ... ... i i iinen 6.7 max 9 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

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

Typical Operqﬁ?n:

DC Plate Voltage.................... Chrerr e 400 500 volts
DC Grid-No.2 Voltage® 160 180 volts
From series resistor of . .. .. .....ooiiiiiiiiiiinn .., 32000 85500 ohms
DC Grid-No.1 Voltageo........... . -50 =50 volts
From grid-No.1 resistor of 20000 20000 ohms
Peak R¥F Grid-No.l Voltage. ......c.vvvvnnnnnarnnnn... 60 60 volts
DC Plate Current. .....oviitiineniiiirinennirnnennn.. 50 54 ma
DC Grid-No2 Current. . ... covevunnnarr e nnn.. 7.5 9 ma
DC Grid-No.1 Current (Approx.)..... R - 2.5 2.5 ma
Driving Power (AppProX.)............. e 0.15 0.15 watt
Power Output (APProX.. «v.vveeveriernneineennnnnn... 13.5 18 watts
Maximum Circuit Values {CCS or ICAS conditions);
Grid-No.1-Circuit Resistance................ e e e 800001 mazx ohms

© Obtained preferably from separate source modulated along with plate supply, or from the modulated
plate supply through series resistor of value shown.

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

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

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

Maximum Ratings: cCsS ICAS
DC PLATE VOLTAGE . . .\ttt tteiiitiinineeenraaan e 600 max 600 max volts
DC GRID-NO.2 VOLTAGE. . . ..ivvt v vennsn i . 200 wmaz 200 max volts
DC GRID-NO.T VOLTAGE. ... cviiie it eiannnnan., ~175 max -176 max volts
DC PLATE CURBRENT. . .« <\t vavnraenevennarsennnsnnnss 75 max 85 max ma
DC GRID-NO.1 CURRENT. .. .. ivtiiinininineinnnnnns, 3.5 max 3.5 max ma
PLATE INPUT. it e i e e e e, 30 max 40 mazx watts
GRID-NO.2 INPUT. . o ittt inianeeiinenenn, 2.5 max 2.5 mazx watts
PLATE DISSIPATION. . ..\ ottt i iiiiiev e, 10 max 13.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode.............. 100 max 100 mazx volts
Typical CCS Operation: 125 Me 160 Me
DC Plate Voltage. . ... vviiiiiiiinaae e, 400 500 300 volts
DC Grid-No.2 Voltage®. ................ccocveeiuno... 190 185 170 volts

From series resistorof. ... .......... ... o oL 19000 28500 21500 ohms
DC Grid-No.1 Voltagesé .. .........covienvrnnnnnn.... ' -30 -40 =75 volts

From grid-No.1 resistor of....... P 10000 13500 30000 . ohms
Peak RF Grid-No.l Voltage. .......c.ovviunenenenen... 41 50 86 volts
DC Plate Current. . ........iiiuniniiiiireinninnanan.. 75 60 75 ma
DC Grid-No.2 Current. . .. ... iiiiiiiiiinininrnne... 11 11 6 ma
DC Grid-No.1 Current (APDProX.) . ..cvueuveeesseneinennnn. 3 3 2.5 ma
Driving Power (Approx.)............ i er e, 012 0,15 1.6 watts
Power Qutput (APProx.).....oo.vvun. N P 20 20 13 watts
Typical ICAS Operation: . 125 Me 160 Mec
DC Plate Voltage. . .........c.c.uvvrnan.. e 600 350 volts |
DC Grid-No.2 Voltage®. . . ......ciierrreenreeennennns. 185 200 volts

From series resistor of . . .. ....... ..o i, 41500 21500 ohms
DC Grid-No1 Voltage#$ ........couviveieiininvanann.. -45 -90 volts

From grid-No.l resistor of. . ..............0.o.... .. 15000 30000 ohms
Peak RF Grid-No.1 Voltage . .............coueviunnn... 57 106 volts
DC Plate Current. . .............viiiininnnnn.., e 66 85 ma
DC Grid-No.2 Current. ....... e e 10 7 ma
DC Grid-No.1 Current (Approx.) 3 3 ma
Driving Power (APProX.) .. ...uviiiinininnnrnnnnenn. 0.17 2 watts
Power Output (ApProX.)...oouieveeiiniinerenanennn, 27 16.6 watts ’
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Maximum Circuit Values {CCS or ICAS conditions):

P Grid-No.1-Circuit Resistance. ... ........ovuuinrurnreerreereacnennnan 300000 max} ohms
® Obtained preferably from separate source, or from the plate-supply voltage with a voltage divider, or
through z serics resistor of value shown. A grid-No.2 series resistor should be used only when the 21326 is
used in a circuit which is not keyed. Grid-No.2 voltage must not exceed 600 volts under key-up condi-
tions.

& Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.
t For operation at less than maximum ratings, this value may be as high as 1060000 ohma.

TYPICAL CHARACTERISTICS
OPERATING CONSIDERATIONS rvee 2E26 ||

" €E¢=8.3 VOLTS T 71
GRID-N2 2 VOLTS=160

Type 2E26 requires Octal socket and
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 1560 Mec, plate volt-
age and plate input should be reduced to
83 per cent of maximum ratings; at 160
Me, to 75 per cent; at 1756 Mec, to 68 per _ L a0
cent. Plate shows no color when the tube L | _+20
is operated at maximum CCS or ICAS N ST e ey i0]
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tact socket and may bz operated in any position. QUTLINE 26, Owilines Section.
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Technical Data

HEATER VOLTAGE (AC) .t o vttt it e vimiier e ieeiiiinnnas Ceenes ves 2.5 volin
HEATER CURRBNT. .....,.. e e e e e e e s eriian 1.76 amperos

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

PEAK INVERSE PLATB VOLTAGE. .. .. vivtt ittt iiiininneanasns eaenas 12500 mazx volts
PEAK PLATE CURRENT. e 60 max ma
DOC OUTPUT CURRENT . . . ittt ittt ittt e cieeaersranrens 7.6 max ma
Hor-SWITCHING TRANSIENT CURRENT for duration of 0.2 second max ..... 100 max ma
AMBIENT TEMPERATURE. .. .o\ ittt ttnie et ene it raanrtnnescnneenns 70 max °C

Typiéol Operation:

AC Plate-Supply Voltage (Fms) . . ... .iiter it it i e i iannaes 5500 volis
Total Effective Plate-Supply Impedance. . .. ... .. ... . iiiinennnns 0.3 megohm
Filter Input Capacitor 0.1 uf
DC Output Current. . ... ... i it it i 2 ma
DC Output Voltage, Atinput tofilter. . ....... ... .. ... ... . ... ..., 4500 volts

POWER PENTODE

Seven-pin miniature type having
P coated filament used as rf power am- 3 A 4
plifier in light-weight, compact, port-
able, low-power, battery-operated
e equipment. May be used at full input
up to 10 Mec. Class C maximum CCS
plate dissipation, 2 watts.

r=

FILAMENT ARRANGEMENT Series Parallel
FILAMENT VOLTAGE (DO) .\ o vttt e e reennnnn e se...2.8 1.4 volts

FILAMENT CURRENT 0.2 ampere
TRANSCONDUCTANCE 2250 pumhos
PLATE RESISTANCE (ADProX)™. . oottt ittt et ite e 80000 ohms
IIRECT INTERELECTRODE CAPACITANCES:

Grid Nol toplate. ..., AN 0.34 mazx uuf

Grid No.1 to filament mid-tap, grid No.3, and grid No.2. . ........... 4.8 puf

Plate to filament mid-tap, grid No.3, and grid No.2. ... . ........... 4.2 upf
¥ Plate volts, 150; grid-No.2 volts, 90; grid-No.1 volts, -8.4.

RF POWER AMPUFIER—Class C

Maximum CCS Ratings, Design-Center Values:
DO PLATE VOLTAGE. . ..ottt it iiin e aiee s e iae s iaeanaannnnn 150 max volts
DO GRID-NO.2 VOLTAGE & .. o0t it s it it e et e it 185 max volis
DC GRID-NO.L VOLTAGE . ..ottt ittt it e ee et e eeanenns ~30 max volts
DO PLATE CURRENT. .« vt v vttt ettt ittt it it i ieiiieaiananeeeeneannn 20 mazx ma
DO GRID-NO.L CURRENT. . ..\ttt ittt e et e it 0.25 max ma
TotaL DC CATHODE CURRENT! 25 max ma
PLATE INPUT. ... i e e et e 3 mazx watts
GRID-NOZ INPUT. ... i i e i 0.9 maz watt
PLATE DISSIPATION. . .. .ottt ettt et i i iaeaisinransns 2 max watts
Typical Operation at 10 Mc (with Parallel Filament Arrangement) :
DCPlate Voltage. . . ... oottt i, e e 150 volts
DO Grid-No.2 Voltage. - . ... ... .o i PN e 135 . volts
Grid-No. L ResIBtOr. . .o it e e 0.2 megohm
DO Plate Current. .. ..o i i i e e et e 18.3 ma
DC Grid-No.2 Current. . .. ..................... R 6.5 ma
DO Grid-No.1 Current. . .. ..vin it i iias e 0.13 ma
Power Qulput (AP ProK.) it e e e e e 1.2 watts

8 ¥or each 1.4-volt filament section,
OPERATING CONSIDERATIONS

Type 3A4 requires miniature seven-contact socket and may be operated in any
position. OUTLINE 5, Quilines Section. -

The filament power supply may be obtained from dry-cell batteries, from
storage hatteries, or from a power line. With dry-cell battery supply, the filament

103



— RCA 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 mamtalned 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 8A4, an addi-
tional shunting resistor may be required across the entire filament (pins 1 and 7).

Forseries-filament arrangement, filament voltage is applied between pins1and 7.
For parallel-filament arrangement, filament voltage is applied between pin 5 and
ping 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 Mec. Class C Telegraphy maximum CCS plate dissipation (each

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

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

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

FILAMENT ARRANGEMENT Series Paralle}
PILAMENT VOLTAGE {DC) . o v vttt vaiieninrnnnsrnraneanaras 2.8 1.4 volts
TILAMENT CURRENT. 4 o v v evatinnnrnrncoesaaiaensoiannin s 0.11 0.22 ampere
TRANSCONDUCTANCEX. ...ttt incninetnneaen 1800 pmhos
AMPLIFICATION FACTOR®. . ... it i iineias 15
PLATE RESISTANCE (APProx.)™. . ... it aiaenn 8300 ohms
DIRECT INTERELECTRODE CAPACITANCES (Each unit):
Grid to Plate. . . ..ottt it i i i e i i e 3.2 ppf
Grid to filament mid-tap. .........co il 0.9 puf
Plate to filament mid-tap. ... ... iiiiiiiii it 1.0 pul
Platetoplate. ... oo e e e 0.32 puf

* Plate volts, 90; grid volts, —2.6; plate milliamperes, 3.7.

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

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

DC PLATE VOLTAGE 185 max volts
DC GRID VOLTAGE. . .. -30 max volts
DC PrLATE CURRENT. . . .. 15 max ma
DC GRID CURRENT . | 4 et esinrrtnteinenronroninsssntacsonssnnenoenss 2.5 max ma
PLATE INPUT. .ttt tiiis e tiiae i tier it s ansansotarnnsennnns 2 mex watts
PLATE DISSIPATION, 4 ¢ttt sttt it aia et tianratesatasaensssasnnnns 1 max watt

Technical Data

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

DCPlate Voltage. . .. ..vvvitnnneiirennenannonn. Cereanans ereiane. 135 volts
DC Grid Voltage®. . ..ottt iiieiatreiieie et inirsensnrnsranan -20 volts
i 4000 ohms

570 ohms

90 volts

30 ma

5 ma

] , .. 0.2 watt

Power Output (ADDroX.) ... iisnit i aeieranereeerrananneaneanes 2 watts

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

HALF-WAVE GAS RECTIFIER

Xenon-filled rectifier of the coated-
filament type. May be used in equip-
ment subject to wide range of am%lerI:t 3 B25
temperature (=75%to +90°C). Maxi-
mum peak inverse anode volts, 4500;
maximum av‘erage anode amperes, 0.5. Requires Small four-contact socket and
may be operated in any position. OUTLINE 39, Outlines Section.

‘CATH,
SHIELD

Fxmm«,w\'orum‘(Ac)"......................................~ ..... 2.5 volts
FILAMENT CURRENT. « . .ot etvtiattiiaaneiintanstnnenaeneeasninas 5.0 amperes
PHAK TUBE VOLTAGE DROP (ADDIOK.) . o oottt ieiiiiae e inaneanas 10 volte
° Filament voltuge must be applied at least 15 seconds before application of anode voltage.
HALF-WAVE RECTIFIER

Maximum Ratings:
PRAK INVERSE ANODE VOLTAGE. . ..... e it era ey 4500 mae volts
ANODE CURRENT: .

1T o S e iieaiei e et eane 2.0 max amperes

AVOIBZE S, . i i i i e i .. 0.6 maz ampere

Fault, for duration of 0.1 second maximurn . . 20 mazx ®NIperes
FREQUENCY OF POWHR SUPPLY . « o ventntneeereiracoconoasassanonnans 500 maz cps
AMBIRNT-TEMPERATURL RANGE ., . ...ttt rtnranenransnnsnsioenasnnss ~75 to +90 °C
¥ Averaged over any period of 30 sceonds maximum,
Operating Values: :

- Cireudt Maz. Trans. Approz. DC- Maz. DC Maz. DC
(For circuit figures, refer to See. Volis Output Volts Qutput Output KW
Reotifier Congiderations (RMS) To Filter A:mperes To Filter
Section) Fig. E Eav Tav Pde
In-Phase Operation
Hulf-Wave Single-Phase. , .. 57 3100 1400 0.5 0.7
Full-Wave Single-Phase . .. . 58 1500 1400 1.0 1.4
Serles Single-Phase . ....... 59 3100 2900 1.0 2.7
Half-Wave Three-Phase. .. . 60 1800 2200 1.5 3.3
Quadrature Opergtion

Parallel Three-Phase .. ..., 61 1800 2200 3.0 6.6
8Bories Three-Phase . ...... 62 1800 . 4300 1.5 6.4
Hul(-“ ave Four-Phase ... . 63 1500 2000 1.8% 2,08 3.6% 4.0m
Half-Wave Six-Phase .,... 64 ‘1500 2200 1.9% 2,0m 4% 4 4w
* Renistive Toad » Inductive Load

w2 w  HALF-WAVE GAS RECTIFIER

Xenon-filled rectifier of the coated-
filament type. May be used in equip- 3B28
ment subject to wide range of ambient
earw, bemperature (—75° to +90°C). Rating
see 1 maximum peak inverse anode volts,.
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10,000; maximum average anode amperes, 0.25. Rating I1: maximum peak inverse
anode volts, 5000; maximum average anode amperes, 0.5. Requires Small four-con-
tact socket and may be operated in any position. QUTLINE 86, Oullines Section.

FILAMENT VOLTAGE (AC)°. .. . ... ..... R PN 2.5 volts
FILAMENT CURRENT s . .4 cvviien i 5.0 amperes
PeaK TUBE VOLTAGE Drop (Approx.) 10 volts
° Filament voltage must be applied at least 10 seconds before the application of anode voltage.
HALF-WAVE RECTIFIER
Maximum Ratings:
PEAK INVERSE ANODE VOLTAGE. . ... ..ouviivinicinnn. .. 5000 mazx 10000 max volts
AWODE CURRENT:
PeaK. . i e i 2 max 1 mex  amperes
AVEraged . . ooty e e 0.5 max 0.25 max ampere
Fault, for duration of 0.1 second maximum. .. ... 20 mazx 20 max  amperes
FREQUENCY OF POWER SUPPLY .« .%o oo v v i v nicinnncann s 500 mazx 150 max cps
AMBIENT-TEMPERATURE RANGE. ... ........... PP —T75 to 490  —175 to 490 °C
{3 Averaged over any period of 30 seconds maximum.
Operating Valves:
Circuit Max. Trans. Approx. DC Maz. DC Max. DC
(For circuit figures, refer to Sec. Volts Qutpul Volts Output Output KW
Rectifier Considerations (RMS) o Filter Amperes To Filter
Section) Fig. E Eav Tav Pde
In-Phase Operation
7000 3200 0.25 0.8
Haif-Wave Single-Phase. . 57 35004 - 1600 0.5 0.8
3500¢ 3200 0.5 1.6
Full-Wave Single-Phase. . . 58 17004 1600 1.0 1.6
©7000¢ 6400 0.5 8.2
Series Single-Phase. . . ... 59 3500% 3200 1.0 3.2
. 4000 4800 0.75 3.6
Half-Wave Three-Phase. . . 60 20004 2400 1.5 3.6
Quddraiure Operation
4000¢ 4800 1.5 7.2
Parallet Three-Phase. . ... 61 20004 2400 3.0 7.2
4000¢ 9600 0.75 7.2
Series Three-Phase. ... ... 62 2000+ 4800 1.5 7.2
3500* 4500 0.9% 1.0% 4.0% 4.5"
Half-Wave Four-Phase. . .. 63 17004 2250 1.8% 2.0% 4.0% 4.5%
3500¢ 4800 0.95* 1.0% 4.5% 4.8%
Hali-Wave Six-Phase..... 64 1700+ 2400 1.9% 2.0% 4.5% 4.8%
® For maximum peak inverse anode voltage of 1300 volts. ¥ Resigtive load.
* For maximum peak inverse anode voltage of 5000 volts. ® Inductive load.

TWIN POWER TRIODE

Heater-cathode type containing

3C33 two high-perveance units used as in-

dustrial control amplifier and voltage

regulator. Control Amplifier maximum

CCS plate dissipation (each unit), 15

watts. Requires Septar seven-contact socket and may be 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) . civv i vvvansvrnnns ettt i 12.6 volts
HEATER CURRENT. .. ... inierennnns e [ N 1.125 amperes
AMPLIFICATION FacToR (Bach unit)®, . ... . ooiiiiiiini it nn, n

Technical Data

DIRECT INTERELECTRODE CAPACITANCES (Each unit):

Gridtoplate......... .. ... i ittt e e 5.4 upf

Grid to cathode and heater. ... .................. et 1.8 upul

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

CONTROL AMPLIFIER SERVICE

Maximum CCS Ratfings: Values are for each unit
PBEAK PLATE VOLTAGE. .. ......... ceteseresess  =2000 maz voltx
DO GRID VOLTAGE . ..ottt iiiineiiiieierasiannensnion eseiaen ~200 max volts
PEAK CATHODE CURRE? Servan s 5600 mar ma
AVERAGE PLATE CURRENT. . . .o ivvvin e ininrsnnnorains bereesaane e 120 max ma
AVERAGE GRID CURRENT. . ... ..oviiiviennnnnen TSI 7.5 muz ma
PLATE DUSSIPATION . o0ttt ettt it in s ecnensnnanes Ciareaees 16 max watty
PBAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect tocathode. . .......cconvviinvnvnn. . 100 mazx volis
BuLis TEMPERATURE (At hottest peint)........ Cheeraeaaenes 260 max °C
Maximum Circuit Values:
Grid-Circuit IResistance:

‘When grid potential is always negative. . . ..o ienianiiniinirnenen 0.6 max megohm

When grid potential swings positive. ., .... e ar e e, 0.03 maxr  megohm

TWIN BEAM POWER TUBE

Glass-octal heater-cathode type used as
push-pull rf power amplifier and oscillator in
intermittent mobile-service applications. May
he used with fult input up to 15 Mc. OUTLINE 3E22
24, Outlines Section. Heater volts (ac/dc),
12.6 = 109, (series), 6.3 = 109, (parallel); am-
peres, 0.8 (series), 1.6 (parallel). Direct inter~
eleetrode capacitances (each unit): grid No.1 to
plate, 0.22 max ppf; grid No.1 to cathode, grid
No.3, internal shield, grid No.2, and heater, 14 uuf; plate to cathode, grid No.3, internal shield, grid No.2,
and heater, 8.5 uuf. Maximum IMS ratings as PUSH-PULL RF POWER AMPLIFIER AND OSCIL-
LATOR, CLASS C TELEGRAPHY (per tube): de plate volts, 600 max; dc grid-No.2 volts, 225 maz;
de grid-No.l volts, -175 max; de plate milliamperes, 175 max; de grid-No.l milliamperes, 11 maz; plate
input, 100 max watts; grid-No.2 input, 6 maz watts; plate dissipation, 85 naxr watts; peak heater~
cathode volts, == 100 max. Plates show no color when the tube is operated at maximum IMS ratings
during the normal eycle of 15 seconds on, 1 minute off. The 8E22 is a DISCONTINUED type listed for
reference only.

Gi3.K

TWIN BEAM POWER TUBE

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

HBATER ARRANGEMENT Series Parallel
HBATER VOLTAGE (AC/DC)ey v vvennnnnninnns 12.6° 6.3° volis
HBATER CURRENT, ..\ ivivernrnnnnnrnnns 1.125 2.26 amperes
TRANBCONDUCTANCE (Each unit, approx.)* 8500 umhon
Mu-tFAcTor, Grid No.2 to Grid No.1 (Each unit)** ... .., ... 9
DirrcT INTERELECTRODE CAPACITANCES (Each unit): -
Grid No.l to plate (with external shield).................
Grid No.1 to cathode, grid No.3, grid No.2, and heater mid- 0.12 max wul
17 o S 14.0 unl
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.
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MODULATOR—Rectangular-Wave Modulation
Values are for both units in parallel
For Duty Faclor® between 0.0001 and 1.0 and Maximum
Averaging Time of 1200 Microseconds in Any Interval

Maximym CCS Ratings:

DC PLATE-SUPPLY VOLTAGE® . .. .. ... ittt 5000 max
INSTANTANEOUS PLATE VOLTAGE. . . . ..ottt iniieineiaaaannns 5750 max
DC GRID-N0.2 SUPPLY VOLTAGE® , . .. ... .. . ... iiiininnennnnnns 850 max
DC GRIB-NO.1 SUPPLY VOLTAGE® . .. .. .. ... .. ittt ~225 max
INSTANTANEOUS GRID-NO.1 VOLTAGE. .. ... ..vvvvuvinn TN ~600 mazx
PEAK POSITIVE GRID-NO.1 VOLTAGE. . ... ... ... it 250 max
PEAK PLATE CURRENT. . ¢ o ittt tetitenceme e aaanin e innans Smox
PEAK GRID-NO.2 CURRENT. . ¢ v vttt it tniniviinneininenensnnaenans 3.5 max
PEAK GRID-NO.L CURRENT. ..\ tvitiin it einenianreenansninnns 4 max
PLATEINPUT. ... .coivinirann e e e 85 max
GRID-NO2 INPUT. . ....ooviiennnns P 3 mazx
GRID-NOL INPUT .. .ttt ittt it i it i ia it ianns 1 mazx
PLATE DISSIPATION. . .ttt v hot s ticie et i ia i iiar i ensensn 15 max
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with regpect to ¢athode. .. .......... ... ... ... 100 max

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

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

volts
volts

® Duty factor is defined as the ON time in mieroseconds divided by 1200 microseconds. Pulse dura-
tion is defined as the time interval between the two points on the pulse at which the instantaneous value
is 70 per cent of the peak value. The peak value is defined as the maximum value of a smooth curve

through the average of the fluctuations over the top portion of the pulse.

4 For tube protection, it is essential that sufficient dc resistance be used in the plate-supply circuit,
the grid-No.2-supply cireuit, and the grid-No.1-supply circuit so that the short-circuit current ig limited

to 0.5 ampere in each circuit.

& For a duty factor between 0.0001 and 0.001, the rated peak plate current is 10 amperes maximum. For
higher duty factors, the peak plate current must be reduced. The rated peak plate current for a duty

factor of 1.0 is 0.3 ampere approx.

BEAM POWER TUBE

Small, thoriated-tungsten-fila-
ment type used as af power amplifier
andmodulator and asrf power amplifier
and oscillator. May be used with full
input up to 150 Mc. Class C Telegraphy

4-65A

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) . . 6.0
FILAMENT CURRENT. . ......0.0hiann 3.5
TRANSCONDUCTANCE® . .. ... ........... e 4000
MU-FACTOR, Grid No.2 to Grid No.1. ... ..o it 5
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 o plate. . v v vv it i i et e e i aisennannans 0.08 max
Grid No.l to filament and grid No.2. . . ... ... vt iiiniinnrannns 7.5
Plate to filament and grid No.2. ... ... .. i it i it i 2.2

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

DC PLATE VOLTAGE. « o ¢ v vttt it e it ittt easie s cnnesarnennas 2500 max
DC GRID-NO.2 VOLTAGE . .. ..\ttt it it iirinnerneniennans 400 max
DC PLATE CURRENT. . . ottt e tiiteis it tiin e sonaaneranrans 120 mazx
GRriD-NO.2 INPUT, . ..., e e e e e 10 mazx
PLATE DISSIPATION . o oottt vs vttt ie ittt anisaiarnieannorones 45 max
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and

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

DC PLATE VOLTAGE. . o o4ttt ittee s itietttaesnameeranieeenaaaneansn 3000 max
DC GRID-NO.2 VOLTAGE. «. ot vttt ittt e reeteveniee e, 600 mazx
DC PLATE CURBENT. &+ 4t s v ettt st vonnossesoeenenennaeenesieeivinmnonen 150 max
GRID-NO.2 INPUT. . .......... . 10 mazx
PLATE DISSIPATION. & o4 s v vusvvsnaesosrnnsoananessonsenesanneees s 65 max

volts
amperes
umhos

puf
suf
uuf

volts
volts
ma
watts
watts

volts
volts

ma
watts
watts

Technical Data

BEAM POWER TUBE
See type 6155/4-125A.,

BEAM POWER TUBE

Forced-air-cooled, thoriated-
tungsten-filament type used as af
power amplifier and modulator and as
rf power amplifier and oscillator. May
be used with full input up to 30 Mc

FILAMENT VOLTAGE (AC/DC) .+ v vt v et et ee ot et e ettt eee e e

FILAMENT CURRENT. . .0ttt ittt ettt se e emeiiiee e airanns
TRANSCONDUCTANCE . . L .. ittt tin e et e it ciiiesenans
Mu-FACTOR, Grid No.2 to Grid No. 1 ....................................
DIRECT INTERELECTRODE CAPACITANCES:
Grid-No.1 to plate (Base shell connected to ground) . . ... ....covvvnn.n..
Grid No.1 to filament, grid No.2, and base shell. ... ..... e iereereraa
Plate to filament, grid No.2, and baseshell .. . ...... ... .. ... .. .civiuna.n
PLATE-SEAL TEMPERATURES:
Contmuous Serv;ce ..............................................

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

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

DC PLATE VOLTAGE. ....... et e i e
DC GRID-NO.2 VOLTAGE. .. .. .. .ttt in it i inansiaareennaenna.
MAXIMUM-SIGNAL DC PLATE CURRENT™. . .., ..ot iiiiiiiainininnnnns
GRID-NO.2 INPUTE. L e e i i e
PLATE DISSIPATIONT. L. i i et et anenans

Maximum Circuit Values:
Grid-No.1-Circuit Resistance. . ... ... vvoiiiiinn i iiiinan.n,

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

4-125A

4-125A/
4D21

with natural coohng, or 120 Mec with forced-air cooling and with reduced input
up to 240 Me. 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.

3000 mazx
400 max
225 max

20 max
125 max

volts
amperes
umhos

uuf
puf
ul

°C
°C

volts
volts
ma
watts
watts

0.25 max megohm

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum CCS Rdtings:
DO PLATB VOLTAGE. ...ttt iitttt ettt e tineet e e caniiiareraaneanannns

GRID-NO.2 INPUT. ... ...cu....
GRID-NO.1 INPUT. . ...........
PLATBE DiISSIPATION

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and -

RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
DO PLATE VOLTAGE. ... i viiniienanenes PN
DC GRID-NO.2 VOLTAGE. . .......0vuunn
DC GRID-NO.1 VOLTAGE. .. ..0vvvvena.
DC PLATE CURRENT
GRID-NO.2 INPUT. .. .........
Grin-No.1 INPUT. . .,..
PLATB DISSIPATION. .

DRI

BEAM POWER TUBE
See type 6156/4-250A.
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3000 max
400 max
-500 mazx
225 max
20 mazx

5 max
125 mazx

volts
volts
volts
‘ma
watts
watts
watts

volts
volts
volts
ma
watts
watts
watts

4-250A



— RCA Transmitting Tubes

"BEAM POWER TUBE

Forced-air-cooled thoriated-tung-
sten-filament type used as af power
amplifier and modulator and as rf
power amplifier and oscillator. May be
used with full input up to 30 Mc with

4-250A/
5D22

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

when the tube is operated at maximum CCS ratings.

FILAMENT VOLTAGE (AC/DC) v\ttt aviiitineeniiieninncrannans PN 5.0
FILAMENT CURRENT. o o0ttt tranevsennnrerennrssnsnasesarnsesensssnan 14.5
I'RANSCONDUCTANCE®*, .. ........ et aaar e s s 4000
Mu-FacTor, Grid No.2 to Grid No.1.. 5.1
IRECT INTERELECTRODE CAPACITANCES:

Grid No.1 to plate (Base shell connected to ground), . ........oiveianue. 0.12 max

Grid No.1 to filament, grid No.2, and base shell 13

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

AF POWER AMPLIFIER AND MODULATOR—Class AB

Maximum CCS Ratings:
DO PLATE VOLTAGE. . .. oottt ittt ie i ane e aneasineans 4000 max
DO GRID-NO.2 VOLTAGE. . .. ..ttt it iaiia e tiiine i oae 600 max .
MAXIMUM-SIGNAL DC PLATE CURRENT®. .. .. it iiriiin i cinn s 350 max
GRID-NO.2 INPUT®. . .. ... ... e 35 max
GRID-NO.LTINPUT® ... .. .. it PP 10 max
PLATE DISSIPATION®. ... . e 250 max

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

DC PLATE VOLTAGE. ..., v iiiin e F e I .. 3200 max
VO GRID-NO.2 VOLTAGE. . ..ottt ih ettt iv s iiaiaiiiae s esans 600 inax
DC GRID-NO.1 VOLTAGE. . ... .. vt iiieinn -b00 max
DC PLATE CURRENT. .., . 276 max
GRID-NOZINPUT. ... ... ... ... i iiin, 35 max
Grip-No.1 INPUT. . ... . 10 mazx
PLATE DISSIPATION. . ... .. iiiieiniesaanan 165 max

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and

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

DO PLATE VOLTAGE. . . it tittii it ittt ie i iannanennns i 4000 max
DC Gr-No0.2 VOLTAGE 600 ynax
DC Griv-No.1 VOLTAG#E =500 mae
DO PLATE CURRENT. 4 v o v vutnencnsoancasonscaroannens e 350 max
GRID-NO.2 INPUT. . ... .c.vnnenss 35 mox
Grip-No.l INPUT........ . 10 max
Prati DISSIPATION. .. . 2560 max

BEAM POWER TUBE

Forced-air-cooled thoriated-tung-
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
Telegraphy maximum CCS plate dissipation, 400 watts. Requires Special

4-400A

110

volts
amperes’
wmhos

upf
ppf
anf
°C

volts
volts
ma
watts
watts
watts

volts
volts
volts
ma
watts
watts
watts

volts
volts
volts
ma
watts
watts
watts

Metal-
Shell Giant five-contact socket and may be operated in vertical position only, base
up or down. OUTLINE 40, Outlines Section.

Technical Data

FILAMENT VOLTAGE . .. ... .ttt e 6.0
FILAMENT CURRENT . .. .ottt ittt et e e e 14.56
TRANSCONDUCTANCE®. . ..ot ii it 4000
MU-FACTOR, Grid No.2 to Grid No.1, . ........... .. PN 5.1
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.l toplate. ........... NG TITHET + 2 o s % s et e b e e e e e e 0.12 max

Grid No.1 to filament, grid No.2, and base shell,. . ... ............. .. 13

Plate to filament; grid No.2, and base shell. ........ b 4.6
BASE SEAL TEMPERATURE. . .« ¢\ oivt et tetat ittt e 200 mazx
PLATE SEAL TEMPERATURE . ., ..« vttt e tie e et et ta e 225 moax
* Plate volts, 2500; grid-No.2 volts, 500; plate milliamperes, 100.

AF POWER AMPLIFIER AND MODULATOR—Class AB

Maximum CCS Ratings:
DO PLATE VOLTAGE. . .1ttt et ittt i i ve et et eie e 4000 max
DC GRriD-No.2 VOLTAGE 800 max
MaxiMUM-SiGNAL DC PLATE CURRENT® 350 max
GRID-NO.Z INPUT . . . o oottt et e ey 35 max
GRID-No.1 INPUTC, . . 10 mazx
PLATE DISSIPATION® . ..\ttt ittt e e ettt 400 mazx

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

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Ratings: At frequencies up to 110 Me

DO PLATE VOLTAGE . .. &t ittt ettt et ettt aea e 3200 max
DC GRID-NO.Z VOLTAGE . « .\t vttttreet e eree it et e eie e iiaae s 600 max
DC GRID-NO.LI VOLTAGE . . ..ttt t i iettan s vanetnreeaneanneianenens -500 mazx
DO PLATE CURRENT. . . ot ttteie st ereeteninaenaee e iiianeaaeanass 275 max
GRID-NOZ INPUT. & . ottt et ate et et e e ta e e et 35 max
GRID-NO.L INPUT. . . ittt et tmaen et e et et ettt e 10 max
PLATE DISSIPATION. .. ... ..... P PP 270 mazx

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

Maximum CCS Ratings: Al frequencies up to 110 Me

DC PLATE VOLTAGE . . .0 o vttt ettt it e e e e et e e et e e e 4000 mazx
DC GRID-NO.2Z VOLTAGE. .ot oo i 600 mazx
DC GRID-NO.1 VOLTAGE. . .......... ~500 max
DC PLATE CURRENT. ... ............ 350 mazx
GrID-NO.2 INPUT. .. ........ . . 35 max
GRID-NO.L INPUT. . o vttt et i e e et e e 10 max
PLATE DISSIPATION. . oot it ittt et e s e et et et e et es 400 max

BEAM POWER TUBE

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

PILAMENT VOLTAGE (AC/DC) . 4 ettt oot e it ettt e s 7.8
FTLAMENT CURRENT . L o oottt et et ey e eeeetaae et eia e aeaanns 21
TRANSCONDUCTANCE®, .. ... iniunns PR 10000
MU-FACTOR, Grid N0.2 t0 Grid NO.1. .. ..ot 7
DirweT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (Base shell connected to ground) . .. .............. 0.26
Grid No.1 to filament, grid No.2, and baseshell..................... 28
Plate to filament, grid No.2, and baseshell. .............. . ... ... 8

* Plate volts, 2500; grid No.2 volts, 500; plate milliamperes, 300.
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volts
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uul
i
prmi



— RCA Transmitting Tubes

PLATE-MODULATED RF POWER AMPLIFIER— Class C Telephony
Maximum CCS Ratings: Al frequencies up to 110 Me

DEC PLATE VOLTAGE . . oottt tes et miomeseronaensaoarnsosssnns 5000 max volta
PC GRID-NO.Z VOLTAGE. . ..ttt ttvtisntinenranesanaaissasssastssnsans 1000 max volts
VDC PLATECURRENT. . o0 vt v vnnnannennnnns et sriee et 600 max ma
GRID-N0.2 INPUT. .. .. .. e 15 max watts
PLATE DISSIPATION. . . ..ottt it ittt ivatarassannassaeraranssssasearnans 670 mazx watte

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

Maximum CCS Rotings: At frequencies up to 110 Me

IIC PLATE VOLTAGE. . . .ottt it iiate et nsanarnactnienranasnssnsenss 6000 mex volts
DO GRID-NO.2 VOLTAGE . ..ttt tin it ennernnensonaennansssansocsss 1000 maw volta
DO PLATE CURRENT. .01ttt sanesenaerassesenarsossnssnns 700 mox ma
GRID-NO.2 INPUT . . .ottt iiie i iiveraarsansreinnnnarsnnnensssonn 76 max watte
PLATE DIBSIPATION. « 1 ittt iv it iin et rerietisiiaatnacvsnanocsnnns 1000 mar watts

POWER TRIODE

Forced-air-cooled heater-cathode typo used
as Class C plate-pulsed oscillator. May be uged
with full input up to 626 Mec. Maximum over-all

4C33 length, 4-7/8 inches; maximum diameter, 2.062
inches. Pilament volts (ac/de), 5.0; amperes,

9.1; starting current, 16 mar amperes. Direct

interelectrode capacitances: grid to plate, 13

puf; grid to cathode, 34 puf; plate to cathode, 0.7

puf. Maximum CCS ratings as Plate-Pulsed

Oscillator—Class C: peak plate pulse supply volts, 13000 mazx; peak grid-bias volts, ~2000 mu.; peak
plate amperes from pulse supply, 30 max; peak rectitied grid amperes, 4 may; de plate miltismperes, 30
maz; de grid millismperes, 4 maz; peak plate input, 390000 max watts; plate dissipation, 250 ma.: watts;
pulse length, & maz microseconds. The 4C383 is a DISCONTINUED type listed {or reference only.

BEAM POWER TUBE
4CX2SOB See type 7203/4CX250B,

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

4D21 BEAM POWER TUBE

See type 4-1254/4D21.

BEAM POWER TUBE

4E27 / 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, 75 watts. Requires Giant seven-contact socket

and may be operated in vertical position only, base up or down. OUTLINE 87, Oul-

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

FILAMENT VOLTAGE (AC/DC) . .ot iiiventnnrscie s tacrncnannncnansanasons 5.0 volts
FILAMENT CUKRRENT . | & .ot tanneeiaenaensasaanareansenrnseessorearonsn 7.5 amperes
TRANSCONDUCTANCE (For plate current of 75 milliamperes). .. .............. 2800 uralios
DireCT INTERELECTRODE CAPACITANCES:
Grid to plate (Base shell connected toground) . ... .. .ooviiin i 0.06 upd
Grid No.1 to filament, grid No.3, grid No.2, internal shield, and base shell, . . 11 pul
Plate to filament, grid No.3, grid No.2, internal shield, and base shell. .. .. 4.6 puuf
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RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings:

DC PLATE VOLTAGE. .« ot iitneentnenanesunsonetaseiionsssessnne P 4000 max volts
DC GRID-N0.2 VOLTAGE 750 mazx volts
DC GRiD-N0.1 VOLTAGE peenaeas Chererieeeds -500 max volts
DC PLATE CURRENT. ....... erriereresean 150 maz ma

DC GRID-N0.2 CURRENT 30 max ma
DC Grip-N9.1 CURRENT. ... 25 max ma
PLATE INPUT. .. ... ..oovivine . Ceaen 300 max  watts
GRID-NO.2 INPUT. . ..... Ceaee . 25 max  watts
PLATE DISBIPATION. . . ottt ie i iiiiiiaiiesninas . AN 75 max watts

BEAM POWER TUBE

Thoriated—tungste'n—ﬁlament type 4E 2 7 A /

used as af power amplifier and modu-

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

up to 756 Me. Class C Telegraphy max-

imum CCS plate dlssmatlon, 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-réd color when the tube is operated at maximum CCS
ratings.

FILAMENT VOLTAGE (AC/DC) P 5.0 volts
FILAMENT CURRENT. .« 4ttt vaeenesnnenesneansesooneeoiniosnnensses v 7.5 amperes
TRANSCONDUCTANCEX, . . ..ttt ttenteneinaneeraniesonns 25600 wumhos
MuU-FACTOR, Grid No.2 to Grid No, 1. . ... ..ot iinnns, 1
DIRECT INTERELECTRODE CAPACITANCES: .
Grid No.1 to plate (Base shell connected to ground).............. NP 0.08 max puf
Grid No.l to filament, grid No.3, grid No.2, and base shell . 11 ppf
Plate to filament, grid No.3, grid No.2, and baseshell. .. ... ............ 4.8 ppf
SBAL TEMPERATURE. . e 225 max °C

¥ Plate volts, 2500; gnd-No 2 volts, 500 grld No 3 volts, 0 plate rmlhamperes, 50.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class: C FM Telephon
Maximum CCS Ratings: phony
DO PLATE VOLTAGE. ...ttt ittt e isarsraernameeenesannns e 4000 max volts
75 max volts
DC GRID-N0.2 VOLTAGE 150 max - volts
DC GRID-NO.1 VOLTAGE . . ... RN -500 max volts
DC PLATE CURRENT. . . ...\ vivivnennnnnnn e . 200 max ma
GRID-NOB INPUT. ... ol i i v ieiiinneaen .. 20 max  watts
Grip-No.2 INpUT, . 20 max watts
Arin-No.1 Input. .. 5 max watts
PLATI DISSIPATION . .00 iiee e 125 max watts

BEAM POWER TUBE

Forced-air-cooled heater-cathode types hav-
ing integral plate radiators used as af power am-

RADIATOR
K c

plifiers and modulators and as rf power ampli- 4X] 50A
fiers and oscillators. May be used with full in-
put up to 500 Me. Maximum over-all length, 4X'| SOD

2-15/82 inches; maximum diameter, 1.635

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

amperes, 2.6. Type 4X 150D heater volts (ac/dc),

26.5; amperes, 0.58. Direct interelectrode capac-

Itances: grid No.1 to plate, 0.02 uuf; grid No.2 to cathode, grid No.2, and heater, 16 uuf; plate to cath-
odo, grid No.2, and heater, 4.2 yuf. Maximum CCS ratings as RF POWER AMPLIFIER AND OS-
CILLATOR—Class C Telegraphy: de plate voltage, 1250 max; de grid-No.2 voltage, 300 max; de grid-
No.1 voltage, —250 mazx; de plate milliamperes, 250 max; grid-No.2 input, 12 max watts; grid-No.1 in-
put, 2 max watts; plate dissipation, 150 max watts. The 4X150A and 4X150D are DISCONTINUED
types Hsted for reference only; as replacements, the 7034 /4X150A and 7035/4X 150D, respectively, are
diroetly interchangeable.
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BEAM POWER TUBE

Forced-air-cooled type having in-
tegral plate radiator and thoriated-
tungsten filament used as rf power am-
plifier and oscillator. May be used with
full input up to 120 Mec. Class C Teleg-
raphy maximum CCS plate dissipa-
tion, 500 watts. May be operated in

4X500A

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

. Min. Avg.
FrLaMeNT VOLTAGE (AC/DC) .. - 5.0
FILAMENT CURRENT. . .. ..ot iviannn. . 12.2
TRANSCONDUCTANCI¥. . .. i iieiinitareanrsnss 5200
MU-FACTOR, Grid No.2 to Grid No.1. .. ............ 4.6 -
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.ltoplate.......ooevieniiniiiiniss

Grid No.1 to filament and grid No.2............ 10.

Plate to filament and grid No.2. .. .......... ... 4.
RADIATOR-CORE TEMPERATURE .. ¢ .o v vt tiiiiii e iaeriannnsnsinnes
GLASS-METAL SEALS TEMPERATURE. . . ........... e,

# Plate volts, 2500; grid-No.2 volts, 500; plate milliamperes, 200.

Max.

18.7
6.5
0.1

14.4
6.9
150
160

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and

RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
IXC PLATE VOLTAGE . « ittt vt ne s iaantssasnsaranraseecacneeneeens
DC Grip-No.2 VOLTAGE .
DC GRID-NoO.1 VOLTAGE
DC PLATE CURRENT
GRID-NO.2 INPUT. . ...
GRID-No.1 INPUT. . .
PLATE DISSIPATION. . . oot v irenieransnaoranmsirens e

BEAM POWER TUBE

See type 4E27A /5-¥25B.

5-1258

BEAM POWER TUBE

See type 4-250A /6D22.

5D22

FULL-WAVE VACUUM
RECTIFIER

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

5R4GY

trial equipment. Rated for a maximum

peak inverse plate voltage of 2800 volts
and maximum peak plate current of

4000 max
500 max
~b00 maz
350 max
30 max
10 max
500 max

NC

volts
amperes
. umhos

uuf
nof
unf

°C

volts
volts
volt
ma
watts
watts
watts

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 Qctal socket and may he opera;ted
in vertlcal position, base up or down, or in horizontal position with pins 1 and 4 in

vertical plane. OUTLINE 31, OQutlines Section.

FILAMENT VOLTAGE (AC/DC). ,
FILAMENT CURRENT. . . .. iotiun v vanunranrteroarinocnanssases Y an
TyusE VOLTAGE DroP (Approx.):

Measured with applied de at 250 milliamperes per plate .............
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volts
smperes

volts

Technical Data

FULL-WAVE RECTIFIER
For Altitudes

Maximum Ratings, Design-Center Values: up fo 40000 Feet

PEAK INVERSE PLATE VOLTAGE (No load). .. 2100 max 2400 max

Peak PLATE CURRENT (Per plate) ......... 660 max 650 max

DC OurpuT CURRENT:

‘With capacitor input to filter.......... RN 250 maz 175 max
‘With chioke input to filter. ,........... Ceereean 250 max 250 max

Typical Operation with Capacitor-Input Filter:

RMS Plate-to-Plate Supply Voltage' v
Fullload........oiiiiiiiiniiiiiiiiineinens 1400 1500
NoLoad. ...oviiiiiiiiiiiiia e innnenn e 1500 1700

Filter Input Capacitor. . . .. covieiiiininnnnenens 4 4

Total Effective Plate-Supply Impedance (Per plate)? 125 500

DC Qutput. Current. . . ....civiiiienneeennrenn.en 2560 150

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

AtHalf Load.......ooiiiiiiieiminincnnianne 790 900
AtFull Load, ......coiviivriiirvanensrannon, 700 810

Voltage Regulation, Half-Load to Full-Load Current
CADDPIOX.) v vvtiriemns e eanarnnnsans e . 90 90

Typical Operation with Choke-Input Fitter:

RMS Plate-to-Piate Supply Voltage:

Full Load. ...oooviiiiinnieeneinnnenas 1500
NoLoad.......oooiiiiiiiiiiiiiensnees cesiese 1700

Filter Input Choke. ............ F N 5

DCOutput Current. . .........cvviiiinnininnnn. . 250

DC Output Voltage at Input to Filter (Approx. )

At Half Load . 590
AtFull Load. . . vvvvenin i ieiiiiasranenns 550

Voltage Regulation, Half-Load to Full-Load Current

(ADDIOX.) vttt trennnmr e iannnerarvenannsnosas 40

® For choke not less than 5 henries.
4 Yor choke not less than 10 henries.

For Altitudes

up to 20000 Feet
2800 max volts
650 max ma
150 max ma
176% max mg
1800 volts
2000 volts
4 uf
575 ohms
160 ma
1060 volts
950 volts
110 volts
1900 volts
2000 volts
10 henries
175 ma
810 volts
750 volts
60 volts

4 Indicated values for conditions shown will limit peak plate current to maximum rated value.When a

filter-input capacitor larger than 4 microfarads is used, it may be necessary to-

impeddnce than the value shown to limit the peak plate current to the rated v,

'FULL-WAVE VACUUM
RECTIFIER

Cqated-filament type used in pow-
er supply of transmitting and indus-
trial equipment. Rated for 2 maximum
peak inverse plate voltage of 3100 volts
‘and maximum peak plate current of

use more plate-supply
alue.

S5R4GYB

716 mllhamperes at altitudes up to 20,000 feet, it may be used at altitudes up to
40,000 feet with reduced plate voltages. Requn‘es Octal socket and may be operated
in vertical position, base up or down, or in horizontal position with pins 2 and 4 in

vertical plane. OUTLINE 20, Qutlines Section.

FILAMENT VOLTAGE (AC/DC) . o ottt e e et et ettt enonanans
FILAMENT CURRENT. 4 .0ttt it tmsire i aremiaraenaannssnnasnnnses

HALF-WAVE RECTIFIER
Maximum Ratings: For altitudes up to: 40000
PEAK INVERSE PLATE VOLTAGE. ... .voiti oo, 2650 max
AC PrLATE SuPPLY VOLTAGE (Per plate, rms, without Joad). ..
PEAK PLATE CURRENT (Per plate) ... ......ovinivenenn. e
DC Outrut CURRENT (Perplate) . . ... oo ine o P
HoT-SWITCHING TRANSIENT PLATE CURRENT (Per plate). .. .. L]

716 max

BuLs TEMPERATURE (At hottest point) .. .........oo 0., .. 230 max
Typical Operation with Capacitor-Input Filter:

For altitudes up to: 40000
AC Plate-to-Plate Supply Voltage (rms, without load) 1400 1500
Filter-Input Capacitor. . ...................co.onen 20 20
Total Effective Plate Supply Impedance (Per plate)® . 2258 . 230
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5 volts
2 amperes
20000 Seet
3100 max volts
See Rating Chart 1
715 max ma.
See Rating Chart [
a
230 max °C
20000 Jeet
2000 volts
20 uf
376 ohms



RCA Transmitting Tubes

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

At Half Load, ma="75

........................ - 910 1210 volts

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

At Full Load, ma=150.. ... .. . . 01101000 - 800 1040 volts

At Full Load, ma=2580.................c...... 605 - volts
Voltage Regulatlon, Half—Load to Full-Load Current,

ADDIOX.) . oot e e e e 145 - 110 170 volts
DCOutput Current. .. ...t iiniinan, .. 250 150 160 ma.
Typical Operation with Choke-Input Filter:

For altitudes up to: 40000 20000 Jeet
AC Plate-to-Plate Supply Voltage (rms, without load)....... 1500 1900 volts
Pilter-Input Choke. ... ... .. ... ... ... .. ... ... ... . ... 5 10 henries
DC Output Voltage at Input to Filter (Approx.):
For de¢ output:
ma=87.5 - 800 volts
ma=125 £00 - volts
ma=175 - 760 volts
ma=250 560 - volts
Voltage Regulatlon Half-Load to Full-Load Current, (Approx.) 40 40 volts
DC Qutput Current. ... ...ttt e 250 175 ma

° See aceompanying chart for operating conditions requiring delay in application of plate voltage until
filament has reached operating temperature.
® 1f hot-switching is requlred in operation, choke-input circuits are recommended. Such circuits limit
the hot—sw1tchmg current to a value no higher than that of the peak plate current. When capacitor-
input circuits are used, 2 maximum value of 3 amperes should not be exceeded.

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

impedance

than the value shown to limit the peak plate current to the rated value.

RATING CHART 1

120

80

DC OUTPUT MILLIAMPERES PER PLATE

40

[+]

6C24

TYPE 5R4GYB
| .E§=5 VOLTS AC

L] | ]

OPERATING AREAS FOR

MAXIMUM_ OPERATING
VALUES WITH:
~CHOKE-INPUT FILTER

SIMULTANEQUS AND DELAYED'
APPLICATION OF PLATE VOLTAGE

~CAPACITOR~ INPUT FILTER - ‘
— T Tt 1 1 TYPE S5R4GYB
MAX/MUM VOLTAGE FULL-WAVE RECTIFIER SERVICE WITH
ING: «» CAPACITOR ~INPUT FILTER.
up TO 20000 FEET g AREA T - FILAMENT AND PLATE VOLT-
F T 40000 FEET> /' o AGE MAY BE APPLIED SIMULTANEQUSLY.
x e | .~ z AREA I - FILAMENT SHOULD BE ALLOW-
i 3 ED TO REACH OPERATING TEMPER~
£ % o ATURE BEFORE PLATE VOLTAGE 1S
H APPLIED. FOR AVERAGE CONDITIONS,
\ - . THE DELAY IS APPROXIMATELY 10
N = SECONDS.
& 300
o} g ‘ : K\\l\
200
I ‘ . \REA\
=) © AREAI T N
EEEEN
0 200 400 600 800 1000 1200
G AC VOLTS PER PLATE (RMS)

400 800 1200
AC PLATE SUPPLY VOLTS (RMS)
PER PLATE {WITHOUT LOAD)
92CM~9343T)

POWER TRIODE

Forced-air-cooled type having integral ra-
diator used aa af power amplifier and modula-
tor and as rf power amplifier and oscillator at
frequencies up to 160 Mc. 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 max amperes.
Direct interelectrode capacitances; grid to plate, F

r
4.4 puf; grid to filament, 4.6 uuf; plate to fila- ™

92CS- 184T

ment, 8.2 uuf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate
volts, 3000 max; de grid volts, -500 max; de plate milliamperes, 500 max; de grid milliamperes, 150 max;
plate input, 1500 max watts; plate dissipation 600 maxr watts. The 6C24 is a DISCONTINUED type
listed for reference only. As a replacement, the 5786 is a similar type although not directly interchange-

able.
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POWER TRIODE

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

K
VIEWED FROM SHORT ENO

6F4

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

CCS ratings.

HEATER VOLTAGE (AC/DC) . ot ottt itiiee e iiiiietnsvoraancanessinnns 8.8
HEATER CURRENT .. ...ttt itiiiiinniiininniaoneeon e N 0.225
TRANBCONDUCTANCE®, | ..o it i iiiiiiiai e eraenas 5800
AMPLIFICATION FACTOR®. . ... ... . i i i it iiiirnanenaenen 17
PLATE RESISTANCE (APProX.)¥. . ...ttt it iiriaerarnans 2900
DIRECT INTERELECTRODE CAPACITANCES: .

Grid 00 PIate .. . . o e 1.8

Grid to cathode and heater. ... ... ... .. ... .. ... .. . i, . 1.9

Plate to cathode andheater. .. ... .. L e 0.6

* Plate-pupply volts, 80; cathode resistor, 150 ohna; plate milliamperes, 13.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
ond
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings, Design-Center Values:
DC PLATE VOLTAGE. ...ttt it e s iiia it aenns 150

DC PLATE SUPPLY VO1TAGE 300
DC GRID VOLTAGE, . .. ......... e ~50
DC PLATE CURRENT. ... ... ..... ) . 20
DC GRID CURRENT. . . 0 ¢ttt ittt iniaatesraanectassarasaainansasenas 8
PLATE DISSIPATION . . o oo oo vviineeeiaenns e e erenaeny 2
PEAX HEATER-CATHODE VOLTAGE: o .
Heater negative with respect to cathode. ............. .. ... .0,. e .80

Heater positive with respeet to cathode. ., ........... i i 80

POWER TRIODE

‘I'horiated-tungsten-filament type used as
rf power amplifier and oscillator. May be used
with fult input up to 8 Me. Requires Small four-
c¢ontact sockel and may be mouuted in vertical
position only, base down. OUTLINE 32, Outlines
Section. Filament volts (ae,de), 7.5; amperes,
1.25. Direct interelectrode capacitances; grid to
plate, 7 uuf; grid to filament, 4 puf; plate to fila-
ment, 8 puf. Maximum CCS ratings as RF

0, >0

Fe F-

Max
mar
maez
TREL
max
maxr

max
max

10Y

voits
ampere
pmhos

ohms

pul
puf
upt

volts
volts
volts

ma
watts

volts
volts

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

for the 10Y.

FULL-WAVE MERCURY-
’° °' VAPOR RECTIFIER

Coated-filament, glass type used
to supply dc power of uniform voltage
to receivers in which the rectified cur-~

v rent requirements are subject to con-
siderable variation. Tube requires four-

00

14

83

contact socket and should be operated in vertical position with base down. OuT-
LINE 82, Outlines Section. Maximum peak inverse plate volts, 1550; maximum peak

plate amperes (per plate), 1.
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FILAMENT VOLTAGE (AC)%. 4 o s i it inmimaiivsineercnnonaniaos Ceeeas 5 volts
F{LAMENT CURRENT. . ...... PN e e e i e, PN 3 amperes
TUBE VOLTAGE DROP (Approx.)....... et e, evens 16 - volts

FULL-WAVE RECTIFIER
Maximum Ratings, (Design-Center Values):

PEAK INVERSE PLATE VOLTAGE. . . . .ooi i iviiiii ey Ceriaeas 1550 mazx volts
PrAK PLATE CURRENT (Perplate).......... ..o i, PN 1 maz  ampere
DC OUTFUT CURRENT . 4+ ¢t vt e v vaenreneenaneenaieaoiosseossrneasanas 225 mazx ma
CONDENSED-MERCURY TEMPERATURE RANGE. .. ......... e vieesens. 20 to 60 °C

Typical Operation {With Capacitor-Input Filter}:

AC Plate-to-Plate Supply Voltage (rms) . . .......... ... ivervneennan N 900 volts
Minimum Total Effective Plate-Supply Impedance (Per Plate)t.....oovns 50 ohms
DC Output CUITENE. .. ittt ieiimean i cis e aia e e 225 ma
Typical Operation {With Choke-Input Filter}:

AC Plate-to-Plate Supply Voltage (rms}. .. .. ... .. .. iiiiiiinrennenan 1100 volts
Minimum Filter-Input Choke. .. . ... ii i 3 henries
DC Output Current. ...... e e ettt se ey PP 226 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
amplifier and oscillator. May be used with full

203 A input up to 15 Mc and with reduced input up
to 80 Mc. Requires Jumbo four-contact socket
and may be mounted in vertical position only,
base down. Maximum over-all length, 7-7/8
inches; maximum diameter, 2-5/16 inches. Fila-
ment volts (ac/de), 10; amperes, 3.25. Direct

interelectrode capacitances: grid to plate, 14 uuf; grid to filament, 6.7 uuf; plate to filament, 4.4 put,
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR, Class C Telegraphy: de
plate volts, 1250 max; de grid volts, ~400 maz;-dc plate milliamperes, 175 max; de grid milliamperes,
60 maz; 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 8006 is a similar type although not directly interchangeable.

POWER TRIODE

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

204 A with full input up to 8 Mc and with reduced in-.
put up to 30 Mec. Requires special end-mounting
and may be mounted in vertical position with
filament end up, or in horizontal position with
plane of plate in vertical plane. Maximum over-
all length, 143§ inches; maximum diameter,

4-1/16 inches. Filament volts (ac/dc), 11; amperes, 3.85. Direct interelectrode capacitances: grid t«
plate, 15 upf; grid to filament, 12.5 puf; plate to filament, 2.8 uuf. Maximum CCS ratings as RF POWER
AMPLIFIER AND OSCILLATOR, Class C Telegraphy: dc plate volts, 2600 mazx; de grid volts, ~500
maz; de plate milliamperes, 275 maz; de grid milliamperes, 80 maz; rf grid amperes, 10 mazx; plate input,
690 max watts; plate dissipation, 250 max watts. Plate shows a barely perceptible red color when tube is
operated at maximum CCS ratings. The 204A is a DISCONTINUED type listed for reference only

POWER TRIODE

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

2]" with full input up to 15 Mc and with reduced in-
put up to 80 Mec. Requires Jumbo four-contact
socket and may be mounted in vertical position,
base down, or in horizontal position with pins 1
and 8 in vertical plane. QUTLINE 52, Outlines
Section. Filament volts (ac/dc), 10; amperes,
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‘
8.25. Dircct interclectrode capacitances: grid to plate, 14 uuf; grid to filament, 5.4 wuf; plate to ilament,
4, 8 upf.Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR, Class C Telcg-
raphy: dc plate volts, 1250 max; de grid volts, =400 max; dc plate milliamperes, 175 max; de grid milli-
umpercs, 50 mazx; plate input, 220 max watts; plate dissipation, 100 max watts. Plate shows a barcly
perceptible red color when tube is operated at maximum CCS ratings. The 211 is a DISCONTINUED
type listed for reference onty.

HALF-WAVE VACUUM
RECTIFIER

Thoriated-tungsten-filament type used in
power supply of transmitting and industrial 217c
cquipment. Requires Jumbo four-contact socket
and may be mounted in vertical position, base
down, or in horizontal position with pins 1 and
3 in vertical plane. QUTLINE 53, Outlines Sec-
tion. Filament volts (ac), 10; amperes, 3.25.
Maximum ratings: peak inversc plate volts, 7500 moz; peak plate amperes, 0.6 max; average plate
amperes, 0.15 mazx. The 217C is a DISCONTINUED type listed for reference only. As a replacement,
the 886 is a similar type although not directly interchangeable. -

HALF-WAVE MERCURY-
VAPOR RECTIFIER

Coated-filament type used in pow-
er supply of transmitting and indus- 57 5A
trial equipment. Maximum peak in-
verse anode volts, 15000; maximum

) : average anode amperes, 1.5. Requires
Jumbo four-contact socket and may be operated in vertical position only, base down.
OUTLINE 65, Outlines Section.

FILAMENT VOLTAGE (A.C)" ............................ 5.0 volts
FILAMENT CURRENT. .. oot 0trtnnirnarninneneisins 10.0 ampercs
PXAK TUBE VOLTAGE DROP (Approx.).............. . 10 volts

¢ Iflament voltage must be applied at least 30 seconds before application of anode voltage.

HALF-WAVE RECTIFIER—In-Phase Operation

Maximum Ratings: For supply frequency of 60 eps

PRAK INVERSE ANODE VOLTAGE. .. .ot vvirennnnnn.n .. 10000 maz 16000 max volts
ANODE CURRENT:
Peak. ... e i 7 max 6 maxr amperes
AverageS . ... i e s 1.75 maz 1.5 max amperes
IPault, for duration of 0.1 second maximum.......... 100 max 100 max  amperes
CONDENBED-MERCURY~-TEMPERATURE RANGE. . . ... ..... 20 to 60 20 to 60 °

HALF-WAVE RECTIFIER— Quadrature Operation

Maximum Ratings: For supply frequency of 60 eps

PHAK INVERSE ANODE VOLTAGE. . .. oo viviennnrananans 10000 snax 15000 maz volts
ANODPE CURRENT:
PeaK . . e e e i 10 maz 10 maz amperes
Average TS, .. ot i i e 2.5 mazx 2.5 max  amperes
Fault, for duration of 0.1 second maximum.......... 100 max 100 max amperes
CONDENRED-MERCURY-TEMPERATURE RANGE. ... ....... 20 to 60 20 to 50 °C

{J Averaged over any interval of 20 seconds maximum,

FULL-WAVE GAS AND
MERCURY-VAPOR RECTIFIER

Coated-filament type used in in-
dustrial equipment. Maximum peakin-
verse anode volts, 900; average anode 604 70]4
amperes, 2.5. Requires Super-Jumbo
four-contact socket and may be oper-

ated in vertical position only, base
down. OUTLINE 50, Outlines Section,
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FILAMENT VOLTAGE . . ...ttt iin i e 2.6 volts
FILAMENT CURRENT. .« .\ttt it et ettt e 11.5 amperes
PEAK TUBE VOLTAGE DROP (A DPLOX.) . it it e 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. .. ... 0tirunnnarcntetianr et anans 900 max volts
ANODE CURRENT:
Peak. .o e e i e e, 10 max amperes
By T o S 2.5 mar amperes
Fault. .o e e e e e e amperes
CO\IDDNSED-MERCURY-TE\IPERATURE RANGE. °C
£ 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 peakin-
verse anode volts, 2000; average anode
amperes, 2.5. Requires Small four-con-
tact socket and may be operated in ver-
tical position only, base down. Our-
LINE 41, Oullines Section.
FILAMENT VOLTAGE . o 1.ttt i ittt anas 2.5 . volts
FILAMENT CURRENT 7 amperes
PeEAK TUBE VOLTAGE DROP (ADPProXx.j. .. ... .oy, 12 volts
© Filament voltage must be applied at least 20 seconds before apphcatxon of anode voltage.
HALF-WAVE RECTIFIER
Maximum Ratings:
PEAK INVERSE ANODE VOLTAGE.......... PN .. 2000 max volts
ANODE CURRENT:
Peak, ... .. 0 i e e 10 maxz amperes
AverageJ. ... e 2.5 ma¥ amperes
30N v 250 max amperes
CONDENSED-MERCURY-TEMPERATURE RANGE 35 to 80 °C
O Averaged over any interval of 5 seconds maximur,
HALF-WAVE GAS AND E P g
MERCURY-VAPOR RECTIFIER
635 / 7 019 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- e fc

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,
Ouilines Section.

FILAMENT VOLTAGE, L ...ttt ttiie it mnesnsonasennesinennnnass 2.6 volts
FILAMENT CURRENT. . ... .oii e tiineianecnnnns PN . 18 amperes
PEAK TUBE VOLTAGE DROP (ADPPIOX.) . o it ottt iie ittt it ianeeanenas 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.. .. cvicaret ainaes ieraeads Cerreeaee 1000 max volts

Technical Data

ANODE CURRENT:

Peak . i et it e e 77 maz amperes
Average[...... . 6.4 maxr amperes
AUl . L e e e 770 max ampercs
CONDENSED-M ERCURY-TEMPERATURE RANGE 0 to 100
3 Averaged over any interval of 20 seconds maximum.
‘. e F HALF-WAVE MERCURY-
[
VAPOR RECTIFIER
Coated-filament type used in pow-
er supply of transmitting and indus- 673
t;‘iul equipment. Maximum peak in-
NC NG verse anode volts, 15000; maximum

average anode amperes, 1.5. Requires
Super-Jumbo { our—contact socket and may be operated in vertical position only, base
down. OUTLINE 67, Outlines Section. The 6738 is electrically identical with the 575A.

POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplifier and modulator and as rf
power amplifier and oscillator. May be used
with full input up to 60 Mc. Requires Small four- 800
contact socket and may be operated in vertical
position only, basc up or down. Maximum over-
all length, 6-3/8 inches; maximum diamcter,
2-11/16 inches. Filament volts (ac/de), 7.5;
amperes, 3.1. Direct interelectrode capacitances:
grid to plate, 2.5 uaf; grid to filament, 2.8 uuf; plate to filament, 2.8 uuf. Maximum CCS ratings as RFE
POWER AMPILIFIER AND OSCILLATOR: dc plate volts, 1250 max; de grid volts, —400 max; de
plate milliamperes, 80 mazx; de grid milliamperes, 25 mox; plate input, 100 max watts; plate dissipation,
85 e watts. Ulate shows no color when tube is operated at maximum CCS ratings. The 800 is a DIS-
CONTINUED type listed for reference only. As a replacement, the 812A is a similar type although
not direetly interchaugeable.

POWER TRIODE

Thoriated-tungsten-filament type
used as af power amplifier and modu- 80]A
lator and as rf power amplifier and os-
cillator. May be used with full input
up to 60 Mec and with reduced input
up to 120 Mec. 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). ..t iiivier i irnnannenronncans e, 7.6 volts
FILAMENT CURRENT. . ..o ivvrrrieinrorncnronnsnns weseaan s e 1.26 amperes
AMPLIFICATION FACTOR. .. ............ e iiaeeens P e 8
DI1rECT INTERELECTRODE CAPACITANCES: )
Gridtoplate. . ........... . ..o, peanreeney e cies 6 ppl
Grid to filament. . .. ... vttt i i et i i e 4.6 vl
Plate to filament. . .. ...ttt ettt e i 1.6 puf
AF POWER AMPLIFIER AND MODULATOR-—Class B
Maximum CCS Ratings:
DC PLATE VOLTAGE. ... ... v vnnns 600 max volts
MaximuM-S16NaL DC PLATE CURRENT. e .. 70 max ma
MAXIMUM-SIGNAL PLATE INPUT®™. . ... ... i iiianaaans 42 max watts
PLATE DISSIPATION® . . i e, 20 max watts

8 Averaged over any audio-frequency of sine-wave form.
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RF POWER AMPLIFIER AND OSCILLATOR—Cliass C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Rotings:

DC PLATE VOLTAGE. . vttt vttt iia i iaie e iiian e ssanseann 600 inax volts
DC GRID VOLTAGE. .« .ttt it iiiieiiiann e iinaennisennanns vaeed -200 max volts
DO PLATE CURRENT. .. .ottt vttt oo iinienan e enanns PR 70 mazx ma
DO GRID CURRENT. . 1ottt er e te e aecme e ian s et 15 mazx ma
PraTe INPUT 42 mazx watts
PLATE DISSIPATION. . . . ot ittt ittt it et e it aanaan s 20 max watts

POWER PENTODE

Heater-cathode type used as af

802 power amplifier and modulator and as

rf power amplifier and oscillator. May

be used with full input up to 30 Mec.

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 Me, to 55 per cent. Class C Telegraphy maximum plate dissipation, CCS

10 watts, ICAS 138 watts. Requires Medium seven-contact socket and may be oper-

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

HEATER VOLTAGE (AC/DC) .+ttt vt it ittt et ia i nasanannas 6.3 ynlts
HEATER CURRENT. . ..o\ vttt e e ie ottt m et a e aanny 0.9 ampere
TRANSCONDUCTANCE (For plate current of 20 milliamperes). .. ............ 2250 pmhos
DiRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (With external shielding) . . ................ ... ..., 0.15 max wpl
Grid No.1 to cathode, grid No.3, grid No.2, internal shield, and heater. . 11 unf

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

AF POWER AMPLIFIER AND MObULATOR—CIass A

Maximum Ratings: CCs ICAS
DC PLATE VOLTAGE. . ... ..ot ie o 500 mac 600 max volts
DC GRID-NO.2 VOLTAGE. . .. ... .o 250 max 250 maex volts
PLATE INPUT. .. ..o s 15 max 18 mazx watts
GRID-NOLZ INPUT. . ... i 3 max 3 mazx watts
Prak HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. ... .. 00 max 100 nax volts
Heater positive with respect to cathode. . . .. A LU0 max 100 mox volts
Maximum Circuit Valves {CCS or ICAS conditions):
trid-No.1-Circuit, Resistance:
For fixed-bias operation. .. ... ... . . e 0.01 max  megohm
For cathode-hias operation. . .. ... ... ... ... ... i i, 0.5 mar  megohm

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telaphony
Maximum Ratings: CcCs ICAS
DCPLATE VOLTAGE. . .. ... ...t 500 max 600 maz volts
DC GRID-N0.3 VOLTAGE. . .. ...t 200 max 200 max volts
DC GRID-NO.2 VOLTAGE. . .. ...\ iiiiien e 250 max 250 max volts
DC GRIB-NO.1 VOLTAGE . . . ..o v iiiin et -200 mux -200 max volts
DC PLATE CURRENT. .. oo v cinei i viaanennnn 60 mazx 60 max ma
DC GRID-NO.L CURRENT. . . .ot iiiiieanneneas 7.5 max 7.5 max ma
PLATE INPUT. . . ..o i 25 max 33 max watts
GRID-NOB INPUT. . .. .t 2 max 2 mazx watts
GRID-NO.2 INPUT. . ... .ot i e 8 max 6 mazx watts
PLATE DISSIPATION. . . v ot v vt iie semi o 10 mazx 13 max watts
PeEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. ... .. 100 max 100 maz 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 Mc and with reduced
input up to 60 Mec. Class C Telegraphy maxi- ;
mum plate dissipation, CCS 125 watts. Requires 803
Giant five-contact socket and may be operated
in vertical position with base up or down, or in
horizontal position with pins 2 and 5 in horizon-
tal plane. OUTLINE §9, Outlines Section. Plate
showa a barely perceptible red color when tube is operated at maximum CCS ratings. The 803 is used
prineipally for renewal purposes.

FILAMENT VOLTAGE (AC/DC). .. 10 volts
FILAMENT CURRENT . . o .ttt ottt et ot e et e e et e aas 5 amperes
TRANSCONDUCTANCE (For plate current of 62.5 milliamperes). ............ 4000 pmhos
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l to plate {With external shielding), . ....................... 0.15 mazx ppd
Grid No.l to filament, grid No.3, and grid No.2. . ... ....c0uirunnnnn. 17 puf
Plate to filament, grid Ne.3, and grid No.2. . ... .0 vt ier ... 29 it

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

. and
M'pximum CCS Ratings: RF POWER AMPLIFIER—Class C FM Telephony
DO PLATE VORTAGE. .o\ttt ittt it e e 2000 max volts

DC Grip-No.3 Vorrace 500 mazx volta
PC GRID-N0.2 VorLrAGE 600 mazx volts
DC GRID-NG.1 VOLTAGE -500 mazx volts

() PLATE CURRENT 175 max ma
DO Griv-No.1 CURRENT ; 50 mazx ma
PLATE INPUT . . 350 max watts
GRID-NO.8 INPUT. ... ....vvnes., . 10 maz watts
GRI-NO.2 INPUT. . .. ....vvun,y.. .. 30 mazx watts
PLATI DISBIPATION . . oLttt i it it it s vt et it et e et aeans 1256 max watts

POWER PENTODE

Thoriated-tungsten-filament type used as
tf power amplifier and oscillator. May be used
with full input up to 15 Mec and with reduced
input up to 80 Me. Class C Telegraphy maxi-
mum plate dissipation, CCS 40 watts, ICAS 50 804
watts. Requires Small five-contact socket and .
may be operated in vertical position with base
down, or in horizontal position with pins 2 and
4in vertical plane. OUTLINE 51, Qutlines Section.
Plate shows no eolor when tube is operated at maximum CCS or ICAS ratings. The 804 isused prineipally
tur renewal purposes.

FUAMENT VOLTAGE (AC/DC) 0 ettt vttt e i e 7.5 volts
PILAMENT CURRENT . . ... .ottt e et v e e et e 3.0 amperes
THANBCONDUCTANCE (For plate current of 32 milliamperes) ... ....... ..., 3250 pmhos
DIRECT INTERELECTRODE CAPACITANCES:
Qrid No.1 to plate (With external shielding) ........................ 0.03 max pul
Cirid No.1 te filament, grid No.3, and grid No.2. .. .. ................ 13 puf
Plate to fitarnent, grid No.3, and grid No.2 . ..., . ... ... ............ 14 put
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum Ratings: cCs ICAS
DO PLATE VOLTAGE. . ... ... i 1250 miax 1500 max volts
DC GRID-NO.3 VOUTAGE . .. .. ..o, 200 max 200 max volts
DO OGRID-NO2 VOLTAGE .. .. ... o i 300 max 300 max volts
DO GRID-NO.L VOLTAGE ... ..., -300 max ~-300 max volts
DO PLATE CURRENT 95 mazx 100 max ma
DO Griv-No. 1 CURRENT 15 max 15 max ma
PLATI INPUT. ..o i 120 max 150 max watts
gmn-Nu. BINPUT. .. i, e 5 max 5 max watts
BID-NO. 2 INPUT. ..ot e 15 max 15 mazx walls
PrLAT DISSIPATION . . .. . ..... e eae e e 40 max 50 mazx walts
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POWER TRIODE

Thoriated-tungsten-filament type

805 used as af power amplifier and modu-
lator and as rf power amplifier and

oscillator. May be used with full input

up to 30 Me. For Class C Telegraphy

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

of maximum ratings; at 80 Mc, to 55 per cent. Class C Telegraphy maximum CCS
plate dissipation, 125 watts. Requires Jumbo four-contact socket and may be oper-
ated in vertical position with base down, or in horizontal position with pins 1 and 3
in.vertical plane. QUTLINE 63, Outlines Section. Plate shows no color when tube is
operated at maximum CCS ratings.

FILAMENT VOLTAGE (AC/DO) . . o\t e et tin e e e e iie e aennnes 10 volts
FILAMENT CURRENT. ..ottt tie et et ettt e aaeararacaannnen 3.25 amperes
DIRECT INTERELECTRODE CAPACITANCES:

Grid to plate. ... e e e e e e 6.0 upf

Grid to filament. .. ... . e e 7.5 uuf

Plate to filament. .. .. ... ... .. .. e e, 9.0 waf

AF POWER AMPLIFIER AND MODULATOR—Class B
Maximum CCS Ratings:
DO PLATE VOLTAGE. ., . .ottt cana e 1500 maz “volts
MaXIMUM-SIGNAL DC PLATE CURRENT®. ... ... .. s, 210 moex ma
MAXIMUM-SIGNAL PLATE INPUT™. . ... it iniiiee i vans 315 max watts
PLATE DIssIPATION®. . . .. .. i RPN 125 max watts
® Averaged over any audio-froquency cycle of sine-wave form,
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings:
DC PLATE VOLTAGE . . . . oottt ittt neeiietiaiietannarssnsean 1500 max volts
DC GRID VOLTAGE. . . ...ttt inincinnneennasss -500 max volts
DC PLATE CURRENT .« . . it ttiit it iaitn ottt ie s ctteemaaannasnaenann 210 mazx ma
DC GRID CURRENT. . . . ot aeuinttanins oo teanerosannnsoraansonnenn 70 max ma
PLATE INPUT. .ottt ittt iiae i it a s iiiane et 315 max watts
PLATE DISSIPATION. . . .. iieiiiiieriniininaneenanns e 125 max wattg

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 Mc and with reduced in-~
put up to 100 Mec. Requires Jumbo four-contact
socket and may be opcrated in vertical position
only, base down. Maximum over-all length, 10
inches; maximurn diameter, 8-13/16 inches. Fii-
ament volts (ae/de), 5; amperes, 9.5, Direct in~

terelectrode capacitances: grid to plate, 4 puf; grid to filament, 5.6 uuf; plate to filament, 0.4 wuf. Maxi-
mumCCSratingsasAFPOWERAMPLIFIERAND MODULATOR:deplate volts, 3000max (1CAS, 3300
max); maximum-gignal de plate milliamperes, 200 max (ICAS, 250 max); maximum-signal plate input,
500 max watts (LCAS, 825 max watts); plate dissipation, 150 max watts (ICAS, 225 mazr watts). Maxi-
mum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate volts, 3000 max (ICAS
3300 max); de grid volts, ~1000 maz; de plate milliamperes, 200 max (ICAS, 305 ma.x); de grid milliam-
peres, 50 max; plate input, 600 max watts (ICAS, 1000 max watts); plate dissipation, 150 mazr watts
(ICAS, 225 max watts). Plate shows cherry-red eolor when tube is operated at maximum CCS ratings,
and orange-red color at maximum ICAS ratings. The 806 is a DISCONTINUED type listed for refer-
ence only. As a replacement, the 8000 is a similar type although not directly interchangeable.
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BEAM POWER TUBE

Heater-eathode type used as af
°2 'és power amplifier and modulator and as 807
- : rf power amplifier and oscillator. May
be used with full input up to 60 Me.
H For Class C Telegraphy operation at
80 Mg, plate voltage and plate input should be reduced to 80 per cent of maximum
ratings; at 125 Mc, to 55 per cent. Class C Telegraphy maximum plate dissipation,
CCS 25 watts, ICAS 30 watts. Requires Small five-contact socket and may be
operated in any position. OUTLINE 34, Outlines Section, except has no bayonet pin.
Plate shows no color when tube is operated at maximum CCS or ICAS ratings.

HEATER VOLTAGE (AC/DC) .\ v ittt ettt it vttt e e e e 6.3 =0.6 volta
HBATER CURRENT . .. tititrainraa e etanananninnnnenns 0.9 ampere
TRANSCONDUCTANCE (A DDProX. ). ottt itiie i iiit et nieennan AN 6000 pmhos
MU-FACTOR, Grid No.2 to Grid No. ¥, . i, 3
DigeCT INTERELECTRODE CAPACITANCES:
Grid No.l to plate (With external shielding). . ..................... 0.2 max puf
Grid No.l to eathode, grid No.3, grid No.2, and heater . . .., ........ 12 ppf
Plate to cathode, grid No.3, grid No.2, and heater.................. 7 upf

% Plate and grid-No.2 volts, 250; grid-No.1 volts, -14,
#¥ Plate and grid-No.2 volts, 250; grid-No.1 volts, —20.
v

AF POWER AMPLIFIER AND MODULATOR—Class AB2

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE. . .« . i ttvttniraiaieiaiin i 600 max 750 max volts
DC GRID-NO.2 VOLTAGE . .« oooiveee et eiiia e 300 max 300 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT™. ... ... ........, 120 mazx 120 maz ma
MAXIMUM-SIGNAL PLATE INPUT®. . . . ... .. .. 60 mazx 90 mazx watts
MAXIMUM-SIGNAL GRID-NO.2 INPUT®. . .. ... ... ....... 3.5 max 3.5 max watts
PLATE DISSIPATION®. . ... ... . ... .. . i, 25 max 30 max watts
PpAak HEATER-CATHODE VOLTAGH:

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

Heater positive with respect to cathode. .. ........... 135 max 135 max volts
Typical Operation (Values are for 2 tubes): ccs ICAS
DC Plate Voltage. ......coovinrinirnenennneon... 400 500 600 760 volts
DC Grid-No.2 Voltage. ... ......... . 300 300 300 300 volts
DC Grid-No.1 Voltage -28 -30 -32 -35 volts
Peak AF Grid-No.1-10-No.1 Voltage. .. ........... 80 86 80 96 volts
Zoro-Signal DC Plate Current. . . ................. 72 60 48 30 ma
Muximum-Signal DC Plate Current. . ............. 240 240 200 240 ma
Zero-Signal DC Grid-No.2 Current. . .............. 2 0.9 0.7 0.5 ma
Muaximum-Signal DC Grid-No.2 Current. .......... 20 20 18 20 mu
Effective Load Registance (Plate to plate). ... ... .. 3700 4600 6900 7300 ohms
Maximum-8ignal Driving Power (Approx.)......... 0.2 0.2 0.1 0.2 wati
Maximum-Signal Power Output (Approx.)* ....... 55 75 86 120 watls

Maximum Circuit Values {CCS or ICAS conditions):

(irtd-No.1-Circuit Resistance

e e e e e e 30000 max ohms
Not recommended

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

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: CCS ICAS

DO PLATE VOLTAGE. . . . .0t iteit et 475 max 600 max volts
DC Grip-No.2 VOLTAGE 300 max 300 mazx volts
DC Grip-No.1 Vorrace . ~200 max —200 max volts
DC PLATE CURRENT . ...\ vitevrinineaennneearnnenns. 83 inazx 100 max ma
DC Grip-No.1 CURRENT 5 max 5 max ma
PLATE INPUT. ... i e et 40 max 60 max watts
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GRID-NOZ2 INPUT. . ...... . iiiii it Cheieeaaas . 2.5 mazx 2.5 max watts
PLATE DISSIPATION . . . ... ... iieieannoans Ceheeraaes 16.5 max 25 max watts
Prak HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ............. 135 max 135 max volts
Heater positive with respect to cathode....... creeans 135 max 135 mazx volts
Typical Operation: cCs ICA4S
DC Plate Voltage. . .. .....eiviannnnns rieenenn 325 400 475 600 volts
DC Grid-No.2 Voltages .. .. ...covviivnrennnn. 250 250 250 300 volts
From series resistorof . . ............... 000l 12500 25000 28000 37500 ohms
DC Grid-No.l Voltaged . .. ... .. iiiiiiiinnanas =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. . ......coiiiiinanninenan, 80 80 83 100 ma
DC Grid-No2 Current. .. .. ... ..civvivunnnn. 6 6 8 8 ma
DC Grid-No.1 Current (Approx.).......ouvuvv.. 3.5 3.5 4 4 ma
Driving Power (ApProX.). . .......cvvervvruanns 0.3 0.3 0.4 0.4 watt
Power Qutput (Approx.). . ......covvivuneunnns 17 22 28 44 watts
Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. ... ... it ciiiiee e, 80000 mazx ohms

& Obtained preferably from separate source modulated along with the plate supply, or from the
modulated plate supply through series resistor of value shown.

& Obtained from grid-No.1 resistor of value shown or from a combination of grid-Ne.l resistor with
either fixed supply or cathode resistor.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Technical Data

DC Grid-No.1 Voltagee . ............... Cereiaens . 45 -45 45 —45  volts
From grid-No.l resistorof.........ooovivninin 11200 11200 11200 11200 obms
From cathoderesistor of. . .............. b 400 400 400 400 ohms

Poak RF Grid-No.l Voltage. ...........ccovvinenn 65 65 65 65 volts

DC Plate Current. ....oovverevnriveerernereecnes 100 100 100 100 ma

DC Grid-No.2 Current. ... .....oviiiiviinnnnvss . 8 8 8 8 ma

DC Grid-No.l Current (ApproxJ.......c.vvvenvns 4 4 4 4 ma

Driving Power (ADPProX.). oo v vvrvernnnvresinorans 0.3 0.3 0.3 0.3  watt

Power Output (APProX.). ....oeuvereerereerinesns 25 32 40 54 watts

Maximum Circuit Values {CCS or ICAS conditions):

Grid-No.1-Circuit Resistancee . ... .....coureiiiniiiiiiernrenreeeanns 30000 max ohms

® Obtained preferably from a separate source, from plate-voltage supply with a voltage divider, or
through series resistor of value shown. Grid-No.2 voltage must not exceed 400 volts under key-up

conditions.

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

TYPICAL CHARACTERISTICS

AVERAGE CHARACTERISTICS
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POWER TRIODE

Thoriated-tungsten-filament type used as
rf power amplifier and oscillator. May be used
with full input up to 30 Mc and with reduced
input up to 130 Mec. Requires Small four-con-
tact socket and may be operated in vertieal
position only, base down. Maximum over-all
length, 6-1/16 inches; maximum diameter,
2-3/16 inches. Filament volts (ac/dc), 7.5; am-
peres, 4. Direct interelectrode capacitances:

PLATE VOLTS

92C3-8247T3

808

#rid to plate, 2.8 upf; grid to filament, 5.8 uuf; plate to filament, 0.25 upf. Maximum CCS ratings as RF
POWER AMPLIFIER AND OSCILLATOR, Class C Telegraphy: dc plate volts, 1500 max; de grid
volts, ~400 maz; de plate milliamperes, 150 mazx; de grid milliamperes, 35 maz; plate input, 200 maz
watts; plate dissipation, 50 max watts, Plate shows cherry-red color when tube is operated at maximum
QCS ratings. The 808 is a DISCONTINUED type listed for reference only. As a replacement, the
#12A is a similar type although not directly interchangeable.

POWER TRIODE

Thoriated-tungsten-filament type
used as rf power amplifier and oscilla-

Maximum Ratings: cCs - ICAS
DC PLATE VOLTAGE . . . . .. iiriiiinnieinnnonnnneniannn 600 max 750 max volts
DC GRID-NO2 VOLTAGE . . vt vieirinnnnrinneannnnas 300 max 300 max volts
DC GRID-NO.L VOLTAGE. . .. 1 iviiiniininanni e, -200 max -200 max volts
DC PLATE CURRENT. .. ..ttt tiiin i iiierinnesennann 1060 max 100 maz ma
DC GRID-NO.L CURRENT. . . o oitititiiiiieeaannnnnannan 5 max 5 max ma
PLATE INPUT. ... ... 60 max 75 max watts
GRID-NO.2 INPUT. o\ttt aianiiei et cainnnn 3.5 mazx 3.5 maz watts
PLATE DISSIPATION. . . ...ttt iien i e 25 max 30 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respeet to cathode. ........ ., .. 135 max 135 mazx volts
Heater positive with respect to cathode. ............. 135 max 135 mazx volts
AVERAGE PLATE CHARA&TERISTICS
Y T T
TYPE 807
L E£=63 VOLTS
GRID-N22 VOLTS=2%0
: |
& 39
& EcF+
% - +25
3‘ —-—-:fr .
H " vis |
.c'_ ] .| +10
j B
& e |l
20 T GRID-Na1 VOLTS §C170
! :_-—-1———' _;
-10
s
2 -2
o 200 400 600 eo:) 1000
PLATE VOLTS 02¢M 467073
Typical Operation: ccs ICAS
DC Plate Voltage. .......... [ Veseetatonen 400 500 600 760  volts
DC Grid-No.2 Voltage® ......,. e e 250 250 250 250  volts
From series resistor of . ... ..., e 19000 31000 44000 62000 ohms

tor. May be used with full input up to
60 Mec and with reduced input up to
120 Mec. Class C Telegraphy maximum
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plate dissipation, CCS 25 watts, [CAS 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, Oullines Section. Plate shows no
color when tube is operated at maximum CCS ratings, and shows a barely percepti-

ble red color at maximum ICAS ratings.

FILAMENT VOLTAGE (AC/DC). . .\t v vvennnnccuinnanscenanas et eireneeaes
FILAMENT CURRENT . . . . ...ttt iniiar s aessasaneasoananans
AMPLIFICATION FACTOR . . .. ittt et it etaat s caaans b
DIRECT INTERELECTRODE CAPACITANCES:
Grid t0 Plate. ... i i i e et i i e s e 6.
Grid to filament. . . ... o i i i i i i i s 5.
Plate to filament. . ..o vttt i it it i it s i e 0.

[N
N1 W

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Ciass C FM Telephony

Maximum Ratings: cCs 1CAS

DOCPLATE VOLTAGE . . ..t iieriniisieainiaanaans 750 mazx 1000 max
DC GRID VOLTAGE . . .01 civviicninntennaernaenssanas ~200 max -200 mar
DC PLATE CURRENT. . 1t titnvni e ctinotnsnarsananenans 100 max 100 max
DC GRID CURRENT. . 1 ovvvranrnonnsonnsronnsnanens 35 mak 35 mazx
PLATE INPUT. . .. ittt tis e 75 max 100 max
PLATE DISSIPATION . . . oiiusennantassinosanaaasaonans 25 mazx 30 max

POWER TRIODE r

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

810

NC

w3

volts
amperes

upt
pufl
uuf

volts
volts
ma
nut
wattx
walts

up to 100 Mec. Class C Telegraphy maximum plate dissipation, CCS 125 wattx,
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, OQutlines Section. Plate shows a harely perceptible red color when
tube is operated at maximum CCS ratings, and shows a cherry-red color at maxi-

mum ICAS ratings.

FILAMENT VOLTAGE (AC/DC) . ..o ittt ettt iiia et et a i aa 10
FILAMENT CURRENT. . . o ot titianiitt ittt ittt e ia it e 4.5
AMPLIFICATION FACTOR. .. .. ... i e 36
DIRECT INTERELECTRODE CAUACITANCES:

Grid 60 plate. . ... oo 4.8

Grid to filament. . . ... ... 8.7

Plate to filament. . .. ... ... .. . S 12

AF POWER AMPLIFIER AND MODULATOR—Class B

Maximum Ratings: «es ICAS
DC PLATE VOLTAGE . . ... ittt iae e i 2500 2750 max
Maximusm-SteNaL DC Prath CURRENTS® . ... ... .. 250 max 2560 max
MAXIMUM-SIGNAL PLATE INPUT®. .. ... o 425 max 510 max
PLATE DISSIPATION™. . ... .. i 125 max 175 max

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

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: CcCS ICAS

DC PLATE VOLTAGE . . o o ottt it e iieneiie it 1600 max 2000 maz
DC GRID VOLTAGE . . .« ittt i iat e e —500 max —500 max
DC PLATE CURRENT . . ...ttt iiiiiiciian i neans 210 mazx 250 max
DC GRID CURRENT . . .ottt iiie i iianatineannnanans 70 max 75 mar
PLATE INVUT. .o i i i i ettt e st 335 mazx 500 max
PLATE DISSIPATION . . .. ittt i ciiiiinan e 85 max 125 mazx

128

volts
amperes

pucl
uuf
wul

volts
mit
watts
watts

volts
voltx
mi
mn
watis
wittts

' KILAMENT VOLTAGE (AC/DC). ... . .. ....coiouiinn.. reeee e adilee i eseanraon

Technical Data

RF POWER AMPUFIER AND OSCILLATOR—Class C Telegraphy

and g
RF POWER AMPLIFIER—Class C FM Telephony
Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE. . . . .\ cvitviaet i 2000 max 2500 mazx
DCGRID VOLTAGE. .. ... vt -500 max ~500 maz
DC PLATE CURRENT. .« . et tiittiaeciaiaereiinnnnans 250 max 300 mazx
DOC GRID CURRENT . o 00 v it vttt teieenieeaniae e 70 max 75 max
PLATE INPUT. .. oo 500 maz 750 maz
PLATI DISSTPATION . . . ... i it 125 max 175 max

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 Mc and with reduced input

volts
volls
ma
ma
watts
watts

811A

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

ICAS 65 watts.

&

PILAMENT CURBRENT . . .ot v vt teninr e in e rnareeansonarraansaenns
AMPLIFICATION FACTOR . . .. . i it isiinienenns
DinEcT INTERELECTRODE CAPACITANCES:
Grid 60 Plate . ... it e e s
Grid to filament. . . ..ottt e
Plate to filament

* (irld volts,-1; plate milliamperes, 20.

(=R N

. AF POWER AMPLIFIER AND MODULATOR—Class B
Maximum Ratings: cCs
DC PLATE VOLTAGE. . . ... ihiiiivannns 1250 max

[ory
P o -
V=R~ (=X -

ICAS
1500 max

MAXIMUM-SIGNAL DC PLATE CURRENT® .. . . 175 mazx 175 maz
MAXIMUM-SIGNAL PLATE INPUT®. .. .. ...... 185 mux 235 max
PLATE DISSIPATION®, .. ... ... ..o i iiann 45 max 65 moax
Typical Operation (Values are for 2 tubes):
DC Plate Voltage. . ...t 750 1250 1000 1250 1500
DC Grid Voltaget. . ... .. ...oiviais 0 0 0 0 -4.5
Poak AF Grid-to-Grid Voltage............ 197 145 185 175 170
Zoro-8ignal DC Plate Current. ........... 32 50 44 54 32
Muximum-Signal DC Plate Current. . ..... 350 260 350 350 313
Kffuctive Load Resistance (Plate to plate). . 5100 12400 7400 9200 12400
Muximum-Signal Driving Power (Approx.). 9.7 3.8 7.5 6 4.4
Muximum-Signal Power Output (Approx.). . 178 235 248 310 340
® Avoraged over any audio-frequency cycle of sine-wave form,
t For ae filament supply.

LINEAR RF POWER AMPILFIER—Class AB2

Single-Sidebund Suppressed-Carricr Service
Marimum Ratings: Lip to 80 Me ccs ICAS
IC PLATE VOLTAGE. ot etvevtiiiinniae i aans 1250 maz 1500 max
1) PLATE CURRENT AT PEAK OF ENVELOPE. ... . .......... 175 max 175 max
I GRID CURRENT. . oot tie vt it iiiv e e eacins 50 max 50 max
DC PLATE INPUT AT PEAK OF ENVELOPE. . ... ... ocvnnt s 165 mazx 2356 max
PLATIO DIRSIPATION . 0 i i 45 max 60 max
Typlcal Operation with Two-Tone Modulation at 30 Mc:
PDC Plato VOILBEE . « oo e ei e e 1250 1500
D Arid Voltage™. .. ........ .. T 0 -4.5
Ywro-8ignal DC Plate Current. .. ... i, 25 16
Witective RIY Load Resistanee. . ... .. 5700 6000

volts
amperes

upf
upf
uul

volts
ma
walts
walts

volts
volis
volls
ma
ma
obhms
watls
walts

volts
ma
ma
watts
watls

volts
volts
ma
ohms
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DOC Plate Current: ..
Peak Envelope......iiiviiiiiveinnrinnaes [ 130 . 157 ma

AVETAZe. .. i i i e cheens 91 ’ 110 ma
Average DC Grid Current. . .. ... . it iin it iiinieneannss 20 20 . ma
Peak-Eunvelope Driver Power Output (Approx). ... .ovvis. 7 8 watts
Output-Circuit Efficiency (APpProx.).....cooeeeeiinnennnnns 90 90 %
Distortion Products Level :*

Third Order. . ... i e i cia s, -26 25 db

FifthOrder........ . .. i e -32 -30 db
Useful Power Output (Approx.): %

Peak Envelope. . . ..o i 120 160 watts

Average.. ... oo i i ra s gamEE R g g 60 80 watts

} Two-Tone Modulation operation refers to that class of amplifier service in which the input consists of
two equal monofrequency rf signals having constant amplitude. These signals are produced in a single-
sideband suppressed-carrier system when two equal-and-constant amplitude audio frequencies are ap-
plied to the input of the system.

B Obtained preferably from a separate, well-regulated supply.

4 Driver power nutput represents circuit losses and is the actual power measured at input to the grid
circuit. The actual power required depends ou the operating frequency and the circuit used.

* Refereneed to either of the two tones and without the use of feedback to enhance linearity.

% This value of useful power is measured at load of output circuit having indicated cfliciency.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: ces ICAS
DC PLATE VOLTAGE 1000 max 1250 max volty
DC GriD VOLTAGE . . ... .. ~200 mazx —200 max volts
DC Puate CURRENT. . .. 125 max 150 maz ma
DC GRID CURRENT . . .\t tiiettueannnannnaansasssess 50 mazx 60 max . ma
PLATEINPUT. . .. o .ttt tenennnneonnnsonneronasessans 115 max - 175 maz watts
PLATE DISSIPATION. . ... ivvvrnnnrons eeaan [ 30 mazx 45 maze watts
Typical Operation:
DC Plate Voltage. . .. .. ...covvennn . . 1000 1250 volts
DC Grid Voltaged. ............. . . -~55 -120 volts
From grid resistorof . .. ................0. 1200 2700 ohms
Peak RF Grid Voltage. . . . 150 250 volts
DC Plate Current. . ... i i e 115 140 ma
DC Grid Current (Approx.). .. ... iviiiirrnennn.. 45 45 ma
Driving Power (AppProx.) . . ...t . 6.1 10 watts
Power Qutput (ApPProX.) . ..ottt it iieiienninenan 8R 135 watts

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

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: ces ICAS
DC PLATE VOLTAGE . . . o it it it i ie v eeianaens 1250 wmax 1500 max volts
DC GRID VOLTAGE . . .. oot iiiiiiiiies s ieienanns -200 max —200 mazx volts
DC Pratiz CURRENT 175 max 175 max mi
DC GuID CURRENT. . . . uii ittt tiarsaanrasaananas o 50 mux 60 mux mau
PLATE INPUT. ... ... .. i iaiiiieeinns .- 175 max 260 max watts
PLATE DISSIPATION . . ... ittt reersneasnennvsnons 45 max 65 max watts
Typical Operation:
DCPlate Voltage . . . ... iiiiiieniiinienarancsansonsss 1250 1500 volts
DCGrid Voltage § . . ... oin ittt e einseannanns —50 -70 volts
From grid resistorof . . ... ... o i it 1100 1750 ohms
From cathode registor of . . ... ....... ... o oo, 270 330 ohms
Peak RI* Grid Voltage. .. ... ... o i 140 175 volts
DCPlate Current. . ... ... i ittt 140 173 ma
DC Grid Current (APProx.) . ... o vninienennenonnn, 45 40 ma
Driving Power (APProX.). . . oottt 5.7 71 watts
Power Qutput (APProx.). .. .o 135 200 watts

4 Obtained from fixed supply, by grid resistor, by cathode registor, or by combination methods,
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Technical Data

AVERAGE CHARACTERISTICS
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OPERATING CONSIDERATIONS

Type 811A requires Small four-contact socket and may be operated in vertical
position with base down, or in horizontal positidn with pins 1 and 4 in vertical plane.
OUTLINE 42, Outlines Section,

For operation at 60 Mc, plate voltage and plate input should be reduced to 89
per cent of maximum ratings; at 80 Me, to 70 per cent; at 100 Me, to 55 per cent.
Plate shows no color when tube is operated at maximum CCS ratings, and shows
a barely perceptible red color at maximum ICAS ratings.

POWER TRIODE

Thoriated-tungsten-filament type
used as af power amplifier and modu-
lator and as rf power amplifier and os- 8] 2A
cillator. May be used with full input
up to 30 Mc and with reduced input
up to 100 Mec. Class C Telegraphy maximum plate dissipation, CCS 45 watts, ICAS
65 watts.

FILAMENT VOLTAGE (AC#DC). . . 6.3 volts
FILAMENT CURRENT. .. ..... . 4 amperes
AMPLIFICATION FACTOR™. .. ............ . 29
DIRECT INTERELECTRODE CAPACITANCES:

Grid to Plate. .. ... .. e 5.6 wul

Grid to filament. .. ........ ... - e 5.4 ppf

Plate to filament 0.77 uul
*Grid volts, —30; plate milliamperes, 30.

AF POWER AMPLIFIER AND MODULATOR—Class B

Maximum Ratings: ccs ICAS
DO PLATE VOLTAGE . . . . vttt vieeinsinninnreoanannsns 12560 max 1500 mazx volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. . ... ... ... .... 175 max 175 mazx ma
MAXIMUM-SIGNAL PLATE INPUT®. . ... ... ... . nae, 165 mazx 235 max watts
PLATE DISSIPATION®. . . ... i - 45 max 65 max walts
Typlcal Operation (Valuea are for 2 tubes):
DC Plate VOIAZE . . . ..o oeeeeenearinreieaaannn s 1250 1500 volts
DCGrid Voltaget. . .. ....coiiiiinii i -40 -48 volts
Peak AF Grid-to-Grid Voltage. . .. ........ ... ..o iien, 225 270 volis
Zero-Signal DC Plate Current. ............. ...t 22 28 ma
Maximum-Signal DC Plate Current. .. ................. 260 310 ma
Effective Load Resistance (Plate to plate) .. ....... cen 12200 13200 ohms
Maximum-Signal Driving Power (Approx.)........ 3.5 5 watta

Maximum-Signal Power Output (Approx.)............ o 235 340 walin
® Averaged over any audio-frequency cycle of sine-wave form.
+ For ac filament supply.
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PLATE-MODULATED -RF POWER- AMPLIFIER—Class C Telephony

Maximum Ratings:

DCPIATE VOLTAGE . . . . .ottt ittt e
DO GRID VOLTAGE . . .. . oottt eaninaanrnans L.
DC Prare CORREN
DC GRID CURRENT. .ottt it ii it inearrraaannansns
PLATE INPUT. . ..t it ei i e annaanaanens
PLATE DISSTPATION . . .ottt criervcnnarrannrrsnnasrsnans

Typical Operation:
DC Plate Voltage. . . .. . . v inrrnanainstorsrasansons
DC Grid Voltage o
From grid registor of . ... ... ... o i e
Peak RIF Grid Voldaga. . ... .....coo i viiiinernna s
DC Plate Current. . ... oo
DC Grid Current {Approx) . . ... . it iiiiaa i
Driving Power {ADprox.} . . ... oot e
Power Qutput (ApProxX.) . .. ...t iie s

CeS

1000 max
=200 max
125 mazx
36 mus
116 max

30 nax

1000
-110
3400
220
114
33
6.6
85

ICAS
1256 maz volts
-200 wmaz volts
150 maz ma
35 max me
175 mox watts
15 mazx watts
12360 volts
-415 volts
3300 ohms
240 volts
140 ma
HE] ma
7.8 watts
130 watfs

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

supply or cathode resistor.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and

RF POWER AMPLIFIER—Class C FM Telephony

Moximum- Ratings:

DC PLATE VOLTAGE . . ... v iie i iee e
DC Grip VOLTAGE
DC PLATE CURRENT. . ...ttt aecienanaanns
DC GRID CURBENT . . vt ttiiin i eiiariresnancannnnss
PLATE INPUT. ... i it ie it catca i car e
PLATE DISSIPATION . . . ... iiiisveriianncntnrsasinarenss

Typical Operation:
DC Plate Voltage. . ... . ... iiiiiiiararisrsnsnsasans
DC Grid Voltage s - . - oo v et e iiiiiaciaritaanaannas
From grid resistorof . . . ..........
Frot cathode resistor of
Peak LI Grid Voltage. . .. ...........
D Pl COrme - . . . o ol saesimn o 8 s e o0 SR e
DE Grid Currant (APProg.) . . ccaassoonn: ciiammea s s
Driving Power (Approx.). .. ..o nnn, il
Power Output (Approx). .. ... iiiiiiiiiiaaiias

(g o

1250 mux
—200 max
175 mac
35 max
175 max

45 max

ICAS
1500 mazx volts
—200 maz volts
175 max ma
A5 nax ma
260 max watts
65 mazx watta
1500 volts
-120 volts
4000 ohms
590 ohma
240 volts
173 ma
30 ma
6.5 watts
190 watts

& Obtained from fixed supply, by grid resistor, by cathode registor, or by combination methods,

AVERAGE CHARACTERISTICS

TYPE 812-A
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Technical Data

OPERATING CONSIDERATIONS

Type 812A requires Small 1our-contact socket and may be operated in vertical
position with base down, or in horizontal position with pins 1 and 4 in vertical plane.
OUTLINE 42, Outlines Section.

For operation at 60 Me, plate voltage and plate input should be reduced to 89
per cent of maximum ratings; at 80 Mc, to 70 per eent; at 100 Me, to 55 per cent.
Plate shows no color when tube is operated at maximum CCS ratings, and shows
a barely perceptible red color at maximum ICAS ratings.

When the 812A is used in the final amplifier or a preceding stage of a trans-
mitter designed for break-in operation and oseillator keying, a small amount of
fixed bias must be used to maintain the plate current at a safe value. With a plate
voltage of 1500 volts, a fixed bias of at least —45 volts should be used.

BEAM POWER TUBE

Thoriated-tungsten-filament type
used as af power amplifier and modu-
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 120 Mec. Class C Telegraphy maximum plate dissipation, CCS 100 watts,
ICAS 125 watts.

813

FILAMENT VOLTAGE (AC/DC) . . oottt in it e insennnrsnnasianensrinenis 10 volts

FILAMENT CURRENT. . L.t iine et mrmtsseraaeere e 5 amperes
TRANSCONDUCTANCE*. . . . ¥ et 3750 pmhos
Mu-Facror, Grid No. 2 to Gr]d No l* . 8.5
DIRECT INTERELECTRODE CAPACITANCES'
Grid No.l to plate. . .. ... s vy ke el d s domk @bl g o e st 0.25 mazx puf
Grid Ne.1 to filament, grid No.3, internal shield, grld No.2, and base shell 16.3 wif
Plate to filament, grid No.3, internal shield, grid No.2, aud hase shell. 14 uuf

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

AF POWER AMPLIFIER AND MODULATOR—Class AB}

Maximum Ratings: ces ICAS

DC PLATE VOLTAGE . . .. o oo eeeeat e iiieenan 2250 mazx: 2500 mazx volfs
DC GRID-NO2 VOLTAGE . . ... ...t 1100 max 1100 max volts
MAXIMUM-SIGNAL DC PraTe CURRENT®. . .. .. . ...... 180 max 225 mazx ma
MAXIMUM-SIGNAL PLATE INPUT®. . ... ... oouye. 360 max 450 mazx watts
MAXIMUM-SIGNAL DC GRID-NO.2 INPUT®. . ... ... .... 22 max 22 mazx watts
PLATE DISSIPATION™. . .. ... i 100 max 125 max watts
-Typical Operation (Values are for 2 tubes): .

DC Plate Voltage. . .......0 . ovuvuennenunran 1500 2000 2250 2500 volts
DC Grid-No.3 Voltage® ... ............. R 0 0 0 0 volts
DC Grid-No.2 Voltaged.......ooovvivinnun.. 750 750 750 750 volts
DC Grid-No.1 Veltaget .............cc0 ... -85 -90 95 : -95 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage. . .. . 160 160 170 180 volts
Zero-Signal DC Plate Current. .. ............ = 50 50 50 50 ma
Maximum-Signal DC Plate Current. ......... 305 265 255 290 ma
Zero-Signal DC Grid-No.2 Current. .......... 2 2 2 2 ma
Maximum-Signal DC Grid-No.2 Current...... 45 43 53 54 ma
Effective Load Resistance (Plate to plate). . .. 9300 16000 20000 . 19000 ohms
Maximum-Signal Driving Power (Approx.).... -0 0 [ 0 watts
Maximum-Signal Power Output (Approx.}. . .. 260 335 380 490 wattg
Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Registance. ....... ..o iriiiiininrenne .. P 30000 mazx ohms

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

4 Grid No.3 should be connected to the mid-tap on the ﬂlament—trar\sformer secondary winding or to
the negative end of a filament operated on dc.

1 Preferably obtained from a separate source or from the pl'\to-voh’\gr\ supply with a voltage divider,
1 For ac filament supply.
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PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER-—Class C Telephony

Maximum Ratings: ccs ICAS
DCPLATE VOLTAGE . . . . .o on vt iiee et iiineiinaennnnnns 1600 mazx 2000 max volts
DC GRID-N0.2 VOLTAGE 400 max 400 max volts
DC GRID-NO.1 VOLTAGE. . -300 max ~800 max volts
DC PLATE CURRENT. . .. 150 max 200 max ma
DC GrID-NoO.1 CURRENT. 25 maz 30 max ma
PrATE INPUT. ..., ..... 240 max 400 max watts
GRID-NO.2 INPUT. ... .......... . .. 15 max 20 mazx watts
PLATE DISSIPATION. . .0t viii v ianienvenassinaaennnsns 87 max 100 nax watts
Typical Operation:
DC Plate Voltage................ P N 1250 1600 2000 voltas
DC Grid-No.3 Voltage*. . ... ... ..o, 0 0 0 volts
DC Grid-No.2 Voltageé . .........cocviiviinnnon,. 300 300 350 volts
From series resistorof . . ............... e 27000 43000 41000 ohms
DC Grid-No.1 Voltaged . ..........oiiiiiiiiinannnn. -160 -160 -175 volts
From grid-No.l resistorof . . . ... ............... .. 12500 13500 11000 ohms
Peak RF Grid-No.1 Voitage. . ... ................. . 250 250 300 volts
DCPlate Current. . . ... .............oviiiinuan. .. 150 150 200 ma
DC Grid-No.2 Current. . . ... ... ... iiiiinunsnn 35 30 40 ma
DC Grid-No.1 Current (Approx.) . . .. 13 12 16 ma
Driving Power (Approx.). . 2.9 2.7 4.3 watts
Power Output (Approx.)................... 140 180 300 watts

Maximum Circuit Values (CCS or ICAS conditions):

Grid-No.1-Circuit Resistance. .. ....... .. .. ... o, s 30000 max ohms
4 Grid No.3 should be connected to the mid-tap on the filament-transformer secondary winding or to
the negative end of a filament operated on de.

é Obtained preferably from separate source modulated along with the plate supply, or from the modu-
lated plate supply through series resistor of value shown for each operating condition.

5 Obtained from a grid-No.l resistor of value shown or from a combination of grid-No.1 resistor with
either fixed supply or cathode resistor.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: cCs ICAS
DC PLATE VOLTAGE. . .. o vviiivriinnnernnnearns 2000 max 2250 max volts
DC GRID-NO.2 VOLTAGB. . ... .0 vreveninss .. 400 mazx 400 ‘mazx volts
DC GRID-NO.1 VOLTAGE. ... ..,.. . -800 mazx -300 mazx volts
DC PLATE CURRENT . ., 0vivennannnennnns R 180 mazx 225 max ma
DC GRID-NO.L CURRENT. . . ..ot iiiiiiennanaanrnonnnss 25 max 30 mazx ma
PLATE INPUT. .. ... .. i 360 max 500 max watts
GRID-NO.Z INPUT. . ..t iteiiiiiiiiiieiivae e Y 22 max 22 max watts
PLATE DISSIPATION . . ..ottt iiinii e 100 max 125 maz watts
Typical Operation: .
DC Plate Voltage. . ......ovvvveiininenens 1250 1500 2000 2250 volts
DC Grid-No.3 Voltage*. . ... ................ 0 0 0 [} volts
DC Grid-No.2 Voltage$ ......... PPN 300 300 400 400 volts
From series resistor of . . ........ ... ... ... 27000 40000 36000 46000 ohms
DC Grid-No.1 Voltaget® ..........c...vo.. ~175 -90 -120 ~155 volts
From grid-No.1 resistor of. . .. ... N 6000 . 7500. 12000 10000 ohms
From cathode resistor of . .. ...l 330 400 520 565 ohma
Peak RF Grid-No.1l Voltage................. 160 175 205 275 volts
DC Plate Current. ...... P 180 180 180 220 ma
DC Grid-No.2 Current . e . 35 30 45 40 ma
DC Grid-No.1 Current (Appro: k] 12 12 10 15 ma
Driving Power (Approx.) 1.7 1.9 1.9 4.0 watts
Power Output (Approx.).. 170 210 275 375 watts

Maximum Circuit Values:

Grid-No.1-Circuit Registance. . ........... .. ittt 30000 mox ohms
4 Grid No.3 should be connected to the mid-tap on the filament-transformer secondary winding or to
the negative end of a filament operated on de. .

& Obtained from separate source, from plate-voltage supply with a voltage divider, or through series
resistor of value shown for each operating condition. Grid-No. 2 voltage must not exceed 800 volts under
key-up conditions.

+ For ac filament supply.

2 Obtained from a grid-No.1 resistor, from cathode resistor, or from a combination of grid-No.1 resistor
with either fixed supply or cathode resistor. If preceding stage is keyed, bias must be obtained partially
from a fixed supply to limit the plate current and plate dissipation to a safe value.

134

Technical Data

. AVERAGE..CHARACTERISTICS

1.0 ; : T
TYPE 813
100 E¢ =10 VOLYS DC
. hd GRID-N$ 2 VOLTS = 300
] 1y | o i GRID N2 3 CONNECTED
x 08 T TO FILAMENT (=) —
w
S ,/  y® + 80
<
g Ba—
q //.-’
= 0:6 - +60
~ / T et ]
s ’ et
3o = :
& \ / “+ 40
@ 0.4k -
5 M1
E: -~ 1 +20
b e

. v GRID-N® | VOLTS.Ec (=0

) N 3

L .Y B . CI=+100 =

\2(;*;0' o cmmd el 20
° - -‘—:l: §
250 - 500 750 . 1000 1250 1500 1750 2000

PLATE VOLTS 92CM-490772

AVERAGE CHARACTERISTICS
T T T

Cqvee 813 | i

€ ¢=i0 VOLTS DC
GRID-N2 2 VOLTS = 300

100} GRID N2 3 CONNECTED

(1O FILAMENT ()
A\

a L\
@ 80
]
g [\
3
: \
)
- 60
E >
3 )
= L NNy
g \ | N
¥ 40 N vor .
a SSOLTS Ecy=+100
3 !
) \ I
+80
20 3 +60
T30
i £20
|
hd 100 200 300 400:
PLATE VOLTS
92CM~4969TI,

OPERATING CONSIDERATIONS

The 8138 requires Giant seven-contact socket and may be operated in vertical
position with base up or down, orin horizontal position with pins 2 and 6 in vertical
plane. OUTLINE 49, Outlines Section. .

For operation at 45 Me, plate voltage and plate input should be reduced to 87
per cent of maximum ratings; at 60 Me, to 75 per cent; at 120 Me, to 50 per cent.
Plate shows no color when tube is operated at maximum CCS or ICAS ratings.

BEAM POWER TUBE

Thoriated-tungsten-filament type
used as rf power amplifier and oscilla-
tor. May be used with full input up to 8]4
30 Mec. For operation at 50 Me, plate
voltage and plate input should be re-
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duced to 80 per cent; at 75 Me, to 64 per cent. Class C Telegraphy maximum plate
dissipation, CCS 50 watts, ICAS 65 watts. Requires Small five-contact socket and
may be operated in vertical position with base down, or in horizontal position with
pins 2 and 4 in vertical plane. OUTLINE 51, Qutlines Section. Plate shows no color
when tube is operated at maximum CCS ratings, and shows a barely perceptlble
red color at maximum ICAS ratings.

FILAMENT VOLTAGE (AC/DC) . . o\ttt ittt ittt ins ceieeeiaianenns 10 volts
FILAMENT CURRENT. . . . o coteeee ettt e s ieeiieeesanensannns e 3.25 amperes
TRANSCONDUCTANCE (For plate current of 39 milliamperes). .............. 3300 wumhos
DIRECT INTERELECTRODE CAPACITANCES: : ’
Grid No.l toplate. . ... ... ... i 0.15 max ppf
Grid No.l to filament, grid No.8, and grid No.2. ... ................. 13.5 puf
Plate to filament, grid No.3, and grid No.2. . .. ... .................. 13.6 ppf
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum Ratings: ccs IcAS
DC PLATE VOLTAGE . . . . . vt ctiiet i irar i nnnnns 1250 max 1500 max volts
DC GRID-NO.2 VOLTAGE . .. ...t ii it iiiit cianaanennn 400 max 400 max volts
DC GRID-NO.1 VOLTAGE . ... ....ccvriitiinennnrerannns ~300 max —-300 max volts
DCPLATE CURRENT. . . ...ttt iiiiieannannnnn, 150 mazx 150 snax ma
DC GRID-NO.L CURRENT. . . . 0viiventttiiiiininnneninn 15 mazx 15 mazx " ma
PLATE INPUT. .. ..o i ittt 180 max 225 max © watts
GRID-NOZ INPUT. ... ..ottt it iene i ennnns R 10 max - 10 max watts
PLATE DISSIPATION. . . 0t iiiieiin e rennenns 50 max 65 mae 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). ... ........... e 12.6 6.3 volts
HEATER CURRENT. . ..o\t iinn e vinreenaneninnanns 0.8 1.6 amperes
TRANSCONDUCTANCE (Each unit, for plate current
0f 25 MilliamMPeres.) .. ..v.ttittae e e 4000 pmhos
MU-FACTOR, Grid N0.2 to Grid No.l., (Eachunit)................. 6.5
DIRECT INTERELECTRODE CAPACITANCES (Each unit): -
Grid No.L to plate. . ..ot c e e e e eean s 0.25 max ppf
Grid No.l to cathode, grid No.3, internal shield,
grid No.2, and heater mid-tap. . .......................... 14 uuf
Plate to cathode, grid No.3, intcrnal shield,
grid No.2, and heater mid-tap.................... e 8.6 ppf

PUSH-PULL AF POWER AMPLIFIER AND MODULATOR—Class AB2
Values are on « per-tube busis
Maximum Ratings: ces ICAS
DC PLATE VOLTAGE. . ... c.\iviiiiiinnanrenn., e 400 mazx 500 max volts

DC GRID-NO.2 VOLTAGE .. ....... 225 maz 225 mazx volts
MAXIMUM-SIGNAL DC PLATE CURRE 150 max 150 mazx ma
MAXIMUM-SIGNAL PLATE INPUT®. ... ................... 60 max 15 max watts
MAXIMUM-SIGNAL GRID-N0.2 INPUTH, e, 4.5 max 4.5 max watts
PLATE DISSIPATION™. . . .., ... ... i, 20 max 25 max watts
PEAK HEATER-CATHODE VOLTAGE

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

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

® Averaged over any audio-frequency cycle of sine-wave form.’
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PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: - cCcs ICAS
DC PLATE VOLTAGE., . . ....... [ — e T R e i 825 max 400 max volts
DC GRID-NG.2 VOLTAGE . . ... ....00nn e i B L R BT 225 max 225 max volts
DC GRID-NO.L VOLTAGE. . . .. . evvivrrnnesnnn o) e s ~175 max -1756 max volts
DC PLATE CURRENT. 125 mazx 150 max msa
DC Grinp-No.1 CURRENT .............................. T max 7 maz ma
BIATE INBUT. , ... . 6o meees omememes e T T 40 max 60 maz watts
GRID-NO.2 INPUT. ... vvviieenanns B 0.0 0000 0000 4 mazx 4 max watts
PLATE DISSIPATION . . . . ..oouvueureinnesissenssnoroosss 18.5 max 20 mazx watts
PrAK HEATER-CATHODE VOLTAGE:
Heater negative with reapect to cathode. ............. 100 max 100 maz volts
Heater positive with respeet to cathode. ............. 100 max 100 mazx volts

Maximum Circuit Valves:
Grid-No.1-Circuit Resistance. .........oiitiiiineriiirarnnrscaninnas 15000 mazx ohms

PUSH-PULL RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
PUSH-PULL RF POWER AMPLIFIER-——Class C FM Telephony

Maximum Ratings: . . CC8 ICAS
DO PEATE VOUTAGE: | - - o Lbieieis s duiiiis siaisiaisionsioiaisisi e — 400 max 500 max volts
DC GRrIp-N0.2 VOLTAGE 225 max 225 mac volts
DC GriD-NO.1 VOLTAGE -175 max ~175 max volts
DC PLATE CURRENT . . . ......... 150 nai 150 max ma
DC GrID-N0.1 CURRENT. . ...... e T max T max ma
PEATE INBURE {5 5 saesie o4 oonsho oiefomors o romamvens & swegrons - 60 max 75 max watts
GHID-NIOB TNPUIR, y 5 cronoriyys proniiods s -binasmenase spsans oo 8 B lomaniod) Mo s 4.5 mae 4.5 max watts
PLATE DISSIPATION. . . ......00ivvnnnnn AT, e 20 max 25 max watts
PeAKk HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. . ............ 100 mux 160 max volts
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance. .. ...... .cieviiiininerans 15000 max ohms

"HALF-WAVE
MERCURY-VAPOR RECTIFIER

Coated-filament type used in
power supply of transmitting and in- 8" 6
dustrial equipment. Maximum pealk
inverse anode volts, 7500; maximum
swno  average anode milliamperes, 125, Re-
quires Small four-contact socket and may be operated in vertical position only, base
down. OUTLINE 27, Outlines Section.

FILAMENT VOLTAGE (ACYC. oottt it et et et iiaaa e 2.5 volts
FLAMENT CURRENT . . ..ottt int it et cr v aa e es 2.0 amperes
TUBE VOLTAGE DROP (APPIOX.) . . o oottt ettt ci it aee s 15 volix
° Filament voltage must be applied at least 10 seconds before the application of anode voltage.
HALF-WAVE RECTIFIER
Maximum Ratings (For power-supply )’rcqzmuy of 60 cp8):
PEAK INVERSE ANODE VOLTAGE . . . . ..ttt ii it raiennienas e 7500 mar volts
ANODE CURRENT: .
5= YN 500 wer mu
AVETRZE® . o oot e 125 wiere mu
Fault, for duration of 0.1 second maximum ......... ... i i, i e aroputes
CONDENSED-MERCURY-TEMPERATURE RANGE . . . . . ey 20 to 60 ¢
% Averaged over any interval of 30 seconds maximum.
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Operating Values:

Cireuit Moax. Trans. Approx. DC Mazx. DC Maz. DC
(For circuit figures, refer to Sec. Volts Qutput Volts Qutput Output KW
Rectifier Considerations (RMS) To Filter Amperes To Filter
Section) Fig. E Esv Iay Pdc
in-Phase Operation
Half-Wave Single-Phase, ., 57 5300 2400 0.125 0.3
Full-Wave Single-Phase. ., 58 2600 2400 0.250 0.6
Series Single-Phase. . ..... 59 5300 4800 0.250 1.2
Half-Wave Three-Phase, .. 60 8000 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 6.4
Half-Wave Four-Phase. ., , 63 2600 3500 0.45% 0.5° 1.55% 1,75°
Half-Wave Six-Phase, ..., 64 2600 3600 0.47* 0.5° 1.70* 1.8¢0°

* Resistive load. @ Induective load.

POWER TRIODE

Thoriated-tungsten-filament type used as
rf power amplifier and oscillator. May be used
with full input up to 250 Mc and with reduced

826 input up to 300 Mec. Requires Septar seven-

contact socket and may be operated in vertical

position only, base up or down. OUTLINE 186,

Outlines Section. Filament volts (ac/de), 7.5;

amperes, 4. Direct interelectrode capacitances:

grid to plate, 3 uuf; 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: de plate volts, 1000 maz; de grid volts, —600 max; de plate milli-

amperes, 125 maz; de grid milliamperes, 40 max; plate input, 125 maz watts; plate dissipation, 60 maz

watts. Plate shows an orange-red color when tube is operated at maximum CCS ratings. The 826 is a
DISCONTINUED type listed for reference only.

BEAM POWER TUBE

Forced-air-cooled type having

827R thoriated-tungsten filament and in-

tegral radiator used as rf power am-

plifier and oscillator at frequencies up

to 110 Mec. Class C Telegraphy maxi-

mum CCSplate dissipation, 800 watts.

May be operated in vertical position only with grid-No.1 and filament terminals
up. OUTLINE 93, Outlines Section.

FILAMENT VOLTAGE (AC/DC)....... Ciree e e e e tee e e eaeeeens ves 7.5 volts
FILAMENT CURRENT. . . .ot tuttinaet e ineeenerrenennraenasnssnss 25 amperes
FILAMENT STARTING CURRENT. .. ......vovrrennennnnenns .. 50 max amperes
MU-FACTOR, Grid No.2 to Grid No.1*, . ............ , 16
DIRECT INTERELECTRODE CAPACITANCES (With external shielding):
Grid No.l o plate. . ..o ittt e e 0.19 max puf
Grid No.1 to filament and grid No.2. .. .............. e eaae e 18.5 upf
Plate to filament and grid No.2. ....... ..o iiiiiiiniinenannn e 11 upf
RADIATOR TEMPERATURE (Measured on core at end away from incoming air) 1650 max °C
BULB TEMPERATURE, At hottest Point. . ..........civeirennernnenennn. 160 max °C
SEAL TEMPERATURE (Filament and grid No.1). ... vvnneninneenn e, 176 max °C

* 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 Rafings:

DC PLATE VOLTAGE. . . ... e e Cerenaeneen e 3500 max volts
DC GRID-NO.Z VOLTAGE .. ..o\ itit it ttanennranriranensanennnnns 1000 max volts
DC GRID-NO.1 VOLTAGE . ... ot ive i iennannn s e -500 mazx volts
DC PLATE CURRBNT . . . vt tiitsttetnseeanesnnnesnnrennesnnsennsoanns 500 max ma
DC GRID-NO.L CURRENT . .+ ¢4 vivvnrernnernnnnnnrennns e iesaeaiaes 150 mazx ma
PLATE INPUT............. e ierereeieir e e N 1500 mazx watts
GRID-NO.2 INPUT . .. iatintiurnennensonsorernsensanenns 150 mazx watts
PLATE DISSIPATION . . . v cvvunrrvrneacnnnarsan 800 max watts

Technical Data

BEAM POWER TUBE

Thoriated-tungsten-filament type used as
af power amplifier and modulator and as rf
power amplifier and oscillator at frequencies up
to 75 Mec. Filament volts (ac/de), 10; amperes, 828
3.25. Direct interelectrode capacitances: grid
No.1 to plate, 0.07 max puf; grid No.1 to fila-
ment, grid No.3, and grid No.2, 12 uuf; plate to
filament, grid No.8,and grid No.2, 14 uuf. Maxi-
mum CCS ratings as RF POWER AMPLI-
FIER AND OSCILLATOR: de plate volts, 1250 mazx; de grid-No.3 volts, 100 maz; de grid-No.2 volts,
400 mazx; de grid-No.1 volts, 300 max; de plate ma., 160 maz; de grid-No.1 ma., 15 maz; plate input,
200 max watts; grid-No.3 input, 5 max watts; grid-No.2 input, 16 maz watts; plate dissipation, 70 maz
watts. Requires Small five-contact socket and may be operated in vertical position with bage down, or
in horizontal position with pins 2 and 4 in vertical plane. OUTLINE 51, Qutlines Section. Plate shows no
color when tube is operated at maximum CCS ratings, and shows a barely percéptible red color at maxi-
mum ICAS ratings. The 828 is a DISCONTINUED type listed for reference only.

TWIN BEAM POWER TUBE

Heater-cathode type having mid-
tapped heater used as af power ampli-
fier and modulator and as rf power 8 293
amplifier and oscillator. May be used
with full input up to 200 Mec. For oper-
ation at 250 Me, plate voltage and plate input should be reduced to 89 per cent of
maximum ratings. Class C Telegraphy maximum plate dissipation (per tube) with
natural cooling, CCS 80 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, Outlines Section. Plates show no color when tube
is operated at maximum CCS or ICAS ratings.

HEATER ARRANGEMENT Series Parallel
HEATER VOLTAGE (AC/DC)....... . 12.6 6.3 volts
HEATER CURRENT R 1.125 2.26 amperes
TRANSCONDUCTANCE (Eachunit)*. ... ..................,....... 8500 wmhos
Mu-Facror, Grid No.2 to Grid No.1 (Each unit)¥*, ., ... .. ..., . 9
DireCT INTERELECTRODE CAPACITANCES (Each unit):#
Grid No.l teplate............ e e i 0.12 mazx pd
Grid No.1 to ecathode, grid No.3, grid No.2, and heater mid-tap. . .. 14.5 upt
Plate to cathode, grid No.3, grid No.2, and heater mid-tap ....... 7 uuf

* Plate volts, 250; grid-No.2 volts, 175; plate milliamperes, 60,
¥ Plate and grid-No.2 volts, 226; plate milliamperes, 60,
8 'With external shield up to flange seal.

PUSH-PULL AF POWER AMPLIFIER AND MODULATOR—Class ABt

Values are on o per-tube busis

Maximum CCS Ratings: Natural Cooling
DC PLATE VOLTAGE . . .. .. ... T T T 750 mazx volts
DC GRID-NOG.2 VOLTAGE . .. ..o oo cn i : 225 max volts
MaxmMUuM-SIGNAL DC PLATE CURRENTY, . . ... ... e 250 max ma
MAXIMUM-SIGNAL PLATE INPUT®. ... ... L .. 100 maz watts
MaXIMUM-SIGNAL GRID-NoO.2 INPUT®. .. ... ... ... TR 7 maz watts
PLATE DIsSIPATION®. .. ...... S 30 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode ) 100 max volts

Heater positive with respect to cathode............... 100 mazx volts
BuLs TEMPERATURE. ... ... e N 235 maz o¢
Typical Operation: )
DC Plate Voltage......oovveneiiy. e . 600 volts
DC Grid-No.2 Voltage . e . 200 volts
DC Grid-No.l Voltage ...........c...o0viinin, ceen -18 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage. . . ............. [ 36 volta



— RCA Transmitting Tubes

Zero-Signal DC Plate Current . .................n. 40 ma
Maximum-Signal DC Plate Current. . .. .. 110 ma
Zero-Signal DC Grid-No.2 Current . ... ..... . 4 ma
Maximum-Signal DC Grid-No.2 Current. ... .. . . 26 ma
Effective Load Resistance (Plate to plate) ... .. ... 13750 ohras
Maximumn-Signal Driving Power............ 0 watts
Maximum-Signal Power Qutput......... e 44 watts

Maximum Circult Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. . .. ........ ... ..., PP 0.1 max megohm
For cathode-hias operation. . .. Not recommended
® Averaged over any audio-frequency cyele of sine-wave form.
& Obtained preferably from a sepurate source, or from the plate-voltage supply with & voltage divider.

PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER—Closs C Telaphony

Natural Cooling Forced-Air Cooling

Moximum Ratings: ccs ICAS cCSs ICAS
DC Prate VoLract .. ... 600 max 600 max 600 max GOO merr volts
DC GRID-N0.2 VOLTAGE. .. .. .. 225 mar 225 max 2256 max 250 mar volts
DC GriD-No.1 VOLTAGE . .. ... .. -176 max --175 max =175 macx 175 wmar volts
DC PLATE CURRENT. . ......... 212 mar 212 max 212 wmax 240 mar ma
DC GriD-No.1 CrRRENT. . ... ... 15 mac 15 max 16 max 20 warx ma
Prate INPUT. .. .. ... ... L. 67.5 mar 90 max 90 max 120 max watty
Grip-No.2 InvuT. . .. ... ..., T max T maz T mac R mart watts
PLATE DISSIPATION . . ... ... ... 21 mar 28 mae 28 max 40 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to

cathode................ 100 max 100 max 100 miae 100 mazx volts
Heater positive with respeet to
cathode. ............ ... 100 max 100 mazx 100 mar 100 max volts

BuLs TEMPERATURE. . .. ....... 235 max 2356 max 236 meux 285 mas °C
Typical Operation:
DC Plate Voltage. . ......... . 640 425 600 425 60O 60U volts
DC Grid-No.2 Voltages ........ 190 200 200 200 200 200 volts

From series resistor of .. .. .. 32000 © 11000 25000 11000 25000 20000 ohms
DC Grid-No.1 Voltages ... ...... ~61 -60 —60 -60 -60 70 volts

From grid-No.1 resistor of . ... 15000 4300 8600 4300 8600 5400 ohms

AVERAGE PLATE CHARACTERISTICS

CALH UNIT
! T T T
Tyre 829-8B
€p=12.6 VOLTS
SEMES HEATER ARRANGEMENT
GRID-N82 VOLTS3200
806,
2
& 600 Ec =28
3 +20]
3
2 R 3
2 e
u 40 7 — 20
b s
. T
/— - GRID-NRI VOLTS €20
200
-3
-10
=y
“ 1 -29
2] 200 300 200 0% 600 700 3
PLATE VOLTS ®2cM-61274
Peak RIF Grid-No.1-to-Grid-No.1
Voltage . .. ............. ... 138 160 144 160 144 180 volts
DC Plate Current .. 112 212 150 212 150 200 ma
DC Grid-No.2 Current. .. .... .. 13 21 16 21 16 20 ma
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DC Grid-No.1 Current (Approx.). . 4 14 7 14 7 13 ni
Driving Power (Approx.}........ 0.3 1 0.5 1 0.6 1.1 waltts
Power Output (Approx.)......... 50 63 70 63 70 90 walts
Maximum Circuit Values {CCS or ICAS conditions):

Grid-No.1-Cireuit Resistance. ... ... ... i i 15000 mazx 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
0.26, maximum grid-No.2 input of 12 watts is permitted.

é Obtained preferably from separate source modulated along with the plate supply, or from the modu-
lated plate supply through series resistor of value shown. u

& Obtained {rom grid-No.1 resistor of vatlue shown or from a combination of grid-No.1 resistor with
either fixed supply ur cathode resistor,

PUSH-PULL RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and : .
PUSH-PULL RF POWER AMPLIFIER—Class C FM Telephony

Valuer are on « per-tibe basis

Natural Cooling Forced-Air Cooling
Maximum Ratings: ces 1CAS cCS 1CAS
DC PLATE VOLTAGE............ 750 mac 760 max 760 max 750 mazx volts
DC GrID-No0.2 VOLTAGE | .. 225 max 225 mas 225 max 250 max volts
DC GRrIn-No.1 VOLTAGE . -175 har  -175 mas -175 mar =175 max volts
DC PLATE CURRENT. . 240 max 240 mar 240 max 240 mazx ma
DC GRID-N0O.1 CURRENT. ... .. 16 max 15 mas 15 max 20 max ma
PLATE InPUT. .. ... L. P .. 90 mar 120 max 120 mag 150 max wills
GRID-NO.2 INPUT. . .. ... T max T max T mar 8 max watts
PLATE DissIPATION 30 max 40 mar 40 max 46 mazx walts
PEAK HEATER-CATIODE VOILTAGE:
Heater negative with respect to
cathode . .. 100 yaee 100 iy 100 max 100 max volls
Heater positive wit
cathode . . ...... ... ... .. 100 mar 100 mars 100 mac 100 mazx volts
BuLp TEMPERATURE. .. ... ..., . 265 mar 2635 mas 235 mar 230 max 2

TYPICAL CHARACTERISTICS TYPICAL CHARACTERISTICS
EACH UNIT EACH UNIT

TYPE 829-B Typr 829-B
Ef=12.6 VOLTS | Eg= 126 VOLTS J
SERIES HEATER ARRANGEMENT SERIES HEATER ARRANGEMENT
GRID-N%2 VOLTS=200 i GRID~N22 VOLTS=200 J
i i
180 e — — 80
[T
2 | LAY
ngC o x 120
b W -
% ¢ L\
49 3 Q
S ‘A < k)
3 ® VOLTS Ec,= +25 3 \\ \ \o‘
HRWN | eSS o
= ! +20 P
) NG Py i b — +20]
& 4ol \ ML) zu\ \\\\ -0’75
S \ +10 g ', T
+51 f220% ~104
ke 20
] 0 100 150 200 o 50 100 1950 200
PLATE VOLTS . PLATE VOLTS
92CS-6114T4 92C3-83087
Typical Operation:
DC Plate Voltage. . ... .. o 750 500 750 500 750 60 volte
DC Grid-No.2 Voltage® ... ... . 190 200 200 200. 200 200 volls
From series resistorof .. .. ... 40000 13000 32000 13000 32000 27600 olimn
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DC Grid-No.1 Voltage® ........ -50 -46  -B60 -456  -BO 50 volts
From grid-No.1 resistor of. . .. 12500 3000 7200 3000 7200 4200 ohms
From cathode resistor of , . . .. 360 170 270 170 270 200 ohms

Peak RF Grid-No.1-to-Grid-No.1
Voltage. . ...t 116 128 124 128 124 134 volts

DC PlateCurrent. .. ........... 120 2380 160 230 160 200 ma

DC Grid-No.2 Current. ... .. ... 14 23 17 23 17 20 mea

DC Grid-No.1 Current {Approx.) 4 15 7T 15 7 12 ma

Driving Power (Approx.)....... 0.3 0.9 0.4 0.9 0.4 0.8 watt

Power Qutput (Approx.)........ T0 83 90 83 90 115 watts

Maximum Circuit Values [CCS or ICAS conditions):

Grid-No.1-Cireuit Resistance. . ... .. ... ... . ... . . . . 15000 mazx ohms

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

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

POWER TRIODE

Thoriated-tungsten-filament type used as
at power amplifier and modulator and as rf
power amplifier and oscillator. May be used
with full input up to 16 Me and with reduced
input up to 60 Mec. Requires Small four-contact

8 3OB 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 830B
is uged prinecipally for renewal purposes.

FILAMENT VOLTAGE (AC/DC) . .. ot ittt et it et e e et ciaenns 10 volts
FILAMBNT CURBENT. .+t vtit ittt ittt e et eirea e eanienn e eicrnnnnns . 2 amperes
AMPLIFICATION FACTOR ... ... i ittt e e 25
DIRECT INTERELECTRODI: CAPACITANCES:
Grid to plate . oot raiee eee 11 ppf
Grid to fillament. . . ... . e e e e - 53 el
Plate to fllament . . . . .. . i i et e e 1.8 ppd
. Class 8 Class C
Maximum CCS Ratings: Modulator Telegrophy
DC Prate VOLTAGE 1000  max 106060 max volts
DC GRID VOILTAGE. ...... . — - - =800 max volts
DC PLatE CURRENT 150°% ez 150 mazx ma
DC Grip CURRENT. . .. .. - —_— 30 max ma
Prate Invutr. .. ... ... e 150*® mazx L9560 mam watts
PLATE DISSIPATION . . . ... it inrennnn 60 mar 60 maz witts

® For maximum-signal conditions. _
® Averaged over any audio-frequency eyele of sine-wave form.

TWIN BEAM POWER TUBE

; Heater-cathode type having mid-

832 A tapped heater used as rf power ampli-

fier and oscillator. May be used with

full input up to 200 Mec. For operation

at 250 Me, plate voltage and plate

input should be reduced to 89 per cent of maximum ratings. Class C Telegraphy

maximum plate dissipation (per tube), CCS 15 watts, ICAS 20 watts. Requires

Septar seven-contact socket and may be operated in any position. QUTLINE 12,

Outlines Section. Plates show no color when tube is operated at maximum CCS or
ICAS ratings.

HEATER ARRANGEMENT Series Parallel
HEATER VOLTAGE (AC/DE) .o vt ie i vieiannnneenn., 12.6 6.3 volts
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HEAYER CURRENT . .. ... i 0.8 1.6 amperes

TRANSCONDUCTANCE (Each unit S 3500 pmhos
Mu-Facror, Grid No.2 ro Geid No.1 (Bach unit)®*, 6.5
Dgcr INTERELECTRODE CAPACITANCES (Hach unit):
Grid No.L 4o plate .. oo 0.07 max pul
Grid No.L to cathode, grid No.3, grid No.2, and heater
P, v ¢ e e ¥ 3 o i st B i o 8.0 ppf
Mate to cathode, grid No.3, grid No.2, and heater mid-
UELTDYS oo s i g i s o e ] 7memer . s ommom e « -« « o 3.8 puf
Grid No. 2 1o cathode (including internal Grid-No. 2 hyy-
pass capacitor) . ... .. e i 65 uuf

* Plate volts, 250; grid-No.2 volts, 145; plale milliamperes, 30,
Plate and grid-No.2 volts, ‘.350; plate milliamperes, 30.
2 With exterual shield in plane »f seal flange.

PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER—Class C Telephony

Maximum Rotings: cCs ICAS
DC PLATE VOLTAGE 600 mar 600 max volts
DC Grip-No.2 VoLrack 250 mae 250 max volts
DC Grip-No.1 VoLTAGE . 175 max -175 mae volts
DC PrLaTE CURRENT 5 max 95 mae ma
DC GRID-NO.1 CURRENT. . ............. .. 6 mar 6 mazx ma
PLATE INPUT. ... ........ ... ....... 22 max 36 max watts
GRID-NO.2 INPUT. ., ovee i n. . 3.4 mas 5 max watls
PLATE DISSIPATION . . ...ttt 190 max 15 max walls
PrAKk HEATER-CATHODE VOLFAGE:
Heater negative with respect to cathode. ........... ., 100 ma.e 100 max volts
Heater positive with respeet to eathode. . .., .. ...... 100 max 100 max volts
BuLB TEMPERATURE. .. . ... ..ot e 200 mos 200 max G
Typical Operation:
DC Plate Voltage. . . ... ... i i 125 600 600 volts
DC Grid-No.2 Voltageg .. . 200 200 200 volts
From series resistorof ... .. ..., ... Lo LB00 25000 20000 ohms
DC Grid-No.1 Voltaged ... ... ..o, . -0 ~G5 =70 volls
From grid-No.l resistor of .. ... ... ... .. S 25000 25000 23000 ohms
Peak RF Grid-No.1-10-Grid-No.)} Voltage. . ... ... . 140 150 . 160 volts
DC Plate Current. ... o 52 36 60 ’ ma
DC Grid-No.2 Current., ............. 16 16 20 ma’
DC Grid-No.} Current (Approx.)... .. 2.4 2.6 3 ma
Driving Power (Approx.)............ $.15 0.18 0.21 " watt

Power Output, (Approx.).. ... o o 1 17 26 watls

Maximum Circuit Values {CCS or ICAS conditions):

Grid-No.1-Cireuit Resistance . ... oo o oo e, 25000 nax chms
¢ Obtained preferally from separate source modulated along with the plate supply or from the modu-
lated plate supply through scries resistor of value shown,

& Obtained from grid-No.1 resistor of value shown or {from a combination of grid-No.1 resistor with
either fixed supply or cathode rosistor,

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

Maximum Ratings: - . ccs ICAS
DC PLATE VOLTAGE 750 max 750 max volts
DC Grip-No.2 VoLras " 250 max 2560 max volts
DC GRID-NO.1 VOLTAGE .. -175 max -175 maz volts
DC PLATE CURRENT. . ......... ., . 90 max 115 mazx ma
DC GRID-NO.L CURRENT. ................ .. 6 max 6 max ma
PLATEINPUT . ...................c... .. 36 max 50 max watls
GRID-NO.2 INPUT. .. ....,........... 8 max 5 max witts
Prare DissipatION. . ... . 15 max 20 max watts
PEAK HEATER-CATHODE VOLTAGH:
Heater negative with respect to cathode. ............. 100 max 100 mazx volts
Heater positive with respect to cathode. . .. BN 100 max 100 max volts
BULB TEMPERATURDL . 0ottt iiie e e i iian s 200 max 200 snax °C
Typical Operation: .
DC Plate Voltage. ........ et eeieraaen e 500 750 750 volts



DC Grid-No.2 Voltage® .. ...ioiiiniiiiineronennnnns 200

From series resistor of . ... ............. 21000
DC Grid-No.1 Voltage®. .. ............... —65

From grid-No.1 resistorof .. ... ... 25000

I'rom cathode resistorof . . ..., ........ 730
Peak RY Grid-No.1-to-Grid-No.1 Voltage. . 150
DC Mate Current. ... ... i iiin e 72
DC Grid-No.2 Current. ..o i iinieninenenn. 14
DC (irid-No.1 Current (Approx.). 2.6
Driving Power (Approx.)...... 0.18

Power Output (Approx.) . .......... fsia L ........... 26

Maximum Circuit Values {(CCS or ICAS conditions):
Grid-No.1-Circuit Resistance ... ......... ..o,

RCA Transmitting Tubes
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® Obtained from separate source, from plate-voltage supply with a voltage divider, or from secics
resistor of value shown. The grid-No.2 voltage must not exceed 600 voits under key-up conditions.

& Obtained from fixed supply, by grid-No.1 resistor, by cathode rvesistor, or by ecombination merhaods,

TYPICAL CHARACTERISTICS
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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 Mc with natural cooling (20

833A

Me with fqrced-air cooling), and with reduced input up to 75 Me. Class C Teleg-
raphy maximum plate dissipation with natural cooling, CCS 300 watts, ICAS 350

watts; with forced-air cooling, CCS 400 watts, ICAS 450 watts.

FILAMENT VOLTAGE (AC/DC) 10
FILAMENT CURRENT.......... ... .. 10
AMPLIFICATION FACTOR® . . . . i, 35
DIRECT INTERELECTRODE CAPACITANCES: .
Grid to plate . .. .. . e 6.8
Grid to filament . . . ... .. 12.3
Plate to filament . . . .. . ... e 8.5

* Grid volts, -10; plate milliamperes, 200.

AF POWER AMPLIFIER AND MODULATOR—Class B
Naturgl Cooling

Forced-Air Cooling

Maximum Ratings: cCs ICAS cCs ICAS
DC PLATE VOLTAGE . ... ........ 3000 max 3300 max 4600 max 4000 max
MAXIMUM-SIGNAL DC PLATE Cur-

RENT® 500 mar 500 max 500 max 500 mazx

MAXIMUM-S1GNAL PLATE INPUT®. 1125 max 1300 max 1600 mar 1800 max
PLATE DISSIPATION® . . .. ... ..., 300 max 350 max 400 mac 460 max
Typical Operation (Values are for two tudes):
DC Plate Voltage 3000 3300 4000 4000
DC Grid Voltaget -70 -80 -100 -100
Peak AF Grid-to-Grid Voltage. .. 400 440 480 510
Zero-Signal DC Plate Current. . .. 100 100 100 100
Maximum-Signal DC Plate Cur-

rent......... ... . 750 780 800 800
Effective Load Resistance (Plate

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

(Approx.) . ..... fe e 20 30 29 38
Maximum-Signal Power Qutput )

(Approx.) .. ... ..o 1650 1800 2400 2700
® Averaged over any audio-frequency cycle of sine-wave form,

t For ac tilament supply.
5 AVERAGE PLATE CHARACTERISTICS
1 T T
TYPE B33-A
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PLATE-MODULATED RF POWER AMPUFIER—Class C Telephony

Natural Cooling Forced-Air Cooling
Maximum Ratings: cCS 1CAS cCCS ICAS
DC PLATE VOLTAGE .. .......... 2500 max 3000 max 3000 max 4000 max volts
DC GRID VOLTAGE . ............ -500 max =500 mar -500 mar -500 max volts
DC PLATE CURRENT. .. .. ...... 400 max 400 mar 450 mar 450 max ma
DC GRID CURRENT . . .. ........ 100 maxr 100 mes 100 max 100 max ma
PLATEINPUT. .. ..o.oiunnnnn.. 885 mazx 1000 maxr 1250 mar 1800 maxr watts
PLATE DISSIPATION . . ... ... ... 200 mar 250 nuer 270 max 350 max watts
Typical Operation:
DC Plate Voltage. . ............ 2500 3000 3000 4000 volts
DC Grid Voltagesd ............. -300 -240 -300 -325 volts
From grid resiatorof. ....... 4000 3400 3600 3600 ohms
Peak RF Grid Voltage.......... 460 410 494 520 volts
DC Plate Current.............. 335 335 415 450 ma
DC Grid Current (Approx.)..... 75 0 85 90 rma
Driving Power (Approx.)....... 30 26 37 42 watts
Power Output (Approx.)........ 635 300 1000 1500 watts

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

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telagraphy

and
RF POWER AMPLFIER—Class C FM Telephony
Natural Cooling Forced-Air Cooling

Maximum Ratings: CCS ICAS CcCS ICAS
DC PLATE VOLTAGE .. ... . 3000 ma.c 3300 mar 4000 ma.e 4000 max volts
DC GRID VOLTAGE . .. .......... -500 ma.r -500 max -500 mar 500 max .. volts
DC PrLaTe CURRENT . . ... ..... 500 mar 500 murx 500 max 500 mae ma
DC GRID CURRENT. . .. .., ..... 100 max 100 mac 100 nax 100 mae ma
PLATEINPUT. .. ... ... oe... 1250 max 1500 mac 1800 max 2000 max watts
PLATE DISSIPATION .. .. ........ 300 mac 350 max 400 nac 450 mar wattly
Typical Operation:
‘DC Plate Voltage. .. .......... 2250 3000 3000 4000 4000 volts
DC Grid Voltage® ........... ~125 ~200 -155 -200 -225 volts

From grid resistor of . 1500 8600 2150 2650 2400 ohms

From cathode resistor of . 235 425 270 380 380 ohms
Peak RF Grid Voltage......... 300 360 350 375 415 volts
DC Plate Current. ............ 445 415 500 450 500 ma
DC Grid Current (Approx.) . . .. 85 55 * 70 5 95 ma
Driving Power (Approx.) ... ... 23 20 23 26 35 watts
Power Qutput (Approx.)....... 780 1000 1150 1440 1500 watls

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

OPERATING CONSIDERATIONS

Type 833A requires special mounting and may be operated in vertical position
with filament end up or down, or in horizontal position with all terminals in same
vertical plane. OUTLINE 58, Outlines Section.

For operation with natural cooling at 50 Me, plate voltage and plate input
should be reduced to 90 per cent of maximum ratings; at 75 Me, to 72 per cent. For
operation with forced-air cooling at 50 Me, plate voltage and plate input should be
reduced to 83 per cent of maximum ratings; at 76 Me, to 65 per cent.

With forced-air cooling, an air flow of 40 cubic feet per minute from a 2-inch-
diameter nozzle directed vertically on the bulb between grid and plate seals is re-
quired to limit the temperature between these seals to 145°C.

When the 833-A is used in the final amplifier or a preceding stage of a trans-
mitter designed for break-in operation and oscillator keying, a small amount of
fixed bias must be used to maintain the plate current at a safe value. With a plate
voltage of 4000 volts, a fixed bias of at least <90 volts should be used.

Plate shows an orange-red color when tube is operated at maximum CCS or
ICAS ratings.
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TYPICAL CHARACTERISTICS
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POWER TRIODE

Thoriated-tungsten-filament type

used as rf power amplifier and oscil- 83 4
lator. May be used with full input up
to 100 Mec. For operation at 170 Me,
plate voltage and plate input should
be reduced to 80 per cent of maximum ratings; at 350 Me, to 53 per cent. Class C
Telegraphy maximum CCS plate dissipation, 50 watts. Requires Small four-contact
socket and may be 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) 7.6 volts
FILAMENT CURRENT. ... ..ottt ittt et e careseenneeerannen “ 3.1 amperes
AMPLIFICATION FACTOR .. .. ittt it viansanaas I 10.6
DIRECT INTERELECTRODE CAPACITANCES:

Grid to plate wuf

2.4
Grid to filament. .. .. ... .. ... 2.2 uuf
Plate to filament 0.6 puf

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

DC PLATE VOLTAGE . . ., .\ ot ittt ittt a ettt e e it eie s aneee e 1250 maz volts
DO GRID VOLTAGE . . . . . .. it iaii e s tiir e iaiiiteenenns -400 mazx volts
100 mazx ma

20 maz ma

125 maz watts

50 mazx watts

POWER TRIODE

Thoriated-tungsten-filament type umed as
af power amplifier and modulator and as rf
power amplifier and oscillator. May be used
with full input up to 20 Mc and with reduced
input up to 100 Mec. Requires Jumbo four- 835
contact socket and may be operated in vertical
position with base down, or in horizontal posi-
tion with pins 1 and 8 in vertical plane. OUTLINE
32, Outlines Section. Direct interelectrode ca-
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pacitances: grid to plate, 9.25 puf; grid to filament, 6 uuf; plate to filament, 5 uuf. Plate shows a barely
perceptible red color when tube is operated at maximum CCS ratings. Except for interelectrods capac-
itances, the 835 is identical with DISCONTINUED type 211. The 835 is a DISCONTINUED type

listed for reference only.
HALF-WAVE
‘VACUUM RECTIFIER

Heater-cathode type having two

83 6 cathodes used in power supply of

transmitting and industrial equip-

ment, Maximum peak inverse plate

volts, 5000; maximum average plate

amperes, 0.25. Requires Small four-contact socket and may be operated in any

position. OUTLINE 44, Outlines 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)°.......... e e e e 2.5 volts
HEATER CURRENT. ......,... e e e s 5.0 amperes

Maximum Ratings:

PEAK INVERBE PLATE VOLTAGE. ...........00oiiiiiis eininn vveenann 5000 mazx volts
PLATE CURRENT:
Peak . . e s 1 max ampere
AVETRER . . . Lot e e e e 0.26 max ampere
Fault, for duration of 0.1 second maximum . ........................ 5 max amperes

° Heater voltage should be applied approximately 40 seconds before the application of plate voltage.

BEAM POWER TUBE

Heater-cathode type used as rf

8 3 7 power amplifier and oscillator. May be

used with full input up to 20 Mec. For

operation at 40 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. QUTLINE 34, Ouflines Section, except has no

bayonet pin. Plate shows no color when tube is operated at maximum CCS ratings.

HEATER VOLTAGE (AC/DC) . ... o0ttt 12.6 " volts
HEATER CURRENT . . oottt ettt it e e e 0.7 ampere
TRANSCONDUCTANCE (For plate current of 24 milliamperes) ............,. 3400 umhos
DIRECT INTERELECTRODE CAPACITANCES! .

Grid-No.1 to plate (With external shielding)......................... 0.20 max puf

Grid No.1 to cathode, grid No.3, grid No.2, internal shield, and heater. . . 16 puf

Plate to cathode, grid No.3, grid No.2, internal shield, and heater. ... .. 10 puf

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and

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

DC PLATE VOLTAGE . . ottt ittt et et et 500 mazx volts
DC GRID-NO.8 VOLTAGE. ... ..\ \ ittt it b ittt eenenenaaan, 200 max volts
DC GRID-NO.2 VOLTAGE .. ... .. it it iiinan e cinranaannaans 200 max volts
DC GRID-NO.I VOLTAGE . . . ..ot ittt it ettt iarerinaninnnns ~200 max volts
DC PLATE CURRENT . . 4 o\ttt it ctann st nnssnascananansasnns 80 mazx ma
DC GRID-NO.1 CURRENT . .. . i tteiein e niaan i cnneinnnonnsaneronans 8 max ma
PLATEINPUT..........ciiiiiiininans F N e 32 mazx watts
GRIDXNO. INPUT . L.t i c et ia s iirsitsseronaannn 5 max watts
GRID-NO.Z INPUT . .. .ot ittt i e aninenans PP 8 max watts
PLATE DISSIPATION . . . . .. et it anerasaaas P 12 max watts
PeAK HEATER-CATHODE VOLTAGE:

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

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

Technical Data

POWER TRIODE

Thoriated-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 30 Mec and with reduced 838
input up to 120 Me. Requires Jumbo four-
contact socket and may be operated in vertical
position with base down, or in horizontal posi-
tion with pins 1 and 8 in vertical plane. OUTLINE
52, Outlines Section. Plate showa no color when
tube i3 operated at maximum CCS ratings. The
838 is used principally for renewal purposes.

FILAMENT VOLTAGE (AC/DC) 10 volts
FILAMENT CURRENT. ............... 3.26 amperes
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. ... ... . .. . . . e 7.8 pupf
Grid to filament. .. ... ... 6.0 upt
Plate to filament. .. ... ... .. 4.0 put
. Class B Class C
. Maximum CCS Ratings: Modulator Telegraphy
DC PLATE VOLTAGE 1260 max 1250 max volta
DC GRrID VOLTAGE. .........,... -400 max volts
DC PLATE CURRENT 175°% max 176 max " ma
DC GRw CURRENT. ...:......... —_ 70 mazx - ma
PLATE INPUT. . ... .. 220°" max 220 max watts
PLATE DISSIPATION . . . ... ..., . ... ... ... ......... 100® max 100 mazx watts

® For maximum-signal conditions.
® Averaged over any audio-frequency cycle of sine-wave form.

POWER TRIODE

Thoriated-tungsten-filament type used as

af power amplifier and modulator and as rf

power amplifier and oscillator, May be used .

with full input up to 6 Mc and with reduced 8 4"

input up to 30 Me. 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 32, Out-

lines Section. Filament volts (ac/dc), 7.5; am-
peres, 1.25. Direct interelectrode capacitances: grid to plate, 7.5 uuf; grid to filament, 4.0 uuf; plate to
filament, 2.6 uuf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: de plate
volts, 450 maz; de grid volts, ~200 max; dc plate ma., 60 maz; de grid ma., 20 mazx; plate input, 27 max
watts; 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

Thoriated-tungsten-filament type used as
af power amplifier and modulator. Requires
Small four-contact socket and may be operated
in vertical position with base down, or in hori- 842
zontal position with pins 1 and 4 in vertical
plane. OUTLINE 32, OQutlines Section. Filament
volts (ac/dc), 7.5; amperes, 1.25. Direct inter-
electrode capacitances: grid to plate, 6.4 uuf;
grid to filament, 3.2 uuf; plate to filament, 2.6
upuf. Maximum CCS ratings as CLASS A AF POWER AMPLIFIER AND MODULATOR: dc plate
volts, 425 max; plate dissipation, 12 max watts. Plate shows no color when tube is operated at maximum
CCS ratings. The 842 is a DISCONTINUED type listed for reference only.

POWER TRIODE

Heater-cathode type used 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 socket 843
and may be operated in any position. OUTLINE
32, Outlines Section. Heater volts (ac/de), 2.5;
amperes, 2.5. Direct interelectrode capaci-
tances: grid to plate, 8.9 uuf; grid to cathode
and heater, 4 uuf; plate to cathode and heater,
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2.6 puf. Maximum CCS ratings as RE POWER AMPLIFIER AND OSCILLATOR: dc plate volts,
450 max; de grid volts, -200 max; de plate milliamperes, 40 max; dc grid milliamperes, 7.6 moax; plate
input, 18 max watts; plate digsipation, 15 max watts; peak heater-cathode volts, @ 45 max. Plate shows
no color when tube ie operated at maximum CCS ratings. The 843 is a DISCONTINUED type listed
for reference only.

POWER TRIODE

8 4 5 Thoriated-tungsten-filament type

used as af power amplifier and modu-

lator. Class AB; maximum CCS plate

dissipation, 100 watts. Requires Jum-

bo four-contact socket and may be

operated in vertical position with base down, or in horizontal position with pins 1

and 3 in vertical plane. OUTLINE 52, Outlines Section. Plate shows no color when
tube is operated at maximum CCS ratings.

FILAMENT VOLTAGE (AC/DC) . . . . . o\ ittt it eeiniienennes  toevanenns 10 volts
FILAMENT CURRENT. .. ...ttt iiinnsenarcnsnnnssnnnns e 3,26 amperes
AMPLIFICATION FACTOR .. ......................... [ e 5.8
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. ... ... .. . . e 12.1 unl
Grid tofilament. . . ... .. ... .. 5.0 uul
Plate tofilament. . ... ....... .. .. . . .. ... ... ... ... 5.0 pul

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

DC PLATE VOLTAGE . . ... .ottt ettt i et 1250 max - volts
DCGRID VOLTAGE . .. ..ottt nrttteieiant e eae -400 maz volta
120 max ma
160 mazx _watta
100 mazx watts

POWER TRIODE

Thorlated-tungsten-filament type umed as GsLant

af power amplifier and modulator and as rf

power amplifier and oscillator. May be used

with full input up to 3 Mc and with reduced ! £

849 input up to 30 Mec. 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, 4lf inches. Filament volts e
(ac/dc), 11; amperes, 5. Direct interelectrode capacitances: grid to plate, 34 uuf; grid to filament, 17 uuf;
plate to filament, 3 uuf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc
plate volts, 2500 max; de grid volts, ~500 mazx; dc plate amperes, 0.85 mazx; de grid amperes, 0.125 mazx;
plate input, 875 max watts; plate dissipation, 400 max watts. Plate shows cherry-red color when tube ia
operated at maximum CCS ratings. The 849 is a DISCONTINUED type listed for reference only.

POWER TETRODE

Thoriated-tungsten-filament type used as
rf power amplifier and oscillator at {requencies
up to 15 Me. Requires Jumbo four-contact
socket and may be operated in vertical position

8 50 with base up or down, or in horizontal position

with pins 1 and 3 in vertical plane. OUTLINE 53,

Ouilines Section. Filament volts {(ac/de), 10;

amperes, 3.25. Direct interelectrode ecapaci-

tances: grid No.1 to plate (with external shieid-

ing), 0.26 max upf; grid No.1 to filament and grid No.2, 17 uuf; plate to filament and grid No.2, 25 uuf.

Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate volts, 1250 max ;

dec grid-No.2 volts, 400 max; dc grid-No. 1 volta, ~400 maz; dc plate millismperes, 176 maz de; grid-

No. 1 milliamperes, 40 maz; plate input, 220 maz watts; grid-No.2 input, 10 maz watts; plate dissipa-

tion, 100 max watts. Plate shows a barely perceptible red color when tube is operated at maximum CCS
ratings. The 850 is 2 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
power amplifier and oscillator. May be used -
with full input up to 8 Mc and with reduced in- 85‘
put up to 15 Mc. Tube may be operated in ver-
tical position with filameut end up, or in hori-
zontal position with plate in vertical plane.
Maximum over-all length, 17-5/8 inches; maxi-
mum diamater, 6-1/8 inches. Filament volts
(ae/dc), 11.0; amperes, 15.5. Direct interelectrode capacitances: grid to plate, 47 puf; grid to filament,
25.5 uuf; plate to filament, 4.5 ppf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCIL-
LATOR: dc plate volts, 2500 mazx; de grid volts, —500 mazx; de plate amperes, 1 maz; de grid amperes,
0.2 maz; plate input, 2500 moex watts; plate dissipation, 750 max watts. The 851 is a3 DISCONTINUED
type listed for reference only.

POWER TETRODE

Thoriated-tungsten-filament type used as
rf power amplifier and oscillator. May be used
with full input up to 30 Me. For operation at
60 Mc, plate voltage and plate input should be
reduced to 75 per cent of maximum ratings; at 860
120 Me, to 50 per cent. Requires Small four-
contact socket and may be operated in vertical
position only, base down. OUTLINE 57, Outlines
Section. Plate shows no color when tube is oper-
ated at maximum CCS ratings. The 860 is used
principally for renewal purposes.

FILAMENT VOLTAGE (AC/DC) 10 volts
FILAMENT CURRENT . 3.26 amperes
TRANSCONDUCTANCE (For plate current of 50 milliamperes)............... 1100 pmhos
AMPLIFICATION FACTOR .. ...ttt i, 200
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 to plate (With external shielding) . . . ..................... 0.08 max pul
Grid No.1 to filament and grid No.2. . ... ........... ..o .. 7.76 puf
Plate to filament and grid No.2. .. ... . ... ... ... ... ot 7.5 ppf

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

Maximum CCS Ratings:

DC PLATE VOLTAGE . ... .. ittt 3000 maz volts
DC GRID-NO2Z VOLTAGE . ..............ccvvvninen... e 500 mazx volts
DG GRID-NO.T VOLTAGE . . ..ottt vttt e, -800 max volts
DC PLATE CURRENT .« - o1 o ittt e ettt e et ettt e e e 150 maz ma
DC Grip-No.1 CURRENT. ... ... L P 40 max ma
PLATE INPUT. L. i i e e e e e e 300 max watts
GRID-NOZ INPUT . ..ottt i i 10 snazx watts
PLATE DISSIPATION .« . 0ttt ittt ettt ettt et e st ceeevas 100 mazx watts
< POWER TETRODE
2 BASE
[LBLADE Thoriated-tungsten-tilament type uscd as
of amplifier and oscillator up to 60 Me. Maxi-
’, ’ mum over-all length, 17-7/82 inches; mazimum
radius, 6-5/8 inches. Filament volts (ac/dc), 11; 861

amperes, 10, Direct interelectrode capacitances:
grid No.1 to plate (with external shield), 0.1
maxr puf; grid No.1 to filament and grid No.2,
Gy » 14 uuf; plate to filament and grid No.2, 11 guf.
Maximum COS ratings as RF POWER AM-
PLIFIER AND OSCILLATOR: de plate volts, 8500 mux; de grid-No.2 volts, 745 max; de grid-No.1
volts, ~1000 mar; de plate ma., 350 maz; de grid-No.1 ma., 75 max; plate input, 1200 max watts; grid-
No.2 input, 35 mazr watts; plate dissipation, 400 max watts. The 861 is a DISCONTINUED type listed
for reference only.
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POWER TETRODE

Thoriated-tungsten-filament type used as
rf power amplifier and oscillator at frequencies
up to 60 Mc. OUTLINE 34, Outlines Section. Fil-

865 ament volts (ac/dc), 7.5; amperes, 2. Direct in-
terelectrode capacitances: grid No.1 to plate
(with external shield), 0.1 uuf; grid No.1 to fila-
ment and grid No.2, 8.5 maz uuf; plate to fila-
ment and grid No.2, 8 pupf. Maximum CCS

ratings as RF POWER AMPLIFIER AND .
OSCILLATOR: de plate volts, 760 max; de grid-No.2 volts, 175 imax; de grid-No.1 volts, —~200 muz;
de plate ma., 60 maz; de grid-No.l ma., 15 maz; plate input, 45 max watts; grid-No.2 input, 3 max
watts; plate dissipation, 15 maz watts. The 865 is a DISCONTINUED type listed for reference only.

HALF-WAVE MERCURY-
VAPOR RECTIFIER e

Coated-filament type used in
866A power supply of transmitting and in-
dustrial equipmient. 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, Outlines Section.

SHIELD

FILAMENT VOLTAGE (AC)®. . oo ottt ittt ittt iia e ans 2.5 volts
FILAMENT CURRENT . . .\ttt ettt ot e et im e e i e aian et aas 5.0 amperes
PEAK TUBE VOLTAGE DROP (APProX.). . ... ... i iaiies 16 volts
® Filament voltage must be applied at least 15 seconds before the application of anode voltage. .
HALF-WAVE RECTIFIER
Maximum Ratings, (For power-supply frequency of 60 cps):
PEAK INVERSE ANODE VOLTAGE .. ............ 2500 miax 5000 max 10000 max volts
ANODE CURRENT: . .
Peak ... ... ... 2 mie 1 mazx 1 maz amperes
Average¥ . ... ... 0.5 max 0.25 max 0.26 max ampere
Fault, for duration of 0.1 second maximum . 20 ma.c 20 max 20 mazx amperes
CONDENSED-MERCURY-TEMPERATURE RANGE® . 20 to 80 20 to 70 20 to 60 °C

* Averaged over any interval of 30 seconds maximum.
@ Operation at 40° = 5°C is recommended.

RATE OF RISE OF CONDENSED -
MERCURY TEMPERATURE
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Technical Data

Operating Yalues:

. Cireuit _ Maz, Trans. Approx. DC Maz. DC Max. DC
(For circuit figures, refer to Sec. Volts Qulput Volts Oulput Output KW
Rectifier Considerations : (RMS) To Filter Amperes To Filter
Section) Fig. E Eav Iav Pde

in-Phase Operation

7000 3200 0.25 0.8
Half-Wave Single-Phase, .. 57 35004 1600 0.25 0.4
1700° 800 0.50 0.4
3500* 3200 0.5 1.6
Full~-Wave Single-Phase. . . 58 17004 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
4000°¢ 4800 Q.75 3.6
Half-Wave Three-Phase. .. 60 20004 2400 0.75 1.8
1000° 1200 1.5 1.8
Quadrature Operation
4000% 4800 1.5 7.2
Parallel Three-Phase. ..... 61 20004 2400 1.5 3.6
1000° . 1200 3.0 3.6
' 4000° 9600 0.75 7.2
Series Three-Phase........ 62 2000 4800 0.75 3.6
1000° 2400 1.5 3.6
3500° 4500 0.91% 1.0® 4.06% 4,58
Half{-Wave Four-Phase. ... 63 17004 2300 0.91% 1.0® 2.07« 2.3%
8002 1100 1.82% 2.(0® 1.98% 2 2%
3500 4800 0.95% 1.0% 4.60% 4. 8%
Half-Wave Six-Phase..... 64 17004 2400 0.95% 1.0® 2.30% 2.4%
800~ 1200 1.90% 2 o= 2.28% 2.4%

® For maximum peak inverse anode voltage of 10000 volts and maximum average anode current of
0.25 ampere.

4 For maximum peak inverse anode voltage of 5000 voits 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 load. " Inductive load.

HALF-WAVE MERCURY-
VAPOR RECTIFIER

Coated-filament type used in
power supply of transmitting and in- 8 72A
dustrial equipment. Maximum peak
inverse anode volts, 10,000; maximum
average anode amperes, 1.25. Requires
Jumbo four-contact socket and may be operated in vertical position only, base
down. QUTLINE 54, Ouiflines Section.

FILAMERT VOLTAGE (AC)°

........................................... 5.0 volts

FILAMENT CURRENT. . ...ttt ittt et e i e 7.6 ampercs

PBAK TUBE VOLTAGE DROP (Approx.) .. ...... ... ... ... ... oo, 10 volts

° Filament voltage must be applied at least 30.scconds before the application of anode voitage.
HALF-WAVE RECTIFIER

Moaximum Ratings, (For power-supply frequency of 60 eps)

PEAK INVERSE ANODE VOLTAGE . . .............00oi i, 5000 mazx 10000 maz volts



— RCA Transmitting Tubes

ANoODEB CURRENT:

PeBK . .. e e eren 5 max 5 max amperes

Avera}eb ......................................... 1.25 max 1.25 max amperes

Fault, for duration of 0.2 second maximum ............ 50 mazx 50 mazx amper:g
CONDENSED-MERCURY-TEMPERATURE RANGE® . ........ .. 20 to 70 20 to 60

& Averaged over any interval of 15 seconds maximum.
® Operation at 40° = 5°C is recommended.

Operating Valves:

Cireuit Mazx. Trans. Approx. DC Max. DC Maz. DC
(For circui(gggc%;es, refer to See. Volts Output Volts Outpul Oulp:;'t' IKW
Rectifier Considerations (RMS) To Filter Amperes ’I‘oP ilfer
Section) Fig. E Euv Iav de

In-Phase Operation

7000 3200 1.25 4.0
Half-Wave Single-Phase. .. 67 3500* 1600 1.25 2.0
3500¢ 3200 2.5 8.0
Full-Wave Single-Phase. . . 58 17004 1600 2.5 4.0
7000° . 6400 2.6 16.0
Series Single-Phase, . . . . .. 59 35004 8200 2.5 8.0
4000° 4800 3.76 18.0
Half-Wave Three-Phase. .. 60 2000* 2400 3.75 9.0
Quadrature Operation
4000° 4800 1.5 36.0
Parallel Three-Phase. . .... 61 2000+ 2400 7.8 18.0
4000°® 9600 3.75 36.0
Series Three-Phase. . ... .. 62 2000 4800 3.75 18.0
3500® 4500 4. 5% 5.0% 20.0* 22.5¢
Haif-Wave Four-Phase. ... 63 17004 2250 4.5* 5.0% 10.0* 11.2®
3500° 4800 4.75% 5.0% 22.8% 24.0:
Haif-Wave Six-Phase. . ... 64 1700* 2400 4.75% 5.0® 11.4* 12,0
® For maximum peak inverse anode voltage of 10000 volts and maximum average anode current ol 1.25
:r;':ﬁ:rs;ximum peak inverse anode voltage of 5000 volts and maximum average anode current of 1.25
amperes.
* Resistive load. # Inductive load.
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Technical Data

MEDIUM-MU TRIODE

Acorn heater-cathode type used
as af amplifier and as rf amplifier and
oscillator at frequencies up to 600 Me. 955
Class A, Amplifier maximum CCS
plate dissipation (design-center value),
viewed rrom sHoRT enp 1.6 watts. Requires Acorn five-contact
socket and may be operated in any position. OUTLINE 2, Outlines Section. Plate
shows no color when tube is operated at maximum CCS ratings.

HEATER VOLTAGE (AC/DC)

........................................... 6.3 volts
HEATER CURRENT . . ... .. it i 0.15 ampere
TRANSCONDUCTANCES, . .. 2200 pmhos
AMPLIFICATION FACTOR® 25
1.3 nuf
1.0 ppaf
0.4 put

° For de plate volts, 250; de grid volts, -7; plate resistance (Approx.), 11400 ohms; de plate amperes, 6.3.

AF AMPUFIER—Class Aj

Maximum CCS Ratings, Design-Center Values:
DC PLATE VOLTAGRE

........... T 250 max volts
PLATE DISSIPATION . . .. 0o, P P 1.6 max watts
PEAK HBATBER-CATHODE VOLTAGE:
Heater negative with respect to eathode. .. ......................... 80 mazx volts
Heater positive with respect to cathode. ., ... ... ... ..., .. e 80 max volts
RF AMPLIFIER AND OSCILLATOR—Class C
Maximum CCS Ratings, Dexign-Center Values;
DC PLATE VOLTAGE .. ... ... . o i v 180 max volts
DO PLATE CURRENT . . . ..ttt ettt et i cae e e 8 max ma
DCGRIDCURRENT . . .. ... ... i e PR 2 max ma
PpAX HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............. e i, 80 max volts
Heater positive with respect to cathode......... PRI PPN 80 maz . volts

' P C

MEDIUM-MU TRIODE

Acorn coated-filament type used
as rf power amplifier and oscillator at 95 8 A
frequencies up to 350 Me. Class C
: Telegraphy maximum CCS plate dis-
viewep From sHorT eno  Sipation  (design-center value), 0.6
watt. Requires Acorn five-contact socket and may be operated in any position.
OUTLINE 2, Oullines Section. Plate shows'no color when tube is operated at maxi-
mum CCS ratings.

FILAMENT VOLTAGE (DC). . ..................... Cereea N 1.26 volts
FILAMENT CURRENT

............................ 0.10 ampere

DIRECT INTERELECTRODE CAPACITANCES:
Grid toplate. ... 2.6 ppf
Grid to filament. .. ..., .. ... 0.45 ppf
Plate to filament. ... .. ... ... .. 0.6 ppf

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

Maximum CCS Ratings, Design-Center Values:
DC PLATE VoOLTAGE

............................................... 186 mazx volts
DC Grip VoLTAGE

................................. -80 max volts
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DC PLATE CURRENT 7 max ma
DC GRID CURRENT . .. .. ..., [ 1 marx ma
PLATEINPUT .. .. ... i, 0.95 mar watt
PLATE DISSIPATION ., . vavernn Meeseraresssesatasesesrsarsarnananns .. 0.6 max watt
Maximum Circuit Valves:
Grid-Circuit Resistance:
For fixed-bias operation. ... ... .. i i i e e 0.1 max mogehm
For cathode-bias operation. ... ...... ..o oo P 0.5 mac megolim

POWER TRIODE
G

Coated-fllament type used as af power e
amplifier and modulator and as rf power ampli- 9 e
fier and oscillator. May be used with full input
up to 45 Mc and with reduced input up to 100

]608 Me. lI)lequix'est:dluvxall fol}r—(l:onta'ct BOthel: t:md
may be mounted in vertical position wi ase
down, or in horizontal position with pins 1 and o*o
4 in vertical plane. OUTLINE 32, Outlines Sec- 4
tion. Filament volts (ac/dc), 2.5; amperes, 2.5, .

Direet interelectrode eapacitances: grid to plate, 9 uuf; grid to filament, 8.5 uul; plate to filament, 8 puf.

Mazximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: de plate volts, 425 max;

de grid volts, ~200; mar de plate milliamperes, 95 mazx; de grid milliamperes, 25 max; plate input, 40 max

watts; plate dissipation, 20 max watts. Plate shows no color when tube s operated at maximum CCSs
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 Mc. Requires Small five-contact socket

161 o and may be operated in vertical position only,

base up or down. OUTLINE 32, Outlines Section.

Filarent volts (ac/dec), 2.5; amperes, 1.75.

Direct interelectrode capacitances: grid-No.l

to plate, 1.2 upf; grid No.! to filament mid-tap,

grid No.3, and grid No.2, 8.6 uuf; plate to filament mid-tap, grid No.3, and grid No.2, 18 uuf. Maximum

CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: de plate volts, 400 max; de grid-No.2

volts, 200 maz; de grid-No.1 volts, —100 maz; de plate milliamperes, 30 max; de grid-No.1 milliamperes,

3 mux; plate input, 9 maz watts; grid-No.2 input, 2 maz watts; plate dissipation, 6 mar watts. Plate

shows no color when tube is operated at maximum CCS ratings. The 1610 {s a DISCONTINUED type
listed for reference only. C G2 G

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 Mc, plate voltage and plate input

should be reduced to 90 per cent of mdximum ratings; at 90 Mc, 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, Qutlines Section.

HEATER VOLTAGE (AC/DC) . . . o oottt ieiie i iaian e 6.3 volts
HEATER CURRENT . . . o\ ottt iiiie s imaaaneann et aanoe s eeos 0.7 ampere
TRANSCONDUCTANCE (For plate current of 31 milliamperes). .............. 2500 wmhos
DiRECT INTERELECTRODE CAPACITANCES: '
Grid No.1 toplate. . ......... L 0.26 pal
Grid No.l to cathode, grid No.3, grid No.2, shell, and heater .. ........ 6.5 upl
Plate to cathode, grid No.3, grid No.2, shell, and heater.......... .. 18.5 upl

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPUFIER—Class C FM Telephony
Maximum CCS Ratings: .
DC PLATE VOLTAGE . . . ot cvtiniternarnraneanncrarsssosinnnsasnonss 350 max volts

Technical Data

DC GRID-NO.2 VOLTAGH .. .., ..o vt e s e vinscsessrssinsrsarsasenssss 275 max volts
DC GRID-NO.L VOLTAGE .. .. ...+ cueusssotasvesasesensssnsssasaasass -100 max - volts
DC PLATE CURRENT . . . ..0uvey s Cerebeeraaiae 50 mazc . ma
DC GRID-NO.L CURRENT . .. . civivayssrsnsssarancerssssnssesssnansnson 5 max ma
PLATE INPUT.. ... oot iii i asaaane 17.5 max watts
GRID-NO.2 INPUT .. ... vt iis i iraannenens 2.5 max watts
PLATE DISSIPATION . .. . oo iiveiceeeianeenaaasnina 10 max watts
Peax HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ,.......... e reearaans 100 maz. volta

Heater positive with respect to eathode. ................. 100 max volta

BEAM POWER TUBE

Heater-cathode type having
metal shell used as af power amplifier ]6" 4
and modulator and as rf power ampli-
fier and oscillator. May be used with
full input up to 80 Me. 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/DG) 6.3 volts
HEATER CURRENT . . . o« v \voereunenrcnneennennaning verbes .. 0.9 ampere
TRANSCONDUCTANCE (For plate current of 72 milliamperes) ........ PO 6050 umhos
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.L to Plate. . .. oo o ievne i iiinar o enaanorens 0.4 max puf

Grid No.1 to cathode, grid No.3, grid No.2, shell, and heater.......... 10 pupf

Plate to cathode, grid No.3, grid No.2, shell, and heater.............. 12 puf

AF POWER AMPLIFIER AND MODULATOR—Class AB1

Maximum Ratings: ccs ICAS .
DC PLATE VOLTAGE . . . i ci et iiivinrnnnenanenanns 375 max 550 mazx volts
DC GRID-NOG.2Z VOLTAGE . .. .. ... v veiaananonanesss 300 max 400 max volts
DC PLATE CURRENT . ..t vi i niisrrio e ennncnnnnns .. 110 max 110 max ma
PLATEINPUT. . .. ..ot 40 max 60 max watts
GRID-NO.2 INPUT. ...t 3.5 max 3.5 max watts
PLATE DISSIPATION . . ..ot iiiie i eniaannean s 21 mazx 25 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. .............. 200 max 200 max volts
Typical Operation (Values are. for 2 tubes):
DC Plate Voltage. ................. e e e 360 530 volts
DC Grid-No.2 Voltage. . . : 270 340 volts
DC Grid-No.1 Voltage .... .. ... ... ... it -22.5 - -36 volts
Peak AF Grid-No.-1-to-Grid-No.1 Voltage......... PP 45 T2 voits
Zero-Signal DC Plate Current................:. 88 60 ma
Maximum-Signal DC Plate Current. ........... 132 160 ma
Maximum-Signal DC Grid-No.2 Current. ... ..., 15 20 ma
Effective Load Resistance (Plate to plate)............... 6600 7200 ohme
Total Harmonic Distortion. . . ... .o iiianieias 2 2.5 per cent
Maximum-Signal Power Qutput . . ............. ..ot 26.5 50 watts

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy.

and
RF POWER AMPLIFIER—Class C FM Telephony
‘Maximum Ratings: [ofof] ICAS -
DC PLATE VOLTAGE . . ..« vveviirersrimcneinreaslonnes 376 max 450 max volts
DC GRID-NO.2 VOLTAGE . . . . . covvnviensons 300 mazx 300 max volts
DC GRID-NO.1 VOLTAGE . . . .. ....cus -125 max ~125 max .  volts
DC PLATE CURRENT . .. ...\ ivererosarorosansncnen 110 mazx 110 mazx ma




— RCA Transmitting Tubes

DC GRiD-No.1 CURRENT. . ... i 5 max 6 mazx me
PLUATEINPUT. ... ... v innnnn, e [ 86 max 45 maz watte
GRID-NO.Z INPUT. ... oot ivi it iiiennennenans e 3.5 max 3.5 max watts
PLATE DISSIPATION . . ... .iiuviieninnnnnnnnns e 21 max 25 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ............. 200 mazx 200 maz volts
Heater positive with respect to cathode.............. 200 max 200 max volts

Typical Operation:

DC Plate Voltage. . . ... .. ...ttt iinannnnns 376 450 volts
DC Grid-No.2 Voltage®. .. .................. PRI 250 2650 volte

From serfes resistor of. . ..................... e 12500 260060 ohms
DC Grid-No.l Voltaged . .. ......coviivviiiirrnnnnen.. ~-40 ~486 volts

From grid-No.L resistor of . . .........coovvveeiinnnn. 20000 22500 ohms

From cathode resistor of . . .. .......... ... .0von.n. 425 410 ohme
Peak RF Grid-No.1 Voltage. . ..........covvuinnnnn.... 51 73 volte
DCPlate Current. .. ........oviiitiriiienneernnannns 30 100 ms
DC Grid-No.2 Current. . .......oot it eianeenn 10 8 ma
DC Grid-Ne.1 Current (Approx.).........voveevenneanns 2 2 ma
Driving Power (APProX.) .. ..ot i e 0.1 0.16 watt
Power Output (Approx.).........c....ovun. e 21 3 watts

? Obtained from separate source, from plate-voltage supply with a voltage divider, or through series
resistor of value shown.
$ Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.

HALF-WAVE VACUUM
RECTIFIER

Coated-filament type used in power supply
of transmitting and industrial equipment. Re-
quires a Small four-contact socket and may be

16‘ 6 operated in vertical position with base down, or

in horizontal position with pins 1 and 4 in ver-

tical plane. Maximum over-all length, 6-13/16

inches; maximum diameter, 2-1/16 inches. Fil-

ament volts (ac), 2.5; amperes, 5. Maximum

CCS ratings as HALF-WAVE RECTIFIER:

peak inverse plate volts, 6000 max; peak plate ma., 800 mazx; average plate ma., 130 max; fault amperes,
2.5 max, 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 amplifier and oscillator. May be
used with full input up to 46 Mec. For operation

l 6 at 60 Mec, plate voltage and plate input should
] 9 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, Qutlines Section.

The 1619 is used prineipally for renewal pur-

poses.
FILAMENT VOLTAGE (AC/DC) . . ..\ vttt ieaeine e 2.5 volts
FILAMENT CURRENT. .o\ttt iteevenrimreae e arneceaeanencanan P 2.0 amperes
TRANSCONDUCTANCE (For plate current of 50 milliamperes) .............. 4500 pmhos
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.ltoplate. . ..., e 0.45 max puf
Grid No.l to filament, grid No.8, grid No.2, and shell . . . ... ... ... .. . 9.6 puf
Plate to filament, grid No.3, grid No.2, and shell. . ... ... ... ... ... 12.6 pul
AF POWER AMPLIFIER AND MODULATOR—Class AB1
Maximum CCS Ratings:
DCPLATE VOLTAGE . . .0 . ottt it 400 max volts
DC GRriD-N0.2 VOLTAGE 800 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT™, . .. ... .. it iiniiinivnnnnn 75 max ma
MAXIMUM-SIGNAL PLATE INPOT®. . .. ... ... ..., e 30 max watts
GRID-NOZ INPUT® ., .. .. i i ieriias s iaearaens 8.5 max watts
PLATE DissIPATION® . e e e e e e 16 max watts

s Averaged over any audlo-frequency eycle of sine-wave form.
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RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE . . .. ottt ettt e st ie e ee et eaaannaas 400 max voits
DC GRID-NOZ VOLTAGE . . .. oottt ittt ieee e 300 mazx volts
DC GRID-NOT VOLTAGE . .. ... . .t a e i iaians ~-126 maz volts
DC PLATE CURRENT .« .0 ottt a et aas e s ceeeaaanaesnanenn 75 maz ma
DC GRID-NO.L CURRBBNT . . . o ottt e ittt iiie e enninnns b maz ma
PLATE INPUT .. i it e e 30 mazx watts
GRID-NO.2 INPUT . . ..ottt ittt e e et 3.5 max watts
PLATE DUSSIPATION . . . o it i e e e 15 maz watts

Maximum Circuit Values:
Grid-No.1-Circult Resistance ... ... .. .. . . . iiiieiiiinnnnenn, 25000 nax ohms

POWER TRIODE

Thorlated-tungsten-filament type used as
af power amplifier and modulator and as rf
power amplifier and oscillator., May be used
with full input up to 60 Mc and with reduced
input up to 100 Mec, Requires Small four-
contact socket and may be operated in vertical 1623
position with base down, or in horizontal posi-
tion with pins 1 and 4 in vertical plane. OUTLINE
44, Outlires Section. Filament volts (ac/dc),
6.8; amperes, 2.5, Direct interelectrode capacitances: grid to plate, 6.7 uuf; grid to filament, 5.2 pyf
plate to filament, 0.9 puf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR:
de plate volts, 750 mazx; dec grid volts, —200 mazx; dec plate ma., 100 maz; de grid ma., 25 mazx; plate in-
put, 75 max watts; plate dissipation, 25 max watts. Plate does not show color when tube is operated at
maximum CCS ratings. Type 1623 is a DISCONTINUED type listed for reference only.

‘BEAM POWER TUBE

Coated-filament type used as rf power am-
plifier and oscillator. May be used with fuil
input up to 60 Mc. For operation at 80 Mec,
plate voltage and plate input should be reduced
to 80 per cent of maximum ratings; at 125 Me, ]
to 65 per cent. Requires Small five-contact 624
socket and may be operated.in vertical position
only, base up or down. OUTLINE 34, Outlines
Section, except has no bayonet pin. Plate shows
no color when tube is operated at maximmum CCS ratings. The 1624 is used principally for renewal pur-
poses.

FILAMENT VOLTAGE (AG/DC) . . ... .. ... i 2.6 volts
FILAMENT CURRENT. . ...ttt e 2.0 amperes
TRANSCONDUCTANCE (For plate current of 50 milliamperes) ............... 4000 umhos
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l to plate (With external shielding) ... .. ... .. ........... ... 0.25 max wpuf
Grid No.1 to filament, grid No.3,and grid No.2. .. .................. 11 puf
Plate to filament, grid No.3, endgrid No.2. ... ... .. ............. ... 7.5 upf

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

Moximum CCS Ratings:

600 max volts
300 max volts
-200 maz volts
90 max ma
5 max ma
54 maxr waits
3.5 maz watts
25 thax watts
Maximum Circuit Values: .
Grid-No.1-Circuit Resistance........... ... ... it iniiirerinnnn.n.. 25000 mazx 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, Oulilines Section, except has no bayonet pin. Heater volts (ac/dc), 12.6;

amperes, 0.45. Except for heater rating and base, this type is identical with type 807.

POWER TRIODE

Glass-octal heater-cathode type used as rf
nower amplifier and oscillator. May be used with
full input up to 30 Mc. For operation at 60 Mc,

]626 plate voltage and plate input should be reduced
to 96 per cent of maximum ratings; at 90 Mc,
to 93 per cent. Requires Octal socket and may
be operated in any position. QUTLINE 19, Qut-
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) . . .. i 12.6 volts

HEATER CURRENT . . ... . e, 0.26 ampere
AMPLIFICATION FACTOR .. ... . . . . . 5
DIRECT INTERELECTRODE CAPACITANCES:

Grid toplate. ..., .. 4.4 unf

Grid to cathode and heater 3.2 g

Dlate to cathode and heater . .. ... . ... . ... .. .. ... ... ............. 3.0 uuf

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

Maximum CCS Ratings: .
DCPLATE VOLTAGE . . . . .. ..t 260 max volts
DC GRID VOLTAGE . . . . .. i e -150 maxr volts
DC PLATE CURRENT . .. . i it 25 mar ma
DO GRID CURRENT . . .o oc i i et et 8 max ma
PLATE INPUT ’ 6.25 max watte
PLATE IISSIPATION . . . L i i e 5 mas watts
Ak HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 100 marx volts

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

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

] 63 5 value, per plate), 3 -watta. Requires Octal socket
and may be operated in any position. QUTLINE
13, Qutlines Section. Plates show no color when
tube is operated at maximum ratings. The 1635
ia used principally for renewal purposes.

HEATER VOLTAGB {AC/DC) 4 v ottt ittt ittt e et e i 6.3 volts

HEATER CURRENT . . .o vttt et iie i i iiien i 0.6 ampere
) AF POWER AMPLIFIER—Class B

Maximum CCS Ratings:

DC PLATE VOLTAGE . . . . .. ittt e e et ee 30U max volte

PEAK PLATE CURRENT (Perplate) . ... oo, 90 max ma

PLATE DISSIPATION (Per plate) . . .. ... .. i i, 3 mar watts

Technical Data

PeAk HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. .......... ... ... ..... 90 mazx volts
Heater positive with respect to cathode. .......... ... ... ... ...... 90 mazx volta

Typical Operation, (U'nlezs otherwise apecified, values are for £ units): .
DC Plate Voltage. . .......... ... ... . . .. i 300 300 volts

DC Grid Voltage. ... ..o vt - 0 0 valts
Peak AF Grid-to-Grid Voltage . . .. . ... ... ... .. ... .......... 70 108e volts
Zero-Signal DC Plate Current. .. ... ... ... ... ... .......... 6.6 6.6 ma
Maximum-S8ignal DC Plate Current .. ... .. ... .. ... .. ......... 54 54 ma
Peak Grid Current (Perunit) . . . ........ ... ... ... .......... 38 39 ma
Plate-Supply Impedance.. . ...... ... ... .. ... ... .., 0 1000%® ohms
Effective Load Resistance (Plate toplateY. .. ... ... ........... . 12000 12000 ohms
Effective Grid-Circuit Impedance (Perunit) ... .. ... .......... 0 5169 ohms
Total Harmonic Distortion. . ... . e 4 5 per cent
Maximum-Signal Power OQutput. . .. ... ... .. .. ... ........ 10.4 10.4 watts

® Includes peak voltage drop through the grid-circuit impedance.

® Practical design value.

® At 400 cycles for class B stage in which the effective resistance per grid circuit is 500 ohms, and the
leakage reactance of the coupling transformer is 50 millihenries. The driver stage should be capable o!
supplying the grids of the class B stage with the specified values at low distortion.

-HIGH-MU TRIODE

Pencil type used as rf power am-
plifier or mixer at frequencies up to 4037
1500 Mc and as cw oscillator up to
3500 Mec. Class C Telegraphy maxi-
mum platedissipation, 6.25 watts CCS.
Requires Octal socket and may be operated in any position. OUTLINE 73, Outlines
Section. Will replace 2C40 planar type in most applications.

HEATER VOLTAGE. . . ...ttt e i 6.3 - volts
HEATER CURRENT. . . .ottt ettt et et e e ettt eans 0.145 ampere
CATHRODE WARM-UP TIME, To reach 90 per cent of typlcal

oscillator power output. . ... . ... e 10 max  seconds
AMPLIFICATION FACTOR. J e e, 30
TRANSCONDUCTANCE? . . . .. ittt e innanaes 5300 umhos
DIRECT INTERELECTRODE (CAPACITANCES Mpprox ): .

Grid to plate. . . P 1.1 puf

Grid to cathodo .. . e, 1.8 i

Plate to oathnde ........................................... 0.05 mazx . ppf

Cathode to rf cathode terminal. . ... .......oooioei s 100 puf
PLATE SEAL TEMPERATURE . .. ...ttt 175 maz °C

°\Plate volts, 250; plate milliamperes, 18.

Maoximum. CCS Ratings: RF AMPLIFIER— Class Ay
For altitudes up to 100,000 feet and frequencies up to 1700 Me

DC PLATE VOLTAGE. 300 max volta
DC GRID VOLTAGE. . -100 mex volts
DC PLATE CURRENT. 25 maz { ma

PLATE DISSIPATION®
PEAK HEATER-CATHODE VOLTA(,E

. 6.25 max watts

Heater negative with respect tocathode............. ... oivieininnn 90 max: . volts
Heater positive with respect tocathode. . . ...... ... ... . .caivann... . 90 .mazx - volts
Maximum Circuit Values: . ' :

Grid-Circuit Reésistance. . ... ... ... . ... .. e 0.5 max megohm

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
Maoximum CCS Ratings: )
For altitudes up to 100,000 feet and frequencies up to 2000 Mc

DO PLATE VOLTAGE. . ..ttt ettt i ettt ae et ettt enns 860 max - ' volts
DCGRIDVOLTAGE. . .. ... ons FE -100 max voits
DC PLATE CURRENT ... ...ttt it nerinnans . 26 max, ma
DC GRID CURRENT. . . ..\ttt tintetiteane e iasaanannnnnaass PP 8 max ma
PLATEINPUT. .. ............ . 9 maz watts

PLATE DiIsSSIPATION® " 6.26 maz  watts
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PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to catbode...........c.covvivene, . . 90 max  volts

Heater positive with respect to cathode................ e 90 maz =~ volts
Typical CCS Operation as Oscillator in Cathode-Drive Circuit:

At At At
500 Mc¢ 2000 Me 3000 Me .

DC Plate-to-Grid Voltage........... R e 262 252 252 volts
DC Cathode-to-Grid Voltage® ... .. e e 12 2 2 . volts
DCPlate Current, . ......oo v iiiiianeaeerrens 23 23 25 ma
DC Grid Current (Approx.).......... e 6 3 4 . ma
Useful Power Qutput (Approx.)......... e 3 0.46 0.1 watts
Typical CCS Operation as RF Power Amplifer in Cathode-Drive Circuit at 500 Mc:
DC Plate-to-Grid Voltage. . .......voovenarcirenaenn F N . 326 volts
DC Cathode-to-Grid Voltage®. ............. e e 51 volts
DC Plate Current. . .........oveviananeras PP O PPIN 23 ma
DC Grid Current (APPrOX.) . ... ovvrrirnreenarrtoaretsnranss [ 7 ma
Driver Power Output (Approx.)............. ereerenensaes .. 2 watts

5 watts

Useful Power Output (Approx.........ooveevuees .

Maximum Circuit Valves:
Grid-Cireuit Resistance. . .. ... ..ot iniriniier e 0.1 maz megohm
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum CCS Ratings:
For altitudes up to 100,000 feet and frequencies up to 2000 Mec

DO PLATE VOLTAGE . . .0t e vt rn st saunrasanser oo seaanso s asersoes 275 max volts
DC GRID VOLTAGE. . ... ovvvvvrersns O ~100 max volts
DCPLATE CURRENT. . ... ot vvnrenstcnnenns e e 22 max ma
DC GRID CURRENT 8 max ma
PLATE INPUT. . .... . 6 max . watts
PLATB DISSIPATION® 4.25 mazx watts
PrAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . ... eseae ereerr e e 90 max volts

Heater positive with respect to cathode...... [ ebeseaeanes 90 mazx volts

Maximum Circuit Valves:
Grid-Circuit Resistarce, . ... ... vvveieinieirer oo 0.1 max megohm
Maximum CCS Ratings: FREQUENCY MULTIPLIER

For altitudes up lo 100,000 feet and frequencies up to 1700 Me

DC PLATE VOLTAGE 330 mazx volts
DC GRID VOLTAGE. . ., ..., ... -100 max volts

DC PLATE CURRENT, .. ... coneretrns . 22 max ma
DC GRID CURRENT. 8 mazx ma
PLATE INPUT. . . ... 7.5 max watts
PLATE DISSIPATION® 6.25 mazx watts
PeAK HEATER-CATHODE VOLTAGE:

90 max volts

Heater negative with respect to cathode
Heater positive with respect to cathode. ... .......c.vve 90 mazx volts
) AVERAGE CHARACTERISTICS

Tree 4037
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Tripler Doubler

Typical CCS Operation in Cathode-Drive Circuit: 0 480 Mc  to 960 Mc

DC Plate-to-Mrid Voltage. . ............. .00 Cara e 890 370 volta
DC Cathode-to-Grid Voltagee.................... Ceereas 90 70 volts
DCPlateCurrent. .............ooiiiiuianes 18 17.8 ms
DC Grid Current (Approx.) ... .....cvvuvrenns eeeaan N 6 ki ma
Driver Power Output (APProX.)........cvoivvivsvonerninnnan 2.1 2 watts
Useful Power Qutput (Approx.).......ovrriiannnrneen... 2.1 2 watts

Maximum Circuit Valves:
Grid-Circuit Resistance., . ...... ... 0t ittt 0.1 max megohm

®In applicat.ions where the plate dissipation exceeds 2.5 watts, it is important that a large area of con-
tact be provided between the plate cylinder and the terminal to provide adequate heat conduction.
® Obtained from grid resistor.

BEAM POWER TUBE

Small, forced-air-cooled, cermo- )
lox, heater-cathode type; used as vol- 4600A
tage regulator tube in airborne and
fixed-station equipment subject to
severe vibration. Maximum CCS rat-
ings: plate volts, 3500 mazx; plate dissipation, 1760 max watts. May be operated in
any position. OUTLINE 87, Outlines Section. Type 4600A has matrix cathode.

HEATER VOLTAGE (AC/DC).. .. ... civeivvnannn e e { 5.5 typical  volts
6.0 max volts

HEATER CURRENT. .o\ 0 it vttt ettt in s tareneieanennnny 17.8 amperes

MINIMUM HBATING TIME, ... ..ttt iie ittt i ve e iin s 5 minutes

MU-FACTOR, GRID NO.Z2 TOGRIDNO.I®. . ., ... o i 17

TERMINAL TEMPERATURE (Plate, grid No.2, grid-No.1, cathode, and heater): 250 maz °C

¢ Plate volts, 2500; grid-No.2 volts, 600; plate milliamperes, 600.

VOLTAGE REGULATOR SERVICE
Maximum CCS Ratings:

DC PLATE VOLTAGE . ... oottt i et eiaaenriaos 3500 maz volts
DCGRIDNO.ZVOLTAGE. ...ttt iiiii it s ttanaraioneeenns 1000 mazx volts
DC PLATE CURRENT. .. ..o chiinienvin it inannann e 1 max  ampere
GRID NO.2 INPUT. .. ot i i e i i i i e s 50 mazr watts
PLATE DIBSIPATION. . . . (oo ittt t ettt et 1750 max watts

TYPICAL PLATE CHARACTERISTICS

[}

T
TYPE 46004
HEATER VOLTS 5.5 ]
GRID-No.2 VOLYS » 400
GRID-No.! VOLTSeEc,

o
~
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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 Mc. Class C Telegraphy maximum plate
dissipation, ICAS 25 watts.

FILAMENT VOLTAGE (AC/DC) . . .. .. .. ..o R 6.3 volts
FI1LAMENT CURRENT . . ...... e e . 0.66 ampere
FILAMENT HEATING TIME. . .. ... ... ... ... co.iieaon.. i 1 second
TRANBCONDUCTANCE® . . .. ... ... . ... . oo . L e 6000 . upmbos
Muyu-FacTor, GRID NO.2 TOGRID NO.1® ... ... . ... .. . ..... P 4 ‘
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.1 to Plate. .. .......... o AU e 0.24 max pul

Grid No.1 to filament and grid No.3 and internal shield, base slecve

andgrid No2.... . ..... . . . ... .. ... . . 11 . sl

Plate to filament and gri(i -N;).S and inicrnal shicld, hase siccve
and grid No.2.... . ..... F A e 8.5 il
BuLB TEMPERATURE (At hottest point) . ... . .. . o 220 max °C

° Plate volts, 200; grid-N 0.2 volts, 200, plate milliamperes, 100.

RF POWER AMPLIFIER AND OSCILLATOR~— Ciass C Telegraphy

and
RF POWER AMPLIFIER— Ciass C FM Telephony

Maximum ICAS Ratings: Up to 60 Me
DC PLATE VOLTAGE. . . [ e .. . 750 max volts
DC Grin-N0.2 VOLTAGE U PPN R 250 max volts
DC GRID-NO.1 VOLTAGE . P AN -150 max volts
DC PLATE CURRENT. .. . .. O 150 mazx ma
DC GRID-NO.1 CURRENT. . O R S 4 mar ma
PLATE INPUT. .. R Lo S e 90 max watts
GRiD-NO.2 INPUT. . e e 3 mox watts
PLATE DISSIPATION . . S o 25 max watts
Typical Operation os Amplifier ot 175 Mc: }
N Plate Voltage. .. e 400 volts
¢ Grid-No.2 Voltage e JE 190 volte

From a aeries resistor of . . .. e e 18000 ohma
DC Grid-No.l Voltage. . AU . A, -60 volts

From a grid resistor of . Lo P T .. 30000 ohms
DC Plate Current i (o o' A o W B e G e 150 ma
DC Grid-No.2 Current .. . L AU 11 ma
DC Grid-No.1 CUurrent (ApproX.). .. ..ooovouanaar  ciian s 2 ma
Driving Power (APProX.). .. . .o i e 4.6 watts
Power OQutput (Approx.). . ... . .. .... ... ... e 30 watts
Maximum Circuit Values:
Grid-No.1 Circuit Resistance . ... .. ....... . .o.iiimoaii et 30000 max ohms

OPERATING CONSIDERATIONS

Type 4604 requires Octal socket and may be operated in vertical position with
base up or down, or in horizontal position with pins 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 Mc, to 69 per
cent and 55 per cent, respectively; at 176 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
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POWER TRIODE

Coated-filament type used as af
power amplifier and modulator and as
rf power amplifier and oscillator. May 5556
be used with full input up to 6 Mc
and at reduced ratings up to 30 Mec.
Requires Small four-contact socket and may be operated in vertical position with
base up or down, or in horizontal position with pins 1 and 4 in vertical plane. OuT-
LINE 25, Outlines Section. Plate shows no color when tube is operated at maximum
CCS ratings.

FILAMENT VOLTAGE (AC/DC) . . ..o i iiet it it iaaaanns 4.5 volts
FILAMENT CURRENT . ... .. ittt iin i ineanennennaencnns 1.1 amperes
AMPLIFICATION FACTOR® . .. ... . . iiiiiiiiiennns cenaennns R.5
TRANBCONDUCTANCE . . . . ... ittt ittt ia s ieeaneaananseran s 1330 umbos
D1RECT INTERELECTRODE CAPACITANCES:

Grid to plate .. .. L PN 6.7 ol

Grid to filament . 2.8 pol

Plate to filament 2.2 pul
* Plate volts, 350; grid volts, -20; plate milliamperes, 19.

AF POWER AMPLIFIER AND MODULATOR—Class A

Moximum CCS Ratings:
DC PLATE VOLTAGE . . . . .. ittt ittt iane eeinns 360 mazx volts
PLATE DISSIPATION . .. ... ... .o oues, PN 7.5 mar watts
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RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and

RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings:

DC PLATB VOLTAGE. . ....... N e 850 max volts
DC GRID VOLTAGE . . . . .« . covvinrinaritaraertoannonns e -150 mazx volts
DC PLATE CURRENT. . . .\.vvviavnenns P P 40 max ma
10 maz ma
14 max watts
10 max watts
HALF-WAVE MERCURY- R
VAPOR RECTIFIER Ao | ~a°
L) RETURN
: Heater-cathode type used in
5558 power supply of transmitting and in-
dustrial equipment. Maximum peak
inverse anode volts, 5,000; maximum HHK

average anode amperes, 2.5. Requires
Small four-contact socket and may be operated in vertical position only, base down,
OUTLINE 48, Outlines Section.

HEATER VOLTAGE® . . ... ettt rretanaennnnanrerrasennison 5.0 volts

HEATER CURRENT . . . o oot iie i icneetenn s teaieotanonnananaeansns 4.5 amperes

PEAK TUBE VOLTAGE DROP (ADPProx.). ... ..o iiiiiinniiiienirannnnann 12 volts

® Heater voltage must be applied at least 5 minutes before application of anode voltage.

HALF-WAVE RECTIFIER

Maximum Ratings:

PEAK INVERSE ANODE VOLTAGE . . ... 0 vviniviinnnennnn 2000 maz 5000 maz volts

ANODE CURRENT: ‘
Peak ... e e 15 max 16 max amperes
AVOIAZEH . - .ottt a s 2.5 mazx 2.5 max amperes
Fault, for duration of 0.1 second maximum........... 200 max 200 max amperes

CONDENSED-MERCURY-TEMPERATURE RANGE ... . .. ...... 35 to 80 36 to 60 °C

& Averaged over any interval of 15 seconds maximum,

HALF-WAVE MERCURY- " p
VAPOR RECTIFIER )

Heater-cathode type used in
556] power supply of transmitting and in-
dustrial equipment. Rating I: maxi- "
mum peak inverse anode volts, 3,000; ¢ Adone
maximum average anode amperes, 6.4.

Rating II: maximum peak inverse anode volts, 10,000; maximum average anode
amperes, 4. Requires Super-Jumbo four-contact socket and may be operated in

vertical position only, base down. OUTLINE 66, Outlines Section.

HEATER VOLTAGE® . 5 volts
HEATBR CURRENT . . ..o o0vii it iaanaannns 10 amperes
PEAK TUBE VOLTAGE DROP (APPIOX.). . .o\ vtivrriiinirriieaennnon 15 volts

@ Hoater voltage must be applied at least 5 minutes before application of anode voltage.

HALF-WAVE RECTIFIER
Maximum Ratings:

PBAK INVERSE ANODE VOLTAGE . . .0vvvvnvnereraosesnons 3000 max 10000 maz volts
ANODE CURRENT:
Perk .. . . i e eeeraeans 40 mazx 16 max amperes
AVEIAZOSD - . o oottt s 6.4 mar 4 max amperes
Fault, for duration of 0.1 second maximum........... 400 max - - 160 max amperes
CONDENYED-MERCURY-TEMPERATURE RANGE. . .. ... ...... 40 to 80 25 to 50 °C

% Averaged over any interval of 15 seconds maximum.
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POWER TRIODE

Forced-air-cooled heater-cathode type have
ing integral radiator used in cathode-drive cir-
cuits as rf power amplifier and oscillator. May -
< be used with full input up to 1200 Mc and at re- 5 5 8 8

duced ratings up to 2000 Me. Type 5588 may

be operated in vertical position only, radiator

M up or down. OUTLINE 89, Qutlines Section. A

H H minimum air flow of 10 cubic feet per minute

should be directed through the radiator toward
the bulb and grid terminal when the 5588 is operated at maximum rated dissipation. Air flow should
start before and continue during the application of any voltages to the tube. Maximum temperatures:

P

" incoming air, 45°C; radiator, 180°C; and grid terminal, 140°C. The 5588 is used principally for renewal

purposes. For new equipment design, refer to type 6161.

HBATER VOLTAGE (AC/DC)° 6.3 volts
HEATER CURRENT . .. ......... PN 2.6 amperes
AMPLIFICATION FACTOR .. ........ eeanees . 18
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. ............. ...t et i, 6.0 up
Grid to cathodeand heater. . ... .................icuuiuun IR 13 pul
Plate to cathode and heater® 0.82 max auf

° Rated heater voltage must be applied for a minimum time of one minute before voltages are applied
to the other electrodes.
P External shield connected to grid.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and

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

DC PLATE VOLTAGE. . . ... .......... e e e e 1000 maz volts
DC GRID VOLTAGE . . . 1 v ietit it et s aanriasarernananinensnass ~200 max volts
DC PLATE CURRENT. . . ....... 300 mazx ma
DC GRID CURRENT, ... ...... . 100 maz : msa
Prate InpyuT........ e e e e e e Ve 250 maz watts
PLATE DISSIPATION . .. .. e e e 200 max watts

POWER PENTODE

Seven-pin miniature type having
quick-heating, mid-tapped, coated 56]8
filament used as af power amplifier
and modulator, rf power amplifier and
oscillator, and frequency multiplier in
mobile and other communications equipment when compactness and low filament-
power consumption are primary requirements. Designed for intermittent operation
only. May be used with full input up to 100 Mc and with reduced input up to
165 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) .. ...\t iitv e ivivannnnnns 6 3 volts
FILAMENT CURRENT. ..o viviiiiiainnennnss  onn aan 0.23 0.46 ampere
DIRECT INTERELECTRODE CAPACITANCES?
Grid No.Lto plate. . .. .. it iieie i e i 0.24 max pul
Grid Ne.1 to filament mid-tap, grid No.3, internal shield, and grid No.2 7 ppf
Plate to filament mid-tap, grid No.3, internal shield, and grid No.2. .. 5 upt
AF POWER AMPLIFIER AND MODULATOR-~Class At
Maximum ICAS Ratings: .
DC PLATE VOLTAGE. . ........ v e reber e aasaaareer e, . 300 mezx volts
DC GRID-NO.2 VOLTAGE . ..... 126 maz volts
Grip-No.2 INPUT. ........ Ceeevaestenans 2 maz watts
PLATE DISBIPATION. . ....... K 6 max watts
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Circuit Values:

Grid-No.1-Cireuit ReSistance . .. .. .......oooovoeen 5000 min

100000 max

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

Maximum ICAS Ratings:

DC PLATE VOLTAGE . . . ... ..................... e e 300 max
DC GRID-NO.2 VOLTAGE . . .. . e 125 max
DC GRID-NO.L VOLTAGE . . ... ... . it i -125 mazx
DC PLATE CURRENT . . ... ittt 30 max
DC GRID-NO.T CURRENT . . .o ittt ittt ettt e e 3 maxr
PLATE INPUT . e 7.5 maxr
GRID-NOZ INPUT . ..ttt e i e 2 max
PLATE DISSIPATION . . .. .. ittt ittt iineeeiieeeennanaens 5 maer
Circuit Values: ‘ 5000 mi
. . . min
,Grid-No.1-Circuit Resistance.......ocuviuvevenanianornronennsarnann.n. 100000 mazx

MEDIUM-MU TRIODE

Pencil-type tube used in cathode-
drive circuits as rf power amplifier and
oscillator. Designed for use in coaxial-
cylinder -type circuits, it may also be
used in parallel-line or lumped cir-

5675

ohms
ohms

volts
volts
volts
ma
ma
watts
aatts
watts

ohms
ohms

cuits, May be used with full input up to 3000 Mc. Class C max1mum CCS plate
dissipation, 9 watts. The tube may be operated in any position. OUTLINE 70, Oul-

lines Section.

HEATER VOLTAGE (AC/DC) . .. ...t i 6.3
HEATER CURRENT . . ... i ettt e 0.135
TRANSCONDUCTANCE® . . . et 6200
AMPLIFICATION FACTOR¥ . ... .. ... .. ... ... .. ..o . i 20
PLATE RESISTANCE (ADProxX)* ... ... e 3225
DIRECT INTERELECTRODE CAPACITANCES:

Gridtoplate. ... ... .. ... ... ... .. ... T, 1.4

Grid to cathode and heater. .. ... ... .. ... ... .. .. |, 2.8

Plate to cathode and heater. .. .. . . 0,09 maz

* Plate-supply volts, 135; cathode resistor, 68 ohms pluto lmllxamporm 24,

RF POWER AMPLIFIER AND OSCILATOR—Class C
Maximum CCS Ratings:

DC PLATE VOLTAGE . . . ... ..ottt 300 maz
DC GRID VOLTAGE . . ... ... e ~90 max
DC PLATE CURRENT . . .ottt t ettt ettt 30 max
DC GRID CURRENT . . . . ottt i e e e i e e 8 max
PLATE INPUT 5 max
PLATE DissipaTioN® 5 mazx
PEAK HEATER-CATHODE VOLTAGE
Heater negative with respect to cathode. .. ... ........ ... ... ...... 90 mazx
Heater positive with respect to cathode. . ........................... 90 maz
PLATE-SEAL TEMPERATURE . . .. .. .. . it e 175 max
Typical Operation as Cathode-Drive Oscillator at 1700 Mc:®
DC Plate Voltage 120
DC Grid Voltage. . . . ... . e -8
Fromagrid resistorof . .. .. ... ... .. ... ... ... ... 2000
DC Plate CUMTent. .t . oot it e 25
DC Grid Current (AppProx.) .. ... 4
Power Qutput (APProX.). ... ..ottt 475

volts
ampere
umhos

ohms

puuf
wnl
npt

volts
volts
mau
ma
watts
watts

volts
volts
°C

volts
volts
ohms
ma
ma
mw

® In applications where the plate dissipation excceds 2.5 watts, it is important that a large area of con-
tact be provided between the plate cylinder and its lead connector to provide adequate heat conduction.
® At 3000 Mc, and with full ratings, a useful output of approximately 50 milliwatts may be obtained.
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AVERAGE CHARACTERISTICS
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BEAM POWER TUBE

Miniature, heater-cathode type used
as af power amplifier or as rf power
amplifier at frequencies up to 160 Me.
Requires Noval nine-contact socket
and may be operated in any position.

200
ICM-7343T

5686

OUTLINE 6, Outlines Section. The 5686 is a premium type and is subjected to spe-

cial tests and controls during manufacture.

HEATER VOLTAGE fAC/DC) .. ...ttt it it e e ian e ennannn 6.3
HEATER CURRENT. .. ... it raeenennes P 0.35
Without With
External FExternal
IMRECT [NTERELECTRODE Capacitances: Shield Shield®
Grid No.ltoplate. . ... ... . ... ... ... ... ... i 0.11 max 0.08 max
Grid No.1 to cathode, heater, grid No.3, and grid No.2 . .. 6.4 6.5
Plate to cathode, heater, grid No.3, and grid No.2..... ... 4 8.6

° With external shield connected to cathnde and grid No.3.

AF POWER AMPLIFIER—Class A1
Maximum Ratings:

CPLATE VOLTAGE. ... oo ot 275 max
GRID-NO.2Z VOLTAGE. . . . ..o ottt et e e 276 max
GRID-NO.Z INPUT. . . L e e e e 3.3 max
PLATE DISSIPATION. .. ... it i it e 8.25 max
PEAK HEATER-CATHODE VOLTAGE: .

Heater negative wirh respect tocathode. .. ........ ... .. ... ... 100 max
Heater positive with respect to cathode. . ............... e 100 mazx

Typical Operation and Characteristics:
Plate Voltage. . .. ... e e e 250

Grid-No.2 Voltage 250
Grid-No.1 Voltage -12.5
Peak AF Grid-No.l Voltage., . ... ...ttt iaenneeenenn 12.5
Zero-Signal Plate Current. . . ... . .. . . i e 27
Zero-Signal Grid-No.2 Current. ........ ... ..... e 3
Plate Resistance (APProX.) . ... ..ottt it ittt e 45000
Transconductance. .. ................ ... i, e 3100
Load Resistance. . .. .. ... ...ttt i i it 9000
Maximum-Signal Power Qutput. . . ... ... . e 2.7

volte
ampere

suf
puf
pal

volts
volts
watts
watls

volts
volts

volts
volts
volts
volts

ohms
umhos
ohms
waits
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Maximum Circvit Values:

Grid-No.1 Circuit Resistance:
For fixed-bias operation. . ...

RF POWER AMPLIFIER—Class C
Maximum Ratings:

PLATE VOLTAGE............ TSN
GRID-NO.2 VOLTAGE. .. ..... et et et e i e e
GRID-NO.1 VOLTAGE. .. ......ivvevunnaan e e e
PLATE CURRENT, . . o\ttt ittt e s o tatetaneeaneennreerrernnns

PLATEINPUT. ... ... .. iiiiiiiiiineininenes et
GRID-NO.2INPUT.............oiiiiviivanns e
PLATE DISSIPATION. . vttt ittt it e e te b r e se s atneennnennas
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.......................cvvns
Heater positive with respect to cathode. .....................c......

Typical Operation: At frequencies up to 160 Mc

Plate Voltage.................... e e 250
Grid-No.2 Voltage. .. ..o iriimn e iriree e 180
Grid-No.1 Voltage. ...ttt -30

From grid-No.lresistorof.............ccvoiiiiiennnn. 15000
Peak RF Grid-No.l Voltage. . .......c..0iviunniiinnininon. 50
Plate Current. .. .. .. it i i e e 30
Grid-No.2 Current (APProX.). . ...oviivierinnnnnnnnnnrnns. 6.5
Grid-No.1 Current (ApproxX.). ...........vvuns 2
RF Grid-No.1 Driving Power (APprox.).............. PR 0.1
Power Output (APProx.). ......ovevvnvunen PN .. 5
Useful Power Qutput at 125 Mc... ..o vivvivienrnenenanans -

Maximum Circuit Values:
Grid-No.1 Circuit Resistance. . .......coviiiveiiiiiii i,

POWER TRIODE

Forced-air-cooled heater-cathode
type having integral radiator used in
grid-drive circuits and in ecathode--
drive circuits up to 220 Me. Class C
Telegraphy maximum CCS plate dis-

5713

0.1 max
0.5 max

275 mazx
275 max
-165 max
44 max
16.5 max
3.3 mox
11 max
3.8 max
8.25 max

100 max
100 mazx

megohm
megohm

volts
volts
volts
ma
ma
ma
watts
watts
watts

volts
volts

volts
volts
volts
ohms
volts
ma
ma
mea
watt
watts
watts

ohms

sipation, 250 watts. This type may be operated in vertical position only, radiator

up or down. OUTLINE 91, Outlines Section.

HEATER VOLTAGE (AC/DC)®. .. ... . it anne, e
HEATER CURRENT . .. .o vtiii ittt iiene i annnaas heseree e
AMPLIFICATION FACTOR® . .. ... ... it iia e
DirECT INTERELECTRODE CAPACITANCES (Approx K
Gridtoplate. ..., ..ot e e P
Grid to cathode and heater. ... . . ... ... . ... ... i it
Plate to cathode and heater. ... ... ... ... ... i iiiiiiiiniinnanas

3.8 0.2

11.5
26

0.5

volts
amperes

puf
puf
uuf

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

* Plate volts, 1000; plate milliamperes, 150.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and

RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
DC PLATE VOLTAGE . . .o oo ottt iin ittt eareneans
DCGRID VOLTAGE. . . ..o viiunineniennnnsnne os e
DC PLATE CURRENT . .4 ttvtnttet vt ineenanssonnrssoneseseenennsnns
DC GRID CURRENT. . ...,
PLATE INPUT............
PLATE DISBIPATION. ,

1600 max
-250 maz
300 max
50 mar
450 max
250 max

volts
volts

ma
watts
watts

Technical Data

MEDIUM-MU TRIODE

Premium subminiature heater-
cathode type used as rf amplifier and
< oscillator. May be used with full input
up to 1000 Mec. Class C maximum
CCS plate dissipation, 8.3 watts. Tube

5718

may be operated in any position. OUTLINE 3, Outlines Section. The ﬂex1ble leads
of the 5718 are usually soldered to the circuit elements. Soldering of the leads may
be made close to the glass stem provided care is taken to conduct excessive heat
away from the lead seal. Otherwise, the heat of the soldering operation will crack
the seals of the leads and damage the tube. Plate shows no color when tube is oper-

ated at maximum CCS ratings.

HBATER VOLTAGE (AC/DC) .ottt e ie i cenaananenanan s
HEATER CURRENT . .. ... ittt it iineiaie e aatiaennsannens
TRANBCONDUCTANGE®. . .. .ttt it it aans e asnsannes
AMPLIFICATION FACTORY .. .. .. .. . . i i it ianennns
PLATE RESISTANCE (Approx)" .
DiIrECT INTERELECTRODE CAPAC!TANCES'

Grid to plate. . ... .. i i iy

Grid to cathode and heater. . .. ... ... .. ... ... . . il

Plate to cathode and heater . .. ... ... ... ...............

* Plate-supply volts, 150; cathode resistor, 180 ohms; plate milliamperes, 13.

Maximum CCS Ratings: RF AMPLIFIER AND OSCILLATOR—Ciass C

DC PLATE VOLTAGE . . . . ..ot ittt it et iene ooy
DC GRID VOLTAGE . . . .. .ottt ittt it iiiaiiiiee ciaar e i
DC PLATE CURRENT . . . ottt e e it cne e e e atnn o
DOC GRID CURRENT . . . . o\ttt ttinn e r e ianaaesnasresrnsossoansaron
PLATE DISSIPATION . . ... ... ... .. ..., e
PBAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode........... et eearereaean

Heater positive with respect to cathode ..
BULB TEMPERATURE . . .. .. ov.riineiiinrannas eraieeaes

Maximum Circuit Values:

Grid-Circuit Resistance:
For cathode-bias operation.............o0ieiaiinns, Crrerraeaserees
For fixed-bias operation......... everereaiaaeens eeeaens [N

BEAM POWER TUBE

Nine-pin miniature heater-
cathode type used as rf power ampli-
fier and oscillator and as frequency
multiplier. May be used with full in-
put up to 50 Mec. For operation at 175

6.8
0.16
6500

27
4150

=2 A
- 00

165 max
~55 maz

22 max
5.5 max
3.3 max

200 mazx

200 max
250 maz

1.2 maz

volts
ampere
pmhos

ohmu
upl

[T
sul

volts
volts

ma
watts

volts

volts
°C

megohms

Not recommended

5763

Me, plate input should be reduced to 80 per cent of maximum rating. Class C
Telegraphy maximum plate dissipation, CCS 12 watts, ICAS 13.5 watts. Requires
Noval nine-contact socket and may be operated in any position. QUTLINE 9, Oui-
lines Section. Plate shows no color when tube is operated at maximum CCS or

ICAS ratings.

HYATER VOLTAGE (AC/DC) . .........., ..
HEATER CURRENT . ... ... vviiiiinnnensnn
TRANBCONDUCTANCE® . . ... ..............
MU-FACTOR, Grid No.2 to Grid No.1*. . .. ... ..oviriitiieanannnnn. e
DIRRCT INTERELECTRODE CAPACITANCES:
Grid No.ltoplate.. ... .. ... .. . . . . . i,
QGrid No.1 to cathode, grid No.3, grid No.2, and heater. .. ............
Plate to cathode, grid No.3, grid No.2, and heater

¢ Plate and grid-No.2 volts, 250; grid-No.1 volts, ~7.5; plate milliamperes, 45.

171

volts
amperes
umhos

puf
uut
upf
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: : . ccs ICAS
DC PLATE VOLTAGE . . .« o vvviban it i e eanannne s 250 max - 300 max - volts
DC GRID-NO.3 VOLTAGE .. .. .v. vt i it o 0 mar . O0mux | volts
DC GriD-N0.2 VOLTAGE .. ... B 260 max 250 mazx . volts
DC GrRm-NO.1 VOLTAGE . .. .......... .. - -126 max -125 mazx volts
DC PLADE CUBREBNRL oo i iumane o viine o cimioisi e « sisisiois sisiaisio b » 40 mar 50 mazx ma
DC GRID-NO.2 CURRENT . . . .......0 i et 5 16 max 15 max ma
DC GRID-NO.1 CURRENT . . ... tvunivnie i 6 max © b max ma
BEATE INPUIT.. .oovaosomonainassio o siaommmas s o, susmsmmssens < =+« 4+ 10 max 15 max watts
GRID-NO.Z INPUT. . oot viiee i 1.5 maxr 1.5 max watts
PLATE DISSIPATION . . ... ..t iine oo e 8 mar 12 maz watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. ... .. ..... .. 100 mar 100 mazx volts
BuLB TEMPERATURE (At hottest point). ... .............. 2560 max 250 max °C
Typical Operation ot Frequencies up to 30 Mc:
DC Plate Voltage. .. . .. ..coooiieiiiiirain s 250 300 volts
GAGNOMB 7 57 1.1 1 prET e G oo g Connerted to cathode at socket
DC Grid-No.2 Voltages .. .........coovoivnis 250 250 volts
DC Grid-No.1 Voltage® . ... ... .. ..o -39 42.5 volts

From grid-No.l resistorof . . ................. ... ... 39000 18000 ohms
Peak RF Grid-No.1 Voltage. . .. ..................... .. 46.5 533.5 volts
DCPlateCurrent. . . . ... ... .. ... 40 50 ma
DC Grid-No.2 Current . .. ... ... .. .. it 5.6 6 ma
DC Grid-No.l Current (Approx.}. ...............c....... 1 2.4 ma
Driving Power (APDPToX.) . . ... oviiiniiiis e 0.056 0.156 watt
Useful Power OQutput (Approx.) ... ... ... ... oovun.n. 6.4% 10® watts

Maximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance . .. ... . ... ... .......c... oo . 0.1 max megohm
3 Obtained preferably from separate source modulated along with the plate supply, or from the modu-

lhted plate supply through a series resistor.
° 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.
8 Measured at load of output cireuit.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Moximum Ratings: cCs ICAS
DCPLATE VOLTAGE . . . . ... .. vt e 300 mar 350 max voits
DC GRID-NO0.3 VOLTAGE . .. . . ....iiiiiinninisnannn 0 max 0 max volte
DC GRID-NO.2 VOLTAGE . . . .. ... i 250 mar 2560 max volts
DC GRID-NO.1 VOLTAGE . . . . ... ittt iiie i iiinanenans -126 mazx 125 mazx - volts
DC PLATE CURRENT . .. .ot iiin it iiaieinaannans 50 max 50 max ma
DC GRID-NO.2 CURRENT . . ..ottt iiieianonanss 15 max 15 maex ma
DC GRID-NO.1 CURRENT . . ... i iinanaaans 5 mar 5 maxr ma
PLATE INPUT . . ... i aes 15 max 17 mar watta
GRID-NO.2 INPUT. ... .. e 2 max 2 max watts
PLATE DISSIPATION . . ... i ey 12 max 13.6 max watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode.............. 100 mar 100 max volta
BuLB TEMPERATURE (At hottest point). . ............... 250 max 250 mac °C
Typical Operation: 30M¢  50Mc SoMe )
DC Plate Voltage. . ... ... ..o it veeen 300 300 350 voits
Grid No. 3. ... ... i Connected to cathode at socket
DC Grid-No.2 Voltage 250 250 250 volts
DC Grid-No.1 Voltages .........oovievuanons -28.86 -60 -28.5 volts

From grid-No.1 resistorof . . .......... 18000 22000 18000 ohms
Peak RF Grid-No.l Voltage. . . .........cooies 37.6 R0 37 volts
DCPlate Current . . ... ....c. .ooinviannans 60 S50 48.6 ma
PC Grid-No.2Current . . . ..........ovvereoars 6.6 b 6.2 ma
DC Grid-No.1 Current (Approx.).............. 1.6 3 1.6 - ma
Driving Power (Approx.). ... ..........ooveves 0.1 0.86 0.1 watt
Useful Power Output (Approx.) ... . ..oovvrenas 10.3® " 12® watts
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Moximum Circuit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance............ ... ... ... ciiiviiiirnans oo 0.1 max  megohm
4 Obtained from fixed supply or from grid-No.1 resistor of value shown.
® Measured at load of output cireuit.
FREQUENCY MULTIPLIER
Maximum CCS Ratings, Same as for Plate-Modulated RF Power Ampliﬂér, ICAS, except:

GRID-NO.Z INPUT. ... ..o 2 mazx watta
Typlcal Operation ot Frequencies vp to 175 Mc: Doubler Tripler
C Plate Voltage. . ... ... ... ... iivunean PN 300 300 volts
Ad No.B. .. ... e P Connected to cathode at socket
DC Grid-No2 Voltage. . .. .. ...ttt ranneeenns hed had volts
DC Grid-No.1 Voltagesd . ... i -75 -100 volts
From grid-No.l resistorof . . .. ............. S e T75000 100000 ohms
Peak RF Grid-No.1 Voltage .. . ...... ... .o, 95 120 volts
DC Plate Current. ... ... ittt rrrinnennnneees 40 35 ma
DC Grid-No.2 Current. . ... .......ovvivun.. e e s 4 5 ma
DC Grid-No.1 Current (APPIOX.) . . ot ovevvtnnrneneennroreronsnn 1 1 ma
Driving Power (APProX.) . . . ... . it i 0.6 0.6 watt
Useful Power Output (Approx.l. ... .t iininearnans 2.1% 1.3¢ watts

Maoximum Circuit Values:

Grid-No.1-Circuit Resistance ... .. .......... [ e 0.1 max megohm
** Obtained from 300-volt supply with series resiator of 12,500 ohms.

6 Obtained from fixed supply or from grid-No.1 resistor of value shown.

® Measgured at load of output eircuit.

AVERAGE CHARACTERISTICS
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POWER TRIODE

Foreed-air-cooled thoriated-tung- :
sten-filament type having integral ra- )
diator used as af power amplifier and 5786
modulator and as rf power amplifier
and oscillator. May be used with full
input up to 160 Mec. Class C Telegraphy maximum CCS plate dissipation, 600
watts. May be operated in vertical position only, filament end up or down. OuT-
LINE 94, Outlines Section.

FILAMENT VOLTAGE (AC/DC) .. o, [ 11 =06 volta

FILAMENT CURRENT. .. ...ttt ittt eaenineanans .. 12.5 . amperes
FILAMENT STARTING CURRENT. . ..\ttt ettt itntatnennanneeee 650 max amperes
AMPLIFICATION FACTOR¥ . ... . ... . i 32
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DirecT INTERELECTRODE CAPACITANCES:

Gridtoplate. .................... e etiiaebeeratsarsentesseraane 5.3
Grid to filament mid-tap.......... rrsessereenan 4.7
Plate to filament mid-tap.............. Cheressenerurercaressrraans 3.8
* Grid volts, —26; plate milliamperes, 200,
AF POWER AMPLIFIER AND MODULATOR—Class B
Maximum CCS Ratings:
DO PLATE VOLTAGE . . . . o oottt ittt et ettt 4000 maz
MAXIMUM-SIGNAL DC PLATE CURRENT®. . .. ... . iiveeiieianeann 500 max
MAXIMUM-SIGNAL PLATE INPUT®. . ... .........o.L e e 1500 max

PLATE DISSIPATION®. . .. ... ... .. . i iiieiiineneens, e 600 mazx
® Averaged over any audio-frequency cycle of sine-wave form.

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

DC PLATE VOLTAGE. .. ....... PSP 25600 max
DC GRID VOLTAGE . . . . ... ...vu. et e -500 max
DCPLATE CURRENT. . . .. vtviiinenrennnaenannion e e 400 mazx
DO GRID CURRENT . o .ottt ittvinasanin e tareeeetasasvanninaisnnsen 1560 max
PLATE INPUT . . oottt i e et e e 1000 max
PLATE DISSIPATION . . o ittt ie e e et e aaae s 400 max

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

DCPLATE VOLTAGE. .. ... ottt it 3000 max
DC GRID VOLTAGE., . .. .. i vvvevevnaineninen PR -500 maz
DO PLATE CURRENT . . o ottt tiang st o e anansorannanonenocinsns 500 mazx
DC GRID CURRENT . . .. ......... D 150 max
PLATE INPUT.. ... e e e e e 1600 max
PLATE DISSIPATION . . .\ ittt uraviisvonancannas conunneeosananssinas 600 max

FIXED-TUNED OSCILLATOR TRIODE

Pencil-type tube having integral resonators
used in radiosonde service at 1680 Mec. Fixed-
Tuned Oscillatrl))r maximum plate dissipation, | TecraL o
3.6 watts. May be operated in any position. The falol
5794 794 is identical with type 6562,/5794A except COUPLING RESONATORST]
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.
OUTLINE T4, Outlines Section. The 5794 is a
DISCONTINUED typelisted for reference only.

FIXED-TUNED OSCILLATOR TRIODE
See type 6562/5794A.

5794A

HIGH-MU TRIODE a

Pencil types used as rf power am-
plifier and oscillator in airborne and G
mobile equipment at altitudes up to
100,000 feet without pressurized cham-
bers. May be used with full input up H

5876
5876A

x

uuf
puf
puf

voltz
msa
watts
watts

volts
volts

ma

watts
watts

volta

volts

ma
watts
watts

to 1700 Mec and with reduced input up to 3000 Me. 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. QOUTLINE 70, Quilines Section.
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HEATER VOLTAGE (AC/DC) .\« oo vttt it ettt ie i i 6.3 volts
HEATER CURRBNT, .......0oivnennn. et e, PPN 0.135 ampere
TRANSCONDUCTANCED. . . .« v it iterasanensersnraencncasoraernesrsanees 6500 umhos
AMPLIFICATION FACTOR®. ...\ttt iiee et eieianaraanans e 56
PLATE RESISTANCE (Approx.)°. . ... e e ettt e e, 8625 ohms
DIRECT INTERELECTRODE CAPACITANCES:
Grid to PlAte. . . . ..ot s 1.4 ‘uuf
Grid to cathodeand heater. . ... ....... ... ...ttt 2.4 ppf
Plate to cathode and heater. .. ... ... .cv.tiiraiinarienanrananas 0,035 puf
°Plate-supply volts, 250; cathode resistor, 76 ohms; plate milliamperes, 18.
RF AMPUFIER— Class AB1
Maximum CCS Ratings: Upto 1700 Me
DCPLATEB VOLTAGE. ... ... ottt ittt e eeie s ennon 300 max volts
DO GRID VOLTAGE. . ... 0vvt ittt it eraana N veves ¢ =100 max volts
DC PLATE CURRENT. .. ..ttt ittt it iiteesnniaeannnns P 25 max ma
PLATE DISSIPATION®. . . .. e et e aaes 6.25 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode...................... PP 90 max volts
Heater positive with respect to eathode. . .................. [N 90 maz volts
Maximum Circuvit Values:
Grid-Circuit Resistance. . ... ... ... ... .. . e 0.5 mar megohm
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
Maximum CCS Ratings: Up to 1700 Me
DCPLATEVOLTAGE. . ... .............. .. e 360 max volts
DO GRID VOLTAGE. . ...ttt e e e ean e -100 mazx volts
DCPLATE CURRENT. .. .. ... ... i i e ianan 25 max volts
DC GRID CURRENT. ... ..ot ittt i et anaas 8 max volts
PLATEINPUT. . ... e it eans 9 max watts
PLATE DISSIPATION®, .. .. 6.25 max watts
PEAR HEATER-CATHODE VOLTACGE:
Heater negative with respect to cathode........................... . 90 mazx volts
Heater positive with respect to eathode.. . .. .. ....................... 90 max volts
Typical CCS Operation as Oscillator in Cathode-Drive Circuit:
At Al At
500 Me 1700 Me $000 Mc
DC Plate-to-Grid Voltage. . ............. .. ........ 262 252 252 volts
DC Cathode-to-Grid Voltage. .. ................... 12 2 2 volts
DCPlate Current. . ................ ... v .. 23 23 25 Tag
DC Grid Current (APProX.). ..o .vvvivenennn .. 6 "3 4 ma
Useful Power Output (Approx.).................... 3 0.75 0.1 watts
Typical CCS Operction as RF Power Amplifier in Cathade-Drive Circuit at 500 Me:
DC Plate-to-Grid Voltage. . . ... ..ot 326 volts
DC Cathode-to-Grid Voltage. . . ....... ... ... ... ... i i, 51 volts
DCPlate Current. . ... ... i e i e e e e, 23 ma
DC Grid Current (APDroOX.) . . oo it i ittt i e e . 7 ma
Driver Power Output (Approx.)... . .......vivrninninnnnnennnn. e 2 watts
Useful Power Output (ADProX.) . .. i ii it ittt i cnnannan 5 watts
Maximum Circuit Values: .
Grid Circuit Resistance. .. ... ... ... . e e e, 0.1 maz megohm
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Ratings: Up to 1700 Mec
DC PLATE VOLTAGE. . . ...ttt ittt e 275 max volts
DC GRID VOLTAGE . . ..ottt ittt et ieanans -100 max volts
DC PLATE CURRENT. .. .. ...ttt ittt e eit ettt e ieensannss 22 mazx ma
DC GRID CURRENT. .. ...\ttt iiaesteaessenateneaneinanns 8 max ma
PLATE INPUT. ... i e e e, 6.0 max watts
PLATE DISSIPATION®. ... ... ... ... ooiiiiien e e 4.25 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode........vvviernieiinnrnarveae 90 max volts
Heater positive with respect to cathode. . .....cvvviiirnvrnrnrnncions 90 mazx volts
Maximum Circuit Values:
Grid-Circuit Resistancee. . v..ucvsurerrvrsreasroerarnssarissssrrasasses 0.1 max megohm
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FREQUENCY MULTIPLIER

Moximum CCS Ratings: Up to 1700 Me

DC PLATE VOLTAGE. . .......... . 330 max volts
DC GRID VOLTAGE. ...... . . -100 max volts
DC PLATE CURRENT. .. 22 max ma
DC GRID CURRENT.. .. ...........0c0ovnin. .. . 8 max ma
PLATEINPUT. .. ..... ... ...... R . 7.5 max watts
PLATE DISSIPATION. ... ... .. .. 6.23 mar watts
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 in Cathode-Drive Circuit: ,(7‘;;1:}2",, ,,,D;ég)l_i;(
DC Plate-to-Grid Voltage . . ... . ... ... ... . ... .. ...... 390 370 volts
DC Cathode-to-Grid Voltage. .. ... ... ... ... ........... 30 70 volts
DC Plate Current. ... ..., A . 18 17.3 ma
DC Grid Current (Approx.). .. ......ciiiniinunnannannn... 6 7 ma
Driver Power Qutput (APProxX.) ... .. ..overiinrnenennnnnn. 2.1 2 watts
Useful Power Output (Approx.). ... ... ... iveaia.... 2.1 2  watts
Maximum Circuit Values:
Grid-Circuit Resistance. .. ... ... ... .. ... . ... ... ... 0.1 max 0.1 mar megohm

® In applications where the plate dissipation exceeds 2.5 watts, it is important that a large area of con-
tact be provided between the plate evlinder and the terminal to provide adequate heat conduetion.

AVERAGE CHARACTERISTICS

TYPE 5876
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MEDIUM-MU TRIODE F

Pencil-type tube used as plate-
5893 pulsed oscillator, as rf power amplifier c
and oscillator, and as frequency dou-
bler. May be used with full input up to
2000 Mc 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. QUTLINE 71, Quilines Section.

HEATER VOLTAGE (AC/DC)i. ... iiiiniiiinvenivnennn AN e 6.0 +lgg, volts
-~ 0

HEATER CURRENT . . . .. .t tttttenssussassnanansvssnasssoararernenenss 0.280 ‘ampere

TRANSCONDUCTANCE*, . ..., ... .. 6000 nmhos

AMPLIFICATION FacTonr*

Technical Data

DIRECT INTERELECTRODE CAPACITANCES:

Grid to Plate. . ... e 1.7 unt

Grid 1o cathode and heater. ... ................................... 2.4 wupd

Plate to cathode and heater. ... ... o 0.07 maz unf
* Plate-supply volts, 200; cathode resistor, 100 ohms; plate milliamperes, 26.

RF AMPLIFIER—Class Ay

Maximum CCS Ratings: Up o 8300 Mc
DC PLATE VOLTAGE ..ttt et e e 330 mazx volts
DC Griv VOLTAGE e e -100 max volts
DO PLATE CURRENT. ...ttt ettt 35 maz ma
PLATE DissIPATION. .. .. ... ..., 7 mazx walts
Prak HEATER CATHODE VOLTAGE:

Heater negative with respeet tocathode, ... ... ... o o oo, 90 mazx volts

Heater positive with respect to cathade. ..o . o .. 90 mazx volte
PLATE SPAL TEMPERATURE. ... .. . i e 175 wmaz e
Maoximum Circuit Volue:
Grid Circuit Resistance. .. 0 0.5 mex megohm

PLATE-PULSED OSCILLATOR*—Class C

Maximum CCS Rotings: For a marimum oN {ime® of 5 mieroseconds Up to 4000 Me
PEAK POSITIVE-PULSE PLATE-SUPPLY VOLTAGES . .. ..................... 1760 maz volts
PEAK NEGATIVE-PUISE GRID VOLTAGE . . ... .. .. i, 150 maz volts
PEAK PLATE CURRENT FROM PUISE SUPPLY . ... ... .. .. e 3 max amperes
PEAK RECIHIFIED Giap CURRENT. .. ... .. ......... .. 1.3 mazx amperes
DC P1ATE CURRENT. .. .... ... .. 3 muzx ma
DC GRID CURRENT. . . .. .. 1.3 maz mu
PLATE DISSIPATION?, | .. 6 maz walts
DuTy FACTOR®. ... ... . 0.001 maz
Puise DuraTioN. . ... o oo R . 1.6 maz puee
PLATE-SEAL TEMUERATURE . . ..o oottt e i 176 mazx °C

Typical Operotion with Rectangular Wave Shape in Cothode-Drive Circuit at 3300 Mc:
With duty fuctor® of 0,001
Peak Positive-Pulse Plate-Supply Vohaged . ... oo o ... 1750 volts

Peak Negautive-Pulze Grid Voltage. . .. ... 110 voits

From grid resistorof . . ... ... ... ... 100 ohma
Peuk Plate Current from Pulse Supply e .. 3.0 amperes
Peak Rectified Grid Current, . ., . .. .. 1.1 amperes
DC Plate Current.. . .. ... o .. 3 ma
DC Grid Current. ... e .. 1.1 mu
Useful Power Output at 1200 wAlts
Pulse Duration e U .. 1 ugec
Pulse Repetition Rate 1000 pps

4 In this class of service, the heater should be allowed to warm up for a minimum of 60 seconds 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-microsccond interval. Pulse duration is defined us the time inteeval between the two points on the
pulse at which the instuntaneous value is 70 per cent of the peak value, The peak value is defined as the
maximum value of a smooth eurve through the average of the fluctuations over the top portion of the
pulse.

¢ The magnitude of any spike ou the plate voltage pulse should not exceed a value of 2000 volts with
respect to cathode, and its duration should not exceed 0.01 microsecond measured at the peak-pulse-
value level. 4

> In applications where the plate dissipation exceeds 2,5 watts, it is important that a large area of cou-
tact be provided between the plate eylinder and the connector in order to provide udeguate heat con-
duetion, :

® Duty factor is the product of pulse duration and repetition rate. For variable pulse durations and pulse
repetition rates, the duty factor for this tube is defined as the ratio of time “on” to total elupsed 1ime
in any 5000-microsecond interval,

& This value is determiined from the average power output using the duty factor of the peald poswer-
output pulse. This procedure is necessary beeause the power-output-pulse duty factor may be less than
the applicd-voltage-pulse duty factor because of a delay in the start of rf power output.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony -
Maximum Ratings: Up tn 2000 Me CCS 1CAS

DC PLATE VOLTAGE 260 mar 320 max volts
DCGRID VOLTAGE . . . .. ittt inieiieieninnnas . L0 mag - 100 max volts
DC Prate CURRENT 3 wnax 33 maz nma
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DC GRID CURBENT . . .oivvnvnnnn FS P 13 mar 15 mar ma
Prate INvuTr . . 8.5 mar 10.5 max watts
PLATE DISSIPATION®, .. ... . it ieener e S max 5.5 max watts
Prax HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ............. 90 mar 90 mazx volta

Heater positive with respect to cathode. . ... ......... 90 max 90 mazx volts
PLATE-SEAL TEMPERATURE . ... .tvvtviin i ieinninannns 175 mur 175 max °C
Typical Operation in Cathode-Drive Circuit at 500 Mc: cCs ICAS
DC Plate-to-Grid Voltage . ... . ... .. i 286 345 volis
DC Cathode-to-Grid Voltaged.......... 36 45 voits
DCPlateCurrent . .. ...... ... ... 30 30 ma
DC Grid Current (Approx.) .. .......... n 12 ma
Driver Power Qutput (Approx.)......... 1.8 2.0 watts
Useful Power OQutput (ApproxX.} .. ..oovvvvnn v nnnn 5.5 6.5 wat!s

Maximum Circuit Values (CCS or ICAS conditions):
Grid-Circuit Resistance
@ In applications where the plate dissipation exceeds 2.5 watts, it is important that a large area of con-
tact he provided between the plate eylinder and the connector in order to provide adequate heat con-
duction.

o Obtained from grid resistor.

0.1 max megohm

RF POWER AMPLIFIER AND OSCILATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: Up to 2000 Mc Ces ICAS
DC PLATE VOLTAGE .+« o civve it it iins e 320 par 400 maz volts
DC GRrID VOLTAGE ~100 ma. ~100 muc - volts
DC Prate CURRENT ... 35 mar 40 max mit
DC GRID CURRENT . . oottt iie e - 15 mar 15 max ma
PLATE INPUT . . ..t o 11 wmar 16 max watis
PrLATE DISSIPATION®. . ... ... . Trmar 8 max watts,
PrAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. .. 90 mar 90 mazx volts

Houter positive with respect to cathode 90 mar 90 max volts
PLATE-SEAL TEMPERATURE . .. o voiet i e 175 was 175 max °C

Typical Operation as RF Power Ampilifier in Cathode-Drive Circuit:
500 Me 1000 Me 300 Me 1000 Me

DC Plaie-to-Grid Voltage. . ... ot 347 830 401 383 volts
DC Cathode-to-Grid Voltageo .. ... ... ... o0 T A7 30 51 33 volts
DC Plate Current. .. ............ .. 33 45 35 35 mu
DC Grid Current (Approx.)....... 13 12 13 13 ma
Driver Power OQutput (Approx.). ... ............. 2 1.9 2.0 2.4 watts
Uscful Power Output (Approx.). ... ... 7.5 3.5 8.5 6.5 watts

Typical Operation as Oscillator in Cathode-Drive Circuit ot 500 Mc:

DC Plate-to-Grid Voltage ., ... ... .. ... o .. 347 401 volts
DC Cathode-to-Grid Voltaged 47 51 volts
DC Plate CUrrent . ... ..ot e iineeen s 43 35 ma
DC Grid Current (Approx.). .. 13 13 mA
Useful Power Output (Approx.) 5 6 watts
Moximum Circuit Values (CCS or ICAS conditions):
Grid-Circuit ResiStance. .. ... vverrein i i 0.1 max megohm
FREQUENCY DOUBLER
Maximum Ratings: Up to 2000 Me CCS ICAS
DC PLATE VOLTAGE . . .. ciiniineneniannneeecneaoren s 260 wmar 320 max volts
DCGRID VOLTAGE . ... o iiveiiiiie i -104} s -100 max volts
DC PraTE CURRENT. .. 33 wmee 33 mar ma
DC Gurip CURRENT. . .. . 12 mas 12 mac ma
Prate INvuT. ... ... ce 8.5 mac 10.5 max watts
PLATE DISSIPATION®. .. ... .. ..... . 6 mar 7.5 max watts
PeAk HEATER-CATHODE VOLTAGE:
Heuter negative with respect to cathode. ............. 90 mar 90 max volts
Heater positive with respect to cathode . 90 mar 90 max volts
PLATE-SEAL TEMPERATURE . . .. ..o oo onnn., . 175 max 175 max °C

Technical Data

Typical Operation as Doubler to 1000 Mc in Cothode-Drive Clrcuits

DC Plate-to-Grid Voltage .. .... ‘e 290 360 volts
DC Cathode-to-Grid Voltaged .. .. 40 50 volta
DC Plate Current . ... ........... a3 . 33 ma
DC Grid Current (Approx.)...... 7 8 ma
Driver Power Output (Approx.)..... e 3.2 3.6 watts
Useful Power Qutput (Approx.) . .. coevveunerirnnssonass 2.76 3.0 watts

Maximum Circuit Values {CCS or ICAS conditions):
Grid-Circuit Resistance . . .. .. .. . .. ittt iiaeacereanennsnnss 0.1 mazx 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 provido adequate heat con-
duction.

& Obtained from grid resistor.

AVERAGE CHARACTERISTICS

TYPE 5893
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TWIN BEAM POWER TUBE

Small, heater-cathode type for af power
amplifier and rf power amplitier and nscillator,
and frequency-multiplier service at {requencies
up to 500 Mc. Heater volts (ac-dc), 6.8 (par-
allel), 12.6 (scries); amperes, 1.8 (parallel), 0.9 5894
(series). Direct interelectrode capacitances
(each unit): grid No.1 to plate, 0.08 mus puf;
grid No.1 to cathode, grid No.3, internal shicld,
yrid No.2 and heater, 11 puf; plate to cathode,
grid N o.3, internal shield, grid No.2 and heater, 3.4 puf. Requires Septar seven-contact socket and may
be operated in vertical position, base up or down, or in horizontal position with plate terminals in hori-
zontal plane. Maximum over-all length, 4-6/16 inches; maximum dizmeter, 1-15/16 inches. Maximum
CCS ratings as PUSH-PULL RF POWER AMPLIFIER AND OSCILLATOR: dc plate volts, 600
maz; grid-No.2 volts, 250 mes; de grid-No.1 volts, -175 maz; de plate ma., 220 maz; de grid-No.1 ma.,
10 maz; plate input 120 maz watts; grid-No.2 input, 7 maz watts; plate dissipation, 40 mox watts, The
5894 is a DISCONTINUED type listed for reference only.

. POWER TRIODE

Forced-air-cooled heater-cathode
type used as plate-pulsed oscillator 5946
and amplifier. May be used with full

K input up to 1300 Mec. For operation at

HrH 2000 Mg, plate voltage and plate input

should be reduced to 75 per cent of maximum ratings. Class C maximum plate dis-

sipation, 250 watts. Tube may be operated in any position. OUTLINE 89, Ouflines

Section. A minimum air flow of 16 cubic feet per minute should be directed through
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the radiator toward the bulb and grid terminal when the 5946 is operated at maxi-
mum rated dissipation. Air flow should start before and continue during application
of any voltages to the tube. Heater power, plate power, and air may be removed
simultaneously. Maximum temperatures: radiator (measured on core at end adja-
cent to plate ring), 180°C; grid terminal, 150°C; plate, grid, and cathode seals,
150°C.

HEATER VOLTAGE (AC/DC)°. ... .. .. 6.3 volts
HEATER CURRENT .. 3.4 amperes
AMPLIFICATION FACTOR® . ... .. 25
DiRECT INTERELECTRODE CAPACITANCES
Gridtoplate. . ... .. . oo 6 puf
Grid to eathode and heater. ... .. .. . 11 frmy
Plate to cathode and heater ... ..................... 0.149 pul
° Heater voltage must be applicd for a minimum period of 1 minute before the application of plate
voltage.
#* Grid volts, -15; plate milliamperes, 250,
O With external shield connected to grid.
Maximum Ratings: PLATE-PULSED OSCILLATOR AND AMPLIFIER—Class C
Foran ON time= of ... . . .. .. 10 s 100 wax psee
PEak PosiTiVE-PUISE PLATE-SUPPLY VOLFAG . TH00 mar TH00 max volts
PEAK NEGATIVE-PULSE GRID VOLTAGE . .. ... .. .. us. 600 mar mas volts
TR CUKRRENT Fros PUutse Surrny ..o ..o 4.5 merr nax amperes
IED GRrRID CURRENT . . L0 war 5 mar amperes
DC Prate CURRENT. .. ...... .. 45 werr e ma
DC GRID CURRENT .. . ittt c e 10 e max ma
PLATE INPUT. . e 340 wax 340 mar watts
PLATE DISSIPATION . .. . i 2350 mu 250 max watts
® AVERAGE. CHARACTERISTICS
T T
,;? 3‘ TYPE 5946
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PLATE KILOVOLTS (Ep) 92CM-T559T

Typical Operation with Rectangular Wave Shape in Cathode-Drive Osciliator Circuit at 1250 Mc:
With duty factor® of 0.01

Peak Positive-Pulse Plate-Supply Voltaged 5500 THON volts
Peak Negntive-Pulse Grid Voltage. ... .. .. .. .. .. 375 500 volts

From cathode resistor of>, . ... ... 100 ohms
Peak RI Grid Voltage. .. .................. volts
Peak Plate Current from Pulse Supply amperes
Peak Reetified Grid Current amperes
DC Plate Careent ... ..o 30 ma
DC Grid Current ... . 2.5 5 ma
Useful Power Qutpul at ’eak of Pulsee (Approx.).... ... K000 14000 watts

@ ON time for this tube is defined as the sum of the durations of alt the individual pulses which occur
during uny 1000-microsecond interval, Mulse duration is defined s the time interval between the two
points on the pulse at which the instantaneous value is 70 per cont of the peak value. The peak value is
defined as the maximum value of a smooth curve through the averiee 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 kilovolts with
respect to cathode, and its duration should not exceed 0.5 microsccond measured at the peank-pulse-
value level.

B Duty factor is the product of pulse duration and repetition rate. For variable pulse durations and pulse
repetition rates, the duty factor for this tube is defined as the ratio of “on” to total elapsed time in any
500-microsecond interval.

4 Obtained preferably from cathode resistor of value shown. In certain applications, partial grid-resistor
bias may be used.

& Determined from the average power output using the duty factor of the peak power output pulse.
This procedure is necessary because the power-output-pulse duty factor may he less than the applicd-
voltage-pulse duty factor because of a delay in the start of rf power output.

OSCILLATOR TRIODE

Subminiature heater-cathode
type used in radiosonde service at 400 6026
Me. Class C Telegraphy maximum
CCS plate dissipation, 3 watts. May
) e operated in any position. OUTLINE
4, Outlines Section. The flexible leads of the 6026 are usually soldered to the circuit
elements. Soldering of the leads may be made close to the glass-button base pro-
vided care is taken to conduct excessive heat away from the lead seal. Otherwise,
the heat of the soldering operation will 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/1)° 5.2t0 6.6 volts
HEATER CURRENT (AL 6.3 volts) ., . .. .. L P 0.2 ampere
TRANBCONDUCTANCE® . . .. ... .. ... ..., 5900 pmbhos
AMPLIFICATION FACTOR® . | 24
PLATE RESISTANCE (Approx.)* 4000 ohms
DIRECT INTERELECTRODE CAPACITANC
Gridtoplate. ................. 1.3 upl
Grid to cuthode and heater .. 2.0 i
Plate to cathode and heater. ... .. . e 0.42 mi

° For radiosonde applications in which the heater is supplied from batteries and the equipment-design
requirements of minimum size, light weight, and high eflicieney are the primary considerations even
though the average life expectaney of the 6026 in such service ia only a few hours.

* Plate-supply volts, 120; cathode resistor, 220 ohms; plate milliamperes, 12.

OSCILLATOR—Class C Telegraphy
Maximum CCS Ratings:

DC PLATE VOLTAGE . . . . L. ittt it e s 150 maz voltsy
DC GRID VOLTAGE .. -b0 max volts
ToTAL CATHODE CURRENT . . .. ....... 40 max ma
DC Grip CURRENT e 10 maz ma
PLATEINPUT . ... o e e 3.8 max watts
PLATE DISSIPATION. ... ....... 3.0 max watls
PEAK HEATER-CATHODE VOLTAGE 0 max volls
Typical Operation as an Oscillator at 400 Mc:

DC Plate Voltage. . . ... ..ottt iiieasranns 136 volts
Grid Resistor 1300 ohms
DC Plate Current. .. ............ 20 ma
DC Grid Current (Approx.)....... e . 9.5 ma
Useful Power QULPUL. . ...ttt ittt e i cisnreereeniraannes 1.25 watts

BEAM POWER TUBE

Small, sturdy, glass-octal heater-
cathode type used as af power ampli- 6] 46

fier and modulator and as rf power

amplifier and oscillator. May be used

with full input up to 60 Mc and with

reduced input up to 175 Mec. Class C Telegraphy maximum plate dissipation,
CCS 20 watts, ICAS 25 watts.
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HEATER VOLTAGE (AC/DC) . . . .ottt iiit e s ine it et enananenan 6.8 volts
HBATER CURRENT . . ..o ittt iiatatinenanraanaanortsnsionsanaranasas 1.25 amperes
THRANSCONDUCTANCE ., L . . et it iia e 7000 pmhos
Mu-Facror, Grid No.2 to Grid No.1* 4.5
DirECT INTERELECTRODE CAPACITANCES:
Grid No.l toplate. .. ... it it NN 0.24 mazx pul
Grid No.1 to cathode, grid No.3, grid No.2, internal shield, base slceve
and Beater. . .. .. e i e 13 puf
Plate to cathode, grid No.3, grid No.2, internal shield, base sleeve, and
heater................ .. ... e 8.5 d

* Plate and grid-No.2 volts, 200; plate milliamperes, 100.

AF POWER AMPLIFIER AND MODULATOR—Class ABy

Maximum Ratings: ces 1cas
DCPLATE VOLTAGE. . . .. ..ttt ii e ans 600 mar 750 max volts
DC GRID-NO.2 VOLTAGE. .. ...ttt 250 max 250 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT™. .. ... ... .. ... 125 mas 135 max ma
MAXIMUM-SIGNAL PLATE INPUT®™. . ... ... o i 60 mar 85 max watts
MAXIMUM-SIGNAL GRID-NO.2 INPUT®. . .. ... ... vt 3 mas 3 mazx watts
PLATE DISSIPATION®. . . . .o i i 20 max 25 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................. 135 max 135 max volts
Heater positive with respect to cathode. ................ 135 max 135 max volts
7 .
Typical Operation: Vealues are for 2 tubes ccs 1cAS
DCPlate Voltage. .. ......c.cvvieniian.n. 400 500 600 600 750 volts
DC Grid-No.2 Voltage®. .................. 190 185 180 200 195 volts
DC Grid-No.1 Voltage:

With fixed-bias source. ................ —40 -40 45 -50 -50 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage®. . 80 80 90 100 100 volts
Zero-Signal DC Plate Current. .. .......... 63 57 26 28 23 ma
Maximum-Signal DC Plate Current. 228 215 200 229 220 . ma
Zero-Signal DC Grid-No.2 Current......... 2.5 2 1 1 1 ma
Maximum-Signal DC Grid-No.2 Current. ... 25 25 ,28 27 26 ma
Effective Load Resistance (Plate to plate) .. 4000 5500 7000 6000 8000 ohms
Maximum-Signal Driving Power (Approx.} . 0 0 [¢ 0 0 watts
Maximum-Signal Power Output (Approx.). . 55 70 82 935 120 watts
Maximum Circuit Values (CCS or ICAS):

Grid-No.1-Circuit Resistance under any condition:®
With fixed bIas. . ... ot vttt it i i i et i i e i e 0.1 max megohm

With cathode biag. .. ..o .ttt i i i e Not recommended
° The driver stage should be capable of supplying the No.1 grids of the class AB, stage with the specified
driving voltage at low distortion.
O The type of input coupling network used should not introduce too much resistance in the grid-No.1
circuit. Transformer or impedance coupling devices are recommended.

AF POWER AMPLIFIER AND MODULATOR—CLASS AB2

[P

Maximum Ratings: cCcs ICAS
DC PLATE VOLTAGE . . .. o viieivneinn e iineannnsns 600 max 750 max volts
DC GrID-NO0.2 (SCREEN-GRID) VOLTAGE . . . .............. 250 max 250 maex volts
MAXIMUM-SIGNAL DC PLATE CURRENT® . . .. ... ...... ... 126 max 135 max ma
MaxXiMUM-SIGNAL PLATE INPUT®. . ... ... .. vt 62.56 max 90 maz watts
MAXIMUM-SIGNAL GRID-NoO.2 INPUT®, . . . ............... 3 max 3 mazx watts
PLATE DISSIPATION®., | . ... i, . 20 max 25 max watts
PEAK HEATER-CATHODE VOLTAGE: -

Heater negative with respect to cathode, ............. 135 max 136 mazx volts

Heater positive with respect to cathode....... ... ... 185 max 185 max volts ~
BuLB TEMPERATURE (At hottest point) . . ... .. .......... 220 max 220 max °C
Typical Operation (Values are for 2 tubes):
DCPlate Voltage. .. ... ..o invuen.. 400 500 600 600 750 volts
DC Grid-No.2 Voltage® 175 175 165 190 165 volts
DC Grid-No.1 (Control-Grid) Voltage...... -41 44 44 —-48 -46 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage. .. 95 102 97 109 108 volts '
Zero-Signal DC Plate Current............. 33 27 22 28 22 ma
Maximum-Signal DC Plate Current........ 232 242 207 270 240 ma *
Zero-Signal DC Grid-No.2 Current......... 1.1 0.7 0.6 1.2 0.8 ma
Maximum-Signal DC Grid-No.2 Current.... 18 18 17 20 20 ma
Maximum-Signal DC Grid-No.1 Current.... 1.6 1.9 1.1 2 2.6 ma
Effective Load Resistance (Plate to plate) .. 3700 4600 6800 5000 7400 ohms
Maximum-Signal Driving Power (Approx.) . 0.2 0.3 0.2 0.3 0.4 watt
Maximum-Signal Power Output (Approx.). . 62 83 90 ° 113 131 watts

Technical Data

Maximum Circuit Values {CCS or ICAS conditions):
Grid-No.1-Circuit Resistance, . ......... ... it i 30000 max ohms

® Averaged over any audio-frequency cycle of sine-wave form.
® Obtained preferably from a separate source or from the plate-voltage supply with a voltage divider.
1 For operation at less than maximum ratings, this value may be as high as 100000 ohms.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum Ratings: CcCS ICAS
DC PLATE VOLTAGE , . .o ovii i vie it inanen e 480 max 600 max volts
DC GRID-NO.2 VOLTAGE, . . ..\ttt 250 mar 250 max volts
DC GRID-NO.1 VOLTAGE . , .. ..t i ieiiiiiniiae s ~150 mar -150 max volts
DC PLATE CURRENT , . ... vttt iiini vt 117 mar 125 max ma
DC GRID-NO.L CURRENT. . ...t e 3.5 mar 4.0 max ma
PLATEINPUT. ... ... .. i 45 mar 67.5 max watts
GRID-NO.Z INPUT. . ..ttt iiie i e 2 max 2 max watts
PLATE DISSIPATION . . ... .. .. .. i 13.3 max 16.7 mazx watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ............. 185 mar 135 max volts
Heater positive with respect to cathode. .. ........... 135 e 135 max volts
BuLB TEMPERATURE (At hottest point) ... ............ .. 220 s 220 max °C
Typical Operation:
DC Plate Voltage. . ....... 400 475 600 volts
DC Grid-No.2 Voltages .- 150 135 150 T volts
From series registor of . . . ...... ... ... ... L. 33000 51000 56000 ohms
DC Grid-No.l Voltaged . ....... oo iiiiiiiiieinaenn. -87 =77 -87 volts
From grid-No.l registorof . ... .......... ... ... .. 27000 27000 27000 ohms
Peak RF Grid-No.1 Voltage. . .............. ... ... ... 107 95 107 volts
DC Plate Current. .. ... .. .ottt .. 112 94 112 ma
DC Grid-No.2 Current. .. .. ... ... ... 7.8 6.4 7.8 ma
DC Grid-No.1 Current (Approx.). .. ......ocovvvnennn-. 3.4 2.8 3.4 ma
Driving Power (ApProxX.) .. ... . iuiineeaneaenn... 0.4 0.8 0.4 watt
Power Qutput (APProX.) . . .o.vee i nn 32 34 52 watts
Maximum Circuvit Values (CCS’ or ICAS conditions}):
Grid-No.1-Circuit Resistance. ... ... ... ... i i 30000% max ohms

# Obtained preferably from a separate source modulated along with the plate supply, or from the modu-
lated plate supply through a series resistor of value shown.

4 Obtained from grid-No.1 resistor of value shown or from a combination of grid-No.1 resistor with
either fixed supply or cathode resistor.

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

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: cCs I1CAS
DCPLATE VOLTAGE . .. it i e it 600 mar 150 max volts
DC GRID-NO.2 VOLTAGE . ... ... .vi e 250 max 250 max volts
DC GRID-NO.L VOLTAGE . . ... . v i —150 mar -150 max volts
DC PLATE CURRENT . . ...oiiuniniiiinenninnen s 140 max 150 max ma
DC GRID-NO. L CURRENT. . ...oo i 3.5 mar 4.0 max ma
PLATE INPUT. ... .. i i i e 67.5 mar 90 max watts
GRID-NO.2Z INPUT. oo v vt iie e iiinn e 3 mar 3 max watts
PLATE DISSIPATION 20 mar 25 max watts
PrEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. ... ......... 135 mar 135 max volts
BuLB TEMPERATURE (At hottest point) .. ............... 220 mac 220 max °C
Typical Operation as Amplifier up to 60 Mc:
DC Plate Voltage. ..... ... oo iiiiiiniin. o 500 600 600 750 volts
DC Grid-No.2 Voltage*. . .............. oo 170 150 180 160 volts

From seriesresistorof . .. ... ... ... ... ... 36000 51000 43000 56000 ohms
DC Grid-No.l1 Voltage®f. . ... ......civeiina.. -66  -58 71  -62 volts

From grid-No.1resistorof . . .................. 27000 20000 24000 20000 ohms

From cathode resistorof . . ................. ... 470 470 430 470 ohms
Peak RF Grid-No.1l Voltage.................c.... 84 73 91 79 volts
DCPlate Current. .......c.viirriiiinennnn. 186 112 150 120 ma
DC Grid-No.2 Current. . ... ........ovvenn.n 9 9 10 11 ma
DC Grid-No.1 Current (Approx.). .....e..... .. 2.5 2.8 2.8 3.1 ma
Driving Power (ADProx.) . . ... c.ouienreenrennenn. 0.2 0.2 0.3 0.2 watt
Power Output (APProX.) . ..vvevevns venneranennnn 48 52 66 70 watts
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Typical Operation as Amplifier at 175 Me:
DC Ilate Voitage.......... . 400 volts

DC Grid-No.2 Voltage* 190 volts
From series resistor of 20000 ohms
DC Grid-No.1 Voltage 9% 5 -54 volts
From grid-No.l resistor of . . ... ........ N 27000 24000 ohms
From eathode resistorof . . ....... .. .. .oviiiiinnaa... 380 330 ohms
Peak RF Grid-No.l Voltage. . ......ivviiiniininrronnrenens 64 68 volts
DC Plate Current. ... ...ou\ureieenieerraannneeancenanns 140 150 ma
DC Grid-No.2 Current. .. ... ... .....iiiinniinennranen. 10 10.4 ma
DC Grid-No.1 Current (Approx.)......... e 2 2.2 ma
Driving Power (APProX.) . . ... vvriiirrrirsenrononnonans 3 3 watts
Power Output (APDLOX.) . o u ittt iiie i iinerenerananans 25 35 watts
Maximum Circvit Values (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. .. ... ..ttt iiieiiaer i, 30000% max ohms

4 Obtained preferably from scparate source, from plate-voltage supply with a voltage divider, or

fihrough series resistor of value shown. Grid-No.2 voltage must not exceed 400 volts under key-up con-
itions.

9 Obtained from fixed supply, by grid-No.1 resisto.r,. by cathodc resistor, or by combination methods.

I For operation at less than maximum rated conditions, this value may bhe as high as 100000 ohms.

AVERAGE CHARACTERISTICS AVERAGE. CHARACTERISTICS
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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. QUTLINE 17, Outlines Section.

For operation at 120 Me, plate voltage should be reduced to 67 per cent of
maximum rating; plate input to 79 per cent. At 175 Mec, plate voltage should be
reduced to 53 per cent of maximum rating; plate input to 66 per cent.

Plate shows no color when tube is operated at maximum CCS or ICAS ratings.
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BEAM POWER TUBE

6] 5 5/ Forced-air-cooled, thoriated-
4_]2 5 A tungsten filament type used as af
power amplifier and modulator, and

as rf power amplifier and oscillator.

May be used with full input to 120

Me, and with reduced input up to 250 Me. Class C Telegraphy maximum CCS

plate dissipation, 125 watts. Requires Giant five-contact socket and may be oper-
ated in vertical position only, base up or down. OUTLINE 30, Outlines Section.

FILAMENT VOLTAGE (AC/DC) . .o ot vt e e et e et iiiiee e ie e et 5.0 volts
FILAMENT CURRENT . . 4\ttt ittt et iiia e e 6.5 amperes
MU-FACTOR GRID N0O.2 TO GRID NO.I¥, ., ... i iiiiiiiiinreaaannnns 6.2
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.L to plate. ... .o e it e e e i v i ans 0.07 max nuf

Grid No.l to filament and grid No.2, ... ittt iie s 11 unf

Plate to filament and gnd NoO2. e 3 nuf
SBAL TEMPERATURE: :

Plate. o e e e 220 maz °C

Grid No.2, grid No.land filament.. . ............iivinnnennnnnnnn. 180 max °C
# Plate volts, 3000; grid-No.2 volts, 400; plate milliamperes, 50.

AF POWER AMPLIFIER AND MODULATOR
Maximum CCS Ratings: ] Class ABy Class ABg
DC PLATE VOLTAGE : 3000 max 3000 mazx volts
DC GRip-No.2 VOLTAGE 600 maox 400 mazx . volts
DC Grip-No.1 VOLTAGE 0T =800 mow 500 max T volts
MAXIMUM-SIGNAL DC PLATE CURRENT® 225 max 225 max ma
MAXIMUM-SIGNAL PLATE INpUT® 350 max B00 max watts
MAXIMUM-SIGNAL GRID-N0.2 INPUT® 20 max 20 max watty
PLATE DISSIPATION® 126 max 125 max  walls
RF POWER AMPLIFIER—Class B Telephony

Maximum CCS Ratings:
DC PLATE VOUTAGE . . ..ottt ittt e e e e e e e 3000 max volts
DC GRID-NO.2 VOLTAGE. . ...\ttt ettt et e e e e 400 max volts
DO PLATE CURRENT. .. ... ottt e e i 135 mox ma
PLATE INPUT. ... 200 max watts
GRID-NO.2ZINPUT. ... ... .. i i L 14 max watls
PLATE DISSIPATION. . ... e e e 125 max watts

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Ratings:
DO PLATE VOLTAGE. .. oottt et ettt e e 2500 wmax volts

............................................. 400 max volts
DO GRID-NOL VOLTAGE. .o .ottt ittt ittt et et eie et ~B00 max volts
DO PLATE CURRENT. .. .0t ot ettt et v ettt e e et i e 200 max ma
DC GRID-NO.L CURRENT. .. ..ttt ittt ettt it e et 15 mox ma
PLATE INPUT. L e e e 415 mex watls
GRID=NO.2 INPUT. . . o ittt e et et e 20 max watts
PLATE DISSIPATION. . .. .. ettt e e e i 83 maux watts

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

DO PLATE VOLTAGE. . .\ttt iiivev st e et s etsane s 3000 max volis
1DC GRID-NO.2 VOLTAGE. ..... e et e e e i 400 mazx volts
DC GRID-NO.1 VOLTAGE. ........... e P DN -500 mazx volts
DC PLATE CURRENT. . vttt ittevinnsonaneteanseatne s eneesrnns 225 max ma
DO GRID-NO.L CURRBNT. 4+ ¢t vttt tttanenansansninninnansroseananns s 15 max ma
PLATEINPUT. .. .. viinninnnns T Y PN 625 max watts
GRID-NO.2 INPUT. . ....ouvunnns, Ceeeaese e e 20 mazx watts
PLATE DISSIPATION. . oo vvvetiiennranenns, e s ... 125 mazx watts

¢ Averaged over any audio-frequeney of sine-wave form.
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BEAM POWER TUBE

Forced-air-cooled thoriated-
tungsten-filament type used as af 6] 56/

ower amplifier and modulator, and
gs rf power amplifier and oscillator. 4-25 OA

: May be used with full input up to 75

Mec and with reduced input up to 120 Me. Class C Telegraphy maximum CCS
plate dissipation, 250 watts. Requires Giant five-contact socket and may be oper-
ated in vertical position only, base up or down. QUTLINE 385, Qutlines Section.

FILAMENT VOLTAGE (AC/DC) . .ottt ie it i iii e iiaa e, 5.0 volts
FILAMENT CURRENT. . . ............ 14.1 - amperes
MU-FACTOR, GRID N0.2 To GrRID No. 5.1
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.Lto plate. . ..o ot it i e ittt et e 0.14 max puf

Grid No.1 to filament and grid No.2.. ... oo it 13 ppl

Plate to filamentand grid No.2. . ....... . oo 4.6 pupfl
SEAL TEMPERATURE:

Plate . vttt e e e e 220 max o¢

Grid No.2, grid No.1, and filament 180 max °C
% Plate volts, 3000; grid No.2 volts, 500; plate milliamperes, 100.

AF POWER AMPLIFIER AND MODULATOR
Maximum CCS Ratings: Class AB;  Class AB»
DC PLATE VOLTAGE. . . .1t iii it iis e canacnnansnns 4000 max 4000 max volts
DC GRID-N0.2 VOLTAGE 600 max 600 max volfx
DC GRID-NO.1 VOLTAGE. .......... -500 max -500 max volts
MaXIMUM-S16NAL DC PLATE CURR 350 max 350 max ma
MAXIMUM-SIGNAL PLATEINPUT®. . ... ..o 750 max 1000 mar - watts
MAXIMUM-SIGNAL GRID-NO.2 INPUT®. .. ... ... ovii o 35 mux 35 max watts
PLATE DISSIPATION®, . ittt e e v e 250 mas 250 max walts
RF POWER AMPLIFIER—Class B Telephony

Maximum CCS Ratings:
DC PLATE VOLTAGE. . v e vvsennreeseannn e P N 4000 max . volts
DC GRID-NO.2Z VOLTAGE . .. ottt i e tivieneestaesioananosssnaneonronnon 600 max volts
DC PLATE CURRENT. .. ......00vun e 210 max ma
PLATE INPUT. .. ....... ... .ot et e e 400 max watts
GRID-NO.2 INPUT. L.t it eteia et rne s 23 max watts
PLATE DISSIPATION. . . o o vttt et it iia i iianar et ae e aasaans 250 max watts

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

DC PLATE VOITAGE. . . ottt t ittt itae i iie i e an e saes 3200 max volts
DC GRID-NO.Z2 VOLTAGE . . oottt et et e e e e 600 max volts
DPC GRID-NO.1 VOLTAGE. « . ¢ ot ttettias i iae i ia iy =500 max volts
IYC PLATE CURRENT. ..o\ttt etet e em et e e e e 2756 max ma
DC GRID-NO.L CURRENT. .. .t tevietaetiae oot iia i iaananaenan 20 maox ma
PLATE INPUT . . e et e 825 max watts
GRID-NO.2 INPUT. .. . ... ..., N 35 max watts
PLATE DISSIPATION . L ottt ettt ettt i eeenns 165 max watts

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

Maximum CCS Ratings:

PO PLATE VOLTAGE . . o1ttt it tuietanenenen s ianannonanenene 4000 max volts
DC GRrRID-N0.2 VOLTAGE 600 max volts
PC GRID-NO.1 VOLTAGE ~500 max volts
DO PLATE CURRENT. c0 et vttt v s tae e iinttntisasaneenaescnssanen 850 max ma
DC GRrip-No.1 CURRENT 20 mazx ma
PLATRINPUT. .. ... i 1260 max watts
RID-NO 2 INPUT. o vttt et iie st iereiietnecnerranassaanas ‘e 35 max watts
PLATE DISSIPATION. L oo ottt ettt e iaiaai ettt iiaae e arassas 250 max watts

% Avoraged over any audio-frequency cycle 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 Me. Class C Telegraphy maximum plate dissipation, CCS

20 watts, ICAS 25 watts. OUTLINE 17, Outlines Section. Heater volts, 26.5; am-
peres, 0.3. Except for heater rating, this type is identical with type 6146.

POWER TRIODE

Compact forced-air-cooled heater-

6" 6] “cathode type having integral radiator

used as rf power amplifier and oscilla-

tor and as frequency multiplier. Coax-

ial terminal arrangement facilitates

use in cathode-drive circuits of the coaxial-cylinder type. May be used with full

input up to 900 Mec and with reduced input up to 2000 Mec. Class C Telegraphy
maximum CCS plate dissipation, 250 watts.

H=ATER VOLTAGE (AC/DC):°

AVETAZE . . i s e 6.80 volts
Maximurm . . e 6.9 volts
HEATER CURRENT (At 6.3 voltS) . ...t inieinvrnnenivnnnnannnn 3.4 amperes
AMPLIFICATION FACTOR®. .. ... it ieiiiiiinnennereaneens 25
DikecT INTERELECTRODE CAPACITANCES:
Gridtoplate. ... e ey e 6 st
Grid to cathode and heater. . ..... ... .o vuiiniriininnrereinaeerenen 11 puf

Plate to cathode and heater® .........cooviriniiini e enninse . 0.22 puf

° Because the cathode is subjected to considerable back bombardment as the frequency s increased
with resultant increase in temperature, the heater voltage should be reduced depending on operating
conditions and frequency to prevent overheating the eathode and resultant short life.

J Average heater voltage must be applied for a minimum period of one minute before the application
of plate voltage.

* Grid volts, ~15; plate milliamperes, 250.

- With external flat shield having minimum diameter of 714-inches located in plane of grid terminal

and perpendicular to axis of tube. Shield is connected to grid terminal,

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

DO PLATE VOLTAGE. . . . .ttt teie e e et et 1300 nrax volts
DO GRID VOLTAGE . . . .ot tie ittt it i e et ie e e -300 max volts
DO PLATE CURRENT . . . ottt ttciiiaanaeiav et e rananneannannns 210 max ma
DO GRID CURRENT. .. ...ttt ittt et eas See Rating Chart
PLATE INPUT. ... ittt e iva e 270 max watts
TLATE DISSIPATION . . .. ottt iiieinianseannneraanasenanansssons 167 max watts
Typical Operation in Cathode-Drive Circuit: 600 Mc 900 Mc

DC Plate-to-Grid Voltage. . ........ ittt eiiinirrnnnaneess 1400 1400 volts
DC Cathode-to-Grid Voltage. . ...... ... .iiiiiiiiiiinnnarennn 150 150 volts
Peak RF Cathode-to-Grid Voltage. . ... .....coiiiiniiniinn.. 200 200 volts
DC Plate Current. .. ... . i ittt 210 210 ma
DC Grid Current (Approx.). . .. 70 70 ma
Driver Power Qutput (Approx.)® 704 54 watts

Qutput Circuit Efficiency (AppProx.). .. .....ocvvuevnenennnn eee 80 60 per cent
Useful Power Output (AppProx.) . . .v.vevininvnrnvacnenns 180 120 watts
¥ In this type of service, the 6161 can be modulated 100 per cent if the rf driver stage is also modulated
100 per cent simultancously. Care should be taken to insure that the driver-modulation and amplifier-
modulation voltages are exactly in phase.

2 This value includes 18 watis of circuit loss and 40 watts added to plate mput.

4 This value includes 23 watts of circuit loss and 40 watts added to plate input.
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RF POWER AMPLIFIER AND. OSCILLATOR-—Class C Telegraphy
and
) RF POWER AMPLIFIER——Class C FM Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE . . . ... .ttt ie ettt traan et aanerrans 1600 max volis
DC GRID VOLTAGE . . . ..ottt i iianinen e es et ennniinnannns -300 max volts
DC PLATE CURRBENT . . . .ttt s oannsniosinnesnninas 250 mazx ma
DC GRID CURRENT. . . ..t it ittt ie et it eiens s aransnanss e See Rating Chart
PLATE INPUT. ..o it it i iiiiinannaaanraann 400 maz wutts
PLATE DISSIPATION . . . .. ..ttt iiiiaanrnnanns eteaeareaaiaas 250 mazx watts
Typical Operation in Cathode-Drive Circuit: 600 Mc 900 Me
DC Plate-to-Grid Voltage. . ... ... .. iiiiieiineriiineceares 1650 1650 volts
DC Cathode-to-Grid Voltage. . 150 150 volts
From grid resistor of . . ... ... .o ittt R 3000 15000 ohms
Peak RF Cathode-to-Grid Voltage. . ............coiviiivinnnn 200 200 volts
DC Plate Current. .. ... ... .. it iiiiiie e ivanssniares 250 250 ma
DC Grid Current (APProX.). .. ..viiniiinernerenenrnarnennnas 50 10 ma
Driver Power Output (Approx.) . ... ... c.vvereenrineearraeanns 75° 80°¢ watts
Output Cireuit Efficiency (Approx.). 82 60 per cent
Useful Power Output (APProx.) . . .vvv i iiiirieerannrenes 270 180 watts

° This value includes 18 watls of circuit loss and 45 watts added to plate input.
® This value includes 23 watts of circuit loss and 45 watts added to plate input.

FREQUENCY MULTIPLIER—Class C
Maximum CCS Ratings:

DO PLATE VOLTAGE . .. . ..ttt iit e iiiiina i irasaraananneneans 1600 mazx volts
DC GRID VOLTAGE . .. ...ttt ernan s anosannnrons ~300 max volis
DC PLATE CURBENT . .. o0ttt enisesnnerasarecunosnsanserns 250 max ma
DC GRID CURRENT ...t oottt it ittt io et e it e anenirinanens See Rating Chart
PLATE INPUT . L .ottt ittt ettt et iaes s nanaannseens 400 maxz watts
PLATE DISSIPATION . ... ... vittiiininnennnnnns e e 250 max watts
Typical Operation as Doubler in Cathode-Drive Circuit: ‘ 600 Mc 500 Mc
DC Plate-to-Grid Voltage. . ...... ... o0 iviiieiinenennns 1760 1675 volts
DC Cathode-to-Grid Voltage. . .............coiiiviuninn. 260 175 volts
From cathoderesistor of . . ... ... ... ... ... .. .. 0000 860 645 ohms
Peak RF Cathode-to-Grid Voltage. . .. .............. e 300 300 volts
DCPlate Current. ... ... .. ... .. ....iiiviienr. - 250 250 ma
DC Grid Current (Approx.)..... i 50 21 ma
Driver Power Qutput (Approx.) 8. ... ... .oiiirennvnns 125 160 watts
OQutput Circuit Efficiency (Approx.). .. ..o, 90 80 per cent,
Useful Power Qutput (Approx.) . 180 140 watts

& Approximate total driving power required. A portion of this power appears in the plate eircuit.

AVERAGE CHARACTERISTICS
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RATING CHART
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OPERATING CONSIDERATIONS

Type 6161 may be operated in any position. OUTLINE 89, Oullines 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
UHF DIODE
' Small, sturdy, pencil type used in
6] 7 3 pulse-detection and pulse-power-meas-
uring service at frequencies up to 3300
Mec. Type 6173 may be operated in any \ ]
position. OUTLINE 69, OQutlines Section.
AEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. ... i tvte e eiinennanns 0.135 ampere
RESONANT FREQUENCY (ADPDPTOX.) . o oot iiai il 1600 [
DIRECT INTERELECTRODE CAPACITANCE (ApPprox.):
Plate t0 cathode. . .ottt e 1.1 pul
TERMINAL TEMPERATURSE (Plate and cathode) . . . ... ... .. ... ... ... 175 max °C

PULSE-DETECTION and PULSE-POWER-MEASURING SERVICE}
Maximum Ratings: For altitudes up to 10,000 feet

PEBAK INVERSE PLATE VOLTAGE. . ...ttt i iaaes 1000 max volts
PEAK PULSE PLATE VOLTAGE. .. ... .0ttt ci e 150 max volts
PRAK PULSE PLATE CURRENT. .. .0t it ettt i it nanaeasas 1 max  ampere
DC PLATE CURRENT . o . oottt ittt i i e e aans 1 max ma
PreAK HEATER-C'ATHODE VOLTAGE:
Heater negative with respect to cathode.......... ... ... ..oy 90 max volts
Heater positive with respect to cathode. .. ..... ... ... . ...l 90 max volts

HALF-WAVE RECTIFIER

Maximum Ratings: For altitudes up to 100,000 feel

PEAK INVERSE PLATE VOLTAGE. . .1ttt tiin i iiinsienaonnossenasoanenss 875 max volts
PEAK PLATE CURRENT . . .ot ittt ittt ienaensieasarasnasaens .. 50 max ma
HoT-SWITCHING TRANSIENT PLATE CURRENT:®

For duration of 0.2 second MAaXIMUIM. . . .ttt ernnceeronnrneansan- 250 max ma
DC OUTPUT CURRENT . .+« .t etetentneeas e ennin o e aaaaeareanan s 5.5 max ma
PEAK HEATER-CATHODE VOLTAGE: .

Heater negative with respect to cathode. .. ........ ... .o 90 mux volts

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

1 In this class of service, the heater should be allowed to warm up for a minimum of 60 seconds before
plate voltage is applied in order to allow the cathode to reach normal operating temperature and to be
able to supply the high peak plate currents encountered in this class of service.

° A minimum plate-load impedance (including the source impedance) of 800 ohms is required to limit
the hot-switching transient plate current and thereby prevent damage to the tube when the plate vol-
tage is applied.
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OPERATING CONSIDERATIONS

Connections to the cathode terminal and the plate terminal should be made by
flexible spring contacts only. The connectors must make firm, large-surface contact,
yet must be sufficiently flexible so that no part of the tube is subjected to strain.
Unless this recommendation is observed, the glass-to-metal seals may be damaged.

The heater leads should not be soldered to the circuit elements. The heat of the
soldering operation may crack the glass seals of the heaterleads 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 2 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 Jonger 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.

AVERAGE PLATE CHARACTERISTIC
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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 VOLTAGEL (AC/DC) . oot ittt i ein i ce e enenaens 120 max volts
HEATER CURRENT (At 120 volts). ... ... ... .. i i iiene e 1.6 amperes
MNIMUM HEATING TIME (At 117 volts) . ... ..o i e 5 minutes
MU-FACTOR, Grid No.2 to Grid No.1%. . ..........oint NN 7
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 t0 PIate®. o ... ottt ittt e 0.40 max upf
Grid No.1 to eathodeand heater. .. ........ . .. .. i, 46 pul
Plate to cathode and heater®™® . ... .. ... .. .. . i 0.10 max upf
Grid No. L togrid NOo. 2. .. oo it s B pepd
Grid No.2 toplate. . ... ..o i e 22 puf
Grid No.2 to cathode and he e 4.4 max upuf
RADIATOR TEMPERATURE (Measured on core at end adjacent to plate- o
terminal flABZE) . . .. ..o e 180 wax C
SEAL AND TERMINAL TEMPERATURE:
Cathode, heater, grid No.1, grid No.2, and plate. .. ............. PPN 180 max °C

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

° With external flat metal shield having a diameter of 8 inches and center hole approximately 3-7/16
inches in diameter. Shield is located in plane of the grid-No.2 terminal, perpendicular to the tube axis,
and is connected to grid-No.2 terminal.

" Game as preceding, except that center hole has diameter of approximately 3 inches, and shield is con-
nected to grid-No.l terminal.

O For plate volts, 1000; grid-No.2 volts, 400; plate amperes, 1.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum CCS Ratings:

DCPLATEVOLTAGE. .. ... iviiiarinnas P 1600 max volts
DC GRID-NO2 VOLTAGE . + ot ot e v ete et aeae e e 400 nax volts
DC GRID-NO.1 VOLTAGE. . .. e =300 max volts
"DC PLATE CURRENT. . ... ... 1.05 max amperes

DC GriD-NO.1 CURRENT......... . .. L .. 0.2 max  ampere
PLATE INPUT. . . ottt it it it e cinnans . . 1650 mox watts
GRID-NO.Z INPUT. oottt iiin it et o 25 max watts
PLATE DISSIPATION. L oLttt ittt i ettt 1300 max watts

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

Maximum CCS Ratings:

DC PLATE VOLTAGE . L .t ittt tet it e et e i i e 2000 mur volts
DC Gr1v-N0.2 VOLTAGE 500 7ax volts
DC GRID-NO0.1 VOLTAGE. . —300 max volts
DC PLATE CURRENT. ... 1.25 max amperes
DC GRID-NO.} CURRENT 0.2.max  ampere

PLATE INPUT. .. ....... . .. 2500 max watts

GRID-NOZ2INPUT. . ..o viinennns . . 40 mazx watts

PLATI DISSIPATION .ttt n it et e e it e it m e i ie e e e 2000 max watts
P

MEDIUM-MU TRIODE

6263 Pencil-type tubes having integral <
radiator; used as rf power amplifier

6263 A and oscillator in mobile equipment and
in aireraft transmitters at altitudes up

to 60,000 feet without pressurized

=,
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chambers. The 6263A is used in applications requiring dependable performance
under severe environmerital conditions. The 6263 A is unilaterally interchangeable
with the 6263. Tubes may be used with full input up to 500 Mec and with reduced
input up to 1700 Mc. Class C Telegraphy maximum plate dissipation, CCS 8
watts, ICAS 13 watts.

HEATER VOLTAGE (AC/DC):

Under transmitting conditions. .. ... .. it iiiiiiiierin 6.0 volts

Under stand-by conditions. . . .........ccvvrvinnn 6.3 max volts
HEATER CURRENT at 6.0 volfs. .. ....0.vuuiuueenn.. 0.280 ampere
TRANSCONDUCTANCE®. . .. ... . .. ieneniiiinnnns 7000 umhos
AMPLIFICATION FACTOR. . .. .. ............... . 297
DIRECT INTERFLECTRODES CAPACITANCES (Without external shield):

Grid to plate. . ... ... . e e 1.7 puuf

Grid to cathode and heater. ... ... ... ... . . . . . 2.8 puf

Plate to cathodeand heater. . . ..... ... .. ... ... .........cc.v. ... 0.08 mazx upf
INCOMING ATR TEMPERATURE . ... ...\ttt ittt ettt 40 max °C
PLATE-TERMINAL TEMPERATURE (Measured at plate terminal) ....... P 175 max °C
' Plate volts, 200; plate milliamperes, 27.

RF POWER AMPLIFIER AND OSCILLATOR~—Class C Telegraphy
For altitudes up to 60,000 feet

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE. ... vt ttt ittt et aieiinee e 330 max 400 mazx volts
DC GRID VOLTAGE . . ... et ietireannenainneenanannnens -100 max  -100 max  volts
DO PLATE CURRENT. ... ..ottt teie e viaenennannnenens 40 max 55 max ma
DO GRID CURRENT. .« oottt iiee et et etrrinannnnns 25 max 25 max ma
IDC CATHODE CURRENT. . ...ttt tttinaieienianneeannnnnnn, 55 max 70 max ma
PLATE INPUT (B263A)° .. . . ettt 13.2 mazx 22 mazx watts
PLATE DISSIPATION. . ..ot e 8 max 13 max watts
Prak HEATER-CATHODE VOLTAGE:

Heater negative with respect to eathode. ... . ... ... ... .. 50 max 50 mazx volts

Heater positive with respect to eathode. ... ... ... ... ... 50 max 50 max volts
° CCS plate input 6263, 18 max watts.
Typical Operation as Oscillator in Cathode-Drive Circuit:

a0 Me 1700 Mc 500 Me
CS cCS ICAS
DC Plate-to-Grid Voltage. .. ...................... 330 270 385 volts
DC Cathode-to-Grid Voltage®™. .. .................. 30 20 35 volts
DC Plate Current. ... ...c.oiiinerinennnno.. 35 40 40 ma
DC Grid Current (AppProx.).......oohveeiveeen. .. . 11 9 14 ma
Useful Power Output (Approx.)®. .................. 5 0.9 7 watts
Typical Operation as RF Power Amplifier in Cathode-Drive Circuit at 500 Mc;
. ccs Icas

DC Plate-to-Grid Voltage. . ..........iiiiiinninnennn... 348 408 volts
DC Cathode-to-Grid Voltage®™. . ... ... ... cciieriinvnn. 48 58 volis
DCPlate Current. .. ... i it i e 35 40 ma
IC Grid Current (AppProx.). . ... .. .iiiiiir i, 13 15 ma,
Driver Power Output (Approx.).........ccvouvvnvnennennnn 2.2 3 watts
Useful Power Output (AppProx.}. .. ...cvieeiiiunnnennnnnnn. T® 10 watts

Maximum Circvit Values:
Urld-Circuit Resistance. . ........ ... iiirnnnnnanan. 0.1 max 0.1 maex wmegohm

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
For altitudes up to 60,000 feet

Maximum Ratings: ccs 1CAS
DC PLATE VOLTAGE. .. ... ivittiniininennnes Peeeienns 275 max 330 max volts
PC GRID VOLTAGE. . . .......vvveu.n PR —-100 maz -100 maz volts
PO PLATE CURRENT. .. ..ot ie v innsennesaonsesanosnansons 38 max 46 max ma
DO GRID CURRENT. . ..ttt iiniee i eenernanreaaneenns 25 max 25 max ma
DO CATHODE CURRENT. .+t vivesvetnesennneeennnrensones 50 max 60 mazx ma
L T O A A 9 max 15 max watts
PLATE DISSIPATION. . . ..o oiiiiiieneianinnes PN 5.5 max 9 max watts
PrAK HBEATER-CATHODE VOLTAGE: R
Heater negative with respect to cathode................. 50 max 50 max volts
Houater positive with respect to eathode. .. .............. 50 max 50 max volts
193
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Typical Operation in Cathode-Drive Circuit at 500 Mc:

cCs ICAS

DC Plate-to-Grid Voltage. . .. ...... .o iiii o 317 372 volts
DC Cathode-to-Grid Voltage®. 42 52 volts
DCPlate Current, . ....vovt ittt 35 35 ma
DC Grid Current (APProX.) ..o ie e iivnnannerannn.. 13 12 ma
Driver Power Qutput (APProX.) ... .cvvevvnvniiininnaes 2 2.4 watts
Useful Power Qutput (APDProX.). .ot eeriveeonn .. 6.7° 8e watts
Maximum Circuit Values:

Grid-Circuit Resistance. . ..........coir i ciunn 0.1 maox 0.1 max megohm

® From a grid resistor, or from a suitable combination of grid resistor and fixed supply or grid resistor
and cathode resistor.

® This value of useful power is measured at load of output circuit having an efficiency of about 75 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 tokeep the peak
heater-cathode voltage within the maximum ratings.

AVERAGE CHARACTERISTICS
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MEDIUM-MU TRIODE
6264 Pencil-type tubes having integral o
6 2 6 4 A radiator; used as rf power amplifier
and oscillator and as frequency multi- K
plier in mobile equipment and in air- A 4

craft transmitters at altitudes up to
60,000 feet without pressurized chambers and under severe vibration conditions.
May be used with full input up to 500 Mc and with reduced input up to 1700 Me.
Class C Telegraphy maximum plate dissipation, CCS 8 watts, ICAS 13 watts. The
6264 A may be operated in anyposition. OUTLINE72, Qutlines 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 6264 A is directly interchangeable.
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HEATER VOLTAGE (AC/DC):
Under transmitting conditions 6 volts
Under standby conditions. .. .......uiiiererniierrrerirnninen .. 6.3 max volts

HEATER CURRENT (At 6 volts). 0.28 amperc
AMPLIFICATION FACTOR . . 40
TRANSCONDUCTANGEY . . ...ttt it et er e e 6800 umhos
Without With
External External
DIRECT INTERELECTRODE CAPACITANCES: Shield Shield}
Grid to plate. . . i i e e e 1.75 .5 pul
Gridtoecathode. ... ... ... . it 2.95 - puf
Plate tocathode. .. ... ..ottt 0,07 max — puf
INCOMING-AIR TEMPERATURE . . . .\t v teettnaennneeonnnannnniinseennis 40 max °C
PLATE-TERMINAL TEMPERATURE. « . . . oveennnntnceean e 175 max °C

$ A flat plate shield, 1-1/4 inches in diameter, located parallel to the plane of the grid flange and mid-
way between the grid flange and the radiator plate terminal. The shield is tied to the cathode.
* For dc plate ma., 18.5; de plate volts, 200.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
For altitudes up to 60,000 feet

Maximum Ratings: CcCSs ICAS
DC PLATE VOLTAGE 330 max 400 max volts
DC GRID VOLTAGE. . .. ........... -100 max —100 max volts
DC PLATE CURRENT 40 max 55 max ma
DC GRID CURRENT............u.. 26 max 25 max ma
DC CATHODE CURRENT 55 max 70 max ma
PLATEINPUT. ... i i et e it e s 13.2 max 22 max watts
PLATE DISSIPATION. . ... ittt araanns 8 max 13 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode................. 50 mazx 50 max volts

Heater positive with respect to cathode................. 50 max 50 max volts
Typical Operation as Oscillator in Cathode-Drive Circuit:

At 500 Mc At 1700 Me
CCS ICAS CCS

DC Plate-to-Grid Voltage. . ..........c.cou. ... 325 380 263 volts
DC Cathode-to-Grid Voltage®...................... 25 30 13 volts
DCPlate Current. . .....oovirnnieieneenia .. 35 35 40 ma
DC Grid Current (APProX.). .. ..vevrerereaaenn on. 11 13 13 ma
Useful Power Output (Approx.)®™. .....c.ooovvn ... 5 6 1 watts

Typical Operation as RF Power Amplifier in Cathode-Drive Circuit at 500 Mc:

cCsS ICAS
DC Plate-to-Grid Voltage. . ..........oo i iivninn.. 342 395 volts
DC Cathode-to-Grid Voltage®......................... ... 42 45 volts
DC Plate Current. . ......ovittitiniiiiiineeraiiiinneea, 35 40 ma
DC Grid Current (APProx.). . ...c.vvieerinrenrnarneenenn.. 13 15 ma
Driver Power Output (APProX.)....ovveviveeinnrennnnnnna. 2.4 3 watts
Useful Power Qutput (Approx)™......cooeveeen.onns e 7.5 10 watts
Maximum Circuit Values:
Grid-Circuit Resistance. . ..., i i nn. 0.1 max 0.1 max megohm
FREQUENCY MULTIPLIER
X For altitudes up to 60,000 feet
Maximum Ratings: ccs ICAS
DO PLATE VOLTAGE. . ..ottt enenanennes 300 max 350 max volts
PC GRID VOLTAGE. . .ot tii vt iet i iiecniaen e ennnaanns —125 max —140 mazx volts
DO PLATE CURRENT. « . . oottt iiiiinien e eeecnnennnnnnen 33 max 45 max ma
Y GRID CURRENT. . .. .ottt ittt ene e ieaaaenn 25 max 25 mazx ma
)CO CATHODE CURRENT. ..t tiv vt evnenarcnriinnnsoanss 45 max 55 max ma
LATB INPUT. ... ...... 9.9 max 15.9 max watts
LATK IDISSIPATION. . .. .. 6 max 9.5 max watts
%AK HEATER-CATHODE VOLTAGE:
Hoater negative with respect to cathode. .. - 50 max 50 mazx volts
Heoanter positive with respect to cathode. ................ 50 max 50 mazx volts
Typical Operation as Tripler to 510 Mc in Cathode-Drive Circuit:
CcCS ICAS
DC Plate-to-Grid Voltage. .. .....ovvviiiniin s P 410 472 volts
DC Cathode-to-Grid Voltage®.. . 110 122 volts
DCPlate CUMTent. . ..o oveieiieriavannnnesns 26 86.5 ma
DC Grld Current (Approx.). ... 4.1 5.8 ma
rlver Power Qutput (Approx.).............. v PP 2.75 4.5 watts
Jsetul Powor Output (Approx.)®™........... Ceesereaerees 2.1 3.4 watts
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Maximum Circuit Values:

Grid-Circuit Resistance. . oo oovvninvnn it iinaenn 0.1 max 0.1 max megohm
¢ From a grid resistor, or from a suitable combination of grid resistor and fixed supply or grid resistor
and cathode resistor.

® This value of useful power is measured at load of output circuit having an efficiency of about 75 percent.

AVERAGE CHARACTERISTICS

250
[
L‘ TYPE 6264,6264A
- E¢*6 VOLTS g
Ve §x6 VoL
» [y Ry
W 2004~ e 2
n] v */
S W / P x 2
< 4 L~ [
3
J ‘W/ // cal
= ORI \/*\_
Z )‘/<~ 49// 12
2 cd +2
& 100 /&:/ = ~—--IE7,// 1 — .
@ X "‘j—_ +24 o foa:
g h g RO IS _‘/‘ b
= ,<' s S (/J+2| ] )l‘a'
S ke . -0
= G S R i Lt youTS B
£ 50 e L gm0
< /NG ic - *15 -3
] o5 = T W
-t +9) -
(N ol % T | =9
Y e gl e = T -2
[ 100 200 300 400
PLATE VOLTS 92CM- KO8T

BEAM POWER TUBE

Heater-cathode type used as ree-

6 2 9 3 tangular-wave pulse modulator. Rated

for service with duty factors up to 0.1

at amaximum averaging time of 10,000

microseconds. Rectangular-Wave

Modulator maximum plate dissipation, 10 watts. Requires Octal socket and may be

operated in any position. OUTLINE 17, Outlines Section. Plate shows no color when
tube is operated at maximum CCS ratings. )

HEATER VOLTAGE (AC/DC) 1 . o ottt e eaes et taanannseneninnsnaenens 6.3 volts
HEATER CURRENT. . ... ivveninnnennrracnans .. 1.25 amperes
TRANSCONDUCTANCE®. . .. ... ........ e 7000 umhos
Mu-Facror, Grid No.2 to Grid No.1* 4.5
DirRECT INTERELECTRODE CAPACITANCES:
Grid No.l toplate. . ... .ot e e, 0.24 max pupf
Grid No.1 to cathode, grid No.3, grid No.2, internal shield, base sleeve,
AN HEALOT . . vt vttt it e e e 13 puf
Plate to cathode, grid No.3, grid No.2, internal shield, base slecve, and
e 7 P 8.5 puf

# Plate and grid-No.2 volts, 200; plate milliamperes, 100.

MODULATOR—Rectangular-Wave Modulation

Maximum and Minimum CCS Ratings:
For Duty Factor®™ up to 0.008
and Maximum Averaging Time of 10,000 Microseconds in Any Interval

DC PLATE-SUPPLY VOLTAGEA. . . ... iiiiiiiineaaeins 2000 mar 3500 mox volts
INSTANTANEOUS PLATE VOLTAGE® 2300 max 4000 max volts
DC GrID-N0.2 SUPPLY VOLTAGE* 500 max 200 max volts
A =300 mazx -300 Imax volts
DC GrRID-No.1 SUPPLY VOLTAGE* . ........civevennnnn U 250 min 130 min volts
GRID-NO.1 VOLTAGE:
Instantanecous Negative Value. . ... ..o vieiiin, 400 max 400 max “volts
Tealk Positive Value. ........... . 100 max 100 mazx volts
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PRAK PLATE CURRENT . . .. ..uutvrredeqmananrnronensns 3% mazx - 8% max  amperes
PRAK GRID-NO.2 CURRENT. .. ....... R 0.75 maz 0.75 maz ampere
PRAK GRID-NO.1 CURRENT. . ... \evevrrannnnnannnn - 0.5 max 0.5 max ampere
PLATEINPUT. .. ... .....ccvinnnn.. . o 80 max 80 mazx watts
Qrip-No.2 INPUT. 1.75 max 1.75 mex watts
Qurip-No.1 INPUT 0.5 max 0.5 maz wati
PLATE DISSIPATION® . . .\ tveteiinevecnenennnneans 7 max 10 mazx watts
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode .. 135 max 135 max volts
BuLB TEMPERATURE (At hottest point) . .............. 176 max 175 max °C

. Duty factor is defined as the ON time in microseconds divided by 10,000 microseconds. ON time

for this tube is defined as the sum of the durations of all the individual pulses which occur during any

10,000-microsecond interval, Pulse duration is defined as the time interval between the two points on

the pulse at which the instantaneous value is 70 per cent of the peak value. The peak value is defined

a8 the maximum value of a smooth curve through the average of the fluctuations over the top portion

of the pulse.

& For tube protection, it is essential that sufficient resftance be used in the plate-supply circuit, the
d-No.-2 supply circuit, and the grid-No.1-supply circuit so that the short-circuit current is limited to

,§ ampere in each cireuit.

® This value is approximately 115 per cent of the maximum de plate-supply voltage.

4 For higher duty factors, the peak plate current rust be reduced. The maximum rated current for a

duty factor of 1.0 is 0.2 ampere.

[ Averaged. over any interval not exceeding 10,000 microseconds. Care should be used in determining

the plate dissipation. A calculated value based on rectangular pulse can be considerably in error when

the actual pulses have a finite rise and fall time. Plate dissipation should preferably be determined by

measuring the bulb temperature under actual operating conditions; then, with the tube in the same

socket and under the same ambient-temperature conditions, apply to the tube sufficient de input to

obtain the same bulb temperature. This value of de input is a measure of the plate dissipation.

POWER TRIODE

Compact liquid-and-forced-air-cooled type
having heater cathode; used as af power ampli-
fier and modulator, as rf power amplifier and os-
cillator, and as frequency multiplier at frequen- 6383
cies up to 2800 Mec. Coaxial terminal arrange-
ment facilitates use in cathode-drive circuits of
the coaxial-cylinder type. Maximum over-all
length, 4-9/82 inches; maximum diameter, 1.760
inches. Heater volts (ac/dc), 6.3; amperes, 3.4;
amplification factor, 25, Direct interelectrode capacitances: grid to plate, 6 suf; grid to cathode and
heater, 11 puf; plate to cathode and heater (with external flat shield in plane of grid terminal), 0.19 puf.
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate volts, 1500 max:
do grid volts, —300 max; de plate ma., 400 max; de grid ma. (up to 900 Me), 756 max; plate input, 600
max watts; plate dissipation, 600 max watts. The 6383 is a DISCONTINUED type listed for reference
only. As a replacement, the 6161 is a similar type, although not directly interchangeable.

BEAM POWER TUBE

Nine-pin miniature heater-cath-
ode type used as rf power amplifier 64-]7
and oscillator and as frequency mul-
tiplier. May be used with full input up
to 50 Mec. Class C Telegraphy maxi-
mum plate dissipation, CCS 12 watts, ICAS 18.5 watts. Requires Noval nine-
gontuct socket and may be operated in any positionh. OUTLINE 9, Outlines Section.
Heater volts (ac/de), 12.6; amperes, 0.375. Except for heater ratings, the 6417 is
{dentical with type 5763.

K,Ga,1S

TWIN BEAM POWER TUBE

Small, sturdy, heater-cathodetype
used as af power amplifier and modu-
lator, as push-pull rf power amplifier 65 24
and oscillator, and as frequency tripler.
May be used with full input up to 100

Igy
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Me and with reduced input up to 470 Mc. Class C Telegraphy maximum plate
dissipation (per tube), GCS 20 watts, ICAS 25 watts. Requires Septar seven-contact
socket and may be operated in any position. OUTLINE 14, Outlines Section. Some
forced-air cooling may be required to prevent exceeding the maximum bulb-tem-
perature rating. Plates show no color when tube is operated at maximum CCS or
ICAS ratings.

HEATER VOLTAGE (AC/DC) . ittt ittt i iinrasarsinasannsansnessnn 6.3 volts
HEATER CURRENT. . ... oovnneunnnnns et e 1.26 amperes
TRANSCONDUCTANCE (Each unit)*, .. .. ... ... .iiiiiiiianuinan. RN 4500 pmhos
MU-FACTOR, Grid No.2 to Grid No.1 (Eachunit)*............,.c.00vn. 8.5
DIRECT INTERELECTRODE CAPACITANCES (Each unit):
Grid No.L to plate. . .. ...ttt et st asananannaaes 0.11 max puf
Grid No.l to cathode, grid No.8, internal shield, grid No.2 (pins1 and 7),
and heater. .. ... i 7 puf
Plate to cathode, grid No.3, internal shield, gpd No.2 (pins 1 and 7), and
YR S 3.4 puf
BuLB TEMPERATURE (At hottest point) . ... .ovv i vinn e, 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 ., . ... iiv v iinnninnnsaneanan 400 mazx 500 max - volts
DC GRID-NO.2 VOLTAGE. . .. .cioiinniin e inaeenns 300 max 300 max volts
DC GRID-N0.2 SUPPLY VOLTAGE. .. ... vevvnnnns. PRSAN 400 mazx 400 max volts
DC GRID-NO.1 VOLTAGE. .. ..ot it iiininiannnas -200 max ~200 max volts
DC PLATE CURRENT. . ... it iiiiernnnonnnnennnnnnns 125 max 126 max ma
DC GRID-NO.L CURRENT . . ..t tttutiinnannnrernnennn 4 mex 4 mazx ma
PLATE INPUT. .. ot it it it i it iienanos 45 max b5 mazx watts
GRID-NO.2 INPUT. . oo i i irie i it ieniiaiianisenanns 2 max 2 mazx watts
PLATE DISSIPATION . oo\ ivt it iisanriennenas 13.5 max 16.7 max watts
Prax HEATER-CATHODE VOLTAGE: .

Heater negative with respeet to cathode. ........... 135 max 135 max volts

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

Maximum Circuit Values (CCS or ICAS conditions): ]
Grid-No.1-Cireuit 1Resistance. , . .. .o.uvuerorieneneinientn e, 30000 max ohms
PUSH-PULL RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
PUSH-PULL RF POWER AMPLIFIER—Class C FM Telephony
Values are on a per-tube basis

Maximum Ratings: ccs 1CAS
DC PLATE VOLTAGE. . . ..vvivnnvn.ans e eaaaae 500 max 600 max volts
DC GRID-NO0.2 VOLTAGE. . ...... e i e ’ 300 max 300 max volts
DC GRID-N0.2 SUPPLY VOLTAGE. . . ....ioiviiinnanan, 400 max 400 max volts
DC GRID-NO.1 VOLTAGE. ... it viinivaenrinnsanannns ~200 mazx —200 max volts
DC PLATE CURRENT . oo ii ittt iiiinaannneananans 150 max 150 max ma
DC GrIV-No.1 CURREN 4 max 4 max ma
PLATTNRUIL z 2 ¢ ame T s momsgivmme. s mmes s 70 max 85 max watta
GRID-NO.2 INPUT. . ........ 3 max 3 max watts
PLATE DISSIPANION. ¢ o0 50001 bR 8 5 omemres 3 i o Fr Bk 20 max 25 mox watts
PrAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode............ 135 max 185 max volts

Maximum Circuit Values: (CCS or ICAS conditions):
Grid-No.1-Circuit Resistance. . .. ...t iiveiiiin e iiiniinnnennnan 30000 max ohms

FIXED-TUNED OSCILLATOR

UHF pencil-type tubes
having integral resona-
tors; used in radiosonde

6562 service at a frequency of

6562/ 1680 Me. May be used at
4 ambient temperatures
5794A ranging from -55°C to
+75°C. Fixed-Tuned Os-
cillator maximum plate
dissipation, 3.6 watts. The
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6562 is a DISCONTINUED type listed for reference only. As a replacement, the
6562/5797A is directly interchangeable.

HEATER VOLTAGE RANGE® (AC/DC) .. v i vt vvvneiiniiornnrnnnnas e 5.2t06.6 volts
HBATER CURRENT (At 6.0 vOlts) . ... ... iureiniiiiiiiiiiinensnnens 0.160 ampere
FREQUENCY (ADDIOX.) . vt cttietn it tinanreanenertnassaianns 1680 Me
FREQUENCY-ADJUSTMENT RANGE™. . ... ... .. i vt =12 Me

© This range of heater voltage is for radiosonde applications in which the heater is supplied from bat-
terles and in which the equipment design requirements of minimum size, light weight, and high efficiency
are the primary considerations even though the average life expectancy of the 6562/5794A in such serv-
fce is only a few hours.

8 Ag supplied, tubes are adjusted to. 1680 == 4 megacycles.

FIXED-TUNED OSCILLATOR
Maximum Ratings:

DC PLATE VOLTAGE . . .. .. ittt aeniatannanacnnenaniaassanonnn 120 max volts
DC PLATE CURRENT . . . . ot v tsteeicninnsennannannreneanennensasns 32 max ma
DC GRID CURRENT . . . ..o tteannnnsvnsnsrernatnannsaaurossoaoraes 8 mazx ma
PLATE INPUT, . . it tie ittt e e s it sa i caetnaraentn e ttaranssans 4 max watts
PLATE DISSIPATION . . . . o ottt nanisaaran s eeennanaraernennnse 3.6 maxr watts
PEAK HEATER-CATHODE VOLTAGE. . .0t vvvernnencnnronns cnneans 0 max volts
AMBIENT-TEMPERATURE RANGE. . . ... .. v 0 o . —55 to +756 °C
Operating Frequency Drift:
Mazximum Frequency Drift:

For heater-voltage range of 5.2 tu 6.6 volts, plate-voltage range of 95

.to 117 volts, and ambient-temperature range of 422° to —40°C. .. .. +4 to -1 Me

QPERATING CONSIDERATIONS

Type 6562/5794A may be operated in any posmon. OUTLINE 74, Oullines
Section.
The flexible heater leads of the 6562/5794A are usually soldered to the circuit
elements. Soldering of these connections should not be made closer than 34’ from
the end of the tube (excluding cathode tab). If this precaution is not followed, the
heat of the soldering operation may crack the glass seals of the leads and damage
the tube. Under no circumstances should any of the electrodes be soldered to the cir-
cuit elements. Connections to the electrodes should be made by spring contact only.
The 6562/5794A should be supported by a suitable clamp around the metal
shell either above or below the frequency-adjustment screw. It is essential, however,
that the pressure exerted on the shell by the clamp be held to a minimum because
excessive pressure can distort the resonators and result in a change of frequency.
The plate connection should have a flexible lead which will accommodate var-
iations in the relative position IEA the plate terminal in individual tubes.
The 6562/ 5794A may be kechanically tuned by adjustment of the frequency-
adjustment screw located on the metal shell of the tube. A clockwise rotation of the

-frequency-adjustment screw will decrease the frequency, while a counterclockwise

rotation will increase the frequency. The range of adjustment provided by the
serew is = 12 megacycles.

BEAM POWER TUBE

Small, sturdy, uhf, forced-air-
cooled, heater-cathode, cermolox type; 68] 6
used as af power amplifier and modu-

lator, and as rf power amplifier and

oscillator in compact mobile and fixed

equ1pment Useful at frequencies up to 2000 Mc and beyond. Class C Telegraphy
maximum plate dissipation, CCS 115 watts.

HEATER VOLTAGEY (AC/DC). .o .vvi oo R [
HEATER CURRBNT. .. ... ..vne .- S P 2.

.3 volts
1 amperes
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MINIMUM HEATING TIME. .. ..o vt cnae s PN PP 60 seconds

MU-FACTOR, Grid No.2 to Grid No.Isk .. .......0vs erines PRSP 18

DIRECT INTERELECTRODE CAPACITANCES:®
Grid No.Ltoplate. ... .ottt it iiiieresnresasnsnaasanns 0.065 max puf
Grid No.1 to cathode and heater. ........ ... oo iiiiiiiiiiiiiiinnnn, 14 puf
Plate to cathode and heater. .. ... ... i ittt 0.015 max puf
Grid No.L togrid No.2. . ... . o iiierenes Ceer e 17 upf
Grid No.2 to Plate. . oot e e i et 4.4 puf
Grid No.2 to cathode and heater. . ......... ... ... i i, 0.4 max upf

TERMINAL TEMPERATURE (Plate, Grid No.2, Grid No.1, Cathode, and Heater) 250 max °C

t Because the cathode is subjecled to considerable back bombardment as the frequency is increased
with resultant increase in temperature, the heater voltage should be reduced depending on operating
conditions and frequency to prevent overheating the cathode and resultant short life.

% For plate and grid-No.2 volts, 250; plate ma., 100.

° Measured with special adapter.

AF POWER AMPLIFIER AND MODULATOR—Class AB1
Maximum CCS Ratirrgs:

DC PLATE VOLTAGE, .. .ottt iin v in e neianneennn PN 10600 max volts
DC GRID-NO.Z VOLTAGE. .. oottt ittt it it e et nneenn 300 max - volts
MAXIMUM-SIGNAL DC PLATE CURRENT™. . . ... i 180 max ma
MAXIMUM-SIGNAL PLATE INPUT™. .. ... .. i 180 maz watts
MAXIMUM-SIGNAL GRID-NO2 INPUT™. ... . it 4.5 max watts
PLATE DISSIPATION®, i it e it ae e 115 max watts
Typical CCS Operation: Values are for 2 tubes
DC Plate Volbage. . ... ..ot e cie i 650 850 voltg
DC Grid-No.2 Voltaget 300 ’ 300 volts
DC Grid-No.1 Voltage, From fixed-bias source....... e -16 ~-15 volts
Peak AF Grid-No.1-to-Grid-No.l1 Voltage®................. 30 30 volts
Zero-Signal DC Plate Current. .. ..., ... .. .cviivinnn. o 80 80 . ma
Maximum-Signal DC Plate Current. . .. .......... ... 200 200 ma
Zero-Signal DC Grid-No.2 Current. . ..............ce.. 0 ' 0 ma
Maximum-Signal DC Grid-No.2 Current. .. ................ 20 20 ma
Effective Load Resistance (Platetoplate)............... ... 4330 7000 ohms
Maximum-Signal Driving Power (Approx.)................. 0 0 walts
Maximum-Signal Power Output (Approx.). ................ 50 80 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance under Aoy Condition:e®

With fixed DIas. . ..ot i e e 30000 max ohms

With cathode DIas. . ..o it e Not recommended

90 The driver stage should be capable of supplying the No.1 grids of the Class AB: stage with the speci-
fied driving voltage at low distortion.

®0 The resistance introduced into the grid-No.1 cireuit by the input coupling should be held to a low
value. In no case should it exceed the specified maximum value, Trangformer- or impedance-coupling
devices are recommended.

AF POWER AMPLIFIER AND MODULATOR—Class AB2

Maximum CCS Ratings:
DO PLATE VOLTAGE . . oottt ittt ot e it e e e e 1000 max volts

DC GRID-N0.2 VOLTAGE 300 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT®. | 180 max ma
MAXIMUM-SIGNAL DC GRID-NO.1 CURRENT™. ... ...t 30 max ma,
MAXIMUM-SIGNAL PLATE INPUT™. . ... i ii i 180 mazx watts
MAXIMUM-SIGNAL GRID-NO.2 INPUT™. ... .. e 4.5 max watts
PLATE D IS8 P ATION . L L ittt et et e i a e aaa et asanaanaes 116 maz watts

Typical CCS Operation: Values are for 2 tubes

DC Plate Voltage. . ... vr it iie i iie s 650 850 volts
DC Grid-No.2 Voltage™ . L . i e erraeeenaans 300 300 volts
DC Grid-No.1 Voltage, From fixed-biag source.............. -156 -15 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage. . ................ 46 46 volts
Zero-Signal DC Plate Current. .. ........cviiiiienn 80 80 ma
Maximum-Signal DC Plate Current. . ........... ... ..ot 3556 355 ma
Zero-Signal DC Grid-No.2 Current. ...........0ovivennnn 0 0 ma
Maximum-Signal DC Grid-No.2 Current. . ................. 25 25 ma
Maximum-Signal DC Grid-No.1 Current. .................. 15 15 ma
Effective Load Resistance (Plate to plate). . ................ 2450 3960 ohms
Maximum-Signal Driving Power (Approx.)® . ............. . 0.3 0.3 watt
Maximum-Signal Power Output (Approx.). .. .......c...... 85 140 wutts

200

Technical Data

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

DC PLATE VOLTAGE. ....
DC GRID-N0.2 VOLTAGE. . ggg %ﬁ 33}53
DC GRID-NO.L VOLTAGE. . ..ot tttii ittt iinienentaninneennas e -100 max volts
DC PLATE CURRENT. .. . oottt ettteeeeiaessetnenannaeseessrannanen 150 max ma
DC GRID-No.1 CURRENT 30 maxz ma
PLATE INPUT........... 120 mazx watts
GRID-NO.2 INPUT. ...ttt et ittt e anaaaenesenaanns 3 max watts
PLATE DISSIPATION. . o0ttt iiviiiiietieannenraanenn [ 75 max watts
Typical CCS Operation: At 400 Me
DCPlate Voltage. .. .. ..oviiiiie ittt cnineiiinannnes 400 7
DC Grid-No.2 Voltage?®. . 200 2‘28 33&::
DC Grid-No.1 Voltage . -20 -50 volts
DC Piate Current....... . . 100 130 ma
DC Grid-No.2 Current. .. . ..ot eneeeiiineennnennans 5 10 ma
DC Grid-No.1 Current. ... ...ooueiiiiinnannnieernenanes 5 10 ma
Driver Power Output (Approx.)*. . ... .. coviiineiiinnnnnens 2 3 watts
Useful Power Output (APProX.). .. vvvtvrnernrrernnvnnnen. 16 45 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance under any condition. .........c..vvvuun... 300004#mazx ohms
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
DC PLATE VOLTAGE. ... itiitt et tttnantannstenesecseeoannannsnn
DC GRID-NO2 VOLTAGE. .o .ottt eineiiiiiinninneenennanns . lg(o)g ﬁﬁi 33&:
DC GRID-NO.1 VOLTAGE. .. ....c.vvvereannnnn . . . -100 mazx volts
DC PLATE CURRENT..... . . . 180 mazx ma
DC GRrip>-No.1 CURRENT 30 max ma
PLATE INPUT. .. . . . 180 max watts
GRID-NO.2 INPUT. PR 4.5 max watts
PLATE DISSIPATION. . e e e i 116 max watts
'II’)ypicaI CCS Operation: At 400 Me At 1200 Me
CPlate Voltage. . . ....courineiinennnernnerens. 400 900 900
DC Grid-No.2 Voltage®. .. ............covveinnonn. 200 300 300 33}25
DC Grid-No.t Voltaget .............cciiiiivnn.. -35 -30 -22 volts
DCPlate Current. .. ......cooviiiiiiiiiiirnnennas 150 170 170 ma
DC Grid-No.2 Current............ .. coiuuivennna.. b 1 1 ma
DC Grid-No.t Current...........ccoviivevnnnna.. ' 3 10 4 ma
Driver Power Output (Approx.)*. .................. 3 3 5 watts
Useful Power OQutput (ApproX.).......c.ovvveennnn. 23 80 40 watts
Maximum Circuit Values:
Grid-No.1-Cireuit Resistance under any condition.............c...vvuun, 30000#max ohms

L Av.eraged over any audio-frequency cycle of sine-wave form.
* aner 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 sl.xould be held at a low value. For this purpose, the use of transformer coupling is recommended.
o Obta.med preferably from a separate sourcgEnodulated 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 mm.al tube characteristics, and in tube characteristics during life.
# 1f this value is insufficient to provide adequate bias, the additional required bias must be supplied by
& cathode resistor or fixed supply.
** Preferably obtained from a fixed supply.
8 Obtained preferably from a fixed supply, or from the platé-supply voltage with a volta i

) 8 yorf ge divider.
t Obtained from fixed supply, by grid-No.1 resistor, by cathode resistor, or by combination methods.

OPERATING CONSIDERATIONS

Type 6816 may be operated in any position. OUTLINE 78, Outlines Section.
Adequate forced-air cooling must be provided to limit the terminal temperatures to
their specified value. Typical cooling requirements are shown in the accompanying
graph; reduced air flow requirements may be achieved by placing a suitable cowling
around the radiator to direct the air flow through radiator. Air flow should be estab-
lished before and during the application of plate, grid-No.2, and grid-No.1 voltages.
Plate_ power, grid-No.2 power, and air flow may be removed simultaneously. Cool-
ing air is not normally required when only heater voltage is applied to the tube.
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TYPICAL PLATE CHARACTERISTICS
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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 Mec 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.

Heater volts (ac/dc), 12.6; amperes, 0.625. Except for heater rating, the 6850 is
identical with type 6524.
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Technical Data

BEAM POWER TUBE

Small,sturdy, heater-cathode type
used as af power amplifier and modu-
lator and-as rf power:amplifier-and 6883
oscillator. May be used with full input
up to. 60 Mec and with reduced 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 arny position. OUTLINE 18,
Outlines Section. Heater volts (ac/dc), 12.6; amperes, 0.625. Except for heater
rating and base, the 6883 is xdentlcal with type 6146

BEAM POWER TUBE

Small, sturdy, uhf, forced-air
cooled, heater-cathode, cermolox type 68 84
used as af power amplifier and modu-
lator, and rf power amplifier and oscil-
lator in compact and mobile and fixed
equipment. Useful at frequencies up to 2000 Mc and beyond. Class C Telegraphy
maximum plate dissipation, CCS 115 watts. May be operated in any position. OUT-
LINE 78, Outlines Section. Heater voits (ac/dc), 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 Mc and with reduced
xnput 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. OuUT-
LINE 15, Outlines Section. Heater volts (ac/de), 12.6; amperes, 0.4. Except for
heater rating, the 6893 is identical to the 2E26.

P

UHF POWER TRIODE

Forced-air-cooled type used as rf 7
G_ power amplifier and oscillator. May be 6897

used at full input up to 2500 Me in
LA cathode-drive circuits of the coaxial-
cylinder type. Class C Telegraphymax-
imum xS plate dissipation, 100 watts. May be operated in any position. OuT-
LINE 86, Outlines Section. Adequate air must be provided to prevent the tempera-
ture of the seals and the radiator from exceeding 250°C.

HEATER VOLTAGE (AC/DC)®. . ..o cvv vt e 6.8 volts
HEATER CURRENT, . . .0\t tttteetterneaanrtinianiironnsses 1.05 amperes
TRANSCONDUCTANCE®, . (.., . tiienrnnacnn i asnorane 24800 umhos
AMPLIFICATION FACTOR. . ..... e i ey 95
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. ..o ov v i i i e e 2.0 upf
Grid to cathode . ......... e . 6.5 upf
Platetocathode. ...... ..ottt iiinianns 0.024 . puf

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

* Plate volts, 600; plate milliamperes, 75.
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PLATE-MODULATED_RF POWER AMPLIFIER—Class C Telephony
Maximum CCS Ratings:

DC PLATE VOLTAGE. ., . o0 v cvsnenearnvannsnsnnessssnans 600%nax
GRID VOLTAGE:

DC.. . i Ceeeraann ~150 max

Peak Negative RF. .. ......co.iiiiininnn N 400 mox

Peak Pogitive RI'. ...........ooviie . 30 max
DC GRID CURRENT..........0s. . .. 50 mazx
DC CATHODE CURRE\IT . PN 100 max
GRID INPUT. ... ... 2 max
PLATE DIsSIPATI 70 max

volts

volts
volts
volts
ma
ma
watis
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 voitage and the de plate voltage does not exceed 1200 volts.

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

DC PLATE VOLTAGE. . .ottt iitt ittt iaeannreeerneans 1000 max
GRID VOLTAGE:

P S -150 max
Peak Negative RF. . .. ... .. . it iiiiananen, 400 max
Peak Positive RF. . . ... ittt 30 max

DC GRID CURRENT. . ..\ i vt ittt ciinininnteaannnas 50 max
DC CATHODE CURRENT . . v e viinieee et citeananenanas . 125 mar
GRID INPUT . ............ e, 2 max
PLATE DISSIPATION ......... P . 100 max

TWIN POWER PENTODE

Miniature, heater-cathode type
used as push-pull, rf-power-amplifier
and oscillator; as plate-modulated,
push-pull rf ampliﬁer, and as fre-
quency-multiplier in communications

6939

volts

voits
volts
volts
ma
ma
watts
watts

equlpment operating at frequencxes 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: Series Parallcl
HEATER VOLTAGE (AC/DC) .. vt ottt iiiiiiriieeineaneens 12.6
HEATER CURRENT, .. .\t i ittt ininnnrennaneenn 0.3 0 6
TRANSCONDUCTANCE (Eachunit)®. .. ... ... ............ 10500
Mu FACTOR, Grid No.2 to Grid No.1 (Each unit)® 31
DIRECT INTERELECTRODE CAPACITANCES (Approx., Each unit):®
Grid No.l to plate. ... ... i i et et e i e 0.15
Grid No.1 to cathode, heater, grid No.3, and grid No.2. .. ............ 6.4
Plate to cathode, heater, grid No.3, and grid No.2.........covvivenn . 1.6

° Plate and grid-No.2 volts, 150; plate ma., 25.
" Without external shield.

PUSH-PULL RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and

PUSH-PULL RF POWER AMPLIFIER—Class C FM Telephony
Values are on « per-tube basis unlecss specified otherwise

volts
ampere
umhos

ppi
pai
[

For operation at frequenciesz up to 500 Mc

Maximum Ratings: X cCs ICAS
DC PLATE VOLTAGE. . ..ottt itrinaneenrocrnaneearenrenas 250 max 250 max
DC GRID-N0.2 VOLTAGE . . 200 max 200 maz
DC GRrRip-NoO.1 VOLTAGE . —100 max -100 maox
DC PLATE CURRENT........ e 90 max 100 max
DC Grip-No.1 CURRENT 6 max 8 max
DC CATHODE CURRENT. . .. 0vvvvvnarnnrennn 100 max 120 max -
PLATE INPUT. . ... it i iieiiin e inaas 12 max 14 max
GRID-NO.2INPUT. ... tiiiiniiie i iiiinnanas e 3 mazx 3.5 max
GRID-NO.1 INPUT. .. ......... 0.2 max 0.24 max
PLATE DISSIPATION 6 max 7.5 mux
PEAK HEATER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. ....... e . 100 snax 100 max
BuLe TEMPERATURE (At hottest point).......... i 225 max 226 max
Typical Operation at 500 Mc: ccs ICAS
DC Plate Voltage. .......... e - 180 200
DC Grid-No.2 Voltage . e 180 200

volts
volts
volts
ma
ma
ma
watts
watts
watt
watts

volta
volts
°C

volts
volts

Technical Data

DO Grid-No.l Voltage. . ... iiiiannnnann. 20

From grid resistor for each grid of. . .................... 27000
Peak-to-Peak RF Grid-No.1 Voltage...................oc... 50
DC Plate Current. ... it 56

DC Grid-No.1 (,urrent
Driver Power Output (APProx.)..........vvueeneeeeeenenn
Useful Power Qutput (Approx.)®

PLATE-MODULATED PUSH-PULL RF POWER AMPLIFIER—Class C Telephony

Values are on a per-tube basis

volta
ohms
voits
ma
ma

watts
watts

Foroperation at frequencies up to 500 Mc

Maximum Ratings: cCcs
DC PLATE VOLTAGE. . .. ottt et iiieiiiiieeneniaaaneans 200 mazx
DC GRID-NO.2 VOLTAGE. .. .. ..ttt iiiiiinaeerenans 200 max
DC GRID-NO.I VOLTAGE. .. .. .. ittt iiiniannnennnns -100 max
DC PLATE CURRENT. ... ... ..ttt iiiiinennarnnnnnnn 64 max
© DC GRID-NO.L CURRENT..................,.. SN PN 6 max
DC CATHODE QURRENT . . .. ...ttt ernnnnnnnrnnnsns 80 mazx
PLATEINPUT. .. ... it it ee et 8 max
GRID-NO.2ZINPUT. .. oot iy i iie e 2 max
GRID-NO.1INPUT. . ................. 0.2 max
PLATE DISSIPATION.. . .. .......... 4 max
PEAK HEATER-CATHODE VOLTAGE:
Heater negativeewith respect to cathode.. 100 max
Heater positive with respect to cathode. . .. 100 max
BuLB TEMPERATURE (At hottest point) . ................... 226 max
Typical Operation at 500 Mc: cecs
DCPlate Voltage. .. .....covirne i iaiannnn e 180
DC Grid-No.2 Voltage. . .. ... iv ittt i iiaranen 180
DC Grid-No.1 Voltage. ...t iiiiiiiananns. -20
From grid resistor foreach gridof...................... 68000
Peak-to-Peak RF Grid-No.1 Voltage .............. ... ..... 45
DCPlate Current. ........coiuiiiii i isiiisan. 40
DC Grid-No.2 Current............ ... . ... 9.6
DC Grid-No. 1 Current. .. ...t iteaannnennas 0.6
Driver Power Output (Approx.). 1
Useful Power Output (Approx.)® 3.5

FREQUENCY TRIPLER—Class C

Values are on a per-tube basis

ICAS
200 max
200 mazx

-100 max

80 max

8 max

96 mazx

10 max
2.3 max

0.24 mazx
6 max

100 mazx
100 max
226 max

volts
volts
volts
ma
ma
ma
watts
watts
watt
watts

volts
volts
°C

volts
volts
volts
ohms
volts
ma
ma
ma
watts
watts

For operation at frequencies up to 500 Me

Maximum Ratings: ccs

DCPLATE VOLTAGE. ... ..ottt ittt itiacn e annnns 2560 max
DC GRID-N0.2 VOLTAGE. . 200 max
DC GRID-NO.1 VOLTAGHE. .. . . -100 max
. DCPLATE CURRENT. .. ...oiiitiniiiieainnn e P 60 max
DC GRrID-N0.1 CURRENT 6 max
DC CATHODE CURRENT . . . ..ottt itineananannen 70 max
PLATE INPUT. . o oottt it ei i iiaie e iiesenaonnaes 8 max
.GRID-No0.2 INPUT. 3 max
GRiD-NoO.1 INPUT 0.2 mazx
PLATE DISSIPATION 6 max
PBEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................. 100 max
Heater positive with respect to cathode. ................ 100 mox
BuLB TEMPERATURE (At hottest point).................... 225 max
Typical Operation to 500 Mc: ccs
DCPlate Voltage. .. .. ..ottt iirienranans 180
DC Grid-No.2 Voltage (APProX.) ... vviin i anrrennnss 180
Through resistor .............. .. ... .. e o 1200
DC Grid-No.1 Voltage. .. ......couvvariannens ca .. -74
From grid resistor (each grid) of . 82000
Peak-to-Peak RF Grid-No.l1 Voitage 16
DCPlate Current. . .. oo ernenn e eeranroriaeaaressans 40
DC Grid-No.2Current. .. . ... ... iiiiiiiiinairnrenns 9.7
DC Grid-No. 1 Current. .. .......cvivrvrnrerrinnonnecansns 1.8
Driver Power Qutput (Approx.). 1.1
Useful Power Output (Approx.)® 1.8

® Measured at load of output circuit.

OPERATING CONSIDERATIONS

ICAS:
2560 max
200 max
-100 maz
80 max
8 mazx
80 mazx
10 mazx
3.5 mazx
0.24 maz
7.6 max

100 max

100 max
225 max

ICAS

volts
volte
volts
ma
ma
ma
watts
watts
watt
watts

volts
volts
°C

volts
volts
ohms
volts
ohms
volts
ma
ma
ma
watts
watts

The 6939 requires a Noval nine-contact socket and may be operated in any

position. OUTLINE 9, Outlines Section.

In “straight-through’ rf amplifier service, shielding may be required for stable
operation. To minimize external feedback from the plate to grid No.1, a grounded
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shield, crossing the terminal end of the tube socket through the space between pins
4 and 5 and the space between pins1.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 occurbetween the plate and grid No.1, depending on the circuit layout, oper-
ating frequency, and power gain of the stage. AF bypassing difficulties can usually
be eliminated if the grid-No.2 bypass capacitor is replaced by a series-resonant
circuit tuned to resonate at the operating frequency. This circuit will present a high
impedance to audio frequencies but a very low impedance to its resonant frequency.

It is recommended that a 100-ohm resistor be connected in series with grid No.2,
as close as possible to thesocket, to prevent the generation of parasitic oscillations.
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Maximum CCS Ratings:

Technical Data

~ FULL-WAVE GAS AND
MERCURY-VAPOR RECTIFIER 7014
See type 604/7014, ' )

HALF-WAVE MERCURY-
VAPOR RECTIFIER 7018
See type 615/7018, .

HALF-WAVE GAS AND
MERCURY-VAPOR RECTIFIER

See type 635/7019. 70] 9
See type 635L/7020, 7020

oAy ' 7034/
K

BEAM POWER TUBE

Glass-metal, forced-air-cooled, 4‘X.I SOA

heater-cathode types having integral
plate radiators; used as af power am- 7 035 /

plifiers and modulators and as rf power

amplifiers and oscillators. Class C Te- 4X] 5 OD
legraphy maximum CCS plate dissipation, 250 watts. Full ratings to 150 Mec; re-
duced ratings to 500 Mc. May be operated in any position. OUTLINE 82, Quilines
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 cfm must pass through the

radiator. Less air flow is required when an air-system socket is used to direct the
flow of air through the radiator. ‘

7084/4X150A 7035/4X150D

HEATER VOLTAGE (AC/DC)}. ... ..., P 6.0 26.5 volts
HEATER CURRENT. . ..ot iiiini i eeonns 2.6 0.58 amperes
HEATING TIME (Minimum). ... ... it e i e 30 seconds
MU-FACTOR, Grid No.2 to Grid No.1®. .. ... ..o it 5
DiIrECT INTERELECTRODE CAPACITANCES:®
Grid Nol to plate, ... .o i i i et e e 0.03 i
Grid No.l to cathode, grid No.2, and heater. .. ...................... 16 upf
Plate to cathode, grid No.2, and heater. ... ......................... 4.4 puf
PLATE TEMPERATURE (Measured on base end of plate surface
atjunction with fing). ... ... . e 250 maz °C
THMPERATURE OF PLATE SEAL. . . ............... R 200 max °C
TEMPERATURE OF BASE SEALS AND GRID-NO.2 SBAL ... ouvuiviun.u., .. 175 max °C

® Grid-No.2 volts, 300; grid-No.2 milliamperes, 50.

AF POWER AMPLIFIER AND MODULATOR—-Class AB)
Maximum CCS R3tings:

DCPLATE VOLTAGE . . .ottt iivennnenennaenns e e, 2000 max volts
DC GRID-NO.2 VOLTAGE. .4 ..ottt tittanaaisiasastannscasasneranin 400 max voits
MAXIMUM-SIGNAL DC PLATE CURRENT™. . ...t vitarienrennnraininnnns s 250 max ma
PLATE DISSIPATION . L. . i iiire et sanstonsanntsonnrannss 250 max watts
GRID-NO0.2 DISSIPATION®. . ... it i it tisesseentnonsnnannanes 12 max watts
PpAX HEATER-CATHODE VOLTAGE:

Heater negative with respeet to cathode . 150 max volts

Heater positive with respect to cathode.............cv0uiuuus.. e 150 max volts

Maximum Circvit Values: .
Grid-No.1-Circuit Resistance (Per tube). ..o vievenneinninneinenenvan, 0.1 max megohm

AF POWER AMPLIFIER AND MODULATOR—Class AB2

DC PLATE VOLTAGE. . o vivvvnnnns e P 2000 max volts
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DC GRID-NO.2 VOLTAGE. . ... vvvervareasss 400 mazx volts
MAXIMUM-SIGNAL DC PLATE CURRENT" 250 max ma
PLATE DisSIPATION" 250 max watts
GRID-NOZINPUT®. ...t niaensnans . PPN 12 max watts
GRID-NO.LINPUT. .. .......coivvnnnn 2 max watts
PeAK HEATER-CATHODE VOLTAGE:

v Heater negative with respect to cathode.......covivsvievnvnniin, 150 max volts
" Heater positive with respect to cathode..... eaees eiserass e 150 max volts
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum CCS Ratings: 1?0:01&)8 .51(}51)01{20
DCPLATE VOLTAGE. .. .ottt iv i iininanasans i enenns 1600 max 1000 max volts
DC GRID-NO.2Z VOLTAGE. .« o v vveiaaeeeanrcnaeennnnns 300 max 300 max volts
DC GRID-NO.L VOLTAGE. « e vt ov vt eieeeaninseacenns 250 max -250 max volts
TIC PLATE CURRENT. .. e oot v tvnnnnoneronenaonocaronennon 200 max 200 max ma
PLATE DISSIPATION. .« vt st vetn e i e cnaoenaennnn 165 max 165 max watts
Grip-No.2 INPUT 10 max 10 max watts
Grip-No.1 INpUT 2 max 2 max watts
Prak HEARER-CATHODE VOLTAGE:

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

Heater positive with respect to cathode. ................ 150 max 150 max volts
Maximym Circuit Values: :
Grid-No.1-Circuit Resistance, Under any condition . . ................... 25000 max ohms

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

Maximum CCS Ratings: 1?0) ?}c 55)?)01&)0 .
DC PLATE VOLTAGE. ... .vvvnvnes 2000 max 1250 max volts
DC GRID-NO.2 VOLTAGE. .1 vevrrnnoss S ereeaeneres 300 max 300 max volts
DC GRID-NO.I VOLTAGE. . .4 cvevevvescressssssasassnvenns -250 max ~250 max volts
DCPLATE CURRENT. .. 0o ovnoaoransaes 250 max 250 max ma
PLATE DISSIPATION. . .. sssensssernssoarssasesssssarsosnns 250 max 250 max watts
GRID-NO0.2 INPUT........ Creteeserasesessesans 12 max 12 max watts
Grip-No.1 INPUT. . .... et i ieearesetrsereseatetantanans 2 max 2 max watts
Maximum Circvit Valves:
Grid-No.1-Circuit Resistance, Under any condition . ... covvveerviraneen 25000 max ohms

1 Beeause 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 eylindrical shield having inside diameter of 1-18/16 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 shields are connected to ground.

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

POWER PENTODE
See type 8077/7054.

MEDIUM-MU TRIODE—
POWER PENTODE

Miniature heater-cathode type

7 060 used in mobile communication equip-

ment operating from 12-volt storage-

battery systems. Pentode unit is used

in Class C rf amplifier and frequency-

multiplier applications at frequencies up to 40 Mec; triede unit is used in reactance

modulator cireuits. Requires Miniature nine-contact socket and may be operated

in any position. OUTLINE 6, Outlines Section. During manufacture, this tube is sub-

jected to special controls and tests for heater-cycling, heater-cathode leakage, in-

terelectrode leakage, low-frequency-vibration performance, 500-hour intermittent
life performance, and intermittent shorts.
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HEATER VOLTAGE RANGE (AC/DC). ... cievunen verriiisesecaasaisaiee. 126018 volts
HEeATER CURRENT (Approx.) at 13.5 volts....... e eeresar e 0.28 ampere
DIRECT INTERELECTRODE CAPACITANCES:®
Triode Unit:
GridtoPlate, ................. ... 2.2 ‘wut
Grid to Cathode and Heater.............. Ceeresersaeseerbeenrerant 2.4 pul
Plate to Cathode and Heater. . ... e Cerseaaeirecaerairas 0.22 puf
Pentode Unit: .
Grid No.ltoPlate.........ooviviiiviiinns 0.044 puf
Grid No.l to all Other Electrodes except Plate....... Cererrarseaaaes 7.1 puf
Plate to all Other Electrodes except Grid No.1..... Ceveseeeiaraas 2.6 puf
Triode Grid to Pentode Plate. ............. e ey et 0.022 maz pul
Pentode Grid No.1 to Triode Plate. .............o0iiiiiinnian v 0.015 maz Buf
Pentode Plate to Triode Plate. . .. ... ii ittt iitacananennns 0.16 uuf
° Without external shield.
AVERAGE CHARACTERISTICS
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AVERAGE CHARACTERISTICS
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AMPLIFIER—Class Aj
| Maximum Ratings: Tlrllz?te Pel;;'t&;ie
T PLATE VOLTAGE, . et v viveevarsesncenseeinotostosnannnsnns 300 max 300 mazx volts
[¢ GRII?—NO.Z SUPPLY VOLTAGE . ., .. ... Cerereceeanenas PR - 800 mazx volts
( GRID-NO.2 VOLTAGE, ... v.vouns. et raerere e P See grid-No.2 Input Rating Chart
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T T
THIS CURVE ALSO APPLIES TO TYPES
IN WHICH GRIDS N22 & N24 ARE
CONNECTED TOGETHER WITHIN THE TUBE

X ATING CON{
100k MA, I’MUEA OPME\R}. i O Drlo-

L]
[=]

AREA OF
PERMISSIBLE OPERATION

MAX GRID-N22 INPUT RATING

GRID~Ne22 INPUT EXPRESSED AS PER CENT OF

GRID~ N22 VOLTAGE EXPRESSED AS PER CENT OF
MAX. GRID-N22 SUPPLY VOLTAGE RATING
92CM-7586TVI

GRrID-No.1 VOLTAGE, Positive bias value . ..... e

0 max 0 max voits

GRID-No0.2 INPUT: ¢ mas watt
For grid-No.2 voltages up to 160 volts. . ................ ”

For grid-No.2 voltages between 150 and 300 volts........ See gnd-No 2 Input Rating Chart
PLATE DISSIPATION. . ..ot o ittt iia i caseniavnnninaranes 2.5 mar 3 max watts
PEAK HEATER-CATHODE VOLTAGE: v

Heater negative with respect to cathode......... Cerraees 120 max 120 mazx volts

Heater positive with respect to cathode............ ceans 120 max 120 max voits

; Triode Pentode

Characteristics with 13.5 Volts on Heater: Unit Unit

Plate Supply Voltage. . .................. . 150 20(_) vo}ts

Grid-No.2 Supply Voltage. . .......oiiiveaincierannnrns - 125 volts

Cathode Resistor.. .......o.viiiiiiiiini i, e 1;’78 82 ohms

Amplifieation Factor. ... ... ... ..o i iiiiiiiiinniens -

Plate Resistance (APProX.). .. .....coveevavenieanninn PP 8200 150000 ohms

Transconductance, .........oovvvvnnnnns e 4900 7000 pmhos

Plate Current........viiiii i i e Ceees 9 15 ma

Grid-No2 Current. . ..o iiii ittt iiiiisiersaassonsans - 3.4 x::a

Grid-No.1 Voltage (Approx.) for plate current of 100 pa...... -6.5 -3 volts

Maximum Circuit Values:

Grid-No.1-Circuit Resistance: ) N
For fixed-bias operation........... et et 0.5 max 0.25 max megohm
For cathode-bias operation. ...........cieeveivnan, e 1 max 1 mar megohm

RF POWER AMPLIFIER AND OSCILI.ATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings, (Pentode Unit):

DC PLATE VOLTAGE., . ..ot i iii it naranenanssansosoesansonroasasnonnns 300 max volts

DC GRID-N0.2 VOLTAGR. .......... oo/f Gemaere b gl | rrewand B v TR 150 max volts

DC GRID-NoO.1 VOLTAGE: .
Negative-bias value, .. .... er oo vl oo 3 s ome EOER  Re EHENH RRRAoHE ST F 3 50 max volts
Positive-bias value. .. ....... oo T EE g8 R R A T e —— 0 max volts

Technical Data

DC PLATE CURRENT....... seneienane J N 20 maz ma
DC GRID-NO.2 CURRENT ...+t vovvrenarnreunsnsonnenssnssnensns 7 maz ma
DC GRID-NO.1 CURRENT. .. .0.vuvu.;n, 8 mazx ma
GRID-NOZINPUT..........vviven.. Y T TN 0.8 maz watt
PLATE DISSIPATION. . .. ...0vvvennnnn, 2.75 mazx watta
PEAK HEATER-CATHODE VOLTAGE: .
Heater negative with respect to cathode. ... .vvuueeinreseneeennsonnns 120 max volts
Heater positive with respect to eathode. .....ovuuvrnvern... v 120 max volts
. Typical Operation with 13.5 Volts on Heater: At frequenciea up to 40 Me
DC Plate Voltage. .. ............ o o 200 250 300 volts
DC Grid-No.2 Voltage 85 105 125 volts
DC Grid-No.l Voltage -7 -9 -11 volta
DC Plate Current............. e 11 15 20 ma
DC Grid-No.2 Current i e - 3.2 4.5 6 ma
DC Grid-No.1 Current (Approx).................. 0.9 1.2 1.6 ‘ma
_Driving Power\(Approx.)......... P Se— 9 15 26 mw
_Power Output............ 1.3 2.1 3.5 - watts

Maximum Circuit Valves:

Grid-No.1-Circuit ResiBtance. «v.vueeeierersroservnsrsnnviosiassnseses 0.1 mez megohm

BEAM POWER TUBE

Sturdy 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 60
Mec. For operation at 100 Me, plate _
voltage and plate input should be reduced to 80 per cent of maximum ratings; at
175 Me, to 70 per cent. Class C Telegraphy maximum plate dissipation, CCS 100
watts, ICAS 125 watts. May be operated in any position. OUTLINE 29, Outlines
Section. Under operating conditions at maximum ratings, some forced-au' cooling
will be required to limit the maximum bulb temperature to its specified value.

7094

HEATER VOLTAGE (AC/DC)...... i e i e, 6.3 volts
HEATER CURRENT at 6.3 volts. .................. 2.85 amperes
MU-FACTOR, GRID N0.2 To GRID No.1¥, ., ., .......
DirECT INTERELECTRODE CAPACITANCES:
Grid No. L to pPlate. . v vviieii ittt i teneeanenennras e 0.6 put
Grid No.1 to grid No.2 and mternal shield 11 yng
Grid No.1 to cathode and heater. ...........coonvvunnunn... 8.5 uut
Grid No.2 and internal shield to plate 9.5 puf
Grid No.2 and internal shield to cathode and heater 2.0 pul
Plate to cathode and heater. ....................... 0.2 upf
BuLB TEMPERATURE (At hottest pomt) ....................... 250 max °C
* For plate and grid-No.2 volts, 300; plate ma., 250.
AF POWER AMPLIFIER AND MODULATOR— Class AB
Maximum Rafings: ces ICAS
g 1500 mazx 2000 max volts
. 400 max 400 max volta
MAXIMUM-SIGNAL DC PLATE CURRENTS. . ........ 350 max 350 max ma
MAXIMUM-SIGNAL PLATE INPUTS. ............. [ 300 mazx 400 maz watts
MAXIMUM-SIGRAL GRID-No0.2 INPUTY...... . 20 max 20 max watts
PLATE DISSIPATIONT. ... ....o0vvvivninn.. Cesreeceraass 100 max 125 max watts
PEAK HEATER-CATHODE VOLTAGE ‘
Heater negative with respect to cathode......... erriaes 135 mox 135 maz: volts
Heater positive with respect to cathode P, 135 max 135 max volts
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum Ratings: - ccs ICAS
DC PLATE VOLTAGE........ R . o SR [f) evasiel ) S ke 1000 max 1200 max volts
DC GRID-N0.2 VOLTAGE. . ....... 50 Q5 O e RS i 400 max 400 max volta
DC GRID-No0.1 VOLTAGE. ....... ogoe X+ e G0l Do don ~300 max _ —-300 max volts
DG PLATE CURRENT.......... o 3 generee h oparTeTeTe STOTOROTS B STTSISTS R 4 280 max 280 max ma
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DC GRID-NO.1I CURRENT....0turervracsunnacersrorsrsones 25 max 30 max
PLATEINPUT. ... ovviirinnn 250 maz 335 max
GRID-NoO.2 INPUT. ., .... et e aeaaes 13.86 max 13.6 max
PLATE DISSIPATION. . ... o v e viarannes Ve 67 max 83 mazx
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................ . 135 max 135 mazx
Heater positive with respect to cathode. ... .............. 136 max 135 max
Maximum Circuit Values: M
Grid-No.1-Circuit Resistance®. .... S 30000 :max 30000 max

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: CCs I1CAS
DC PLATE VOLTAGE. ... ovvvrnesnenssonnnssass PN s 1250 max 1500 maz
DC GRID-NO.2 VOLTAGE. .. .. 0evvveeinnnnenns [ 400 max 400 maz
DC GRID-NO.1 VOLTAGE. .. .0uvivvnennannnnss il i .4 g -800 max —300 mazx
DC PLATE CURRENT. ..o vt isennnersnnnonorsnsssnnienns 340 max 340 max
DC GRID-NO.1 CURRENT, . ....... 25 maz 30 max
PLATEINPUT. . ... .covvvnnnvnans 5 375 max 500 max
GRID-NOZLINRURY. & . 4 samsts 5 oo i v o oaanle o s oos ol o ot oo 20 max 20 max
PLATE DISSIPATION. ... ..oovvvevneniann F ST 0 J00D00 00 100 max 125 maw
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode................. 1356 max 135 max

Heater positive with respect to cathode............ CAR 185 max 135 max
Maximum Circuit Values:
Grid-No.1-Circuit Resistance®. ....c.ovvvivvivviiiinniaien 30000 max 30000 max

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

. ma
watts
watts
watts

volts
volts

ohms

volts
volts
volts
ma
ma
watts
watts
watts

volta
volts

ohms

° When grid No.1 is driven positive, the total dc grid-No.1-circuit resistance should not exceed the speci-
fied maximum value of 30,000 ohms. If this value i3 insufficient to provide adequate bias, the additional

required bias must be supplied by a cathode resiator or fixed supply.
BEAM POWER TUBE
7203 / Ceramic-metal, forced-air-cooled,
4CX2 SOB amplifiers and modulators and as rf
power amplifiers and oscillators. May
4C x2 50F Class C Telegraphy maximum plate
dissipation, CCS 250 watts.
7208/ 7204/

heater-cathode types used as af power
7 204/ be used with full input up to 500 Mec.
4CX250B 4CX250F

HEATER VOLTAGE} (AC/DC). .. v iiiiiie s e s 6 26.5
HEATER CURRENT. . .o\ttt ttcn s tiin e ronnacnonons 2.6 0.58
MINIMUM HEATING TIME. .. ... ... .oii it iiineiannas e - 30
MU-FACTOR, GRID NO.2 TOGRID NOIJk ..o vh v iniinnarinnsnnsnnes 5
DIRECT INTERELECTRODE CAPACITANCES:® .

Grid No.L toplate. .. ..ot i i et enaennanos AN 0.03

Grid No.1 to cathode, grid No.2, and heater.................. .00 he 16

Plate to cathode, grid No.2,and heater........ ... ... ... .. .. oiven 4.4
PLATE TEMPERATURE (Measured on base end of plate surface at

junction with fing).... ... o e e AN 250 max
TEMPERATURE OF PLATE SEAL, GRID-N 0.2 SEAL, AND BASE SEALS....... .. 250 max

¥ For grid-No.2 volts, 300; grid-No.2 ma., 50.

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

DC PLATE VOLTAGE. .. .vi v iiiie i anvennn [N ereserrres o 0k 2000 max
DC GRID-NO.2 VOLTAGE. . ..ttt ianstonesssrsssossantnnrsnns 50 400 mazx
MAXIMUM-SIGNAL DC PLATE CURRENT® 250 maz
PrLATE DISSIPATION®™. .. ... ... iiuiiunns oy 260 max
GRID-NO.ZINPUT® . .. .. ittt ciniasrrnerenres e o 12 max
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode......... eressanrassassanens 150 maz

Heater positive with respect to cathode. ....v.viiiieriiiireinceensen 150 max

RADIATOR
#®
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amperes
seconds

nuf
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ma
watts
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Technical Data

Typical CCS Operation: Values are for 2 tubes

DC Plate Voltage. ........ . iiesissvasenes 1000 1500 2000
DC Grid-No.2 Voltage. . . Ceraeeiiseaee 350 350 850
DC Grid-No.1 Voltage...............0he N -b656 ~b55 -55
Peak AF Grid-No.1-to-Grid-No.1 Voltage........... 94 94 94
Zero-Signal DC Plate Current. .. ......... PRI 166 166 - 166
Maximum-Signal DC Plate Current. ........... ceee 500 500 500
Zero-Signal DC Grid-No.2 Current. .............. 0 0 0
Maximum-Signal DC Grid-No.2 Current (Approx ). .. 10 8 8
Effective Load Resistance (Plate to plate).......... . 8300 6000 8700
Maximum-Signal Driving Power (ApPpProx.).......... 0 1] 0
Maximum-Signal Power Qutput (ApProx.)....oeveves 220 400 590

Maximum Circuif Values:
Grid-No.1-Circygit Resistance (Per tube).................. PPN

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Up to 6§00 Mec
DC PLATE VOLTAGE. . .« ottt v isennannotinsstsraraeisastrseanenns . 1500 max
DC GRID-NO.Z VOLTAGE. ... .vvvirrecnannanas e 300 maz
DC GRID-NO.L VOLTAGE. . s ot cvvievettnriseannnnaaasaesonns e . ~260 mazx
DC PLATE CURRENT 200 mazx
PLATE DISSIPATION. . .. oottt tenien e et enrarasnusasasresannn 166 max
GRID-NO.2INPUT . ...eovnnnes 8 mazx
GRID-NOLINPUT . ... iviii i i iiniasaannnss . . 2 max
. PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.......c.ooiviviiiiiiiiieines 150 maz
Heater positive with respect to cathode..,......... Ceresaarcraeseeae 160 max

Typical CCS Operation:

DC Plate Voltage. . .. ...ovivinninnrneeneaaaacannn 500 1000 1600
DC Grid-No.2 Voltage (Modulated approx. 659,)%. . .. 250 250 250
DC Grid-No.1 Voltage®. .........coeieviiiiennn.. -100 -100 -100
Peak RF Grid-No.1 Voltage. .............c..0vunt. 113 118 118
DCPlate Current. . .. ...ooviiivininernnirecnnsian 200 200 200
DC Grid-No.2 Current........ovvvinrinirrenoasns 32 31 31
DC Grid-No.1 Current (APProX.). ... .cooeveuesennn [ 6 6
Driving Power (Approx.)®. .. ..covvriiiianann e 0.7 0.7 0.7
Power Output (APProx.) . ....eeevrores e 50 140 235
Maximum Circvit Values:

Grid-No.1-Circuit Resistance, Under any condition........ . PN 25000 moazx

RF. POWER AMPLIFIER AND OSCILLATOR—Class C Telagraphy
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings: Up to 500 Me
DC PLATE VOLTAGEY ... ..... e aeseenrorta bbb es et 2000 max
DC GRID-NO.2 VOLTAGE. .......... NI vevean heaas et 300 mazx
DC GRID-NO.1 VOLTAGE. .. ... oiiiviissnaransennrsanens [, —250 mazx
DC PLATE CURRENT. ¢ o v s e et inern o seeaesssarsasioesssorsnssne 250 mazx
PLATE DISSIPATION. . . ... oiiiiniivnannanas e e 250 maz
CGRID-INO. 2 INPUT .o ot vt iet it invraeransanasnassocansrassonasson .. 12 mozx
GRID-NOL INPUT ... cen o iie it iinerecaan s e eseeaaeas 2 max
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode,.............c.oviiieinn . 150 max

Heater positive with respect to cathode. .......... ... ...ty ees 150 max

Typical CCS Operation: At frequencies up to 175 Me

DC Plate Voltage. . ............ Ceeaaas eee 500 1000 1500 2000
DC Grid-No.2 Voltage. .. ......... (RN 250 250 250 250
DC Grid-No.1 Voltage. ............ heriaes -90 -90 -90 -90

“Peak RF Grid-No.1 Voltage. .......... N 109 109 109 109

*DC Plate Current. .. ....... .. 280 250 250 250
DC Grid-No.2 Current.......... 48 45 36 30
DC Grid-No.1 Current (ApPpProxX.)....ceeessas 12 12 11 11
Driving Power (Approx.)........ reseneanas 1 1 1 1
Power Qutput (APProx.)..v.ervesrrvsosronss = 66 180 290 400
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At frequencies up fo 175 Mec
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At frequency of 500 Mc with coaxial cavity

DC Plate Voltage....... 2000 volts
DC Grid-No.2 Voltage. .. 300 volta
DC Grid-No.1 Voltage -90 volts
DCPlateCurrent.........covvveenne .. . . . 250 ma
DC Grid-No.2 Current .. 10 ma
DC Grid-No.1 Current (Approx.) 25 ma
Driver Power Output (Approx.)®......... 18 watts
Useful Power Output (Approx.)..... 250 watts

Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under any condition.......coovvvianevinis 25000 max ohms

LINEAR RF POWER AMPLIFIER—

Single-Sideband Suppressed-Carrier Service

Maximum CCS Ratings: Up o 500 Me
DC PLATE VOLTAGB. .. ...vvvvevaonsn . 2000 mazx volts
DG GRID-N0.2 VOLTAGE . 400 mazx volta
MAXIMUM-SIGNAL DC PLATE Cumm\:'r o beerei s TN 260 max ma
PLATE DISSIPATION, . ......ovvnnounnn et ian i et e ey 250 max watts
GRID-NO2INPUT . ... oivenninnen fheereasresens [ S N 12 max watts
PeaK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode..........coveuveanns Ceeeeens 150 max volts
Heater positive with respect to cathode.......... e s 150 max volts

Typical CCS Operation: With two-tone modulation «t 30 Me:

DC Plate Voltage. . . ......voviinennnn e 1000 1500 2000 volta
DC Grid-No.2 Voltage*. .............. PN 350 350 350 volts
DC Grid-No.,1 Voltage™ . . .........coivvuenennn -55 -55 -55 volts
Zero-Signal DC Plate Current. . ............ R 83 83 83 . ma
Effective RF Load Resistance.............coovvvans 1650 3000 4350 ohms
DC Plate Current at Peak of Envelope............. 250 250 250 ma
Average DC Plate Current. . ..........coiivieannn 176 175 175 ma
DC Grid-No.2 Current at Peak of Envelope......... 30 30 30 msa
Average DC Grid-No.2 Current..........o0onniunn 6 9.5 15 ma
Average DC Grid-No.1 Current................. N 0 0 0 ma
Peak-Envelope Driver Power (APProx.). ......cvvose 1 1 1 watt
Output-Circuit Efficiency (Approx.)........oovvves .. 95 95 95 %
Distortion Products Level:®

Third Order. .. ..cvvirieririineensevans heeeenn 29 29 30 db

FifthOrder..........oovvivivnonn [ 40 38 35 db
Useful Power Qutput (Approx.):t

AVETAZC e s st e e r vt tniaeraananasrrans P + Bb 100 147.5 watts

Peak Envelope,.......ooviiiiiiiiiiininas .. 110 200 295 watts

Maximum Circuit Yalues:

Grid-No.1-Circuit Resistance, Under any eondition:
With fixed bias, ............. ..., e hre e 25000 max ohms
With cathode bias. . .. ...ttt i st e Not recommended

$ Because the cathode is subjected to considerable back bombardment as the frequeney 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 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 stage is required to supply tube losses and ri-circuit losses. The driver stage should be de-
signed to provide an excess of power above the indicated values to take care of variations in line voltage,
in components, in initial tube characteristics, and in tube characteristics during life.

SThe de grid-No.2 voltage must be modulated approximately 55% in phase with the plate modulation
in order to obtain 1009 modulation of the 7203. The use of a series grid-No.2 resistor or reactor may not
give satisfactory performance and is therefore not recommended.

40btained 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 elass of amplifier service in which the input consists of
two equal monofrequency rf signals having constant amplitude. These signals are produced in a single-
sideband suppressed-carrier system when two equal-and-constant-amplitude audio frequencies are
applied to the input of the system.

*¥(btained from a fixed supply.

® Without the use of feedback to enhance linearity.

tMeasured at load of output circuit having indicated efficiency.
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OPERATING CONSIDERATIONS

Types 7203/4CX250B and 7204/ 4CX250F may be operated in any posntxon
OUTLINE 83, Outlmes 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 efm must pass through the radiator. The cor-
responding pressure drop is approximately 0.1 inch of water. These requiremeénts
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
respectlve seal temperatures and the plate temperature within maximum ratmgs.
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

Small, rugged, heater-cathode
72]2 type used as af power amplifier and
modulator and as rf amplifier and os-
cillator in applications where depend-

able performance under severe shock AA'ZPLANE OF ELECTRODES
and vibration is essential. May be used with full input up to 60 Mc and with re-
duced input up to 1756 Me. Class C Telegraphy maximum plate dissipation, CCS
20 watts, ICAS 25 watts. Requires Octal socket and may be operated in any posi-
tion. QUTLINE 18, Outlines Section. Except for base and special ratings and perform-

ance data for shock and vibration, the 7212 is identical with type 6146.

216

Technical Data

BEAM POWER TUBE

Sturdy, uhf, forced-air-cooled,
heater-cathode, cermolox type used as 7 2] 3

1f 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/DC)Y. ..ottt e e eeieans Cieerierees 5.6 typical  volts
6 max volts
HEATER CURRENT (At 5.5 VOIts) . . ..o oververennnnnnnn, P vees 17.8 amperes
MiNiMUM HEATING TIME (At 5.5 volts). .. .ovvunenennnnn... P . 5 minutes
MU-FACTOR, GRID NO.2 TO GRID NO.Id ... ovenennnn,n., e e 17
DIRECT INTERELECTRODE CAPACITANCES:
Gerld WOL G0 BIEEE®. . i h et i e e e e e 0.17 max puf
Grid No.1 to cathode and heater 42 puf
Plate to cathode and heater®® v 0.017 puf
Grid No.t togrid No.2. ..o e eeeeveennnns 556 puf
Grid No.2 to plate 16 puf
Grid No.2 to cathode and heater 1.4 max puf
SEAL TEMPERATURE (Plate, grid No.2, grid No.1, cathode, and heater).. . .. 250 max °C

% For plate volts, 2500; grid-No.2 volts, 600; plate ma., 600.
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum CCS Ratings: Up to 1215 Mec

DC PLATE VOLTAGE, ..... P B A IR 5 o0 2000 max volts
DC GRID-N0.2 VOLTAGE. .. 1000 max volts
DC GRiD-No.1 VOLTAGE 300 max volts

DC PLATE CURRENT............

; 0.85 maxr - ampere
DC GRID-N0O.1 CURRENT........000..u.. — y bk

0.2 mgx  ampere

PrameINPUT............ o G TR W 4 1700 max watts
GRID-NO.2 INPUT. . ....0..inuuen, A BT g o e 35 maz watts
PLATE DISSIPATION. .. 0ttt et ettt s eete e et s enaeee e straeananrens 1000 max watts

Typical CCS Operation: In grid-drive circuit at 600 Mc

DC Plate Voltage. . ....oo.ervrinneririnraeinneeennns 1860 2000 volts
- DC Grid-No.2 Voltage®. 500 500 volts
DC Grid-No.1 Voltage™. . ............cccvvvvenn. .. . -30 -30 volts
DC Plate Current. .. ... . 0.75 0.83 ampere
DC Grid-No.2 Current........oovoveeivriiineninn. ... . 0.015 0.015 ampere
- DC Grid-No.1 Current (APProx.). ., .......o.vverrvunn... 0.04 0.04 ampere
Driver Power Output (Approx.)%.............couuriiiui.. 50 55 watts
Useful Power Qutput (Approx.)*............. e 650 800 watts
Maximum Circuit Values:
Grid-N6.1-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: Up to 1215 Mec

DC PLATE VOLTAGE. . o\t viveet vt einnannnnnss 3 2500 maz volts
DC GRID-N0.2 VOLTAGE 1000 maz volts
DC GRID-No.1 VOLTAGE ~300 max volts

DC PLATE CURRENT...... X 3 1 max  ampere
DC GriD-No0.1 CURRENT 0.2 maxr ampere
PLATBINPUT. .. .........00 W ¢ & o] 3 .. 2500 max watts
GRID-NO.2 INPUT. .. ......., -y - 50 maz watts
PLATE DISSIPATION. . . o ovvvvenns . 1500 mazx watts
Yypical CCS Operation: In grid-drive circuit at 600 Mc

DC Plate Voltage. ........... 2250 2500 volts
DC Grid-No.2 Voltage®*, ,........ T 3 3 . 500 500 volts
DC Grid-No.1 Voltage®............... -30 -30 volts
DC Plate Current. . .... —_ 0.9 1 ampere
DC Grid-No.2 Current. .. .. RO — Je— T 0.02 0.02 ampere
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DC Grid-No.1 Current (APpProX.)...........v.. . . 0.07 0.07 ampere
Driver Power Output (Approx.)4....... 70 75 watts
Useful Power Output (Approx.)*..... e 1050 1350 watts

Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under any condition............ccvueunn.. 5000%max ohms

{Because the cathode is subjected to considerable back bombardment as the frequency is increased with
resultant increpse 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 conhect the shield to grid-No.2 terminal. Shield is located
in plane of grid-No.2 terminal perpendicular to the tube axis.

®With external, flat, metal shield having diameter of 8 inches, and center hole approximately 234 inches
in diameter, provided with spring fingers that connect the shield to grid-No. 1 terminal. Shield is located
in plane of grid-No.1 terminal perpendicular to the tube axis.

eObtained preferably from a separate source modulated along with the plate supply.

B0Obtained from grid-No.1 resistor or from a combination of grid-No.1 resistor with either fixed supply
or cathode resistor.

AThe driver stage is required to supply tube losses and rf-circuit losses. It should be designed to provide
an excess of power above the indicated value to take care of 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.

*If this value is insufficient to provide adequate bias, the additional required bias must be supplied by a
cathode resistor or fixed supply.

**QObtained 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 corabination methods.

OPERATING CONSIDERATIONS

Type 7213 may be operated in any position. OUTLINE 88, Outlines Section.
Adequate forced-air cooling must be provided to limit the terminal temperatures
to their spemﬁed 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
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TYPICAL PLATE CHARACTERISTICS

TYPE 72i3
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BEAM POWER TUBE

Sturdy, uhf, forced-air-cooled, -
heater-cathode, cermolox type used as 7 2]4
r{-pulse power amplifier in compact
mobile and fixed equipment. Useful
with full ratings at frequencies up to
1215 Mc. Plate-and-Scaeen-Pulsed RF Amplifier maximum average plate dissipa-
tion, 11500 watts; maximum pulse duration, 10 microseconds. Tube has matrix-type
cathode.

HRATER VOLTAGE (AC/DC) .. ittt ittt e i 5.6 typical  volte
6 max volta
HEATER CURRENT (At 5.5 vOlts) . . .. .. it it 17.3 amperes
MINIMUM HEBEATING TIME (At 5.5 volts) . .. .. o it in i e e inranns 5 minutes
MU-FACTOR, GRID N0.2 TO GRID NO.I¥, .. ... i, 19
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.Ltoplate®. ... ... ... i i 0.17 mazx puf
Grid Nod to cathode and heater. .......... ... .. .. ... v, 42 puf
Plate to cathode and heater®®. .. .. ............ ... ... .. il 0.017 max upf
Grid Noltogrid No.2. ... ... .. o i i 55 puf
Grid No.Ztoplate........ ... it ittt 16 puf
Grid No.2 to cathodeand heater®™. . ....... ... ... ... ... . 0ouu... 1.4 max ppl
SeAL TEMPERATURE (Plate, grid No.2, grid No.1, cathode, and heater).. ... 250 mazx °C
% For plate volts, 2500; grid-No.2 volts, 600; plate ma., 600.
GRID-PULSED RF AMPLIFIER
y . e .
Maximum CCS Ratings: For maximum ON time® of 10 microseconds ‘ Up to 1815 Mo
DC PLATE VOLTAGE . 5000 max volts
DC GRID-N0.2 VOLTAGE ) 1200 mazx volts
DC Grip-No.1 VOLTAGE ~-300 max volts
DC PLATE CURRENT DURING PULSE 18 mux amperes
DC PLATE CURRENT. .. ..ottt ittt et en ettt ianetmaeeineeeennn 0.2 mox ampere
GRID-NO.2 INPUT (AVEIage) . . ...ttt it et iinerenas 50 max watts
GRID-NO.1 INPUT (Average) . . .. .....coviunnnn.. 30 max watts

PLATE DISSIPATION (Average) 1500 max watts

Typical Operation:

In Class C cathode-drive cireutl with rectangular -wave pulses at 1215 Mc and with duty factor™ of 0.01
DC Plate Voltage. . . ..o i i e 4500 volts
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DC Grid-No.2 Voltage. ...... P E 1000 volts
DC Grid-No.1 Voltage. ....... R -80 volts
DC Plate Current during pulse .. 11 amperes
DG Piate Current. .. ........... 0.11 ampere
DC Grid-No.2 Current.......... s 0.005 ampere
DC Grid-No.1 Current...........cooueur.... - 0.01 . ampere
Driver Power Qutput at peak of pulse (Approx.) 4.5 kw

Useful Power Output at peak of pulse (APProX.}. .. ....ovvrrneeenninn. 20 . k_w
PLATE-AND- SCREQN-PULSED RF AMPLIFIER

For maximum ON time® of 10 microseconds

Maximum CCS Ratings: Upto 1215 Mc

PEAK POSITIVE-PULSE PLATE VOLTAGE. . .4 v.iiittitrennnennannnnnnenss 10000 wmeex volts
PEAK POSITIVE-PULSE GRID-NO.2 VOLTAGE. . . . o0 vuvrivirennninnnann... 1200 mawx volts
DC GRID-NO.I VOLTAGE. . .. ..ttt ittntteinssesataseerassnsnnneesans —300 max volts

DC PLATE CURRENT DURING PULSE. .-
DC Prare CURRENT

18 max amperes
0.2 max ampere

GRID-NO.2 INPUT (AVEIREZE) . . . oot v eeerineanerinreersnenioneneneenans 50 max watts
GRID-NO.L INPUT (AVerage) . . ..... it iiiinreian e iannnnenenans 30 mux watts
PLATE DISSIPATION (AVEIAEE) - . ¢ o v\ttt e aeravins i e siannaansaneneens 1500 max watts

Typical Operation:
In Class C cathode-drive circuit with rectangular-wave pulses at 1216 Me end with duty factor® of 0.01

Peak Positive-Pulse Plate Voltage. . ............cocovvvn... 9000 10000 volts
Peak Positive-Pulse Grid-No.2 Voltage..................... 1000 1000 volts
DC Grid-No.1 Voltage. ................ SIENITHE -+ o oo vnrnen T 80 ~-80 volts
DC Plate Current during pulse. . ....... T WP 16 18 amperes
DE PIAteCoorent: so.5s om i b bt i 1008 dug EMaEie s oo renraons 0.16 0.18 ampere
DC Grid-NO.2 Current. .. oo vvenveeenrrenerereeennneenns 0.008 0.009 ampere
DC Grid-No.1 Current. .. ...covvureerinrennrnnnnnnnnnns 0.014 0.016 ampere
Driver Power Qutput at peak of pulse (Approx.)*. .......... 10 11 kw
Useful Power Qutput at peak of pulse (Approx.)............ 50 65 kw

$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 8 inches in
diameter provided with spring fingers that connect the shield to grid-No.2 terminal. Shield is located
in plane of grid-No.2 terminal perpendicular to the tube axis.

"With external, flat, metal shield having diameter of 8 inches, and center hole approximately 2- 3/8
inches in dxamvter prov1ded 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.

®0ON time is defined as the sum of the durations of all the individual pulses which occur during any 1000-
microsecond interval. Pulse duration is defined as the time interval between the two points on the pulse
at which the instantaneous value is 70 per cent of the peak value. The peak value is defined as the maxi-
mum value of 2 smooth curve through the average of the fluctuations over the top portion of the pulse.

B Duty factor for the 7214 is defined as the ON time in microseconds divided by 1000 microseconds.

AThe driver stage is required to supply tube losses, ri-cireuit losses, and in cathode-drive circuits, the rf
power added to the plate input. The driver stage should be designed to provide an excess of power above
the indicated value to take care of variations in line voltage, in components, in initial tube characteris-
ties, and in tube characteristies during life.

YYPICAL PLATE CHARACTERISTICS

TYPE 7214
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OPERATING CONSIDERATIONS
Type 7214 may be operated in any position. OUTLINE 88, Outlines Section.
Adequate forced-air cooling must be provided to limit the terminal temperatures
to their specified values. For typical cooling requirements for air flow through the
radiator refer to graph for type 7213. An air flow of 10 ¢fm is usually adequate to
grid-No.2, grid-No.1, cathode, and heater terminals.

BEAM POWER TUBE

Sturdy heater-cathode types used
ag af power amplifier and modulator 7270
and rf power amplifier and oscillator. 727]

May be used with full input at fre-

quencies up to 60 Mc. 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 1756 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 7-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 specified value. The plate shows no color when the tube is
operated at maximum rated plate dissipation under CCS conditions. At maximum
rated plate dissipation under ICAS conditions, the plate may show a barely dis-
cernible color in a dark room.

7270 7271
HEATER VOLTAGE (AC/DC)...ovvvnrvriunnn 6.3 13.5{+10% volts
~209,
HEATER CURRENT. . ... 0iecieannnnaennns Cebeesecitaenana . 2.85 1.25 amperes
7270 & 7271
Mu-Facror, GrIp No.2 To Grip No.1". .......... 8.25
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.ltoplate. . .....vcoeiminniniinnennn. e eseereeserens 0.4 nuf
Grid No.l to grid No.2 and internal shield. .. ................ erenen 10 puf
Grid No.1 to cathode and heater. .............. .. ... .00 Cerieeses - 8 puf
Grid No.2 and internal shield toplate. ... ............. e easeses . 10 puf
Grid No.2 snd internal shield to cathode and heater.,....... PPN . 2.2 puf
Plate to cathodeand heater. ... ........coiiiiiiiiiveininnnrneenan . 0.14 ppf
Heatertocathode. . ......... ... . o i, e ieaes 17 puf
BuLs TEMPERATURE (At hottest pomt) ................................ 250 mazx °C

® For plate volts, 250; grid-No.2 volts, 250; plate ma., 10.

AF POWER AMPLIFIER AND MODULATOR—Class AB{

Maximum Ratings: o] ICAS
DC PLATE VOLTAGE. .. ... S TN o R RN R 1100 max 1350 max volts
DC GRID-NO.2 VOLTAGE. .ttt eventviticenetiennnnannnenen 425 max 425 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT} . .. vvvevnnennnns 2 340 max 840 max ma
MAXIMUM-SIGNAL PLATE INPUT]. ... .. ooiviiiiiane i 180 max 250 mazx watts
MAxIMUM-SIGNAL GR1D-N0.2 INPUTE 20 mez 20 max watts
Proami ISSTPATIONT 125 | o seecs & damrermr Tonem swelis & 3 sy 60 max 80 max watts
Ppax HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............ e 135 mazx 135 mazx volts
Heater positive with respect to cathode. ..........c0uv.. 135 max 135 max volts
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum Ratings: . ccs ICAS
DC PLATE VOLTAGE. . ... ... cee 900 max 1100 mazx volts
DC GRID-N0.2 VOLTAGE: 425 mox 425 mazx volts
DC GR1D-N0O.1 VOLTAGE —300 maz =300 maz volts
DC PLATE CURRENT. . . . 280 max 280 max ma
DC Grip-No.1 CURREN 9 25 max 30 max ma
PLATE INPOT w5 5g o 5 - D . . 160 max 210 max watts
GRID-NO.2 INPUT. . ...... . v 13.5mar  13.5 max watts
PLATE DISSIPATION. . Ceerrearireeanesaan N 40 max 50 max watts
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PeaX HEATER-CATHODE VOLTAGE: . ’ :
Heater negative with respect to cathode................ 135 max 135 max volts
Heater positive with respect to cathode.............. Ve 1356 max 185 max volts

Maximum Circuit Values: .
Grid-Ne.1-Circuit Resistance® .......o0vvuvans e adaas 30000 max 80000 max ohios

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegrqphy

-

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE. ... ....v.ivusan P 1100 max 1350 max volts
DG Grip-N0.2 VOLTAGE 425 max 425 max volts
DC GRID-NO.1 VOLTAGE. ~300 max -300 max volts
DC PLATE CURRENT. . ..... ceee . 340 max 340 max ma
" DC GRrip-No.1 CURRENT.. .. Cheaas 25 max 30 max ma
PLATEINPUT. .. ... ... ..t 235 max 315 max watts
GRID-NO.2Z2INPUT. .. ... ..... 20 mazx 20 max watts
PLATE DISSIPATION A, e 60 max 80 max watts
PrAK HEATER-CATHODE VOLTAGE ’ !
Heater negative with respect to cathode...............\. 135 mazx 135 max volts
Heater positive with respect to cathode. ......... PN 135 max 135 max - volts

Maximum Circuit Values:
Grid-No.1-Cireuit Resistance®. . .. ......ooovviinniieninen ‘80000 max 80000 max ohms
tAveraged over any audio-frequency eycie of sine-wave form.

©If this value is insufficient to provide adequate bias, the additional required bias must be supplied by a
cathode resistor or fixed supply.

A
~a f
BEAM POWER TUBE pod

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 Me. Class C Telegraphy maximum plate dxsmpatlon cC8
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.

AN =PLANE OF ELECTRODES

G3,K~ P ~Gf
1S

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- s
bration is essential. Rated for service AA'=PLANE 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/DG). ...\ rvirenvaranrsnnns . 6.3 volts
HEATER CURRENT at 6.8 volts 1.25 amperes
TRANSCONDUCTANCE®, ...\ttt ittt eeaeeranrneiaoannnenns, 7000 umahos
MU-FACTOR, GRID NO.2 TOGRIDNO.1®. ., ... iviii i i 4.5
DIRECT INTERELECTRODE CAPACITANCES: } ’
Grid No. L to plate. . ov oottt et et s iian s iianans - 0.24 max puuf
Grid No.1 to cathode and grid No.3 and internal shield, grid No.2,
basesleeve, and heater..........oiiuvin v i, PN 13 wuuf
Plate to cathede and grid No.3 and internal shield, gnd No. 2
base sleeve, and heater....... P R erreerraaaresas 8.5 s

Technical Data

BuLB TEMPERATURE (At hottest peint)........... Lesseseesesavesasasss 220 max °C
® For plate volts, 200; grid-No.2 volts, 200; plate ma., 100,

MODULATOR--Rectangutar-Wave Modulation
For duty factort between 0.001 and 1 and mazimum averaging time of 10,000 microseconds in any inferval
Maximym CCS Ratings: .
See Rating Chart I

DC PLATE SUPPLY VOLTAGE (EbD)® suvvivinianas
INSTANTANEOUS PLATE VOLTAGE. . ............ . . 11569, of Ebb
DC GRID-N0.2 SUPPLY VOLTAGE®. . ... ... 0ioveuunnan . . . 500 max volta
DC GRID-N0.1 SUPPLY VOLTAGE®, , . ........ Ceeiaees 800 maz volts
(Minimum) . . c..v i iiiieiii e e See Rating Chart I
GRID-NO.1 VOLTAGE:
Instantaneous-negative value. ................ ... ..., Ceaareas 400 mazx volts
Peak positive value........... ..o s 100 max volts
PEAK PLATE CURRENT. . ... 0vvvenn vnnns AN See Rating Chart II

PEAK GRID-NO.2 CURRENT. . ...ovvvnniaran e 0.75 max  ampere
PEAK GRID-NO.1 CURRENT . .0\ vvvivinereerunnnas 0.6 maz  ampere
PLATEINPUT. .ttt it e i it iii i iie s iraes e vae 80 maz watts
GRID-NO.2ZINPUT. .. ...ttt iieiiivianinnrannnan ceee .. . 1.75 max watts
GRID-NOL INPUT. .. it ien it i iereniiananraneas ves . 0.5 maz watt
PLATE DISSIPATION®. .. .. .ohvii v iea i inias e See Rating Chart I
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode........ e tedriresrenasasane 185 max volts

Heater positive with respect to cathode....... Chedereciatrertaanaans 135 maz volts

Maximum Circuit Values:
Grid-No.1-Circuit Resistance. .. ... it iiiiiiiaaanes AP Ceeees 30000 mazx ohms

TYPICAL CHARACTERISTICS TYPICAL CHARACTERISTICS
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t 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 i3 defined as the maximum value ofa
smooth curve through the average of the fluctuations oyer the top portion of the pulse.
°© For tube protection, sufficient resistance must be used in the plate supply circuit, the grid-No. 2 supply
cireuit, and the grid-No.1 supply circuit so that the short-circuit current is limited to 0.5 ampere in each
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, Out-
A lines Section. The bulb becomes hot dur-
RATING CHART I ing operation. To insure adequate cooling,

KEEQE.%SST.MQOQW} therefore, free circulation of air must be
3 X MICROSECONDS MAX provided around the 7358. The plateshows

no color when operated with maximum
N rated dissipation. Connection to the plate
cap should be made with a flexible lead to
prevent any strain on the seal of the cap.
f For tube protection, sufficient resist-
ance must be used in the plate supply ecir-

MAX. PEAK PLATE AMPERES
~

= cuit, the grid-No.2 supply circuit, and the
o% F Aegr e seg ¢ s | g.rid-No.l supply circuit so that the shorts
: " DUTY FACTOR circuit current is limited to 0.5 ampere in
e2cs-soiaTt each cireuit.
TYPICAL PLATE CHARACTERISTICS
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BEAM-DEFLECTION TUBE

Miniature heater-cathode type

7 360 having unique design and mount strue-
ture consisting of two plates, two de-

flecting electrodes, together with a

cathode, grid No.l, and grid No.2.
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Used for modulator, demodulator, .and frequency-converter applications in single-
and double-sideband, suppressed-carrier communications equipment operating at
frequencies up to 100 Mc; used with single-ended or push-pull input to provide
push-pull balanced output; used in low-cost balanced-modulator, balanced-mixer,
and product-detector service.

HEATER VOLTAGE (AC/DC) v\ v vt a v ettt itnenaenesaessnnineessssases 6.8 volts
HEATER CURRENT. . o0ttt tann e et tutninrensenniinesioessusioniaenanns 0.85 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):°
Grid No.1 to all other electrodes, exeept plate. . .............ovvueen. 7.5 nuf
Grid No.1 to deflecting eleetrode No.1. . .. ..o viiinnian i . 0.15 upf
Grid No.1 to deflecting electrode No.2............ ...t . 0.15 ppf
Grid No.L to plate NoL. ..ottt iiiiie it aniras 0.003 puf
Grid No.Ltoplate No.2. .. oot i i eaas 0.008 ppf
Plate No.1 to all other electrodes, exeept deflecting-electrode No.2...... 0.8 upf
Plate No.2 to all other electrodes, except deflecting-electrode No.2...... 0.8 puf
Plate No.1 to plate No.2. ... .... e 0.3 upf
Deflecting-electrode No.1 to all other electrodes, except plate No.1.. ... 4.6 puf
Deflecting-electrode No.2 to all other electrodes, except plate No.2.. ... 4.6 wuf
Deflecting-electrode No.l toplate No.l. .. ..... ..ot 4 uuf
Deflecting-electrode No.2 toplate No.2. . . ... ..o vviiiriinneennns 4 puf
Deflecting-electrode No.1 to deflecting-electrode No.2,................ 1.4 unf
*Without external shield.
Characteristics, Class A1 Amplifier:
Plate-No.1 Supply Voltage. . .......... .. 0oy SN 150 volts
Plate-No.2 Supply Voltage. . . .. ..ot eie e iiin e RPN 150 volts
Deflecting-Electrode-No.1 Supply Voltage. ... ......ooviiiiiiiine. . 25 volts
Deflecting-Electrode-No.2 Supply Voltage. ... ... oo 256 volts
Grid-No.2 Supply Voltage 175 volts
Cathode RESISTOT . v ottt ie e e ir ettt s et e e e 150 ohms
Total Beam Current (plate-No.1 current plus plate-No.2.current). . ....... 8.5 ma
Grid-No0.2 CUITENT . & e vt vttt ie et nr s ie e iie e ee e taaaannnins 2.1 ma
Transconductance:
Grid No.1 to both plates connected together.............. ... vt 5400 pmhos
Deflecting-electrode No.1 to plate Ro.1®. ... ... ... i 800 umhos
Deflecting-electrode No.2 to plate No.2™. . ...... ... oo nen, 800 umhos
Switching Voltage®. . . . oottt ettt 11 volts

* Defined as the partial derivative of the plate current with respect to the difference between the de-
flecting-electrode voltages, evaluated about the point of equal plate currents.

® Defined as the sum of (a) the absolute value of the difference between the deflecting-electrode voltages
when the current to one plate is equal to 90 per cent of the total beam current and (b) the absolute value
of the difference between the deflecting-electrode voltages when the current to the same plate is equal to
10 per cent of the total beam current. This sum, expressed in terros of signal voltage, corresponds to the
peak-to-peak value of signal voltage that is required between the deflecting electrodés to produce peak-
to-peak signal current at either plate equal to 80 per cent of the total beam current.

BALANCED-MODULATOR SERVICE

Maximum Ratings:

PLATE-NO.L VOLTAGE. . . .ttt it ittt itien i iiana e 300 mazx volts
PLATE-NO.2 VOLTAGE. . . . - . et ettt ettt e e e eaann 300 max volts
DEFLECTING-ELECTRODE NO.L VOLTAGE, . .. ... it Ve =100 max volts
DEFLECTING-ELECTRODE NO.2 VOLTAGE. . ...t i vt ie i innes =100 mazx volts
GRID-N 0.2 VOLTAGE 250 max volts
PLATE-N 0.1 DISSIPATION. . . . 1.5 mazx watts
PLATE-NO.2 DISSIPATION. . . ..t i it ieinarnan e 1.5 max watts
GRID-NO. 2 INPUT. . ittt et i st te e is e easasnaa s 0.5 mazx watt
PEAK HEATER-CATHODE VOLTAGE:
' Heater negative with respect to cathode.......... ... 180 max volts
Heater positive with respect to cathode....... e e 180°mazx volts

Typical Operation:
In accompanying balanced-modulator circuit using separate excitation®

Plate Voltage, Eachplate. . ...... ..ol 150 volts
Deflecting-Electrode Valtage, Each electrode (Approx.). ................. 25 volts
Grid-No.Z VOITage. .o« oot ii v 176 volts
Cathode Resistor B 1200 ohms
Peak-to-peak AF Deflecting Electrode Voltage** 2.8 volts
Peak-to-peak RF Grid-No.1 Voltage.~ .............oonunin e 10 volts
Plate Current, Each plate. .. ... ... e P 1.6 ma



— RCA Transmitting Tubes

Grid-No.2Current. . .. ....o.oviviiviaian, P 0.76 ma
Plate-to-Plate Load Impedance (Approx.) ......... N e 5000 ohms
Push-Pull, Peak-to-Peak, Double-Sideband Output Voltage . ............. 4 volts
Carrier Suppressiont.. .. ... . ... . L e 60 db
Third-Order Distortiont. .. ..., ..o i e -47 db
Fourth-Order Distortiont. . ... ... o i ~45 db

Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation................ T 0.5 mar megohm
For cathode-bigs operation. .. ................. . ... .... ... ..., L 2.2 mar megohms
Dellecting-Electrode-Circuit Resistance, Each. ... .......... ... ... .. ... 0.05 nmux megohm

Balanced-Modulator Circuit

O
PUSH-PULL
DOUBLE-SIDEBAND
QUTPUT TO
SINGLE-SIDEBAND
FILTER

O

+250V

92Cs5-10258

Ci:0.00) uf
C:0.22 uf
C2: 0,00 uf

Ri: 0.47 megohm
R2: 1200 ohms
Rs, Ry: 68000 ohms

Ru: 2700 ohms
Rzt Quadrature Balance
Potentiometer, 2500 ohms

C: 0.01 uf Rs: 47000 ohms Ri;, R 2700 ohms

C., Ce: 0.0033 pf Re: 12000 ohms Rie: 0.1 megohm

C::0.1 uf R1: 47000 ohms NOTE: All resistors '« watt, =10

Cs, Co: Sufficient to resonate Rs: 0.1 megohm percent, unless speeified. AN -
Input of 888 fiiter Rs: 2700 ohms pacitors 400 volts.

Cio: 0.22 uf
Cit 0.47 wf

Rio: Carrier Balanee Potenti-
ometer, 5000 ohms

BALANCED-MIXER SERVICE

Maximum Ratings:

PLaTi-No.l VOLTAGE. . ... o . 300 max volts
PLATE-NO.Z2 VOLTAGE. . . ... .. ... R . o 300 snax volts
DEFLECTING-ELECTRODE-N 0.1 VOLTACE. ... .. o L . =100 mas volts
DEFLECTING-ELECTRODE-N 0.2 VOLTAGE. . ... . . . =100 muar vaolty
GRID-NOZ2 VOLTAGE. .. ... . vvu i .. e 250 mux volts
PLATE-NO.1 DISSIPATION. .. .................. . T 1.6 mux waltts
PrLaTte-No.2 DissteaTioN. . ... .. ... ... L 1.5 marx watts
Gui-No2INper. ool e AR 0.6 marx watt
Peax HrATER-CATHODE VOLTAGE:

Heater negative with respect toeathode. . ... .. ... ... ... 180 mar volts

Heater pusitive with respect to cathode. .. .. ... ... ... ... . ... .. 180 - mac volts

Typical Operation:
In accompanying balaneed-mizer circuit using separale cecitution®

Plate Voltage, Eachplate. .. ........ . ... ... ... ................ ... 150 volts *
Deflecting-Electrode Voltage, Each electrode (Approx.). .. ........... ... 25 volts }
Grid-No. 2 Voltage. .. ... oo 175 volts °

Technical Data

Cathode ResiStor. . .. ..ot ettt et e et it oe e 1200 ohms
Peak-to-Peak Single-Sideband Deflecting-Electrode Voltage®*, . ... . .. .. 8 volts
Peak-to-Peak RF Grid-No.l Voltage. . ..............cooiivnenrinnn... 10 volts
Plate Current, Bach plate. . ...ttt ittt eneeennnnns ... 1.6 ma
Grd-No.2 Current. .. . ... . . ittt iiitananiaans e 0.75 ma
Plate-to-Plate Load Impedanece (ADProX.) . .. ... e ieenrnnnenss 40000 ohms
Push-Pull, Peak-to-Peak, Single-Sideband Qutput Voltage. . ...... Ceeees .. 25 volts
Oscillator Suppressiont. . . ... .. . .. . e PR -40 db
Third-Order Distortiont. . ... . i e e -40 db
Fourth-Order Distortiont. ... . ... .0 i i -39 db

Maximum Circuit Values:
Grid-No.1-Circuit Resistance:

For tixed-hiagoprration. ... ... . ... o e L AU 0.6 mexr megohm
For cathode-bing operation. . ... ... . ... . ... .. 2.2 max megohms
Defleeting-Electrode-Cirenit Resistance, Bach ... ... ... .. ... 0.06 max megohm
Balanced-Mixer Circuit
SINGLE~
SIDEBAND
OUTPUT
T
..................
o} + ;
SINGLE~-
SIDEBAND ;¢ ;@, Q1250V
INPUT  }
o— T
o—!
RF R
OSCILLATOR
INPUT
z 6
— 92CS-10256R!

C1:0.001 uf
Cs2: 0.04 uf

Li: Inductor

131: 0.47 megohm

Cs, C4: 0.001 uf 1t+: 1200 ohms

Cs: 0.04 uf Rz, Ry 68000 ohms

Ce: Split-Stator Tuning Capaeitor Rs: (.1 megohm NOTE: All resistors, 14 watt, =10
to Resonate with L, Re: 12000 vhms percent unless specified; all ca-

Cy, Cs: 0.04 uf Rz: Oseillator Rejection Porenti- - pacitors 400 volts

ometer, 5000 ohms
1Rs: 0.1 megohm
Rs, Rin: 2700 ohms
T';: Tuned Input Transformer

SThe de component must not excecd 100 volts.

*Operation with scli-excitation and cathode resistor of 300 chms js similur to operation with separate
excitation.

** To either clectrode: the other electrode is by passed.

tReferred to single-sidehand output voltage.

- OPERATING CONSIDERATIONS

OUTLINE 9, Outlines Section. Tube requires miniature nine-contusct socket and
may be operated in any position. To avoid excessive distortion, the plate voltage
must be sufficiently high so that the instantaneous plate-voltage excursion does not
enter the knee region of the tube characteristic where the grid-No.2 current in-
creases rapidly. A deflecting-electrode voltage in the range of 20 to 35 volts for
each electrode is satisfactory for most applications. Some means should be provided
for varying one of the deflecting-electrode voltages for balancing purposes. The
balance control should allow the positive 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-clectrode is in the order of 40 microamperes.
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Magnetic fields adversely
affect the intrinsic operating
plate-current balance of the
7360. Although this tube is in-
ternally shielded to minimize
this effect, the tube should be
mounted as far as possible from
all devices producing extrane-
ous magnetic fields such as
transformers, chokes, motors,
or similar components. Itisrec-
ommended that an external
shield be used in those applica-
tions critical for balance.

Chassis layout should be
suech that all components and
wiring associated with the
plates and deflecting electrodes
are symmetrical. This consid-
eration is particularly impor-
tant in ¥f applications where
very small differences in stray
capacitance can result in un-
balance. Chassis layouts which
permit heat or vibration to af-
fect the components associated

with one deflecting-electrode

circuit or plate circuit more
thantheother should be
avoided. All components
should be rigidly mounted.

OPERATION CHARACTERISTICS

; 7?
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AVERAGE CHARACTERISTICS
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BEAM POWER TUBE

Small, rugged, uhf, forced-air,
cooled, heater-cathode, cermolox type
used as af power amplifier and modu-
lator, and as rf power amplifier and os-
cillator in compact mobile and fixed

92CM~10253TH

7457

equipment where dependable performance under severe shock and vibration is es-
gential. Useful at fr@fuencies up to 2000 Mc and beyond. Class C Telegraphy max-
imum plate dissipation, CCS 115 watts. May be operated in any position. Our-
LINE 78, Outlines Section.. Except for spec1a1 ratings and performance data, in-

low, the 7457 is identical with type 6816. Tube has matrix cathode,

ternal constructlon, and minor differences in general characteristics as shown be-

HEATBER VOLTAGE (AC/DC) . 4t et etenerneeneaneeaeeaaraeraenacnneons 6.3 volts
HEATER CURRENT, .. ....vvcnsonenss P © 0o EF 3.2 amperes
HEATING TIME, MINIMUM, . .. vtvitnnnonnannannnneens (4] seconds
Mu FACTOR® 18 .
DIRECT INTERELECTRODE CAPACITANCES:®. ............ 6
Grid No L toplate. . ... it i i it c ittt ettt anees 0.065 max wapef
Grid No.t to cathode and heater. ... ... ii i iineriininrrunenens 14 wnf
_ Plate to cathodeand heater. .. ..., 0.019 mazx puf
Grid No.l1togrid No.2.......... R N A N A R A « 19 puf
Grid Nal2 6o \ElatBi .m. wbs b dana s & mn . Sdema. b 5 @ o6 = Sl o 4.5 wsuf
Grid No.2 to cathode and heater. .......... ... eieinennn. 1.8 mazx upf

°Because the cathode is subjected to considerable back bombardment as the frequency is increased with
resultant increagse in temperature, the heater voltage should be reduced depending on operating condi-

tions and frequeney to prevent overheating the cathode-and resultant short life.
SFor plate volts, 2560; 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
oscillator in radiosonde equipment.
Tunable at frequencies between 1660
and 1700 Mc. May be used at ambient

COAXIAL
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temperatures ranging from —55 to -+-75°C. UHF Oscillator maximum plate dissi-
pation, 3.6 watts.

HEATER VOLTAGE RANGE (AC/DC). .. vovv v einins .5.2t06,6% volts
HEATER CURRENT at G volts.....,............ 2 0,16 ampere
FREQUENCY (Approx.), ..... Sy E 53 REEE i 1680° Me
PR AN Gl . ooy o gaiamess o ohrhonsms siuemen nsalti sl ¢ § B NG e B e o 1660 to 1700 Mec
RF CoaxiaL OUuTpUT TERMINAL: Characteristic impedance (Approx. g 50 ohms

TUNING SCREWS (2):
Maximum Torque (Absolute) at tuning-rangestops. .............. ... 6.5 oz-in.

Maximum Ratings: UHF OSCILLATOR—Class C

Al frequencies between 1660 and 1700 Mc and altitudes up lo 100,000 feet
DC PLATE-TO-GRID VOLTAGE. .. ... . A 130 mazx volts
DC PLaTE CURRENT. .. ........ . . 84 max ma

DC GRID CURRENT....... 8 max ma
PLATE INPUT. . ... N . 4 max watts
PLATE DISBIPATION. . .. .. s . 3.6 mox watts
AMBIENT-TEMPERATURE RANGE. .......... ... ... ... e -55 to +-75 °C

As cathode-driver oscillator ¢l frequency of

Typical Operation: 1660 Mc 1680 Mec 1700 Me :
Heater VOltage. . . . oo v vt rvii i inanianiien 6 6 6 volts
DC Plate-to-Grid Voltage. . . ... .. 124.5 124 123 volts
DC Cathode-to-Grid Voltage. ........... e 7.5 6.75 6 volts
From grid resistorof........c.ooviviiini . 1500 1500 1500 ohms
DC Cathode Current. . ..c...viiniiinein ... 35 31.6 32 ma
DCGridCurrent. ..., ..covvini i 5 4.5 6 ma
Useful Power Qutput (Approx.).................... 576 575 476 mw
Circuit Valves:
Grid-Circuit Resistance, maximuli. . .. ... ..o veieiiiiiieiann o 2400 ohms
Grid-Circuit Resistance, minimum . . ........ ..o i 1300 .ohms

1 This range of heater voltage is for radiosonde applications in which the heater is supplied from bat-
teries and in which the equipment design requirements of minimum size, light weight, and high effi-
ciency are the primary considerations even though the average life espectancy of the 7538 in such serv-
ice is only a few hours. .

°Ag supplied, tubes are adjusted to 1680 =4 Mec.

OPERATING CONSIDERATIONS

Type 7533 may be operated in any position. OUTLINE 73, Outlines Section. The
flexible heater leads of the 7533 may be soldered to the circuit elements, but not
closer than 34-inch from the surface of the glass button, Otherwise the heat of the
soldering operation may crack the glass button and damage the tube.

Support for the 7533 should be provided by a suitable elamp around the metal
shell of the tube, preferably in the indicated zone shown on the dimensional outline.
Care must be taken to avoid clamping so tightly as to cause distortion of the resona-
tor cavity with resultant change in operating frequency. Connections to the grid
terminal and to the plate terminal should be made by means of spring contacts only.
Under no circumstances should connections be soldered to these terminals.

Accurate frequency adjustment in the 1660-to-1700 Mec operating range, to-
gether with minimum frequency drift, may be obtained by using both tuning
screws. Alternately turn each tuning serew not more than one-half turn at a time,
in a clockwise direction, to lower the frequency. Repeat this procedure until the
desired lower frequency adjustment is reached. To reach a higher frequency, follow
the same procedure except that the tuning screws are turned in a counterclockwise
direction.

BEAM POWER TUBE

Miniature, heater-cathode type

7 5 5] used in mobile communications equip-
ment operating from 12-volt storage

battery systems. Used in rf amplifier,

oscillator, and frequency multiplier

service at frequencies up to 175 Me; also used in modulator and af power-amplifier
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applications, During manufacture, the 7551 is subjected to special controls and tests

" for heater-cycling, heater-cathode leakage, interelectrode leakage, low-frequency-

vibration performance, 500-hour intermittent life performance, and intermittent
shorts.

- HRATER VOLTAGE RANGE. .. ......o0viivnien AN 12 to 15 volts
HEATER CURRENT, at 18.5 volts. . 0.36 ampere
DIRECT INTERELECTRODE CAPACITANCES:®

Gid INGH T B IR B8knce siis: . oantosiieions ek Bpcumveimwimon o fio1 g+ ¢ s v v n v v s eans Ceeeen 0.15 max pof
Grid No.l to Cathode, Heater, Grid No.3, and Grid No.2. ............ 10 uuf
Plate to Cathode, Heater, Grid No.3, and Grid No.2.................. 5.5 nul

: © Without external shield.

. Characteristics, Class A1 Amplifier, with 13.5 Volts on Heater:

PLGter VBILAZE . . b o cntied o 5 oiomnets 5 oiiaianensonaionaf ¥ siorsi@Bi e « + o e i 250 volts
Gl NiowBlic: s siromms (19 o Fion <15 577510 IO § Rowofire @i e o s ¢ s e 0 n oo re Connected to cathode at socket
Grid-No.2 Voltage volts
Grid-No.l Voltage -18 volts
Mu-Factor, Grid No.2 to Grid No.L1, .. covin it iiii i aes 8.7
TERESOONAMEEANCR oo i b daeininie ainivie e e e e e e s s e e el b A e 5300 wpmhos
Plate Current........ | T (I Y s NN e G 5 e 40 ma
Grid-NoO.2 CUITENE. . . . ittt vt it ie e iie et n e iaaaenraes 3 ma
AF POWER AMPLIFIER AND MODULATOR—Class ABy

Maximum CCS Ratings:

PDERHATE, VIOLTAGE] § §§- .. - gg » o i bameom i onmsapres o o » wrvmrasammm g o 300 max volts
GrrGEINDIBY. -Fory | dasen s i s o weae oo obemei e eme AR o e R 4 Connect to cathode at socket
DC Grip-No.2 VOLTAGE 250 mazx volts
MaxiMUM-SIGNAL DC PLATE CURRENT®. . . ...........ovvevnn - 70 max ma
MAXIMUM-SIGNAL PLATE INPUT™. . . . ... i innenans . 21 max watts
MAXIMUM-SIGNAL GRID-NO.2 INPOT®. .. ... ... vviniinnnn ke 2 max watts
BLAPE DISSTPATIENY . ocom. purmmimon amer fuf imasoioss otoilatisbissl - i ook Sl etz 10 max watts
PeAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............. ... ... .0 vt 100 mazx volts

Heater positive with respect to cathede. . ................ ... L 100 maz volts
BULB TEMPERATURE (At hottest poinf) — . ........ ... ... v 225 max °C
Typical CCS Push-Pull Operation With 13.5 Volis on Heater:

Values are for two tubes
DE Plitia VolBmes. o b 7Tkl 8 05k ¢ a7 msgegei 1 56 At srmm o o 300 volts
UGB . i v i memsmorsmoms cxoers & opamems rore Homay o Jromagn b 5 pd N Y Connected to cathode at socket
DC Grid-No,2 Voltage®. . ... ..ottt i siwas 250 volts
DIC GrideNIAL VOLBREE® 5 d o - s 5 iy oo & s et A SE R a8 bas 3B -21 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage. . ......... ... ..ooiiiiininn. 40 volts
Zero-Signal DC Plate Current. . ..... ol TN [ RGN 9 RS 1 40 ma
Maximum-Signal DC Plate Current. .. ................... — 125 ma
Zero-Signal DC Grid-No.2 Current. . ............ciiniinas oo 2 ma
Maximum-Signal DC Grid-No.2 Current § 14 ma
Effective Load Rasistance (Plate toplate) ................. O E—— 5000 ohms
Maximum-Signal Driving Power. . .........ooiiiiiiiiiiiiiine, i3 545 0 watts
Total Harmonie Distortion. .. ........coiiiiiiiiiinnvsnas Chaeaa 3] per cent
Maximum-Signal Power Output (APProX.). ... oovivirinveasrvenns A 20.6 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance. .. .......c.oveninn e 0.1 max wmegohm
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Rotings: - " fre%ucegc‘tw - k}é;’fsMC
DC PLATE VOLTAGE. ... vvvves 800 max 300 max volts
GRIDNOSB.............. Connect to cathode at socket
DC GRID-NO.2 VOLTAGE. . .,.... SoEeHope e TR A Dot 250 max 250 max volts
DC GRID-NO.1 VOLTAGE, .« cvvvuvevrviaronarsonaans —-125 max ~125 max volts
DC PLATE CURRENT. .. .o ovvntscisorsasnnnssesngonsons X 70 mazx 80 max ma

DC Grip-No.2 CURRENT. ... 15 maz 15 max ma

DC GRrRID-NO.1 CURRENT...... 5 s b e 5 mazx 5 max ma

PLATEINPUT. . ... iviviiennnas e 21 maz 24 max watts

GRID-NO.2 INPUT, vt veveetaneecareanncnnns e raarees v 2max 2 max watts
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PLATE DISSIPATION. . .o v it v e e aennnas Cereaean ceeanan
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode,........ Ceseaes
Heater positive with respeet to eathode........ Chreerens
BuLr TEMPERATURE (At hottest point) . .........ccuuuunn.

Typical Operation With 13.5 Volts on Heater:

DC Plate Voltage. ... .......cooiiiii ... 250
Grid NoB. ... . e

DC Grid-No.2 Voltage®, ..............cvviinnnnn, 200
DC Grid-No.1l Voltage®. ................ccuvuven.. —40
Peak RF Grid-No.l Voltage. . ..............ccvuue. 47
DCPlate Current. .. ......... i, 60
DC Grid-No.2 Current....................cvueun. 3.7
DC Grid-No.1 Current (Approx.) 1.6
Driver Power OQutput (Approx.)**. ... .. .. .. ....... - 1
Useful Power Qutput (Approx)f....... .. .. oovun.. 6.5

Maximum Circvit Values:
Grid-No.1-Circuit Resistance. . . ... .. ... ..o iiineninn.

PLATE-MODULATED RF POWER AMPLIFIER—

Maximum Ratings:
DCPLATE VOLPAGE. .. ... it ii e
GRID NOB. oo i et e e e

DC GRID-N0.1 VOLTAGE,
DC PLATE CURRENT. ., ..
DC GRID-NO.2 CURRENT. .. ...vvviinnnr e,

DC GRID-NO.L CURRENT. .. .o vt ee et iiiiiinneinennenns
PLATEINPUT. . ... i et

PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to eathode........ Ceeereans
Heater positive with respect to cathode., ................
BuLB TEMPERATURE (At hottest point) .. ...........0vvun..

Typical Operation with 13.5 Volts on Heater:
At 175 Me

DC Plate Voltage
GridNo.3.............
DC Grid-No.2 Voltage*. . ...................c..... N
DC Grid-No.1 Voltage . .. ... ... .. .. iiiniinrann.

From a grid-No.l resistor of. . .......... ... ovivninni.
RF Grid-No.1 Voltage. . ........ vt ennenn,
DCPlate Current. . ...t i iie i,

DC Grid-No.1 Current (APProX.). . vveverrnnrrnnernnns e
Driving Power (ADProX.) . .., . ittt iienirrnrens
Useful Power Outputt. ...t iiniieinitinnreennrnennnnn

Maximum Circuit Valves:
Grid-No.1-Circuit Resistance.,......... S

Maximum Ratings: )
DO PLATE VOLTAGE. ...t tivat it iviiateininenaneaonns ..
GRIDNOB............... eiesiieaeeas hereea e

DC GRID-NO.Z CURRENT. .. et irennnnanran
DC GRID-NO.1 CURRENT. .. cvvverrronnnonrronensranns

GRID-NO.2 INPUT. .. v.ovtvnnnnnnn rrreeraas
PLATE DISSIPATION. . ..ottt ittt i vacsnerenaanennanas
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to eathode.......ovvuvereas .

Heater positive with respect to cathode.................

232

10 max 12 maz watts
100 mazx 100 max volts
100 max 100 max volts
225 max 225 max °C

As amplifier af 175 Me
cCS ICAS

300 300 volts
Connected to cathode at socket
200 250 volts
-42 --h5 volts
52 62 volts
70 80 ma
8.7 5.1 ma
2.1 1.6 ma
1 1.5 watls
8.5 10 watls
0.1 mox 0.1 max megohm

Class C Telephony
At frequencies up to 175 Me
cCCs ICAS

250 nuzx 230 max volts
Connect to cathode at socket
250 nuux 250 mux volts
~126 max ~125 max volts
60 max 70 max ma
10 max 10 max ma
5 max 5 mazx ma
15 mazx 17.5 max watts
1.4 max 1.4 max watts
7 max 8 max wuits
100 max 100 max volts
100 max_ 100 max volts
225 max 225 max °C
CcCS ICAS
250 250 volts
Connected to cathode at socket
250 250 volts
~70 -75 volts
33000 33000 ohms
5 80 volts
60 70 ma
2.5 3 ma
2.1 2.3 ma
1 1 watt,
6.6 7.5 watts
0.1 max 0.1 max megohm
CcCS 1CAS
800 max 300 max volts
Connect to cathode at socket
250 max 250 max volts
-125 max -125 mazx volts
50 max 60 max ma
15 max 15 max ma
5 max 5 max ma
13 maz 15 max watts
2 max 2 max watts
10 max 12 max watts
100 max 100 maz volts
100 max 100 max volts

Technical Data

BuLs TEMPERATURE (At hottest point). ................... 225 mas 225 max CG:
Typkal Operation With 13.5 Volts on Heater: As doubler to 175 Mc
DC Plate Voltage. ............ A e aR s T PE R 250 300 volts
[ L B o = = == | Connected to cathode at socket
DC Grid-No.2 Voltage. . ......,o.oiviinininn..s 200 250 volts
DC Grid-No.l Voltage*. . ...o.viiiiviiiniiniiiiinanas 53 -66 volts
From a grid-No.l resistorof. ..............ooiiiinn 0. 53000 44000 ohms
Peak RF Grid-No.1 Voltage. . . ... ..covvivinnnnnnennes.. 60 74 volts
JIC PRt CMITEIIE, (sl e psmpensrs, f s Bk alm o b s 12 4 4 oy 30 50 60 ma
gg Grid-No.2 Current. .. ............... A R & e ) 2.6 3.5 ma
DC Grid-No.l Current (APProX.). .. .......ocurunnerenennn 1 . 15! ma
Driving Power (Approx)®™ ., ... .. i i 0.4 0.6 watt
Useful Power Qutputt. .. ... 3 4.5 watts
As tripler to 1756 Mc
B Pl VOI W Ao e a6l it syt o s okt 6+ st i e s 200 250 volts
BT T e i s . i o s et Connected to cathode at socket
DO Grid-No.2 VOltage. . . oo .ounn i iiinisciennnininasonns 200 250 volts
DG ANG.]: MOLGARZE: rrom mv w wreres: bt swarmmwaar cyrirs 5 pars = E g —90 -120 volts
From a grid-No.lresistorof . . ...........covvnen, ... 50000 70000 ohms
Peak RF Grid-No.l Voltage..............oiniiimunen ... 105 130 volts
DC Plate Current, . .........cooovuu.. o 50 . 60 ma
DC Grid-No.2 Currefit, .. .....oovunrnse, 8 3.9 ma
PC Grid-No.1 Current (Approx.}......... 1.85 1.7 ma
Driving Power (Approx.)™ ., . ... ... cveion., R T 0.4 0.6 watt
Useful Power Outputt............ e I 1.4 2.8 watts
Maximum Circuit Values: <
Grid-No.1-Circuit Resistance. .. .. ... oooiiiunin, ... 0.1 max 0.1 mar megohm

A Averaged over any audio-frequeney 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.
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  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 characteristies, and tube characteristies 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 fecommended that this resistor be adjustable to permit
obtaining the desired operating plate current after initial tuning adjustments are made.

44 Obtained from a grid-No.1 resistor or from a eombination of grid-No.1 resistor with either fixed sup-
ply or cathode resistor. The combination of grid resistor and fixed supply has the advantage of not only
protecting the tube from damage through loss of excitation but also of minimizing distortion by bias-
supply compensation.

AVERAGE CHARACTERISTICS
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OPERATING CONSIDERATIONS

Type 7551 requires Miniature nine-contact socket and may be operated in any
position. OUTLINE 9, Outlines Section.

Shielding of the 7551 in straight-through rf amplifier service is required for
stable operation. To minimize external feedback from the plate to grid No.1, a
grounded shield erossing the terminal end of the tube socket through the space be-
tween pins 2 and 8 and the space between pins 8 and 9, is generally adequate for this
purpaose.

The heater may be effectively bypassed by grounding one heater pin at the
tube socket and by passing the other heater pin to ground with a low inductance
capacitor. To reduce degeneration in the cathode eircuit, 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 eonnection.

The rf impedance between grid No.2 and the cathode must be kept low, usually
by means of 2 suitable bypass capacitor. In telephony service when grid No.2 is
modulated, a smaller bypass capacitor

AVERAGE CHARACTERISTICS than is used for telegraphy service may be

TvPE 7551 required to avoid excessive af bypassing.
o oS - CONNECTED TO CATHODE However, if the capacitance value is too
Ezs-— AT KEng Na2 VOLTS=250 | small, rf feedback may oceur between
& \ \ plate and grid No.1, depending on the cir-
220 cuit layout, operating frequency, and
g \ 15 power gain of the stage. AF bypassing diffi-
=18 \ o culties can usually be eliminated if the
E " ; = grid-No.2 bypass capacitor is replaced by
e wm 8o NOLTS ‘chs a series-resonant circuit which is tuned to
© glae- ——— : resonate at the operating frequency. This
1 l ‘ o| . circuit presents a high impedance to audio
0 100 200 300 frequencies but a very low impedance to
PLATE VOLTS 9205 103077 its resonant frequency.

HIGH-MU TRIODE

Heater-cathode, ceramic-metal,

7 5 52 pencil type used as a low-noise ampli-

fier in receiver applications up to 1500

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.

HEATER VOLTAGE (AC/DC) . . .\ttt iiee et cae i ie i iee e caeaanns 6.3 volts
HEATER CURRENTat 6.8 volts. . .. ... oo o v 0.225 ampere
CATHODE WARM-UP TIME (Average, to reach 809, of operating plate cur-

rent: for heater volts, 6.3; de plate supply vol’cs, 80; de grid volts, 0;

cathode resistor, 0 ohms, load resistor, 10 chms). .................... 10 seconds
DIRECT INTERELECTRODE CAPACITANCES:

Gridtoplate. . .................. A 2.4 pupf
Grid to cathode and heater. ................ . iuin. e 4.4 uuf
Plate to cathode and heater. . . ... ..o iiiint i rinaenn .. 0.04 max puf
Heatertoeathode. ... ..o it i et iin 2.6 upf
Cathode toplate. .. ................ e e PR 0.04 max wupf
Cathode to grid and heater.........cvo it eninnnns 7 puf
Platetogridand heater. .. ... .ovvuiiiiiinivi i nneennnn. . 2.0 ppf
PLATE SEAL TEMPERATURE. .. 00ttt ettt iiae et eiennroanecnnanans 225 mazx °C

Technical Data

Characteristics, Class A1 Amplifier;

Plate Voltage...... . 125 volts
Cathode Resistor. . .. .. L ves . 50 ohms
Amplification Factor. .. .. . ittt ittt i i e 80
Plate Resistance (APDroX.). .. vivrviiuriiiinrsrereneninienaness b 6000 ohms
TranscondUEEANCE. . . o1\t sttt s 13500 wpmhos
Plate Current. .. ...vuv ottt it i i s 13 ma
RF AMPLIFIER—Class A\
Maximum CCS$ Ratings: For altitudes up to 100,000 feet and frequencies up lo 1500 Me
DC PLATE VOLTAGE. .4 vyttt t vttt iiiiiieii e s iaeanre e ineans 250 max volts
DOC GRID VOLTAGE . . o4 oot ittt i ih oo ie e e i iae s enns -50 max volts
DC PLATE CURRENT. .. ........... P 25 max ma
PLATE DISSIPATION. ...ttt ettt ieieie sttt iiin ey eneanas 2.5 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. ......................... 50 max volts
Heater positive with respect tocathode. .. .............. ... .0 vt. 50 max volts
At 550 Mc AL 1100 M
Typical CCS Operation in Cathode-Drive Circuitss .y, 5 e Bandwidth with 10 Ill{[co%anfiwzdth
DC Plate-to-Grid Voltage.........ovovvnevnan, e 125 150 volts
Cathode Resistor. . ... ..oviiiiiii i iiiirenrenes . 50 50 ohms
Input Signal Level Range. .. ...t iiiinaieineenas —7 0to-20 ~70 to -20 dbm
DCPlate Current. .......ooniiiiiiiiiinarinenenanas 13 18.5 ma
Power Gain ... ... i i i e e 16.5 16 . dh
Noise FIgUIe. ... ... .o i it it iiaan s 6.5 12.6 db
Maximum Circuit Values:
Grid-Circuit Resistance:
For fixed-bias operation. ... ... ... . . i i i e . Not recommended
For cathode-bias operation. . . ... ..., . i vttt iniin i 0.25 max megohm

3
OPERATING CONSIDERATIONS

Type 7552 may be operated in any position. OUTLINE 68, Outlines Settion.
Connections to the cathode eylinder, grid flange, and plate cylinder should be made
by flexible spring contacts. The connectors should make firm, large-surface contact,
yet must be sufficiently flexible to insure that no part of the tube is subjected to
excessive strain.

The cathode should preferably be connected to one side of the heater. When,
in some cireuit designs, the heater i§ not connected directly to the cathode, pre-
cautions must be taken to hold the peak heater-cathode voltage within the maxi-
mum rated values. For curve of average plate characteristics in cathode-drive
service, refer to type 7553. .

GAIN CHARACTERISTICS
CATHODE ~ DRIVE SERVICE

T
EYP(P;:37V552$ NOISE FIGURE CHARACTERISTIC
= IVE-
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HIGH-MU TRIODE

Heater-cathode, ceramic-metal,

75 5 3 pencil type used as a low-noise ampli-

fier in receiver applications up to 1500

Me. It is also useful in applications

requiring fast warm-up time and in

equipment where dependable service under severe environmental conditions and

long life are essential. The 7553 is similar to type 7552, but has superior performance

and environmental features. Type 7553 may be operated in any position. OUT-
LINE 68, Outlines Section. For other considerations, refer to type 7552.

HEATER VOLTAGE (AC/DC).....cvvvuscann SR i SRS i B R peevenwoners 6.3 volts

HEATER CURRENT at 6.3 volts. . .. ovvineinnniinnreinannnnnaad,s Y 0.225 ampere
CATHODE WARM-Up TIME to reach 809, of operatmg plate current}......, 10 mox  seconds
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. . .......coveiiiivinann S Rt . e 2.4 , upf
Grid to cathode and heater 4.4 ppf
Plate to cathode and heater. .. ..... O N ANENRRNENR N W US—— 0.08 max upf
Heater to cathode....... B O 2.6 ppf
Cathode to plate. ........... B0 C 0000000000000 E 00 T D000 000E000 0,03 7max puf
Cathode to grid and heater..... T — R —— R e 7 uuf
Plate to grid and heater........ oo B e A TR EXY Y g 2.4 upf
PLATE SEAL TEMPERATURB. . ........0. 00 01 80D 00000000 225 max °C

t For heater volts, 6.8; dc plate volts, 80; dc grid volts 0; cathode resmtor, 0 ohms,
1 Without external shield.

AVERAGE PLATE CHARACTERISTICS
CATHODE = DRIVE SERVICE

|
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Technical Data

Characteristics, Class A1 Amplifier:

Plate Voltage. ..................... i evesresrrere e srtaanns 125 volts
Cathode Resistor................. 50 ohms
Amplification Factor... .. ... .ot rurnennns. .o P 3 80
Plate Resistance (Approx.). .. .. .. viviirririnnennnnn. T 6150 chms
Transconductance. .................ovu... PP~ Too o o 13000 pmhos
Plate Current, .. .. ... .. . . e i e 12.5 ma
RF AMPLIFIER— Class At
Maximum CCS Ratings: For altitudes up to 100,000 feet and frequencies up to 1500 Me
DO PLATE VOLTAGE. .« .\ vttt ettt ettt eit e et e eantennes 250 mazx volts
DO GRID VOLTAGE. . .. ..ot ittt e -50 max  volts
DC PLATB CURRENT. ..« oottt t it ettt i e cinnnsinnsans T 25 max ma
PLATE DISSIPATION. ... ...ttt b eveena e TRy Ry 2.5 max watts
PEAK HEATER-CATHODE VOLTAGE: -
Heater negative with respeet to cathode............cviivivvieennnnn. 50 max volts
Heater positive with respect to cathode.......... RPN FS— B ixe 50 max volts
Typical CCS Operation in Cathode-Drive Circuit: At 550 Mc At 1100 Me
DC Plate-to-Grid Voltage. . ................c0ovivriniinas 125 150 volts
Cathode ResiStOr. . ...ttt iiiiiiaeeeinnaannns 50 50 ohms
Input-Signal Level Range. .. ........ovtevnverrurenreseins -70to~20 70 to -20 dbm
DCPlate Current. .. ...t iiiitiiiiriereensnenes 12.6 . 14 ma
Power Gain for bandwidth of
A Me. e Cerreae - 20 db
BMe. ... i 16.5 - db
8Me....o. R, - 18 . db
Noise Figure. . . ... .. . .. i iiiiriiiiiieenes 6.6 11.5 db

Maximum Circuit Values:
Grid-Circuit Resistance:

Not recommended
0.25 meaz megohm

HIGH-MU TRIODE

Heater-cathode, ceramic-metal, -
pencil type used as rf amplifier, oscil- 7 5 54
lator, and multiplier in airborne equip-
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/PC) . e v vt een v ie et s e et e 6.3 volts
HBATER CURRENT at 6.3 volts. ............ D 0.225 ampere
CATHODE WARM-UP TIME to reach 809, of operatmg plate currenti.. ... ... 10 seconds
DIRECT INTERELECTRODE CAPACITANCES:§
Gridtoplate. .. ...t e 2.4 puf
Grid to cathode andheater. . ... ... .. i i i e 4.4 puf
Plate to cathode and heater 0.04 max puf
Heatertocathode........... ..o, 2.6 uuf
Cathodetoplate..........cciviivinvinnrnnans AN 0.04 mazx upf
Cathode to grid and heater 7 puf
Plate to grid and heater 2.4 upf
PLATE-SEAL TEMPERATURE 225 max °C

t For heater volts, 6.3; dc plate volts, 80; grid volts, 0; cathode resistor, 0 ohms; load resistor, 10 ohms.
1 Without external shield.

Characteristics, Class Ay Amplifier:

Plate Voltage. .. ..........ccovunus A .. 125 volts
Cathode Resistor...........cccvveuns PN v . 50 ohms
Amplification Factor................ hrarees i e . .. T0

Plate Resistance (Approx.)...... [ 4400 ohms
Transconductance. . ......v..c.vavan . cea . o . 16000 pmhos
Plate Current............... ... ... verarans R TR R TR 14 ma
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RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony
Al frequencies up to 5000 Me and altitudes:

Maximum CCS Ratings: go,ggot;ee[
DC PLATE VOLTAGE. ..oyt iiitenrsiiiannnarenenannnnennn 250 max
DC GRID VOLTAGE . . .....cvvninnnennne, ~50 mazx
DC CATHODE CURRENT 25 mar
DC GRID CURRENT........... .. 6 max
PLATE DISBIPATION . . . .0ttt ittt et evannnnnacnnrenanns 2.6 max
PRaK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................. 50 max
Heater positive with respect to cathode................. 50 mox
Typlcul CCS Operation in Cathode-Drive Circuit:
As osctllator
At At Al Al
500 1000 2000 8000
Mec Mec Me Me
DC-Plate-to-Grid Voltage............. . 206 203 151 125
DC Cathode-to-Grid Voltage . 5 3 1 0.1
From a grid resistorof................ 1000 600 250 500
DC Cathode Current.................. N 21 24 24 20
DC Grid Current.............. e . 3 5 4 0.2
Useful Power Qutput (Approx.)...,........ 1.6 1.3 0.6 0.15
As amplificr At
500 Me
DC Plate-to-Grid Voltage. ..... Ceher e e 204
DC Cathode-to-Grid Voltage. . ......oovvveeenenennnannnns 4
Fromagridresistorof............... ... i 800
DC Cathode Current.......... T 21
DC Grid Current. . ..o v ittt irerennnnrinannen 5
Driver Power OQutput (Approx ) 0.2
Useful Power Qutput (APProX.) . .ovvtviiieninirnennnn.n. 2.2

Maximum Circuit Valves:
Grid-Circuit Resistanee, . ...t iiiii i ittt iie e

FREQUENCY DOUBLER—Class C
Al frequencies up to 2000 Mc and altitudes:

Maximum CCS Ratings: . go,g(%t?ect
DCPLATE VOLTAGE. vt v v vt iinnscenaeinnnnnnns 250 max
DOCGRID VOLTAGE, .1 iv ittt iiiiis s vennrannnennrrnnnn -50 max
DC CATHODE CURRENT. . ....... e P 22 max
: 6 max
2.5 max

Typical CCS Operation in Cathode-Drive Circuit:

Between
000 and

100 000 feet

200 max
-50 max
25 max
6 max
2.5 max

50 max
50 max

At
4150
[

200

0.26

1380

23

2

0.1

At
1000 Mc

10
2000
24

5

0.2
1.4

volts
volts
ma
ma
watts

volts
volts

volts
volts
ohms
ma
ma
watts

volts

. volts

ohms
ma
ma
wats
watts

0.25 maz megohm

Between
80,000 and

100,000 feet

200 max
—50 max
22 max
6 max
2.5 max

volis
volts

ma
watts

volts
volts
ohms
ma
ma
watt
watts

0.25 max megohm

Up to 650 Mc Up to 1000 Mc
DC Plate-to-Grid Voltage............ v 193 207 218 181
DC Cathode-to-Grid Voltage................ 18 7 18 6
From a grid resistorof. . ................ 3600 2300 2600 2000
DC Cathode Current................ e 20 18 21 19
DCGridCurrent. . .....o.oiiivieiiennnann 5 3 5 3
Driver Power Output (Approx.)....eovvvan.. 0.8 0.2 0.8 0.2
Useful Power Output (Approx.)........ . 1.3 0.75 0.9 0.4
Maximum Circuit Values:
Grid-Cireuit Resistance. . ... .oovvevennnnas e haa e
FREQUENCY TRIPLER—Class C
At frequencies up to 2000 Mc and altitudes: Between
Upto 80,000 and
Maximum CCS Ratings: 80,000 feet 100,000 foot
DC PLATE VOLTAGE, ..., e e 250 marx 200 max
DC GRID VOLTAGE. . ............ e et ~50 max —50 max
DC CATHODE CURRENT. v ivvanrreersinnnansonnes [ 20 max 20 mazx
DC GRID CORRENT ...vvvvnens e e e 6 mas 6 max
PLATE DISSIPATION. v 4 v vt vvrnnarensnenes e 2.5 max 2.5 max

238

volts
volts
ma
ma
watts

Technical Data

Typical CCS Operation in Cathode-Drive Circuit:

Up to 645 Mc

DC Plate-to-Grid Voltage. . ........c000 Y gaAree imE v o 202 240 volts
DC Cathode-to-Grid Voltage. . 27 15 volts
From = grid resistor of......... 9000 25000 ohma
DC Cathode Current. , ........... 19 13 ma
DCGridCurrent........oovvvunnnn 3 0.6 ma
Driver Power Output (APProX.). .. vvvviervrerasraresncsns 0.6 0.2 watt
Useful Power Output (ApproX.). .....ovuvvne D e e Sz 0.7 0.4 watt
Up to 1000 Me
DC Plate-to-Grid Voltage. . .....ccivvniiviinaanivensnnnan. 205 185 volts
DC Cathode-to-Grid Voltage. . . .........oieviiiieiinao, 30 10 volts
From a grid resistor of 10000 14000 ohms
DO Dathade Gyt . .. Lo, . oo o ain vi 19 12 ma
DO Gl ChrToBta 157 6 o35 i i 30w 116 askelk xd sl 100 Brausl s & Wi 3 0.7 ma
Driver Power Qutput (APProx.)........... LD S I 5 B 0.6 0.2 watt
Useful Power Qutput (APProX.). ... ccvruvirnsneseonansnss o 0.4 0.15 watt
Maximum Circvit Yalves:
Grid=GRrerTl ARCARERBEL . om0 s 18 B g oail smdone m {ipeeinens| bis)esionn L 4s! 05 S8 e 0,25 megohm

OPERATING CONSIDERATIONS

Type 756564 may be operated in any position. OUTLINE 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 sufficiently flexible to insure that no part of the tube is subjected to

excessive strain.

AVERAGE CHARACTERISTICS
CATHODE - DRIVE SERVICE

TypE 7554
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BEAM POWER TUBE

Miniature, heater-cathode type
used in fixed-station communications
equipment; used in Class C rf ampli-
fier, oscillator, and frequenecy-multi-
plier service; also used in modulator

7558

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 7558 is electrically identical with
type 7551; the characteristics curves shown for type 7551 also apply to the 7558.

For mobile applications, use type 75651.
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RADIATOR
€~ P I

BEAM POWER TUBE

7 5 8 0 Ceramic-metal, forced-air-cooled,
heater-cathode type used as a linear
rf power amplifier for Single-Sideband
Suppressed-Carrierand AM Telephony
service in compact mobile and fixed

equipment. May be used with full input up to 500 Mc. Maximum plate dissipation
for either service, CCS 250 watts.
HEATER VOLTAGE (AC/DC)T ... 6 volts

HEeEATER CURRENT at 6 volts. .. . 2.6 amperes
MiNMUM HEATING TIMB ... ... inn 30 seconds

Mu-FacTor, Grip No.2 To GRID No:1t. . 4
DIRECT INTERELECTRODE CAPACITANCES (Approx )i
Grid Noltoplate. ... .. ..o i 0.03 ppd
Grid No.1 to cathode, grid No.2, and heater. . 17 s
Plate to cathode, grid No.2, and heater. . . ........... ... ... ... .. 4.5 muf
PLATE TEMPERATURE (Measured on base end of plate surface at junction
With fIS) . L L o e 250 max °C
TEMPERATURE OF PLATE SEAL, GRID N0.2 SEAL, AND BASE SEALS ........ 250 max °C

{For grid-No.2 volts, 800; grid-No.2 ma., 50.

LINEAR RF POWER AMPLIFIER
Single-Sideband Suppressed-Carrier Service
Peak envelope conditions for a sigral having a minimum peak-to~average power ratio of 2

Maximum CCS Ratings: For altitudes up to 20,000 feet and frequencies up to 500 Mc
DC PLATE VOLTAGE. .. .... . 2000 max volts
DC GRiD-N0.2 VOLTAGE .. 500 max  volts
DC Grip-No.1 VOLTAGE ~250 max volts
DC PLATE CURRENT AT PEAK OF ENVELOPE. . . ......... 350 max ma
PLATE DISSIPATION. . .o v i vevnon s 250 max watts
GRID-NOZ INPUT. o v vttt e et it d et e 12 mazx watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode......... F 150 max volts

Heater positive with respect tocathode., .. ... ... oo o 150 max volts
Typical CCS Operation with Two-Tone Modulation:* AL 80 Mc At 500 Me
DO Plate Voltage. . oottt eeciamnnranerneeenenn 2000 2000 volts
DC Grid-No.2 Voltage®. ...............000. 400 400 volts
DC Grid-No.l: With fixed bias source L. =71 -77 volts
Zero-Signal DC Plate Current.......... 70 70 ma
Effective RF Load Resistance. .. ... ... coiiiiviinennn 3050 3050 ohms
DC Plate Current:

Peak envelope 350 350 ma

AVeIAZe. . o i e s 225 225 ma
DC Grid-No.2 Current:

Peak envelope. ... ..cviiv ity 35 25 ma

AVETREE. . v v v e vt et e 16 10 ma
Average 13C Grid-No.1 Current‘ .......................... 0.05 0.05 ma
Peak-Envelope Driver Power Output (Approx.)*. 1 12 watts
Output-Circuit Efficiency (Approx.) ..............ooiiiinn 95 85 %
Distortion Products Level:# )

Third order. .. oo vt e e e 21 — db

Fifth order. . ..o vv i i et 29 — db
Useful Power Qutput (Approx.): .

Peak envelope** PPN 400 360 watts

AVErage™ . . i e 200 180 watts

Maximum Circuit Valves:

Grid-No.1-Cireuit Resistance, Under any condition:
With fixed Dias. v v v v eerit et i e 25000 mazx ohms

With cathode bias Not recommended
LINEAR RF POWER AMPLIFIER—AM Telephony
Maximum CCS Ratings: For altitudes up to 20,000 feet and frequencies up to 550 Mc
DC PLATE VOLTAGE. ... .. 2000 max volts

DC GRrRID-N0.2 VOLTAGE 500 max volts

Technical Data

DC GRiD-No.1 VOLTAGE. . .......... -250 max volts
DO PLATE CURRENT. i ..ttt it ittiniteneeenenennannnn, [ 180 max ma
PLATE DISSIPATION . ...ttt it i ciiie s sves e e 250 mazx watts
GRID-No.2 INPUT. . .. 12 max walts
GRID-NO.1 INPUY 2 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode..............c.oovviii.. 150 max volts
Heater positive with respect to cathode. . ........... ... ... .o 150 max volts
Typical CCS Operation: At 30 Me AL 500 Mc
. DC Plate Voltage. ... 2000 2000 volts
DC Grid-No.2 Voltage 400 400 volts
DC Grid-No.1 Voltage:
With fixed-bias source. . . ... ... .ot ivriii i =77 -7 volts
DC Plate CUrrent. .. ...t i i it e it eave s 176 175 ma
DC Grid-No.2 Current.............. N 6 4 ma
Effective RF Load Resistance . : 3050 3050 ohms
Driver Power Qutput (Approx.)*....... 0.25 3 watts
Output-Circuit Efficiency (Approx.). ... . 95 85 per cent
Useful Power Output (Approx)®*. .. ... ... ..., 100 90 watts

Maximum Circuit Volues:

Grid-No.1-Circuit Resistance, Under any condition:
With fixed bias. . .. ... e e e e e 25000 max ohms
‘With cathode bias Not recommended

iBecause the ¢athode is subjected to considerable back bombardment as the frequency is increased with
resultant incerease 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 JEDEC No.320 surrounding radiator, and with a cylindrical shield JEDEC
No0.821 surrounding the grid-No.2 ring terminal. Both shields are connected to ground.

®The maximum rating for a signal having a minimum peak-to-average power ratio less than 2, such as is
obtained in Single-Tone operation, is 250 ma. During short periods of circuit adjustment under Single-
Tone conditions, the average plate current may be as high as 350 ma.

o T'wo-Tone Modulation opération refersto that class of amplifier servicein which the input consists of two
equal monofrequeney rf signals having constant amplitude. These signals are produced in 2 single-side-
band suppressed-carrier system when two equal-and-constant amplitude audio frequencies are applied to
the input of the system.

90btained preferably from a fixed supply.

AThis value represents the approxiinate grid-No.1 current obtained due to initial electron velocities and
contact-potential effects when grid No.1 is driven to zero volts at maximum signal.

*Driver power output. represents circuit losses and is the actual power measured at input to grid-No.1
circuit of the 7580. The actual power required depends on the operating frequency and the cireuit used.
The tube driving power is approximately zero watts,

#Without the use of feedback to enhance linearity.
*¥This value of useful power is measured at load of output circuit having indicated efficiency.

TYPICAL PLATE CHARACTERISTICS
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TYPICAL CHARACTERISTICS

_TYPE 7580
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TYPICAL CONSTANT-CURRENT CHARACTERISTICS
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OPERATING CONSIDERATIONS

Type 7580 may be operated in any position. OUTLINE 83, Outlines Section. It
essential that adequate cooling air be directed over the base seals, past the envelof
and through the radiator. Under these conditions and with the tube operating
maximum plate dissipation for each class of service, a minimum air flow of 3.6 cl
must pass through the radiator. The corresponding pressure drop is approximate
0.1 inch of water. These requirements are for operation at sea level and at an am]
ent temperature of 20 C. At higher altitudes and ambient temperatures, the air flc
must be increased to maintain the respective seal temperatures and the plate tel
perature within maximum ratings. Less air flow is needed if an air-system socket
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 Me and beyond.
‘Plate-and-Sereen-Pulsed RF Amplifier maximum average plate dissipation, CCS
115 watts; maximum pulse duration, 10 microseconds during any 1000-microsecond
fnterval. Tube has matrix-type eathode.

HBATER VOLTAGE (AC/DC) . 4« v\ oo e et et e e e e e e 6.8 volts
;ﬁmmn CURRENT at 6.3 volts. . ... ... oottt i 3.2 amperes
%INIMUM HEATING TIMB, 1. ou o« p omiirins o e e o aoiais o o ssstsisis s basia s 0 s dn e s 60 seconds
‘MU-FACTOR, GRID NO.2 TO GRID NO.1S. ... ... e 18
DIRECT INTERELECTRODE CAPACITANCES:{

Grid No L to plate. . .o oottt e e e 1

Grid No.1 to cathode and heater. . .......... ... .. ... ............... ! 12 e Zﬁ

Plate to cathode and heater.............. ... .o iiuiuns. 0.019 max upf

Grid No.l to grid NO2. . v veini i e .. 20 puf

Grid No.2 to plate. ...... e TR 6.5 uuf

Grid No.2 to cathode and heater. ..................... B R R s 1.8 mazx upf
TERMINAL TEMPERATURE (Plate, grid No.2, grid No.1, cathode, and heater) 250 mazx °C
: ® For plate volts, 1000; grid-No.2 volts, 500; plate m4d., 115,

GRID-AND-SCREEN-PULSED RF AMPLIFIER
For maximum ON time® of 10 microseconds

Maximum CCS Ratings: Up to 1215 Me
DCPLATE VOLTAGE. .. ..ottt e 2250~ma;c volts
PEAK POSITIVE PULSE-GRID-NO.2 VOLTAGE. .. .. cvor e 750 max volts
DC GRID-NO.1 VOLTAGE. .. i« oottt ottt ite it i e, -200 max Qol's
DC PLATE CURRENT DURING PULSE. .. ...t iv it e aneeaeen 3000 mazx n;a
DC PLATE CURRENT, 1. . oo vttt et ettt et e e e e e e e e e e 80 max ma
GRID-NO.2 INPUT (AVEIAZE) . .o\t e vt ettt et et et e e e 4.5 max watts
GRID-NO.1 INPUT (AVErage). .. ....coouiun i 2 max watts
PLATE DisSSIPATION (Average) 115 max watts

Typical Operation:
In Class-AB: cathode-drive® citcuit with rectangular-wave pulses al 1215 Me and with duty factor® of 0.01
DCPlate Voltage. . ... i 1350 1500

Peak Positive-Pulse Grid-No.2 Voltage..................... T00 700 :3&:
DC Grid-No.l Voltage.......covviviiiiiiinenin.. 0 0 volts
DC Plate Current, during pulse. .. ........................ 2700 3000 ma
DCPlate Current. .. ...oov vttt it 47 53 ma
DC Grid-No Current.............c.ooiiiiinnniiiina., 1.6 2 m
DC Grid-No.1 Current................ N 5. 5 m:
Driver Power Output at peak of pulse (Approx.)* 390 4600 watts
Useful Power Qutput at peak of pulse (Approx.)%........... 1600 2300 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under any condition.......... 30000 mazx ohms
PLATE-AND-SCREEN-PULSED RF -AMPLIFIER
Maximum CCS Ratings: For maximum ON tine® of 10 microseconds Up to 1215 Me
PEAK POSITIVE-PULSE PLATE VOLTAGE. .................... 3000 max volts
PEAK POSITIVE-PULSE GRID-NO.2 VOLTAGE ... ..........,... 750 max volts
DC GRID-NO.1 VOLTAGE. ...\ ciihiiniie et e ianiannann, —200 max volts
DC PLATE CURRENT DURING PULSE. .. ... ooty 3000 max ma
DCPLATE CURRENT . ..ottt tne it ennteet i aiaanennennnns 50 mazx ma
GRID-NO.2 INPUT (Average). .......co.oun.. .. 4.5 mazx watts
GRID-NO.1 INPUT (Average)........ : 2.0 maz watts
PLATE DissIpATION (Average) 115 max watts

Typical Operation:
In Class AB: cathode-drive® circuit with rectangular-wave pulses at 1215 Mc and with dut .
Peak Positive-Pulse Plate Voltage. . ..........coivvnn ... 2700 300(51 fuctor of&ﬁés
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Peak Positive-Pulse Grid-No.2 Voltage.......... i 700 700 volis
DC Grid-No.1 Voltage............ e ees e 0 0 volts
DC Plate Current during pulse. ....... v it reeiree e 2700 3000 ma
DCPlate Current. ... ... ..., . iiiiiiriittinaronsesesaoas 32 35 ma

. 1 2 on

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 4500 watts

Maximum Circuit Values:

Grid-No.1-Circuit Resistance, Under any condition.......... 30000 max ohms
1 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. An increase in de plate current during the pulse may be permissible at shorter ON
times, and a decrease is usually required at longer ON times. 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 e¢lapsed time in any 1000-microsecond interval.
4 Driver power output includes, circuit losses and feed-through power. It is actual power measured at
input to the tube drive circuit. It will vary with frequency of operation and driver cireuitry.

#*This value of useful power is measured in load of output circuit.

OPERATING CONSIDERATIONS

Type 7649 may be operated in any position. OUTLINE 78, Outlines Section. Ade-
quate forced-air cooling must be provided to limit the terminal temperatures to
their specified values. Typical cooling requirements are shown in the accompanying
graph; air flow requirements may be reduced by placing a suitable cowling aroynd
the radiator to direct the air flow through radiatoer. Air flow should be effected
before and during the application of plate, grid-No.2, and grid-No.1 voltages. Plate
power, grid-No.2 power, and air flow may be removed simultaneously. Cooling air
is not normally required when only heater voltage is applied to the tube,

TYPICAL COOLING TYPICAL CHARACTERISTICS
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TYPICAL PLATE CHARACTERISTICS
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BEAM POWER TUBE

Rugged, uhf, forced-air-cooled,

heater-cathode, cermolox type used as 7650
af power amplifier and modulator and

as rf power amplifier and oscillator in

compact mobile and fixed equipment

where dependable performance under severe shock and vibration is essential. Maj
be useful with full input at frequencies up to 1215 Mec and higher. Class C Teleg
raphy maximum plate dissipation, CCS 700 watts. Tube has matrix-type cathode.

HEATER VOLTAGE (AC/DC)Y. oo v et ir it iie i iiianiinnnn P 6.3 volts
HEATER CURRENT at 6.3 volta. ... ieriniiiinnnnns.. 7.85 amperes
MINIMUM HEATING TIME. .. .. .0ovtt i iiiiiienineenne 120 seconds
MuU-FACTOR, GRID-N0.2 TO GRID NO.1*%. ... ... ... ... ..... 13
DIRECT INTERELECTRODE CAPACITANCES:®
Grid No.l toplate. ....... ... .. ..ot 0.011 imax ppud
Grid No.1 to cathode and heater. . ..................... 29 gl
Plate to cathode and hgater. . . .... ... ... ... ........ 0.011 snar pud
Grid No:l togrid No2 ... 37 pud
Grid No.2toplate. . ......... ... i iiiii 5.3 upl
Grid No.2 to cathode and heater. ........ At . 1.1 max pped
PLATE-CORE TEMPERATURE. ... . .00t inenniran e donnnn 230 max °C
TeErRMINAL TEMPERATURE
(Plate, Grid No.2, Grid No.1, Cathode, and Heater)...... 250 maw °C
*For plate volts, 225; grid-No.2 volts, 225; and plate ma., 100.
AF POWER AMPLIFIER AND MODULATOR—Class ABy
Maximum CCS-Ratings: .
DC PLATE VOLTAGE. ., vt oot et in et nin s 3000 nax volts
DC GRID-NO.2 VOLTAGE . .. 0 it vttt ciine i cinariennnnn - 1200 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT™. ... ........ .. o0oh. . 500 maz ma
MAXIMUM-SIGNAL GRID-NO.1 CURRENT™. . ......c..ooiuvn.. ’ 100 maz ma
MAXIMUM-SIGNAL PLATEB INPUT®. . ... ... vt 1500 max watts
MaxiMUM-81GNAL GRID-N 0.2 INPUT™® 25 max watts
PLATE DISSIPATION".. . .. .ioivunn.nn oy TR T 600 nmax watts
Typical CCS Operation: Values are for 2 tubes
DCOPlate Voltage. . . ..o vvr e ciceiareancnsaninnns 2700 3000 volts
DC Grid-No.2 Voltage®. ........ 450 450 volts
DC Grid-No.1 Voltage from fixed-bias source -40 —40 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage. . ................ 80 80 volts
Zero-Signal DC Plate Current. .. ..ot 200 200 ma
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Maximum-Signal DC Plate Current. . ........cco0vvennunaan 900 1000 ma
Zero-Signal DC Grid-No.2 Current............ e T Yy 0 0 ma
Maximum-Signal DC Grid-No.2 Current. . .........co0venen 6 5 ma
Effective Load Resistance (Plate toplate).................. 6000 6400 ohms
Maximum-Signal Driving Power (ApPprox.)..........0.us OF 0 0 watts
Maximum-Signal Power Output (Approx.)...... T AOEp 00 Ok 1400 1600 watts

Maximum Circuit Values:

Grid-No.1-Circuit Resistance, Under any condition:
WREH A AT, . o, o r e oy e ol o B b b g oA e A i 15000 maxz  ohms
Withecathode bias. . ... .. ...coiiiiiiiiiniiiieeinnes Not recommended

LINEAR RF POWER AMPLIFIER
Single-Sideband Suppressed-Carrier Service

Maximum CGS Ratings: Up to 1215 Me
DCPLATBVOLTAGE. . .. ...00 o0 iasmebmransunenesnseimny 2500 mar volts
DC-GRID-NO2 VOLTAGE. . :xicoss cnmivrecnqrsasnsninvms 1200 max volts
MAXIMUM-SIGNAL DC PLATE CURRENT. . .. ... oiiiniinaan, 500 max ma
MAXIMUM-SIGNAL DC GRID-NO.1 CURRENT, . ............ .. 100 max ma
MAXIMUM-SIGNAL PLATE INPUT.............. arlgkan iy wile o 1250 max watls
MAXIMUM-SIGNAL GRID-NO.2Z INPUT. . .......0oviiiinianan 26 max watts
PEATH DIBBIPATION . 4/ i 0% 5 w557 com ot 5o sobaa ad s oaa e s s man 600 max watts
Typical CCS Operation with Two-Tone Modulation:t At 80 Me
PO Pt E VOIEAER . . . v s mranepenp gt b hipas s aansses rnta 2260 2500 volts
DC Grid-No.2 Voltage® 450 450 volts
DC Grid-No.1 Voltage® -37 -37 volts
Zero-Signal DC Plate Current. . .. ... 160 160 ma
Effective REF Load RResistance. . . ... oovhivnieiiiiiiiienns 2500 2700 ohms
DC Plate Current. at Peak of Envelope. . . ........oovvnh 450 500 ma
Average DC Plate Current, . . ......ooooicne 815 350 ma
DC Grid-No.2 Current at Peak of Envelope 3 4 ma
Average DC Grid-No.2 Current. ..o iiin e ines 1.8 2.5 ma
Average DC Grid-No.l Current. . ........0oiiireaenionse 0.006 0. 06 ma
Peak-Envelope Driver Power (ApProx.). . ...ovvvieversnae. 1 1 watt
Output-Cireuit Kfficiency (Approx.).......coveviiinnns, 90 90 %
Distortion Produets Level:A*

R G ORAET T el o sl i e e ol s M bk o %3 A -81 -31 db

Bt Ordet, . o b o ociis o amamte s = b¥ P o Bl Sk ey -86 -36 db
Useful Power Output (Approx.):

AVEPRES e 155 5 f o T 4 (T E2 - =¥ g0 T o5 B3 fraere @ R 290 340 waits

Peak Envelope® o 580 680 watts

$Two-Tone Modulation operation refers to that class of amplifier service in which the input consists of
two monofrequency rf signals having equal peak amplitude.

AaWith maximum signal vutput used as a reference, and without the use of feedback to enhancelinearity.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum CCS Ratings: Upto 1215 Me
D0 PLATE VOLTATE: . amal o pas s oae e be b womis o ddaesne ey 2000 wmax volts
DC GRrRip-No0.2 VOLTAGE 1200 max volts
DC Grip-No.1 VoLTAGE —~260 mnux volts
DC PLATE CURRENT. .. ..ot iitvnsicrnanserranntnrosnes 500 max ma
DC GRID-NO. LT CURRENT. . . oo ov ittt veniaece i innaiaanans 100 wmax ma
PLATE INPUT. . ot i e ettt c i a e eaanes 1000 mazx watts
GRID-NOLZ INPUT. . .o o et eiie it av e 17 mux watts
PLATE DIBSIPATION . o vt e vt it iiie et eeinaaeanaas 400 e watts

In cathode-drive® cirewit al 100 Me

Typica! CCS Operation:

DCPlate Voltage. « . oo iie it 1800 2000 volts
DC Grid-No.2 Voltage®. .. ... vt 400 400 volts
DC Grid-No.1 Voltage#. . ... ovoiieiieiiaaeiaenn —45 -35 volts
DC Plate CUrrent, .. .o oovv vt inninnsanaas e 450 500 ma
DC Grid-No.2 Current 6 8 ma
DC Grid-No.1 Current (ApproX.). . ... ieaeiaans 15 12 ma
Output-Circuit Efficiency (Approx.)...........cooovviiae 8]0 80 Y%
Driver Power Qutput (Approx.)™ .. .. ... ... i 35 85 watts
Useful Power Output (Approx.)M. ... ... .. oiiiiiiinnvnnas 500 500 watts
Maximum Circuit Values:

Grid-No.1-Circuit Resistance, Under any condition. ...... ven 15000 mazx ohms
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RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings: Up to 1215Mc )

DC PLATE VOLTAGE. . v vt v vt eve it iaanme e icnnaeanaenen 2500 max volts
DC GRID-NO.2 VOLTAGE. . ...t itiin it iieet i ciaannnann 1200 mazx volts
DC GRID-NO.I VOLTAGE. .ottt iecneannreinaenneanens —250 max volts
DC PLATE CURRENT . . 500 mazx ma
DC GRID-NO.1 CURRENT. 100 max ma
PLATE INPUT 1250 max watts
GRID-NO.Z INPUT. . oot i e ittt is it e iear e 25 max watts
PLATE DISSIPATION. . ... ......... S 700 max watts
Typical CCS Operation: In cathode-drives circuit At 400 Mc At1215 Mc

DCPlate Voltage. .. ... oo ie it 2250 2500 2500 volts
DC Grid-No.2 Voltage®. . ... ... .. 400 400 400 volts
DC Grid-No.1 Voltage. . .....ocvviiiininiian e ~45 -35 ~50 volts
DC Plate Current. . .............. e 450 500 500 ma
DC Grid-No.2 Current.......ocoovinnininneaan. 7 8 6 ma
DC Grid-No.1 Current (Approx.y................... 10 12 . 10 ma
Qutput-Circuit Efficieney (Approx.)................ 80 80 70 per cent
Driver Power Qutput (Approx.)**. ... ... ... ........ 30 35 80 watts
Useful Power Output (Approx.)®................... 650 800 3875 watts

Maximum Circuit Valves:
Grid-No.1-Circuit Resistance, Under any condition:
Withfixed Bigs. . oo v i e 15000 max ohms
‘With cathode bias Not recornmended
1 Because the cathode is subjected to considerable back bombardment as the frequency is inereased
with resultant increase in temperature, the heater voltage should be reduced depending on operating
conditions and frequency to prevent overheating the cathode and resultant short life.
© Measured with special shield adapter.
® Averaged over any audio-frequency cycle of sine-wave form.
® Preferably obtained from a fixed supply.
O This value of useful power is measured in load of output circuit.
4 Cathode is at dc ground potential.
# Obtained preferably from a separatc 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.
#4 Driver power output includes circuit losses and feed-through power. It is the actual power measured
atinput to drive circuit.
© Obtained 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, Ouflines 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

TYP(CAL RLATE CHARACTERISTICS
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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 Disgipation 100 300 600 700 watts
Al Flow. .o i i 2 4 11 16 eu 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 cfm is usually adequate.
Forced-air cooling of heater and cathode terminals is usually required during stand-
by (heater only) operation. Air flow may be removed simultaneously with all veolt-
ages.

BEAM POWER TUBE

Rugged, uhf, forced-air-cooled,
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 Me, and
with reduced efficiency at higher frequencies. Plate-and-Screen Pulsed RF Amplifier
maximum average plate dissipation, CCS 600 watts; maximum pulse duration, 10
mieroseconds in any 1000-microsecond interval. Tube has matrix-type cathode.

7651

248

Technical Data

HEATER VOLTAGE (AC/DC) .+ .t vteitvnnnenenraeneaseintetenerraneenens 6.8 volts
HBEATER CURRENT 8t 6.8 VOltS. . . ..ottt it i eieen e nnann i, 7.5 amperes
MINIMUM HEATING TIME. ... . ..ottt ietiiinireeerserrnnneenns 120 seconds
MU-FACTOR, GRID-N0.2 To GRID NO,1* 13
DIRECT INTERELECTRODE CAPACITANCES:}
Grid No.ltoplate. .. oo ottt it ierinnereans e 0.13 max puf
Grid No.1 to cathode and heater . 29 upf
Plate to cathode and heater. . .....................c...uuns. 0.01 max uuf
Grid No.ltogrid No.2.... .ot i ii e e . 38 puf
Grid No.2toplate. . ... .. ... i i 6.5 upf
Grid No.2 to cathodeand heater.................0couiieeuenennnn.. 0.8 max puf
PLATE-CORE TEMPERATURE . . ... .0uttitetaian it 250 max °C
TERMINAL TEMPERATURE (Plate, Grid No.2, Grid No.1, Cathode, and Heater) 250 mazx °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 mazimum ON time® of 10 microseconds
Maximum CCS Ratings: Upto 1215 Mec
DC PLATE VOLTAGE. ..\ttt t ittt et e e eet e et e 5000 max volts
PEAK POSITIVE-PULSE GRID-NO.2 VOLTAGE. .« ot vviearinnirneannannnn, 1200 mazx volts
DC GRID-NO.L VOLTAGE. ...\ it ttttitten et s it eaiteerrernennes ~250 max volts
DC PLATE CURRENT DURING PULSE. . . ..ottt iiiiiinennnnnn, 9 max amperes
DO PLATE CURRENT. ..o o vttt ittt ciie et sttt eteeesresmanneeaeens 0.5 max ampere
GRID-NO.2 INPUT (AVEI8ZE) . . ..ttt vttt etree e ini i itinnnenannnnns 25 max watts
GRID-NO. L INPUT (AVEIaZe) . vttt ettt ittt ettt tin e iinee s 10 mazx watts
PLATE DISSIPATION (AVEIAZE) .+ v ovet e iee ettt iiiiins s ereeeenenas 600 max watts
. In grid-pulsed cathode-drive® circuit with rectangular-
Typical Operation: wave pulse at 1215 Mec and with duty factor® of 0.01
DCPlate Voltage. . ....oovvvvvinennnn.. e 3600 4000 volts
Peak Positive-Pulse Grid-No.2 Voltage..................... 800 1000 volts
DC Grid-No.1 Voltage. ........oovri i, -100 -120 volts
DC Plate Current during pulse. . . ...... ... viviinennnn. 8 9 amperes
DC Plate Current. ...... PN 0.19 0.2 ampere
DC Grid-No.2 Current. .. ...ovvii et iien i, 0.005 0.006 ampere
DC Grid-No.l Current. ... ..oovtivin i iirienne s 0.02 0.02 ampere
Output-Circuit Efficiency (Approx.)....................... 80 80 per cent
Driver Power Output at peak of pulse (Approx.)®, .......... 5.2 6.3 kw
Useful Power Output at peak of pulse (Approx.)........... 15 20 kw
In grid-and-screen-pulsed cathode-drive® circuit with rec-
tangular-wave pulses at 1215 Mc with duly factor® of 0.01
DC Plate Voltage. « oo ovt ittt it ittt it ceenn e 3600 4000 volts
Peak Positive-Pulse Grid-No.2 Voltage...............00.... 800 1000 volts
DC Grid-No. 1l Voltage. . .........i it iiieenenen., 0 0 volts
DC Piate Current during pulse. . . ...... ... . oouiiinnnnan. 8 9 amperes
DCPlate CUrrent. . ..o vviieeeinninnineennnrennnan e 0.145 0.1656 ampere
DC Grid-No2Current..........oooiiiiiiiiiiiinninneene,s 0.003 0.006 ampere
DC Grid-No.l Current. .. ... oot iiiiiininaan, 0.017 0.017 ampere
Output-Circuit Efficiency (ApproxX.). .. ... ..o iiiiinnne. 80 80 ampere
Driver Power Output at peak of pulse (Approx.)B. . 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-N 0.2 VOLTAGE 1200 max volts
DC GRID-NO.1 VOLTAGE. .. ... v veeivvnnnns e e ~250 max volts
DC PrLaTE CURRENT DURING PULSE ces 9 maxr amperes
DC PLATE CURRENT. ..« .vcvneennans vereas Ve 0.12 maz ampere
GRID-NO.2 INPUT (Average)......... P e . 26 max watts
GRID-NO.1 INPUT (Average)....... .. 10 max watts
PLATE DISSIPATION (AVerage).........o.en Ceera TS 600 max watts
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TYPICAL PLATE CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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. . . In cathode-drive® circuit with rectangular-wave
Typical Operation. pulses at 1215 Me and with duty factor® of 0.01 ° ’
Peak Positive-Pulse Plate Voltage............ 7200 8000 7200 8000 volts
Peak Positive-Pulse Grid-No.2 Voltage....... 800 1000 800 1000 volts
DC Grid-No.1 Voltage. ............... e 0 0 75 ~80 volts
DC Plate Current during pulse 8 9 8 9 amperes
DC Plate Currént. . .............. 0.09 0.1 0.09 0.1 ampere
DC Grid-No.2 Current. ...... 0.003 0,008 0.003 0.004 ampere
DC Grid-No.1 Current. ......,.... 0.015 0.016 0.019 0.02 ampere
Output-Cireuit Efficiency (Approx.).......... 80 80 80 80 per cent
Driver Power Output at peak of pulse (Approx.)7 "~ 1.8 2.2 4.5 5.3 kw
Useful Power Output at peak of pulse (Approx.)* 22 28 30 39 kw

I Measured with special shield adapter.

° 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 dc plate current during the pulse may be permissible at
shorter ON times, and a decrease is usually required at longer ON times,
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Pulse duration is defined as the time interval between the two points on the pulse at which the instan-
taneous value is 70 per cent of the peak value. The peak value is defined as the maximum value of a
smooth curve through the average of the fluctuations over the top portion of the pulse.

® Cathode is at de ground potential.
® Duty factor is defined as the ratio of ON time to total elapsed time in any 1000-microsecond interval.

2 Driver power output includes circuit losses and feed-through power. It is actual power measured at
input to tube drive ecircuit. It will vary with frequency of operation and dnver circuitry,

4 This value of useful power is measured in load of output circuit.

OPERATING CONSIDERATIONS

Type 7651 may be operated in any position. OUTLINE 84, Ouilines Section.
‘Within its maximum ratings, forced-air eooling 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 7 80]
used as rf power amplifier and oscilla~
tor in compact mobile and fixed equip~
ment where the use of air may not be
practical. May be useful at frequencies up to 3000 Mc and beyond. Class C Teleg-
raphy maximum plate input, CCS 52.5 watts. Type 7801 may be operated in any
position. QUTLINE 76, Outlines Section. For thermal considerations, refer to Power
Tube Installation Section.

HEATER VOLTAGE (AC/DOM . o oottt et vt iiie cin s e ee s inan s einas 12.6 volts
HBATER CURRENT &t 12.6 volts. .. .. S+ S prm i S 0.5 ampere
MINIMUM HEATING TIME. . .. v vi i iiiinainriene i 0§ 40 seconds
Mu-Factor, Grip No.2 To GRID No. L et M P A A — 30

DIRECT INTERELECTRODE CAPACITANCES:®
@ritd Niosl €0 [Blattes o 1. o §hmoh 5 vlmn g fommtek § bk @ S b o 0. 325 mox upf

Grid No.1 to cathode and heater upf
Plate to cathode and heater. . . . 0.004 mazx ppf
Grid No.1 to grid No.2. . 3 . 17 ot
Grid No.2 toplate. . .......... B ———— 2.2 upf
Grid No.2 to cathode and heater. ....... oo vvienniin.ns 0.18 max upf
TERMINAL TEMPERATURE (Plate, grld No 2, grid No.1, eathode, and heater) 230 max °C

# For plate volts, 250; grid-No.2 volts, 250; plate ma., 35.

RE POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
ond
RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings:
DG PLATE VOLTAGE. .. ........... Lo . 750 max volts

DC GrID-N0.2 VOLTAGH. ., 250 max volts
DC GRm-NO.1 VOLTAGE -100 max volts
DEC PLATE CURRENT . . ..ttt i it ittt vianinvcnaaaeiin 70 max ma
DC Grip-No.1 CURRENT 15 max ma
PLATE INPUT. & oo oo tin ottt i e et igar s e e tisneenrrnaesrs 52.5 max watts
GRID-NO.2INPUT. . i vvviarrvrvinnon 2 max wattls
Pty DEsSed0mMN, o oo aann s bbb g a P IAIN o

Typical CCS Operation in Cathode-Drive Circuit:
Shown graphically in the following three charfs:
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PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Carrier conditions per tube for use with ¢ maximum modulation factor of 1
Maximum CCS Ratings:
DC PLATE VOLTAGE, . ..t vevnnnnrrannsocasnnarsenans ces 750 moex

DC GriD-N0.2 VOLTAGE. . 250 mazx
DC GRID-NO.1 VOLTAGE. . —100 max
DC PLATE CURRENT. .. 60 mazx
DC Grip-No.1 CURREN' 15 maex
PLATE INPUT. . .. ooevne e . 45 max
GRID-NO.2ZINPUT. ..o vieiennenanense e % max

PLATE DISSIPATION. L 4 et v ettt e rasscneseanaessassssrnesonss

Typical CCS Operation in Cathode-Drive Circuit:
Shown graphically in the following chart:
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Technical Data

AF POWER AMPLIFIER AND MODULATOR
and o
LINEAR RF POWER AMPLIFIER

Single-Sideband Suppressed-Carrier Service
Maximum CCS Ratings:

DC PLATE VOLTAGE. .. .. 0o i e iiiine s S 750 max volts

DC GRID-N0.2 VOLTAGE 2560 max volts
MAXIMUM-SIGNAL DC PLATE CURRENTY 70 max ma
MaxiMuM-S16NAL DC GRID-N0.1 CURRENT? 15 mazx ma
MAXIMUM-SIGNAL PLATE INPUTP, . .. 52.5 max watts
MAXIMUM-SIGNAL GRID-NO.2 INPUT® 2 max watts
PLATE DISSIPATIONT, . . ...ttt it ine e iienind i e hd
RF POWER AMPLIFIER—Class B Telephony

Maximum CCS Ratings:

DC PLATE VOLTAGE. ....... 750 max volts
DC GRID-NO.2 VOLTAGE. . .. .. .. 250 max volts
DC PraTE CURRENT. . ., .. ' e 35 mazx ma
DC Grip-No.1 CURRENT e 8 max ma
PLATEINPUT. . ........ ... un., e 52.5 mazx watts
GRID-NO.2 INPUT. .. ....... e 2 max watts
PLATE DISSIPATION °

Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under any condition. . .......... ..., 30000 max* ohms

t 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 on operating
conditions and frequency to prevent overheating the cathode and resultant short life.

© Measured with special shield adapter.

® Maximum plate dissipation is a furiction of the maxiraum plate input, efficiency of the class of service
and the effectiveness of the cooling system.

@ Averaged over any audio-frequency eycle of sine-wave form for AF Power Amplifier and Modulator
Service.

4 If this value is insufficient to provide adequate bias, the additonal required bias must be supplied by a
cathode resistor or fixed supply.
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TYPICAL PLATE CHARACTERISTICS
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TYPICAL CONSTANT-CURRENT CHARACTERISTICS
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BEAM POWER TUBE

Small, uhf, conduction-cooled,
7 843 heater-cathode, cermolox types used as
af power amplifier and modulator, and
7 844 rf power amplifier and oscillator in
compact mobile and fixed equipment
where the use of air may not be practical. Useful at frequencies up to 2000 Mec and
beyond. Class C Telegraphy maximum plate input, CCS 180 watts. Except for
heater rating, the 7843 is identical to type 7844. The 7842 is used in equipment,
where dependable performance under severe shock and vibration is essential. Types
7842, 7843, and 7844 may be operated in any position. OUTLINE 77, Qutlines Sec-
tion. For thermal considerations, refer to Power T'ube Installation Section. Except
for special ratings and performance data, internal construction, and minor changes
in general characteristics as shown below, the 7842 is identical to type 7844. Type
7842 has matrix-type cathode. ‘

7842

Technical Data

. 7842 7848 7844
HEATER VOLTAGE (AC/DC)L ... . oot iinennnsn. 6.3 26.5 6.3
HEATER CURRENT. ... 0.ttt it nnnnn, 8.2 0.52 2.1
MiINMUM HEATING TIME.. .. ... ..o i, 60 60 60
' ' 7843, 7844

MU-FACTOR, GRID N0.2 TO GRIDNO.1#, ... ........ 18 18
DIRECT INTERELECTRODE CAPACITANCES:®® oo e

GridNodltoplate......... ..., 0.065 max 0.065 max

Grid No.1 to cathode and heater. ................ 14 14

Plate to cathodeand heater. . ... ................ 0.019 max 0.015 max

Grid No.ltogrid No.2. .. .........ccvivinnnn.. 19 - 17

GridNo2toplate.............coiiiiieenan. 4.5 4.4

Grid No.2 to cathode and heater. ................ 1.8 mazx 0.4 max
CONDUCTION-CYLINDER TEMPERATURE. ... ........... 250 mazx 250 max
SEAL TEMPERATURE (Plate, grid No.2, grid No.1, cathode

andheater)...... .. ... ool i 250 max 250 mox

# For plate volis, 250; grid-No.2 volts, 250; plate ma., 100.

AF POWER AMPLIFIER AND MODULATOR—Class AB}
Maximum CCS Ratings: :

DC PLATE VOLTAGE. . ...ttt ettt ittt et iinerensan s iiiniirnanns 1000 max
DC GRID-NO.2 VOLTAGE . . .1 ...ttt ittt iitvatnran st ennnrannnnnnns 300 max
MAXIMUM-SIGNAL DC PLATE CURRENT™. ..ot ittt iiiiniinriineenninns 180 max
MAXIMUM-SIGNAL PLATE INPUT™ . . .. ... . iiiiiiiiniianennn, e 180 max
MAXIMUM-SIGNAL GRID-NO.2 INPUT™. . ... i iieierineneinnn.. 4.5 mazx
PLATE DISSIPATION . . . .ttt et e et e

Typical CCS Push-Puli Operation: Values are for 2 tubes

DCPlate Voltage. .. .. cvv it i i i et it rnnen 650 850
DC Grid-No.2 Valtage®.................oovunn., e 300 300
DC Grid-No.1 Voltage from fixed-bias source. .............. -15 -15
Peak AF Grid-No.l-to-Grid-No.1 Voltage*................. 30 30
Zero-Signal DC Plate Current. . .. ... ... ... ..ccvvunen.. 80 80
Maximum-Signal DC Plate Current. . .............c0vuvn.. 200 200
Zero-Signal DC Grid-No.2 Current. . ..........coovviunienn. 0 0
Maximum-Signal DC Grid-No.2 Current. .................. 20 20
Effective Load Resistance (Plate toplate).................. 4330 7000
Maximum-8ignal Driving Power (Approx.) ............uv.. 0 0
Maximum-Signal Power Output (Approx.)..........cc..... 50 80

Maximum Circvit Valyes:

Grid-No.1-Circuit Resistance, Under any condition:*
For fixed-bias operation. ... .. ... .. i i e 30000 max
For cathode-bias operation. . . ... ... .. ciiiiiininninnnninnn...

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

DCPLATEVOLTAGE. .. ...t i iiin e iianaeenns e 1000 max
300 max
180 max
MAXIMUM-SIGNAL DC GRID-NO.1 CURRENT®. . ... . 00vvnvnnn.. N 30 max

MAXIMUM-SIGNAL PLATE INPUT®. .. .........
MaAXIMUM-SIGNAL GRID-No0.2 INPUT®
PLATE DISSIPATION®. .. ..., ... ..ot

Typical CCS Push-Pull Operation:

DCPlate Voltage . .......c.iiiiiiiiinanenn, e reen 650 850
DC Grid-No.2 Voltage® 300 300
DC Grid-No.1 Voltage from fixed-bias source. ......c000vnn.. ~15 ~-15
Peak AF Grid-No.l-to-Grid-No.1 Voltage. . ................ 46 46
Zero-Signal DC Plate Current. ........... e R AN 80 80
Maximum-Signal DC Plate Current............ 355 855
Zero-Signal DC Grid-No.2 Current.......... R 0 0
Maximum-Signal DC Grid-No.2 Current. . ... 25 25
Maximum-Signal DC Grid-No.1 Current. .. .. PPN 15 15
Effective Load Resistance (Plate to plate) 2450 3960
Maximum-Signal Driving Power (Approx.)*, .. ............ 0.3 0.3
Maximum-Signal Power Output (Approx.). ... ..evevn..... "85 140

volta
amperes
seconds

puf
ppf
puf

nuf
puf
°C

°C

volts
volts
ma
watts
watts

ohms

Not recommended

volts
volts

ma
watts
watts

volts
volts
volts
volts



— RCA Transmitting Tubes

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony

Maximum CCS Ratings: Up to 1215 Me

DC PLATE VOLTAGE. ...ttt iiiict it ciaininnannss e eiarreeae s 800 max volts
DC GRID-NO.2 VOLTAGE. . .ottt ereivianeissstanesennns [ 300 max volts
DC GRID-NO.1 VOLTAGE. . ..0vvvuunnivsneaes e e [P . ~100 mazx volts
DC PLATB CURRENT. . . .. vvvvvnanrrannrranes ha e 150 mazx ma
DC GRID-NO.1 CURRENT. . . vvvvvvinranannnns e R e 30 max ma
PLATEINPUT. .. ...oii it iiiiiiiinans e aare e ea e 120 mazx watts
GRID-NO.Z INPUT. . ..ottt ittt iiaat e itesrteraaanasnonnans 3 max watts
PLATE DISSIPATION . o s et v v iinen e ecnansanas ST P hd

Typical CCS Operation: A 400 Me

DC Plate VOlEAZE . . ... cv it in et cnrensionararantsnas 400 700 volts
DC Grid-No.2 Voltage®. ................couun e 200 250 volts
DC Grid-No.l Voltaget. .. ..ottt ittt iaanes -20 ~50 volts
DC Plate CUITONt. . ..ot i i ittt et cia s enas 100 130 ma
DC Grid-No.2Current. ... . .ccovvivt ittt iinnanns 5 10 ma
DC Grid-No.1 Current. ... ... oot 5 10 ma
Driver Power Qutput (Approx.)**. ... ... ... .. i, 2 ] watts
Useful Power Output (APpProX.) . .....cvvivineinineennnss 16 45 watts

Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under any condition. ................ .. ... 30000% max ohms

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and

RF POWER AMPLIFIER—Class C FM Telephony
Maximum CCS Ratings: Up to 1215 Mc
DC PLATE VOLTAGE. .+ . oottt e atae et e e ter e aame e aaaiaans 1000 max " volts
DC GRID-NO.2 VOLTAGE . . vt titittintiit e iianiiianieraenasnenns 300 max volts
DC GRID-NO.L VOLTAGE. ¢ttt ittt iian it eiineaenanns -100 maz volts
DC PUATE CURRENT .. o\ o4 ive s vtinae st oaatasaanasaainasennnan 180 max ma
DC GRID-NO.L CURRENT. .. ot ovet vttt te i etiieii e e aanaranans 30 max ma
PLATE INPUT. . o ot i ittt ettt e ettt et e e ans 180 max watts
GRID-NO. 2 INPUT ..ottt i i it c e e e 4.5 max watts
PLATE DISSIPATION . ..o ivieeininaennennn P hd
Typical CCS Operation: At 400 Mec A 1215 Mec
DCPlateVoltage . .. ........ ... ovan... 400 900 900 volts
DC Grid-No.2 Voltage®®. .................... 200 300 300 volts
DC Grid-No.1 Voltagexdk. ... .......covinnn, =356 -390 -22 volts
DCPlate Current. . ...y 150 170 170 ma
DC Grid-No.2 Current.... ... 5 1 1 ma
DC Grid-No.1 Current........... ... ... ...t 3 10 4 ma
Driver Power Qutput (Approx)**............. 3 3 5 watts
Useful Power Output (Approx.)............... 28 80 40 watts

Maximum Circuit Values:

Grid-No.1-Circuit Resistance, Under any condition................... 30000k maz ohms
1 Because the cathode is subjected to considerable back bombardment as the frequency is increased with
resultant inerease in temperature, the heater voltage should be reduced, depending on operating condi-
tions and frequency, to prevent overheating the cathode and resultant short life.

© Measured with special shield adapter.

®Averaged aver 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. )

*The driver stage should be capable of supplying the No.1 grids of the Class AB1 stage with the specified
driving voltage at low distortion.

*The resistance introduced into the grid-No.1 circuit by the input coupling should be held to a low value.
In no case should it exceed the specified maximum value; transformer- or impedance-coupling devices are
recommended. -

**Driver stage should be capable of supplying the specified driving power at low distortion to the No.l
grids of the AB2 stage. To minimize distortion, the effective resistance per grid-No.1 circuit of the AB:
stage should be beld at a low value. For this purpose, the use of transformer coupling is recommended.

S0btained preferably from a separate source modulated along with the plate supply.
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}Obtained from grid-No.1 resistor or from a combination of grid-No.1 resistor with either fixed supply or
cathode resistor.

A4The 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 characteristics during life.

% If this value is insufficient to provide adequate bias, the additional required bias must be supplied by a
cathode resistor or {ixed supply.

®®0Obtained preferably from a fixed supply, or from the plate supply voltage with a voltage divider.
%4 Obtained from fixed supply, by grid-Neo.1 resistor, by cathode resistor, or by combination methods.

TYPICAL PLATE CHARACTERISTICS
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BEAM POWER TUBE

Very small, uhf, conduction-
cooled, heater-cathode, cermolox type
used as rf power amplifier and osciyll};.- 7 87 0
tor in compact mobile and fixed equip-
ment where forced-air cooling may not
be practical. Useful at frequencies up to 3000 Mc and beyond. Class C Telegraphy
maximum plate input CCS, 52.5 watts. Heater volts (ac/dec), 6.3; amperes, 1. May
be operated in any position. OUTLINE 76, Ouilines Section. Except for heater rating,
the 7870 is identical to type 7801.
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BEAM POWER TUBE

Miniature, quick-heating filament
type used in rf power-amplifier, oscilla-
tor, and frequency-multiplier service
at frequencies up to 176 Mc in mobile-
andemergency-communicationsequip-
ment. Delivers 7 watts useful power
(ICAS) at 175 Me.

7905

FILAMENT VOLTAGE (AC/DC) ... .vovervnnninss 6.3 volts
FILAMBENT CURRENT.....0oiivriennenrennnnns 0.65 ampere
FILAMENT WARM-UP TIME. ... ......c..c.oveuevuns e Cebesearan Less than one second
DirECT INTERELECTRODE CAPACITANCES:®
Grid No.L to plate, ..o oviit i it anaenann Cerreranes 0.14 max puf
Grid No.1 to filament, grid No.3, and grid No.2....... eeeas AN 8. puf
Plate to filament, grid No.8, and grid No.2............ ceresaienes 5.5 ppf

oWithout external shield.
Characteristics, Class A1 Amplifier:

Plate Voltage. ..ottt it riaaaaes 200 volts
Grid No8.......... PN 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 No.L. ... oottt it iiiineans 11.5

TransconduCtBICe. .oy vt vt ettt e i 6700 umhos
Plate Current. .. ... oi it e e e e 36 ma
Grid-No.2 Current. .. ..ot ittt i 2.5 ma

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

At frequencies up to 175 Mec

Maximum Ratings: ICAS
DO PLATE VOLTAGE. ..ttt oyttt ittt et eee o inana e 300 max volts
GRID NOB. . oo i i e e Connect to pin 1 at socket
DC GRID-NO.2 SUPPLY VOLTAGE. ... ... ool i iiiin i iiiiieeannannn 300 mac volts
DC GRID-NO.2 VOLTAGE. . ..+ttt te et e v aie e rananeennennnn 250 max volts
DC GRID-NO.L VOLTAGE, 1. oottt t ittt et ieiieee e neiianerirenn ~120 mux volts
DO PLATE CURRENT. ... vttt et ittt ittt et ii vt anneeenan 60 max ma
DC GRID-NO.2Z CURRENT. ......ccvvernanniannnnis.. et 10 max ma
DC GRID-NO.L1 CURRENT. . ...ttt iiaiiiineneenannsns e 5 max ma
PLATB INPUT. . .ot i e ettt ettt eeas 18 max walts
GRID-NOZ INPUT. . ..ttt e eiiaaiaaans 1.5 max watls
PLATE DISSIPATION. . .......... e e e 10 max watts
BuLB TEMPERATURE (At hottest point). ................ PR beeen 225 max °C
As amplifier at 175 Mc®
Typical Operation: ICAS
DC Plate Voltage. .......... ... iiiiiiiiiirrananenen 300 300 volts
Grid No.3. ... ... i e [ Connected topin 1 at socket
DC Grid-No.2 Voltage*. . .........oovitinvvann PN 160 185 volts
DC Grid-No.1 Voltage® . ... ... ... oiiiviriennnrinn.n ~36 -39 volts
From a grid-No.l resistor of . . ... ... . .couveiviinan,.. 18000 18000 ohms
Peak RF Grid-No.1 Voltage. . ... ... .0iviviiinennnn... 41 43 volts
DC Plate Current. ......ovtiiet i iiiriiiinenrannns, 50 60 ma
DC Grid-No.2 Current. ... ... ..o iviiiiiiiiireeaneaninens. 2.5 4 ma
DC Grid-No.1 Current (APProX.). .. .oevvnvvenn e 2 2.2 ma
Driving Power (ADPDProx.)t. ... ooviiiiiiersviinnnee. 1 1 watt
Useful Power Output (Approx)tt........cooivveveineienn. 5.5 7 walts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance. .. ..........ccviiiverannnn. 0.1 max 0.1 max megohm

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
At frequencies up o 175 Mec

Maximum Ratings: ICAS
DC PLATE VOLTAGE. . ..ot tiieieneeennneranannns Chrireeeaes [ 250 maz volts
GRIDNO3............... bereesasaanaeas Ceveseranns [N Ceeea Connect to pin 1 at socket

Technical Data

DC GRID-NO.2 VOLTAGE. .+ .t cvtvrssessssotosresssostosasnssasrsnnsns 250 max volts
DC GRID-NO.1 VOLTAGE. . .. .vvivrvvnrnnenss Chereiriareesseenae ceesen -126 max volts
DC PLATE CURRENT............ Cereeeeaae, 60 max ma
DC GRID-NO.2 CURRENT. . . v vvnnensnn SN 10 max ma
DC GRID-NO0.1 CURRENT..... SN 5 max ma
PLATEINPUT. .. .. .o viinnnnneins 15 maz watts
GRID-NO.ZINPUT. ...t iiiiiiiiernseananenennane 1.4 max watts
PLATE DISSIPATION. . ... .c.ovenne Ceeiersaeaa i s retbenn T max watts
BuULB TEMPERATURE (At hottest point) . ............... eees 225 max °C
Typical Operation:® At 175 Me ICAS
DC Plate Voltage. .. ....... e eeerreber e Cirassaennene . 250 volts
GridNo3............... e rit e cevsvssssass.. Connected to pin 1 at socket
DC Grid-No.2 Voltaged ... .ovrrreerriiiiirieiiroiiinerrseteeracinass 250 volts
DC Grid-No.1 Voltage®™ . ... ... iiiiiiionenvornenns PP, eenaan, -70 volts
From a grid-No.l resistorof. ............... 33000 ohms
Peak RF Grid-No.l1 Voltage...... rees e e e et ebes 75 volts
DCPlate Current. .. ... . iiiiiriieeirreneraraenrnanaesnsaanans e 60 ma
DC Grid-No.2 Current ............. S 2.5 ma
DC Grid-No.1 Current (APPIrOK.) .« v v eescruneeerrveosnsennvesnrsearans 2.1 ma
Driving Power (APProX.) o oot iieneisseraeesiiinernasaeasneines 1 watt
Useful Power Output (Approx.)tt....... Cersenens e e 6.5 watts
Maximum Circvit Values:
Grid-No.1-Circuit Resistance. .. .covivvenrrrnceannoss e RN 0.1 mar megohm
FREQUENCY MULTIPLIER
Maximum Ratings: 1CAS
DC PLATE VOLTAGE . . ..ot v e evnnn e et e 300 max volts
GRID NO.S . . it ittt st vveseess.. Connect to pin 1 at socket
DC GRID-NO.2 SUPPLY VOLTAGE. o0 v vt vrsruerensnnnnsnenans e 300 max volts
DC GRID-N0.2 VOLTAGE 250 max volts
DC GRID-NO.1 VOLTAGE ~125 mazx volta
DC PLATE CURRENT, .. .« et vvvtasesonsunsanonannesseressssoasrsssanes 50 max ma
DC GRID-NO.2 CURRENT. . .« 1t ev ittt rannsoorninerterssnnsnanacanasens 10 max ma
DC GRID-NO.L CURRENT. .. .ot v tverunrternnsnaesnsorossrsnsenranssans 5 max ma
PLATE INPUT. ..ottt it iiiaetansannaernsraosnasanssnnnenss 15 max watts
GRID-NO.Z INPUT. . oottt iiiierennnenisarataenisarnss [N 1.5 max watts
PLATE DISSIPATION. .. ..t vtnrenssonaenronmersanocotnsnnas e 10 max watts
BuLs TEMPERATURE (At hottest point)........... [ e 225 max °C
As doubler to 175 Me
Typical Operation:®
DC Plate Voltage. . ............ s easiasiat e eresaara 250 300 volts
Grid NO.3. .ot i i i irsitass e sieensenaananonsnns Connected to pin 1 at socket
DC Grid-No.2 Voltage*. 200 215 volts
DC Grid-No.1 Voltagei# -53 —80 volts
From a grid-No.l resistorof. ......... .. oo int, 53000 53000 ohms
Peak RF Grid-No.1 Voltage ....... ... iiiiiiiiiinan. 60 87 volts
DCPlate Current. ... ...venreninenn it einentrnerrsnenon 45 50 ma
DC Grid-No.2 Current. . ..o o cviiiin ittty 3.4 3.4 ma
DC Grid-No.1 Current (ADPProX.) ..o vvuiiiiirneerenennenss 1 1.5 ma
Driving Power (Approx.)t......cvvviieieniriirennasenn e 0.4 0.5 watt
Useful Power Qutput (Approx)Hft...ovverriiiiiiinnanns. 2.5 3.5 watts
As tripler to 175 Mc
. ICAS
DC Plate Voltage. . ............ s ee e RN 250 250 volts
Grid No3.......... ‘Connected to pin 1 at socket
DC Grid-No.2 Voltage 180 volts
DC Grid-No.1 Voltage -90 ~108 volts
From a grid-No.Lresistor of, ......oviiiiivinnnennian. 50000 60000 ohms
Peak RF Grid-No.l Voltage. ....ccovviiviiniiiniinennans . 106 118 volts
DC Plate Current. ... ...ooiiieiiiiiernserirasraeriaasrass 40 50 ma
DC Grid-No.2 Current. .......... it eaa [ 2.5 3.4 ma
DC Grid-No.1 Current (Approx.)......... e eeieseeaase . 1.8 1.8 ma
Driving Power (Approx.)t......... . . 0.4 0.6 watt
Useful Power Output (Approx.)itf.. . 1.4 2 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance. .. vveeeneenann. Cereceerbeaan 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 circuit.
tt Measured at load.

8 Dbtained preferably from a separate source modulated along with the plate supply, or from the modu-
lated plate supply through a series resistor. It is recommended that this resistor be adjustable to permit
obtaining the desired operating plate current after initial tuning adjustments are made.

AVERAGE PLATE CHARACTERISTICS
l I T T T
Type 7905
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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 eapacitor, close to the socket. Pin 1
is directly grounded and pin 9 is bypassed by using a feedthrough capacitor when
bringing this filament lead through the chassis.

POWER TRIODE

Thoriated-tungsten-~filament type
used as af power amplifier and modu- 8000
lator and as rf power amplifier and os-
cillator. May be used with full input
up to 30 Mec; for operation at 60 Mc,
plate voltage and plate input should be reduced to 70 per cent of maximum ratings;
at 100 Mec, to 50 per cent. Class C Telegraphy maximum plate dissipation, CCS 125
watts, ICAS 175 watts. Type 8000 requires Jumbo four-contact socket and may be
operated in vertical position with base down, or in horizontal position with pins 1
and 2 in vertical plane. OUTLINE 55, Outlines Section. Plate shows a barely percep-
tible red color when tube is operated at maximum CCS ratings and a cherry-red
color at maximum ICAS ratings.

FILAMENT VOLTAGE (AC/DC) . 0o vvivinennnnnns RN 10 volts
FILAMENT CURRENT . .. .ottiietetannnnansneerannns . 4.5 amperes
AMPLIFICATION FACTOR . . .............iivvenennan 16.5
DIRECT INTERELECTRODE CAPACITANCES:
Gridtoplate. . ...t i i i e et eeeaae e 6.4 uuf
5.0 puf
3.8 uuf
PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum Ratings: ccs ICAS
DCPLATE VOLTAGE . . . . ..covveeiirnennnnnanan ar e 1600 max 2000 max volts
DC GRID VOLTAGE. . ... ... e raieiaasrer e eraaas -500 mazx ~500 mazx volts
DC PLATE CURRENT. . ..ottt innnteeanicnreveannnnens 210 max 250 max ma
DC GRID CURRENT . . ...ttt viennrennnnnnaeernnunnens 40 max 45 max ma
PLATE INPUT. .. ... it iiniieennaannns 835 max 500 max watts
PLATE DISSIPATION . . .0t i v iierenonnnnrrennearninss 85 max 125 max watts
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony
Maximum Ratings: CcCs ICAS
DC PLATE VOLTAGE . . . . . iieettteeeniiieanaanenanenas 2000 mazx 2500 max volts
DC GRID VOLTAGE. . ... ... e e e -500 max ~500 max volte
DC PrATE CURRENT 250 max 300 mazx ma
DC GrID CURRENT 40 max 45 mazx ma
PLATE INPUT. ....... . 500 mazx 750 max watts
PLATE DISSIPATION 125 max 176 max watts

BEAM POWER TUBE
‘See type 4E27/8001. 8001

POWER TRIODE

Thoriated-tungsten-filament type used as
af power amplifier and modulator and as rf
power amplifier and oscillator. May be ‘used
with full input up to 30 Mc and with reduced
input up to 50 Mec. Requires Jumibo ‘four-
contact socket and may be operatedin vertical 8003
position with base down, or in horizontal posi-
tion with pins 1 and 3 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, 6.8 uuf; plate to filament, 8.4 uuf. Maximum CCS ratings as AF
POWER AMPLIFIER AND MODULATOR: de plate volts, 1360 maz; maximum-signal dc plate
milliamperes, 250 maz; maximum-signal plate input, 830 max watts; plate dissipation, 100 max watts.
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: de plate volts, 1350 max;
de grid volts, 400 mazx; de plate milliamperes, 2560 maz; dc grid milliamperes, 60 mozx; plate input, 830
mazx watts; plate dissipation, 100 maz watts. Plate shows no color when tube is operated at maximum
CCS ratings. The 8003 is a DISCONTINUED type listed for reference only.

POWER TRIODE

Thoriated-tungsten-filament type

8005 used as af power amplifier and modu-

lator and as rf power amplifier and os-

cillator. May be used with full input

up to 60 Mec. For operation at 80 Mec,

plate voltage and plate input should be reduced to 75 per cent of maximum ratings;

at 100 Mec, 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).......... ettt 10 ) volta
FILAMENT CURRENT. . .. .. itvt e annnrtsnsnrerosnssnonsnsorsnnanannnss 38.26 amperes
AMPLIFICATION FACTOR¥ . . . ... . . iiiiiiinenans e 20 :
DIRECT INTERELECTRODE CAPACITANCES:

Grid t0 Plate. .. ... it i e e e e e e 5.0 puf

Grid to filament. .. ... S G 6.4 puf

Platetofilament. . ... ... .o ittt e e i 1.0 puf
*Grid volts, 50; plate amperes, 0.5.

PLATE-MODULATED RF POWER AMPLIFIER—Class C Telephony
Maximum Ratings: : cC8 1CAS
DCPLATE VOLTAGE . . .. ..ot iiiiniv e rnnnrenannns 1000 max 1250 max volts
DC GRID VOLTAGE . . . . ..t tiiie i -200 max —200 mazx volts
DC PLATE CURRENT . . ...ttt it nananns 160 max 200 max ma
DC GRID CURRENT . . ..o ttivtininnar et innennnans . 45 max 45 max ma
PLATE INPUT. . ... i i 160 mac 240 max watts
PLATE DISSIPATION . ..ottt iiie e crinn s 50 max 75 max watts
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum Ratings: ccs ICAS
DC PLATE VOLTAGE . . . .« o ciiiinniiieiincnanneenes 1250 max 1500 max volts
DC GRID VOLTAGE . ., ot ievtvrren e annrannnonnn -200 max -200 max volts
DC PLATE CURRENT. .. ivtrevrveninrannnrnsnnanonens 200 max 200 max ma
DC GRID CURRENT ., . vt vrarinerernnnsronrasnnssnenns 45 max 456 max ma
Prate INPUT. . ........ O 240 max 300 max watts
PLATE DISSIPATION . . ... .t tinnnrarrinannnasnnnn - 75 max . 8b max watts

HALF-WAVE MERCURY-

F P F
VAPOR RECTIFIER Savlo 2
Coated-filament type used in
8008 power supply of transmitting and in-
dustrial equipment. Maximum peak
inverse anode volts, 10,000; maximum Ne Ne

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-tungsteni-filament type’ having
filament mid-tap used as rf power amplifier and
oscillator. May be used with full input up to
500 Mec. For operation at 600 Mc, plate voltage
should be reduced to 70 per cent of maximum : 80] 2 A
rating, May be mounted in vertical position :
only, filament end down or up. Maximumlength -
(excluding flexible leads), 8-5/16 inches; maxi-
3 mum radius, 1-5/64 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 puf. Maximum CCS ratings as RF POWER AMPLI-
FIER, Class C Telegraphy service: de plate volts, 1000 max; de grid volts, ~200 mazx; de plate ma., 80
maz; de grid ma., 20 maz; plate input, 50 max watts; plate dissipation, 40 max watts. Forced-air cool-
ing is required when plate dissipation exceeds 75 per cent of the maximum rated value. Plate shows an
orange-red color when tube is operated at maximum CCS ratings. The 80124 is a DISCONTINUED
type listed for reference only.

POWER TRIODE

Thoriated-tungsten-filament type having
filament mid-tap used as rf power amplifier and
oscillator. May be used with full input up to 500
Mec. For operation at 600 Mec, plate voltage 8025A
should be reduced to 70 per cent of maximum
ratings. Class C Telegraphy maximum plate dis-
sipation, CCS 40 watts with forced-air cooling,
G CAPS NEARER BASE ICAS 30 watts with natural cooling. Requires
P CAPS NEARER BULB TP gmg)) 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 interelectrode capacitances: grid to plate,
3.0 uuf; grid to filament mid-tap, 2.7 upf; plate to filament mid-tap, 0.4 puf. Maximum CCS ratings as
RF POWER AMPLIFIER, Class C Telegraphy service: de plate volts, 1000 max; de grid volts, -200
maz; de plate ma., 20 inax; plate input, 756 max watts; plate dissipation, 40 max watts. Forced-air cool-
ing is required for operation near maximum ratings. Plate shows an orange-red color when tube is oper-
ated at maximum CCS ratings and a bright orange-red color at maximum ICAS ratings. The BO25A in
a DISCONTINUED type listed for reference only.

CAP 4 (PZYLINDER

P .
AN BEAM POWER TUBE
f Small, ceramie-metal, conduction-
(3 OL cooled, heater-cathodetypehaving pre- 807 2
c ON ON cision-aligned grids, and used as linear
2 - 2 rf power amplifier and rf power ampli-
K S 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 Mec. Type 8072 requires a special 11-contact socket such ag
Mycalex No.CP464-2, or equivalent, and may be operated in any position. Our-
LINE 80, Ouilines Section. For thermal considerations, see Power Tube Installation
Section.

HEATER VOLTAGE RANGE (AC/DC)f. .. ... .t i, vl
HEATER CURRENT 2t 18 . Bvolts............ .. ..., ampuren
MINIMUM HEATING TIME. ...ttt ittt ie it iei i sensianensanranns .. secondw
MU-FACTOR, GRIDNO.2 TOGRID NGO . . ...t i ittt ieanaans
DIRECT INTERELECTRODE CAPACITANCES:®
Grid No.ltoplate. .o oot i ittt et c i aaans ynl
Grid No.l1toeathode. ...... ... ciivii i iiinanans .. upl
Platetoecathode. . ... ...ttt iannennens . sl
Grid No.ltogrid No.2. . ... . it e it iiaenens sl
Grid No.2toplate. .............. 6. gk
Grid No.2 to cathode 3.2 il
Cathode to Beater. ... ..o uu et in ciscnanasntcmaneseiionas 3.4 apl
TERMINAL TEMPERATURE (All terminals), ......,....... T 250 mayp o
PLATE CORE TEMPERATURE (See dimensional outline)............ e 250 max e

* For plate volts, 250; grid-No.2 volts, 200; plate amperes, 1.2..

263



— RCA Transmitting Tubes

LINEAR RF POWER AMPLIFIER
Single-Sideband Suppressed-Carrier Service :
Peak envelope conditiong for a signal having a minimum peak-lo-average power ratio of 2

Maximum CCS Ratings: Up to 500 Me
DC PLATE VOLTAGE .. .. .. vvveennnirrennnarans Cereeraa 2200 max volts
DC GRrRID-N0.2 VOLTAGE o 400 max volts
DC Grip-No.1 VOLTAGE, .......... P . -100 mazx volts
DC PrLaTE CURRENT AT PEAK Of ENVELOPE, .. raees . 450" max ma
DC GRID-NO.1 CURRENT. .. ... oviinninvinnnnns . 100 max ma
PLATE DISSIPATION. .. .......:... . 100%nax - watts
GRID-NOZINPUT. . ..ot iiieecnrsaannnsenen . 8 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode........... s 150 mazx volts

Heater positive with respect to eathode............. e 150 mox volts
Typical .CCS Operation with Two-Tone Modulation: At 30 Me
DC Plate Voltage., ............... T .. e 700 volts
DC Grid-No.2 Voltage®. . ........... . 250 volts
DC Grid-No.1 Voltage®™. . ........... -20 . volts
Zero-Signal DC Plate Current....... 100 ma
Effective RF Load Resistance........ 1420 ohms
DC Plate Current at Peak of Envelope 206 ma

Average DC Plate Current. ............... .. 150 ma

DC Grid-No.2 Current at Peak of Envelope. .. 16 . ma
Average DC Grid-No.2 Current. ........... .. 10 ma
Average DC Grid-No.l Current. ................ 1.04 ma
Peak-Envelope Driver Power Qutput (Approx.)* 0.3 watt
Output-Circuit Efficiency (APpProx.). ... it iiiiiinainns 95 per cent
Distortion Produets Level :#

Third order. .o .. oot e et e e e 30 . db

Fifth order 35 db
Useéful Power Qutput (Approx,) ¥

AVEIage. ... o et e treecenrrerteans P 40 watts

Peak Envelope. . ..o i an heereessrer e 80 watts
Maximum Circvit Valves:
Grid-No.1-Circuit Resistance, Under any condition:

With fixed bias. .. ... v ians, P ereares e 25000 max ohms

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

Maximum CCS Ratings: Uyp to 500 Me
DO PLATE VOLTAGE, ¢ oottt i it e ia et s i ina e es 2200 mazx volts
DC GrID-N0.2 VOI.TAGE, . .. 400 max volts
DC Grip-No.1 VOLTAGE. . .. —100 max volts
DC PLATE CURRENT. . . ....... 300 max ma
DC GRID-NO.1 CURRENT....... 100 max ma
GRID-No.2 INPUT. ... ......... o 8 max watts
PLATE DISSTPATION. . o ottt ittt e st e i 100®max watts
PEAX HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 150 mox volts

Heater positive with respect tocathode. ........ ... .. o il 150 max volts

In Grid-Drive Clircuit

Typical CCS Operation: At50 Mc At175 Me AL470 Me
DCPlate VOltage. . ..ot ivreieeinriviasnsns 500 700 500 700 700 volts
DC Grid-No.2 Voltage. . .. 160 175 200 200 200 volts
DC Grid-No.l1 Voltage. . . oo 10 -10 -30 -30 -30 volts
DC Plate Current. . ...... .... 300 300 300 300 300 ma
DC Grid-No.2 Current. . e 25 25 30 20 10 . ma
DC Grid-No.1 Current. . ........... PP 50 50 40 40 20 ma
Driver Power Output (Approx.)f venee.. 1.2 1.2 3 3 5 watts
Useful Power Output®*. . ... e reeraasaen oo 85 110 70 105 85 watts
Maximum Circuit Yalve:
Grid-No.1-Circuit Resistance, Under any congdition:

Withfixed bias. . ...........c il Ceerrerreereraaeenens 25000 ohms
Grid-No.2 Circuit Impedance. .. 10000 max ohms
Plate Circuit Impedance. ........... e See note®

Technical Data

1 Because the cathode is subjected to back bombardment as the frequency is increased with resultant
increase in temperature, the heater voltage should, for optimum life, be reduced to a value such that at
the heater voltage obtained at minimum supply voltage conditions (all other voltages constant), the
tube performance just starts to show some degradation; e.g., at 470 Mc, heater volts =12.5 (Approx.).
© Measured with special shield adapter.

® The maximum rating for a signal having a minimum peak-to-average power ratio less than 2, such as is
obtained in single-tone operation, is 300 ma. During short periods of circuit adjustment under single-
tone conditions, the average plate current may be as high ag 450 ma.

® Maximum plate dissipation is limited by the maximum plate core temperature and the cooling system
to maintain tube operation below the specified maximum plate core temperature. With simple low-cost
eooling techniques, maximum plate dissipation may be only about 100 watts; with more sophisticated
cooling techniques, maximum plate dissipation may be as high as 300 watts.

© Obtained preferably from a separate well-regulated gource.

* This value represents the approximate grid-No.1 current obtained due to initial electron velocities
and contact-potential effects when grid-No.1 is driven to zero volts at maximum signal.

* Driver power output represents circuit losses and is the actual power measured at input to grid-No.1
circuit. The actual power required depends on the operating frequency and the circuit used. The tube
driving power is approximately zero watts.

# With maximum signal output used asa reference, and without the use of feedback to enhancelinearity.
** 'This value of useful power is measured at load of output circuit.

® The tube should see an effective plate supply impedance which limits the peak current through the
tube under surge conditions to 15 amperes.

t Driver power outputincludes 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.
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8077/
7054

POWER PENTODE

Miniature heater-cathode type
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 Me; also used in modulator and af
power-amplifier applications. Requires Miniature nine-contact socket and may be
operated in any position. OUTLINE 6, Oullirnes 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) .. i v v iiicrennnnenans
HeATER CURRENT (Approx.) at 13.5 volts
DIRECT INTERELECTRODE CAPACITANCES (Approx.):°
Grid No.ltoPlate. . . ...oovin i i irinanen
Grid No.1 to All Other Electrodes except Plate..........
Plate to All Other Electrodes except Grid No.1..........
° Without external shield.

AMPLIFIER—Class Ay
Maximum Ratings:

PLATE VOLTAGE. .. ... v iiitirnenrnanstnsonrannononss e
GRID-NO.B VOLTAGE . . .. vttt vt crnennneeeraanions cie
GRID-NO.2 VOLTAGE. . ....itiiiiiiiiieienreninnnnse e

GRID-NO.1 VOLTAGE:
Negative-bias value
Positive-biag value. .. ..........

GRrID-No0.2 INPUT. . . .

PLATE DISSIPATION. ... oot ii it iian i iainerans

PEAK HEATER-CATHODE VOLTAGE:

Characteristics With 13.5 Volts on Heater:

Plate Supply Voltage. . ...t
Grid-Nou . .. e e e
Grid-No.2 Voltage... ..., b
Cathede ReSiBEOr. . .. oo vvtin it

Plate Resistance (APProX.). o .ot i it
Transconductance. ... ....ooevtiin i s
Plate Current. . ., ottt i i
Grid-No.2 Current. .. ... voi e
Grid-No.l1 Voltage (Approx.) for plate yga=20 .. .. .............

Maximum Circuit Values:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. ........ ... il i ia i
For cathode-bias operation. . ............. ..o,

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and

RF POWER AMPLIFIER—Class C FM Telephony

Maximum CC$ Ratings:

DC PLATE VOLTAGE. .. .ot vvtiinecnsisanenserearnassasasis
DC GRID-NO.3 VOLTAGE. « v vevrevinarssorvnnosnarsennaess
DC GRID-NO.Z VOLTAGE. ..o s vt tiveeianisetscannnaonanacnons
DC GRID-NO.L VOLTAGE . ¢« vvivvivrnenennnnenncass e
DCPLATE CURRENT. .. .. .oiienienononnsnnns e,
DC GRID-NO.2 CURRENT.. ... vvieivnacnsnoresnanns e

DC GRID-NO.L CURRENT. ..o onv i ievnnsnaraans
GRID-NO.2ZINPUT........covvnennnn e,
PLATE DISSIPATION. ... . ... ciii i in i insaeen e
PEAXK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode........

Heater positive with respect to cathode. .... St asessaserrersasen
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cesesarerce e v

12 to 15 volts

0.275 ampere

0.063 ppt

10.2 pufl

3.5 ppf

330 max volts

0 mazx volts

180 mazx volts

55 max voltg

0 max volts

1 max watt.

5 max watts

120 max volts

120 mazx volts

250 volts

Connected to cathode at socket
150 volts

120 ohms

......... 0.1 megohm
......... 11500 pmhos
......... 19 ma
......... 3.5 ma
......... -10 volts
......... 0.1 maz  megohm
......... 0.25 mex  megohm
......... 300 max volts
......... 0 max volts
......... 175 mazx volts
......... --50 max volts
......... 33 max ma
5.5 max ma
3 max - ma

1 max watt

5 mazx watts

120 maz volts

e 120 max volts

Technical Data

Typical Operation with 13.5 Volts on Heater:

AVERAGE CHARACTERISTICS

Al frequencies up to 40 Me

80
I €0 TYPE 8077 /7054
' oRiD - No. 1 YOLTS ECLZ) E413.5 VOLTS
g 70 T s i oRID. ngﬂg%réuwso
] .

& =] -0.5 GRID-No.2 VOLTS 8 150
5 eofy
3 e [ —-
z ‘ /—‘ 1.0
“ 304
g \ T
~ v\ ~1.5
g +

\ e
& \L"" -2.0
S 30 T
8 P‘/"" -2.8
- x T
o 20 : 2 3.0
%‘ h Ecj* 0
g 1o ~4.0

=== —z | -s0
° ) 200 500

300 400
PLATE VOLTS
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92LM - 9777T

DC Plate Voltage. . .. ..., ittt 200 250 300 volts
Grid No.3. ... i i e Connected to cathode at socket
DC Grid-No.2 Voltage. . .. ... oiiiiniieiinnens 115 145 volts
DC Grid-No.1 Voltage. . ......oiiiriieisennnnnns -7 -9 -12 volts
Peak RF Grid-No.l Voltage . .. .....coovvveennnnn, 9 11 16 volts
DC Plate Current. ..o ieeiiinneianneen 14.5 20 26 ma
DC Grid-No.2 Current.........coveiii e rnnnns 3 4.1 5.5 ma
DC Grid-No.1 Current (Approx.)..........c..vvuun. 0.6 0.85 1 ma
Driving Power (APProX.) .. .ovveiernenreirernnns 10 12 15 mw
Power Output (APDIOX.). .. ..ottt vt erennns 1.5 2.7 4 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance. . . . ... vviriververrneenas .. . eseeen 0.1 max megohm
FREQUENCY MULTIPLIER
_ Maximum CCS Ratings:
300 maz volts
0 mazx volts
175 max volts
DC GRID-NO.I VOLTAGE. . ...ttt ittt raaaaaaenerve e eaernannnnns -60 mazx volts
DO PLATE CURRENT. ...ttt ittt ittt it n s s e avenarineneaenannnnns 33 max ma
DC GRID NO.Z CURRENT. .. ..t itttttemiainereannenannacnnniss P 5.6 max ma
DC GRID NO.L CURRENT. .. .ottt ittt itie et enernenns 3 max ma
GRID NO.ZINPUT. ..ottt it et naeens 1 max watt
PLATE DISSIPATION. + o vt ittt in ettt sane st seaannanssanerannns 5 max watts
PrAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to céathode.................covuriunon.. 120 max volts
Heater positive with respect toeathode............... ... 120 max volts
Typical Operation as Doubler: At frequencies up to 40 Mc
DCPlate Voltage . . ..o iein i it iiscnrnneeenn .. 200 250 300 volts
Grid No3. ... e Connected to cathode at socket
DC Grid-No.2 Voltage. . .........c.ieiviinenvnn.. 115 145 volts
DC Grid-No.l Voltage. . ......cooviviiieen ., -16 —20 -26 volts
Peak RF Grid-No.1 Voltage . ........ ... v 19 24 31 volts
DCPlateCurrent. . ...... ... .. iiiiiirenaarnun.. 11 15 20 ma
DC Grid-No.2 Current.. ... .. oviiiiinieneninnnn. 2 3 4 ma
DC Grid-No.1 Current (Approx.)......c..ieun.nn. 0.3 0.45 0.6 ma
Driving Power (Approx.).............vu.... Cenven 5 9 13 mw
Useful Power Output (Approx.).. ... .. ..o vvin..n 1.4 1.9 2.5 watts
Maximum Circuit Values:
Grid-No.I-Cireuit Resistance. . . .. .. .. ... . i 0.1 mar megohm
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H RADIATOR

BEAM POWER TUBE

Small, ceramic-metal, forced-air~

8] 2] cooled, heater-cathode typehaving pre-

cision-aligned grids; used as linear rf

power amplifier and rf power ampliﬁer

and oscillator in mobile or fixed equip-

ment Useful with full input at frequencies up to 500 Me. For plate and average
characteristics curves refer to type 8072,

HEATER VOLTAGE (AC/DC)] ... oo vvii e R reereenea 13.5 volts
HEATER CURRENT @t 18.5 VOItS. . . o0\ v ottt ieeinvvnrsnnennnaens 1.3 amperes
MiNmus HEATING TIME. . .. ..ot iie e e 60 seconds
Mu-FAcToR, GRID N0.2 TOGRID No.Ide ... ......ouss, [ 12
DIRECT INTERELECTRODE CAPACITANCES:®

Grid No.L £0 plate. . .. oot ittt e enans 0.13 max uul

Grid-No.ltocathode. . ......... ... ... oieiiiiiiiinannenn, e 16 puf

Platetocathode. .. ... .. ... ittt [ rean 0.011 uufl

Grid No. 1 to grid No.2. . ..ttt ivinareronannes Ve 22 puf

Grid No.2toplate. . .....c.ovreiiinneiiiianenenans 6.5 ppf

Grid No.2 to cathode 3.2 puf

Cathodeto heater....... ... it e 3.4 upf
TERMINAL TEMPERATURE (All terminals) . ................... ... ... N 250 max °C
RADIATOR CORB TEMPERATURE (See dimensional outline)................ 250 max °C
% For plate volts, 450; grid-No.2 volts, 325; plate amperes, 1.2.

LINEAR RF POWER AMPLIFIER
Single-Sideband Suppressed-Carrier Service
Peak envelope conditions for a signal having a minimum peak-to-average power ratio of 2

Maximum CCS Ratings: Up o 500 Mec
DO PLATE VOLTAGE. . . .0t ottt it e e ettt enenas 2200 max volts
DC GRID-NO.2Z VOLTAGE . . . .. .0ttt it tiiie e crnnenrannansns 400 max volts
DC GRID-NO.1 VOLTAGE. ...\ttt iiiee e et iaennenns e e -100 mazx volts
DC PLATE CURRENT AT PEAK OF ENVELOPE . .. ...cvvvieeeeenrnnnnanons 450" mazx ma
DC GRID-NoO.1 CURRENT, ., 100 mazx ma
PLATBINPUT. ... ..o 150 rax watts
GRID NO.2 DISSIPATION. .. ottt it ettt ettt tanneaannanerones 8 max watts
Prax HEATER-CATHODE VOLTAGE:

Heater negative with respect to eathode................. oo vivvnns 150 max volts

Heater positive with respect to cathode 160 max volts
Typical CCS Operation with Two-Tone Modulation: At 80 Me
DC Plate Voltage. .. ...ttt i iiiiieaiannn 1000 1500 volts
DC Grid-No.2 Voltage®............oiiiiriiiiiiiiriinnenns 250 250 volts
DC Grid-No.d Voltage®. . . ... ittt i e -20 -20 volts
Zero-Signal DC Plate Current. . ....... TS 100 100 ma
Effective RF Load Resistance. ... ..............covvveann. 2270 3800 ohms
DC Plate Current at Peak of Envelope. ....... N 210 210 ma
Average DC Plate Current. ..........coiiiieiniiinnananes 160 160 ma
DC Grid-No.2 Current at Peak of Envelope .......... P, 10 10 ma
Average DC Grid-No.2 Current.,....... e 7 7 ma
Average DCGrid No.L Current. .. ...oovvvvvninrenanrennen 0.067 0.05° ma
Peak-Envelope Driver Power OQutput (Approx.)4 N 0.8 0.8 watt
Output-Circuit Efficiency (ADPProx.) ... ...ovvevriinnneennsan 90 85 %
Distortion Products Level*

Thirdorder. . .......ovvvriivrinnnnn . RPN i 356 35 db

FifthOrder....................... s e . 40 40 db
Useful Power Qutput (Approx.):

Average#......... e e 65 85 watts

Peak envelope# ............ 110 170 . watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance, Under any conditions:

With fixed bias. . ... ... .oiiiiiiiiii i 25000 mazx ohms

‘With fixed bias (In Class AB: operation).......... tiessesreasassesse 100000 max ohms

‘With cathode bias.................. e S RPN Creeerasans Not recommended
Grid-No.2 Circuit Impedance.......... P S 10000 max ohms
Plate Circuit Impedance. .. .................. See note *¥
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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: Up to 500 Mc
DC PLATE VOLTAGE. . ... ..tiernvenrcnonenns PN 2200 maz volts
DC GRID-NO.Z VOLTAGE. . .......000uues. Cerereeeeaen criene 400 max volts
DC GRID-NO0.1 VOLTAGE. ....... e -100 volts
DC PLATB CURRENT . . . . oo itvrvnranranararensnnnas 300 maz ma
DC Grip-No.1 CURRENT N 100 maz ma
/GRID-NO.2 DISSIPATION. . ... vitteneninnnnanan . reesareesans 8 mazx watts
PLATE DISSIPATION. (.. ittt et es cerenaerinnessennsvanns Ceereenas 150 maz watty
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............ Craereseeierraeen 150 maz volts

Heater positive with respect to cathode.................. T 150 mazx volts
Typical CCS Operation: I'n grid-drive circuit At 50 Me At 470 Me
DC Plate Voltage. . ..............cu.t.. 700 1000 1500 700 1000 1500 volts
DC Grid-No.2 Voltage. . ................ 175 200 200 200 200 200 volts
DC Grid-No.1 Voltage. . ................ -10 -30 -30 -30 -30 -30 volts
DCPlate Current. . ........ovviunnn.n. 300 300 300 300 300 300 ma
DC Grid-No.2 Current.........covuunn.. 25 20 20 10 10 5 ma
DC Grid-No.,1 Current...........cco0vunn 50 40 40 30 30 3¢ ma
Driver Power Output (Approx.)®......... 1.2 2 2 5 5 5 watts
Useful Power Output. ...............u.. 1204 175# 275% 100t 165t 235t watts
Maximum Circvit Values:
Grid-No.1-Circuit Resistance, Under any eondition:

Withfixedbias. .........oviininnennn. P 25000 max ohms
Grid-No.2 Circuit Impedanee et 10000 mazx ohms
Plate Circuit Impedance. .. ... ...iiiiiiiiiii ittt See note **

1 Because the cathode is subjected to back bombardment as the frequency is increased with resultant
increase in temperature, the heater voltage should, for optimum life, be reduced to a value such that at
the heater voltage obtained at minimum supply voltage conditions (all other voltages constant) the
tube performance just starts to show some degradation; e.z., at 470 Me, heater volts=12.5 (Approx.)
© Measured with special shield adapter.

® The maximum rating for a signal havmg a minimum peak-to-average power ratio less than 2, such as
is obtained in single-tone operation, is 300 ma. During short periods of circuit adjustment under single-
tone conditions, the average plate current may be as high as 450 ma.

® Obtained preferably from a separate, well-regulated source.

BThis value represents the approximate grid-No.1 current obtained due to initial electron velocities and
contact-potential effects when grid-No.1 is driven to zero volts at maximum signal.

*Driver power output represents circuit losses and is the actual power measured at input to grid-No.1
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 used as a reference, and without the use of feedback to enhance linearity.
*This value of useful power is measured at load of output circuit.

**The tube should see an effective plate supply impedance which limits the peak current through the
tube under surge conditions to 15 amperes.

9 Driver power output includes circuit losses and is the actual power measured at the input to the grid
circuit. It will vary depending upon the frequency of operation and the circuit used.
tMeasured in a typical coaxial-cavity circuit.

OPERATING CONSIDERATIONS
Type 8121 requires a special 11-contact socket such as Mycalex No.CP464-2,
or equivalent, and may be operated in any position. OUTLINE 79, Outlines Section.
Adequate forced-air cooling must be provided simultaneously with electrode
voltages to limit the radiator core and terminal temperatures to their specified values.

BEAM POWER TUBE

Small, ceramic-metal, forced-air-
cooled, heater-cathodetypehavingpre- 8'| 2 2
cision-aligned grids and used as linear
rf power amplifier and rf power ampli-
fier and oscillator in mobile or fixed
equipment. Useful with full input at
frequencies up to 500 Me.

CAP H RADIATOR
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HEATER VOLTAGE (AC/DC) ..ottt ii ittt iisncitie v anannnnnans
HEATER CURRENT at 18.5 volts. . . ... oii ittt cie e nans
MINIMUM HEATING TIME. ... oottt ittt it s aiernesanaarnnserosnan .
MU-FACTOR, GRID NO.2 TOGRIDNO.Idk . . ..o viviinininniican s
DIRECT INTBRELECTRODE CAPACITANCES:®
Grid No.ltoplate............. ...y
Grid No.1 to cathode. ....... e e e s
Plate to cathode
Grid No.1 to grid No.2. . ..... PO
Grid No.2 to plate. . .. ..t i i e s
Grid No.2tocathode. ... ... iii i i i i
Cathodeto heater.. . ... .. .. i it i it
TERMINAL TEMPERATURE (All terminals)
RADIATOR CORE TEMPERATURR (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 for a signal having a minimwm peak-to-average power ratio of 2

Maximum CCS Ratings:

DO PLATE VOLTAGE. . oottt ittt e it te it et aa e anaas
DC GRID-NOG.2 VOLTAGE. . ...ttt it ittt nncinn e ian e reeen
DC GRID-NO.L VOLTAGE. « ..t o ittt it ittt ee i
DC PLATE CURRENT AT PEAK OF ENVELOPE , . .. .. cvviii it iinnenn
DC GRID-NO.L CURRENT .. .. iuuiittinnniinat it atatiaaaronnon
PLATE DISSIPATION . . vttt et it ia e it c it i eeca e eaasans
GRID-NO. 2 INPUT. . .ottt ettt e it e cianasaans
PEAXK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. .. ... .. ... . iiiiiinne.

Heater positive with respect to cathode. .............. ..l

Typical CCS Operation with Two-Tone Modulation:

DC Plate Voltage. . ...t i i i et
DC Grid-No.2 Voltage®. . . ... oot i it it PN
DC Grid-No.1 Voltage®. . ... .. ...ttt iienaaan RN
Zero-Signal DC Plate Current. . . ... .. ittt
Effective RF Load Resistance . .. ......... . iiiiiiiiiiiiiiineansnsans
DC Plate Current at Peak of Envelope. . .
Average DC Plate Current. . ... ittt
DC Grid-No.2 Current at Peak of Envelope. . .......... ..o i
Average DC Grid-No.2 Current....................
Average DC Grid-No.l Current, ., . ........... ... ....
Peak-EnvelopeDriver Paower OQutput (Approx.)*
Output-Circuit Efficiency (APpProx.) .. ...t it riannecanasse,
Distortion Produects Level:*

0T (T U I

Fifthorder. . . ..ottt i i it i e s
Useful Power OQutput (Approx.):

Maximum Circuit Values:
Grid-No.1 Circuit Resistance, Under any condition:
With fixed bias. ......0. .. .. . i iiiiiiiii, e
With fixed bias (In Class ABioperation) ...............ciivnennnnns
With cathode bias. . ... .. ottt it e ettt
Grid-No.2 Circuit Impedance. .. ... ..ttt
Plate Circuit Impedance. .. ... ... i it i

13.5 volts
1.3 amperes
60 ' seconds
12
0.13 mazx unf
16 - uuf
0.011 uufl
22 upf
6.5 nud
3.2 o uud
3.4 upd
250 max °C
250 max °C
Uptlo500 Me
2200 max volis
400 max volts
-100 max volus
450 max - ma
100 maz ma
400 max watts
8 max watts
150 maz  volts
150 mazx volts
At 30 Me
2000 volts
400 valts
~35 volts
100 ma
3060 ohrs
335 ma
250 wa
10 ma
7 ma
0.05° na
0.3 watt
90 per cent
29 dab
32 db
1904 watts
3803 watts
25000 max ohms

100000 max ohms
Not recommended
10000 max ohms
See note

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

and
RF POWER AMPLIFIER—Class C FM Telephony

Maximum CCS Ratings:

Up to 500 Mc

2200 max volls
400 max volts
-100 mazx volts
300 max ma
100 max ma

Technical Data

GRID-NO2INPUT. .. ..ottt cinnnnns e v eiaseree s 8 max watts
PLATE DISSIPATION. .. ... .ttt ittt i ieiieann Cerearaaneaan 400 maz watts
PeAK HEATER-CATHODE VOLTAGE: .
Heater negative with respect to cathode..,.,............. Chieareea. 150 max volts
Heater positive with respeet toecathode. ...............oiviin.. Chees 150 max volts

Typical CCS Operation: In Grid-Drive Circuit at 50- Me

DC Plate Voltage................. Ciaeeaens 700 1000 1500 2000 volt
DC Grid-No.Z Voltage. ........oouuvinnnnns 175 200 200 200 volt:
DC Grid-No.1 Voltage. ., .......cuuue [N -10 -30 -30 —-30 volts
DC Plate Current . 300 300 300 300 ma
DC Grid-No.2 Current. . . : 25 20 20 20 ma
DC Grid-No.1 Current 50 40 40 30 ma
Driver Power Output (Approx.)®...... e 1.2 2 2 2 watts
Useful Power Output#........ [N 120 175 275 375 watts
In Grid-Drive Circuil al 470 Mc

DC Plate Voltage. . .............0.0 PPN 700 1000 1500 2000 volts
DC Grid-No.2 Voltage. ............ Creeeoin 200 200 200 200 volts
DC Grid-No.1Voltage. .......oveveeunin. .. -30 -30 -30 -30 . volts
DCPlate Current. . ........ovnuieennnnan., 300 300 300 300 ma
DC Grid-No.2 Current. .....ocovevnennran, 10 10 5 3 ma
DC Grid-No.1 Current............... e 30 30 30 30 ma
Driver Power Qutput (Approx.)® 5 5 5 5 watts
Useful Power Outputf...................... 100 1656 235 300 - watts
Maximum Circuit Values:
Grid-No.1 Circuit Resistance, Under any condition:

With fixedbias. . ......... ... oottt [ P 25000 max ohms
Grid-No.2 Circuit Impedance. . ........oiiiiiiireeierrnnnronsas veeens 10000 mazx ohms
Plate Circuit Impedance. . ..........oiittitiniiiieerrriianarenrnens See 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 Mc, heater volts=12.5 (approx.).

© Measured with special shield adapter.
*® The maximum rating for a signal having a minimum peak-to-average power ratio less than 2, such

as is obtained iq single-tone operation, is 800 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.

9 This value represents the approximate grid No.l current obtained due to initial electron velocities
and contact-potential effects when grid-No.l 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 see an effective plate supply impedance which limits the peak current through the
tube under surge conditions to 16 amperes.

9_ 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.

T Measured in a typical coaxial-cavity circuit.
TYPICAL PLATE CHARACTERISTICS

TYPE 8122 [——
HEATER VOLTS * 13,8
R GRID-No.2 VOLTS + 400
£y 10 GRID-No.| VOLTSsEC, ™|
7
5
Bis
'
& 0
S 2
|
E /
L =
-
& - -10
EGETIS
05 ' -20
-1 -25
- -30°
-
o 500 1000 1500 2000 2500
SLATE VOLTS . $20M - 112907
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RCA Transmitting Tubes

TYPE 8122
Fl R
TYPICAL CHARACTERISTICS ORI ey | SRs08 (IPELT
Mc CULLOUGH INC), AND SOCKET
PR B | CD464-2 (MYCALEX CORP_OF AMERICA)
TYPE 8122 AND BY-PASS CAPACITOR [EF JOHNSON
[ HEATER VOLTS=13.5 €0,
» GRID-No.2 VOLTS =400 7|PLATE-CORE TEMP-250°C.
I&J " GRID-No.l VOLTS=EC, 4 |INCOMING-AIR TEMP-24°C.
w L Ig————— 5
=z Ico Z e
< — g6 '
3 o A /
2 300 w 7
- W] /-
N /
15 W /
_'5:) 250 . u ," 4
N . L Egi=+15 g 4 # .
g Eci5 [\ ] 3 / /
o 200 : 7 i
« \ x3 4
o} S !
S %0 - 7 7
- \° +10 5 2 Vi
g 100 YA \
F: AEANN |
\
[=]
s Nl
L] \ \\
~N I~ [ 100 200 300 400
I~ PLATE DISSIPATION - WATTS
o 200 400 €00 800 (SOLID LINE)
PLATE VOLTS 0O 02 04 0€ 08
92CM- 12937 PRESSURE DROP ~INCHES OF WATER.

TYPICAL COOLING
REQUIREMENTS

(DASHED LINE)

Type 8122 requires a special 11-contact socket such as Mycalex No.CP464-2,
or equivalent, and may be operated in any position. OUTLINE 81, Outlines Section.
Adequate forced-air cooling must be provided simultaneously with electrode
voltages tolimit theradiator core and termina) temperatures to their specified values.

9002

Maximum over-all length, 1-3/4 inch; maximum diameter, 3/4 inch. Except for interelectrode eapaci-
tances, the 9002 is electrically identical with type 955. The 9002 is a DISCONTINUED type listed for

reference only.

OPERATING CONSIDERATIONS

MEDIUM-MU TRIODE

Seven-pin miniature heater-cathode type
used as af amplifier and as rf amplifier and oscil-
lator at frequencies up to 500 Mec. Class A; Am-
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 upf; plate to cathode and
heater, 1.1 uuf. Requires Miniature seven-con-
tact socket and may be operated in any position.
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Tube-Part Materiais
Used in RCA-813 Beam Power Tube

10
11,
12,
13.
14.

. MEDIUM METAL CaAP—nickel-plated brass
. PLaATE CONNECTOR-~nickel

. FILAMENT SUPPORT SPRINGS—tungsten
. MOUNT SPACER—nickel-chromium strip
. MOUNT SUPPORT—ceramic

. Top SHIELD--nickel

. HEAvY-DuTtYy FiLAMENT—thoriated

tungsten

. PLATE-—zirconium-coated nickel
. ALIGNED-TURN CONTROL GRID (GRID

No.1) aAND SCREEN GRID (GRID No. 2) —
molybdenum

15.
16.
17.
18.

273

. BuLs or ENVELOPE—hard glass

BEAM-FORMING ELECTRODE——nickel
PLATE-SUPPORT SPACER—ceramic
BoTtroMm SHIELD DIisK—nickel

FILAMENT CONNECTOR—nhickel-plated
steel

DirgcTive-Tyrr GETTER
MoLbED-FLARE StEM—hard glass

GI1ANT BasE-—aluminum with ceramic
insert

TUNGSTEN-TO-GL.ASS SEAL
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RCA Transmitting Tubes

2lyo MAX.

OUTLINES 1-11

Va2

A0 MAX.
F’.soe MiN,

[
MAX 1075 MAX 1.2¢
. £060 2060
W } L 050 max. Vs 1 050 Mmax.
10 - UNTINNED TO N UNTINNED
o, ‘[\ 8 FLEXI(;BOLZE LEADS & : T S FLOXBLE LEADS
i -, (3 inanl PEX
h[ o7 2902 pia, i 0177 2322 pia.
-3_ -4~
\ 250
250 way P 562
L G
375
3* iy re—.8i2
375
" - r=—1.031 '_97;
MA
5 2% 400 misl, |
6 max. _t
MAX. i
a4y
e 1% Max—~
-6- -7~
7,
_.1 5 MA X, l.q_ * ] r"':ﬂ:’
355 @
= - tem 562
s L e
- ba-B12
375 . 2.078
K | Ly, MAX.
o EZ’Q ‘y 031
MAKX. *
A .430 N7
)
425

-9-

® Including eccentricity.

T

lm 1 g MA X

~10-

[

1735
S I «*—
I~

—»‘3/4 MAK =

Vi
thgo

255 MAX

23
:,

Yo

-

]
Y35

M

.
Mt s

MAK™

»5 Measured from bulb seat to bulb-top line as determined by ring gauge of 0.2160"" = 0.001” 1.D.

NOTE: Where uniis are not given, dimensions are in inches.
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Measured from base seal to bulb-top line as determined by ring gauge of 7/16” L.D.

Ouilines

006 ﬂ r—-,845 +.002

S

1 g MAX. [ SMALL

T F

21,
34
MAX.

5
e __ |
MAX!

-5~

1% MAX.—
DA

W
P

Lz
I /32MAX,-.

-8~

-

OUTLINES 12-20

ks

s,
l /32
MAX.

-3~

~i9-

L—n‘

T

Lﬂ%z MA Y=

+002 =686 +.002
Y16 MAX. 058 oo6 O'A- 1
Peoll Peif] ¥p tYe
~ o
3
)
. INTERNAL !
s SHIELD 2%
3 e 9 N sy
max. 3¥e
MAX.

Ye MAX—

-}4-

9 SMALL
1% MAX. [/CAP

-17-

|946MAXf-1
|

H,
3
MAX, |

a

~20-



RCA Transmitting Tubes

OUTLINES 21-29

—» 195 MAX, 2% MAX’—"‘,SSZI(}_TEBP
MTI0A T8
i
3‘/32 43/8
’ii MAX,
Ln 9’16 t4he 23/5 MAX.
-2~ -23-

-1%g MAX - SMALL
o —CAP

—] 15 MaX [-—

3,
476
MaX.

~25-

39 MIN~f<—058 + 002
", - 008

2
g, SMALL
196 MAX. [-‘_/CAP f
|
1]
4.44
a6 +108
! +08 s
473
MAX Max
st [y ‘ '
Y 50 212 ' ~+
alyg [ | . 60 £.92 *
ot MAX = l 70
. |- -4 4 30 TRt
Va* 1 Il m} 4440 MIN. il Y,
Tora” 720 f - | e
U I MAX. DI R —] Vhe3s wax
I h—— 206 | DIA, DAL J
MAX.Dia. - 256 MAX.DIA, -—
-27- ~28-~ -29~

# Zone where condensed-mercury temperature should be measured,
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Ouilines

OUTLINES 30-38

2Ye MAx.-—1

BN
3
4% 3
4%,
th ST max. |
3 s
5%2 A
MAX. MAX
~3l-

2 Vg MAX. SMALL
j/CAP

2235 MaX, ]
_33_

P2 Y, MAX."——, {J/z %
125

0000000

L1V

-36~

3
6%y
MAX.

)
sTi6 a 1/32
* 732
5%,
MAX,
L p
L BASEY
~-34~

r_zu/m MAX.-—h1 {_"2’" Ve

INTERNAL

SHIELD

Ly

1952
thy

087 |
$.008"

DIA ‘ ¥

q

¥

* §pecial Button Giant 5-pin base.
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2V MAx.--1

st [ a3,
MAX,
%
MAX.

5
3 S
3“4y
MAX,
i r
———————1 |
[
APPROX. l
Yoy
708
: I MAX,
2%, Max. — ] I—'%z I
MAX,
_35-
[2Y1g MAX-2 MEDIUM
[~ CAP
Tie 525 -
' 583
615
\, MAX.
q
T

-38-



Y X MEDIUM
[#2 Yie Ma Pt

-39~

b/
2 Mg MAX=™ e
|~ cap

6'Yaz
MAX,
sTI9
s '
£9,
q
Ul L
-42-
2% MAx.—.?_MEC%ng
i
sTig 57
A
6'%g
MAX,
0+

-45-

* Zone where condensed-mercury temperature should be measured.

RCA Transmitting Tubes

OUTLINES 39-47
o 3%, MAX.—-I

'L JUAT

2 235, MAX—»
~40-~

2 Yg MAX-

MEDIUM
_ " CAP

5%
t3g
6%
MAX
o l/4 *
-43-

U %

-46-
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2k Max.
MEDIUM DIA.
CAP e -
3
6%,
MAX.
- 41~
2 Yg MAX—> MEDIUM
16 |~ cap
6%
sTio MAX.
25
5%,
t 5/32
o
‘=44~
2l MAX—  oose
o3 +0.002 ~0.00¢
Mt | /7 Dia.
7
P
L3
MIN.
6 1 |/ Py
s21 X,
57
Yy
g
~q7-

Ouilines

MEDIUM
l= 1% Max o

I

-48-

Me~2 Y MA)j‘”Sg:‘%L

MAX.

-5i~

OUTLINES 48-53

F—2%6 MaX— e o
— CAP
-
6%
2,
T20 @
7Y
MAX.
3 (
o
— X
-49-
Fe-2 S4g Max—=
Tis
77
MAX.
~52=
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2% MAX=| MEDIM
=

Y8 |

A
A
)i
¥
Yo *
U t
_54_

RCA Transmitting Tubes

OUTLINES 54-58

SKIRTED
(2 % MAX.->‘ MEDIUM
P —cap
i,
87
MERIUM T20 ’2
CaP A
s

)
2 tl4e

2% 15,
2%,

-55-

5—]2‘0 MAX,

.587 £.003
2 TERMINALS

s
-2 Y MAX. | MEDIUM
~cap
8,
MAX.
T8 73,
ab”
by ®
-56-
1 e
[\t ey
a2
2 S
856

49
32
MAX. 2%
ts/lo
T 2
2%
8y, MAX.
MAX, GT 30 BULB
WITH Ti8 ARM "
¥,
78 437 1.003
2 TERMINAL S Sp===y
°
wg‘ '%,um.t 375 £.004
l’”]f Maxo x| £ TO FLAT
2pth
olg MAX. j ' 0% %™
57w 58~

* Zone where condensed-mercury temperature should be measured.
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Ouilines

D)
pe—2 %¢ MAX:-DI MEDIUM
-~ CAP

T20 8%

1RVR1 I

)
oY,

MAX.

OUTLINES 59-63

2 Y, max, MEDIUM
| —CAP

SKIRTED MEDIIM
CAP

-60~-
8%y
3,
0%
MAX.

84 MAX.

-62=

* Zone where condensed-mercury temperature shauld be measured.
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-2 Y MAX.—»
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le— 2% max.

MEDIUM
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+
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— RCA Transmitting Tubes Qutlines

OUTLINES 64-6
4-67 OUTLINES 68-73

fe— 2% MAX.—s{ MEDIUM te—3 Yg max. MEDIUM
mCAP — CAP
P 187 MAX
+002 s "
—»Wr.zso 2002 pia, ™
233 ¥ 4 3
020 320 | |00 & 2502.003 Dia,
= ¢ 202 %320 MAX,
+ 00!
10'3/ 415 MAX,
32 .
MAX, L3
3", .320 MIN, — 250 ¢ .00,
° '/4 R Ak 24092
"
0%, [ K2 I .220£.020 IS £.040 AT TIPS
" -250 L30L via- ”i”':ono MAX 0K +.002-.00 DIA: OF Pins
% 2 HEATER PINS ’ ’ 2 MEATER Pins
020 +.002 —.005 DIA, 7] =18 £ 020 (AT TIPS}
-68- -69-
O W F T

] - - 1 —-Pl r—,230 MAX ‘}7&230 MAX,

q
, *
4
' > 250 2.003
U U U U B8 13 y eI)o_' [<-2502.005
S X ] X
—t 202 855 687 MAX 2087 MIN. P 400 MAX.
M | soze - 032 MAx. | % 687 MAX.
1569 _%—_q £603 w670 | T3] o %2
-64- ~es- : S
785 .580 8i20 2,005 800 T = 812
2015 MIN. “ £025 400 K +.005
-% le-.250 £.008 MIN. ADO MAX.
' 14 =+ |*~250 £.005
336 MAX LARGE 3% MAX MM 2202.020 1 2252550
. ‘/ el 029 '?)4\: rTeAx = depe 2040 a7 i
0204 e 115 £.040 AT
: PReATR PN TIPS OF PINS 920,000 o1 TIPS OF PINS
s
~70- -7i-
1010 MAX. ~_~
o - —_
s %6 420
1054 815 MAX, £00
2908015 —~ 230 piax: |
= 212 MAX.
1 g 1 ’ P k-
MAX, 00 .250 %.005" DiA; A
+020
el 812 £.005 DIA: Fcon 008 g
° i
550 687" MAX. DIA~> o ¥ azs Lo 3125
£025 N e [553 MAX. x . ¥ MAK
¢ .490
P o200 M L] R.8121.004 1031 £.008 DiA: £.015
84 ’
T 5% %0 00 MAX. 1390
f Vo MR be—.250 +.003 [ . | 0%
R l 1312 MAX. DA~ UUU — ¥
Ul . UL _ Ty
280 TIPS OF PINS w002
6.8%8 020 8% Dia. -
~-66- -67~ ) ~72~ 2 HEATER PINS -73-

* Zone where condensed-mercury temperature should be measured.
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RCA Transmitting Tubes

OUTLINES 74-76 ,

425" MAX. 3
FREQUENCY o

¥ MAX,
ADJUSTMENT 404
SCREW +Q OUYPUY TERMINAL
161" 003" DIA.

s=—305"% 010"
i

3 328"
200" MIN. 'MIN.
425" 425"
o o Y\
—270" MAX.
- 1" MAX,
—*{f-040"+ 001" DIA}CO‘X'AL
le—305"+ 010" j[157E °°5 DIA. | TERMINAL
100" g & 28 | ]-—305 00" o,
MAX. 020" £.002" T —‘r
| | 2 REATER TERMINALS 2" MIN. ?F’.
CATHODE TAB~ . ¢ ¥
010" x 100" * .27 INSULATOR
173" } FREQUENCY
MAX. ADJUSTMENT
-74- SCREWS (2)
G 797"
;378 865"+ 015" DIA, £.0I0"
(NOTE 1) NOTE 1) i
‘ 'I
‘ .325" MAX. DIA.
T N . GLASS BUTTON
.5 ]
175%  MAX MAX, B
150" 020" 2992, pia,

.
F-598+ oA~

L]
HEATER, HEATER
CATHODE LEAD

~-75-

EXHAUST-TIP COVER ___ )
{MAKE NO CONNECTION)

PLATE TERMINAL
CONTACT SURFACE

728" DIA.
GRID-No.2 TERMINAL
CONTACT SURFACE

GRID=No.] TERMINAL

CONTACT SURFACE

B

1165°
+.030"
v €667
et +.015"
, 4 '
i - 195" oogw
i ¥ 20R" 015"

o max—t 1507 Wit

X k
HEATE.:? 7 A l.l_l
ML L 073" MIN.

INAL 318"
CONTACT SURFACE Dia,
1—5‘6: DA
HEATER TERMINAL -92%
CONTACT SURFACE 073" MIN:
STIPPLED REGION NOTE 2
i CERAMIC
_76_

CENTERING PIN

026" MAX. DIA.

Ouilines

* Applies to tvpes 6562 and 6562/5794A only. Type 5794 does not have cathode tab and length of
heater terminal is only 0.200”" = 0.040".
NOTE 1: Stippled region (which extends around tube) indicates recommended clamping and contact

area.

NOTE 2: Keep stippled regions clear; do not allow contacts or circuit eomponents to protrude into

these annular volumes.
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OUTLINES 77-80

r 895,. DIA.
i T
CONDUCTION T 1.885" CERAMIC
LINDI " 885,
780 +.070 STIPPLED
MIN. - 08 REGION
TERMINAL
ONTACT
CORFACE .
T
NOTE t 0" MIN, 183?';:
104!
GRID=No.2 TERMINAL™> '4’895..D|A
CONTACT SURFACE L
1.0
S oA .
00" MIN, ko
4 = 5 : 13167 AIR-COOLED
obs" GR’!D—NoI’ osa™ | L \'HE”ER KALHOPE e
+.025 Tc%mch'%'L MIN. ] ;‘ ’Sgoe" DIA. CoNTACY SURFACE
" wl -
SURFACE 070" MAX ™ fove |
HEATER TERMINAL vaes
CONTACT SURFAGE +.070"
» 035" MIN. -080
—77- -200" Mig. 3 FF‘OSO' MIN,
PLATE Ty
TERMINAL +T
CONTACT - f
GRID~No,2 TERMINAL r N
.1.085 1038
CONTACT SURFACE —>f DIA, 045"
120" ¥
MlN. fﬁ?
735« DIA. 3785%
— £.03
1 100" MIN, ‘ l095" MIN. iy
_% . | J ] \H_EA;ER CATHODE
A SRID-No.| . CONTACT SURFACE
cs%%}ﬁgg NoTe ! 260" MAX. DIA
o 1400"+ 015" DiA. — MEATER TERMINAL
CONTACT SURFACE
RADIATOR ——_ T T
1.850" ~78~
1.065"
P
220" Finy
MINC, )
. 2.196"
PLATE TERMINAL———f MAX.
125" MAX. = ol
DIA. 0
) PLATE TERMINAL
GRID=N0.2 TERMINAL-
CONTAGT SURFACE \ SMALL cap
Y PLATE CORE ~
TEMPERATURE

1.426" £ O10" olA.—-I

-79-

GRID-No,2 TERMINAL
CONTACT SURFACE

MEASUREMENT POINT
/

NOTE 1: Keep stippled regions clear; do not allow contaets or circuit components to protrude into
these annular volumes.
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Ouilines

— RCA Transmitting Tubes

OUTLINES 83-84

OUTLINES 81-82 je———1,625" £ .0I5" DIA.——»f
568"
+.008"
-.009"
l DIA.
PLATE TERMINAL—._&~——1.625" £.015" DIA,———> m
SMALL CAP 285" :.'3'255~
— 1.9207 T
RADIATOR CORE !
TEMPERATURE . ﬁ‘ 4.065 . ) le—— RADIATOR
MEASURE MENT .750*% ANODE FLATE
POINT \86" £.040
86 .
750"
£.040 x —
PLATE TERMINAL——%] %l'lzl?(. ‘ [ 1.406” MAX. DIA,
l 185, 3 GRID-No.2 TERMINAL
"251;1 pAX.-- e — T Make O CONNECTION
; HI ION
GRID—No.2 TERMINAL o 58 f———————
CONTACT SURFACE -300] 1 e k )
3y 020 | T oot i [ 1 | 08T MIN. 456" MAX.
Q80" - . 3
| l MIN. GRID-No,I TERMINAL" \" ¥ t
30° .088", 031"
|| | #0620

260" £.005" DIA:

1.426" £ OO" om‘ﬁrl

——» —.082"+.004"

BT CERAMIC
C STIPPLED [EZ3 CERAMIC |
REGION
NOTE 1 -8~
- -—1625" £ .015” DIA,———»]
A :
¥ « DIA.
| h— RADIATOR
250" PLATE 8 PINS
s TERMINAL 40037 o
1780" -.005 .
£.070"
e B3
[ fe— 1 B, max. Dia.
780",
030
080" | .GRID=No.2 TERMINAL
: i 3 JW s - MAKE NO CONNECTION
6 e r TO THIS SURFACE

i
Y v e
1" max. . _
s34 4 . 005" MIN. R- [l 3 MIN.
£020" o 3 . AR=COOLED
i T 360" MIN; i ') 456" MAX RADJATOR ———— -
" L3IV 088" £ .020" :
e < “ GRID-No.| TERMINAL PLATE CoRe———
.260" £.005" Oh——>  p—— o
- . PLATE_ TERMINAL
\303" £.005 " CONTACT SURFACE
1.80"
hes DIA.—-‘

GRIO~Ng.2 TERMINAL
CONTACT SURFACE

GRID—No.] TERMINAL —— |~
CONTACT SURFACE

HEATER = CATHODE =~

L
CONTACT SURFACE
“\_HEATER_TERMINAL

&7 bia CONTACT SURFACE
1.02% pa.
STIPPLED REGION 99"
NOTE | |82%
858 CERAMIC M }3g~ PIA.
“ ~84e
-e2- 184 on. 84
NOTE 1: Keep stippled regions clear; do not allow contacts or circuit components to protrude into NOTE 1: Keep stippled regions clear; do not allow contacts or circuit comp ‘nents to protrude intu
these annular volumes. - these annular volumes. Diameters of stippled area above air-cooled radiator, plate-terminal contact
surface, and grid-No.2 terminal contact surface shall not be greater than its associated diameter.

286 287



RCA Transmitting Tubes
OUTLINES 85-87

1 K RADIATOR
i B¢ 1 f
:045 o i
IlS7"t 012" DIA—>

¥ b

] 0 365" MIN, L/SZ

23 PLATE

MAX. l L FLANGE

s [ " o 200

L,.._'3/|6 " pia.

=
187" MIN, 6
X = 1 ——660" £ .008" DIA.
53" T
+.0i8” &?3'_ .341" ; ﬂ : 285" MIN.
ey N
rd—-—l /4 E3 /64 DJA‘—-'I
+ = -

. 34; RADIATOR .320" & ooe
MAX. 796" _— 2'8" 0 008"

e =

$.030"

)"
g MIN.
l(NOTE n]_aﬂij_,::w PLATE TERMINAL

X i
MARE S |

-85-

PLATE _TERMINAL
CONTACT SURFACE

o3 1187" £ 007" DIA.
—> 1030" ¢ 008" DIA.
960" — — 765" MAX. DIA.
+012 — j«— 784"+ .008" DIA.
I " »
309" 660" £.005" t_ L 077"+ .008
3020 DIA. —GRID RF TERMINAL
545" MAX.
%
X 086" |t
341" MIN. MAX . |}
F U -2+ 005" oia.
~86- —  k—320":.008" DA,
3785 oia. —
COOLED
RADIATOR
o <
NOTE 2 Wk 1.4757
2.07
PLATE - 8950
TERMINAL 300" ) perepence
SURFACE e
3.265"
%855, oA,
1685,
+085
3.065 " A 1775"
3.000" © +085"
GRID—No.2~ )
TERMINAL 05" y
CONTACT o ¥
SURFACE -
250" ]
" Rk TR
NoTE ZS?)" DiA. TER=CA'
INDICATES CERAMIC o:_/ L
BUSHING MIN, CONTACT SURFACE
STIPPLED REGION e 1"{,129 o,
NOTE 2 HEATER -TERMINAL
CONTAGT SURFACE
-87- ggos" DI, ————>

NOTE 1: Only this flange may be used as a socket stop and clamp.
NOTE 2: Keep stippled regions clear; do not allow contacts or circuit components to protrude into
these annular volumes.
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Ouilines

OUTLINES 88-90

379"

369" DXA.———-I

AR
COOLED
RADIATOR
NOTE 4 T
.esg"
MIN. | 278}
o7
PLATE ~
s :
; = 3.24
SURFACE RN 10"
3.260" |
320" DA
NOTE | ———n; "
. 2
3.0607 om.—:&’?' : ; y
Gfié)-l-?\lo.Z- et ; ¥ 3T Ll
TERMINAL" |0 H‘/L‘ 4 ¥ +.03" .46"+.03
CONTACT 10 2258 -
SURFACE N. [_Ix
REFEREN
sl?s"_.., 3 a L 115" MIN, LINE ce
NOTE l—/ 7250 oA, 200" & 025"
200" 695"
MIN. GRID=No.! TERMINAL
’77‘73‘. olA. —»\ CONTACT SURFACE
23577 HEATER ~ CATHODE =
< 2307+ A gl CONTACT SURFACE
(EZ2 INDICATES CERAMIC
BUSHING HEATER ~TERMINAL

£ZT3 STIPFLED REGION
NOTE )

Lo "
e— 1l x Y D18, —n

- 88~

RADIATOR—»

1.800°%
1.740" o>

-~

PLATE TERMINAL _/
CONTACT SURFAGE

Ve Vs
‘fg—ir

le—1.560" MAX.
DiA.

GRID TERMINAL oo . 2".5
CONTACT suRFAce——-_I fe,
1.395" 16
1368+ D1A-— =
" 3 el
ke max= 4 x4
C‘ATHODE AND Ll
i -
AER [ —TH
TEONTACT SURRACE , 3850 o,
wearer termmaL [ | ——.200" MiN. DIA.
CONTACT SURFAGE ™| 9807 o,
% MAx.__l
DI,

.
3%

3
3o

JIN VAR
1’/2' %
A [
x Y * %
4 .
T —— -~ “%e_
1" l'/éu &%
‘s 3 "
MIN, + %,
s, u "
h 3 I 71
i T |
G .
.J__ 1Y e,
e Y
M. N y

CONTACT SURFACE

566" ==
+.007"
DIA

[e— 2.000"+.020"DIA.

L—Rmmon
)

—T—L——sz G FF

2.375"% 010" OIA
"

! «90=-

]

le——— 2% max.omn, ——s)

4 PINS
3137 008" OIA.

NOTE 1: Keep stippled regions clear; do not allow contacts or circuit components to protrude into
these annular volumes,
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Ouilines

RCA Transmitting Tubes

OUTLINES 91-92

[~ 2.056" £ .006" Dia—>
— —— 773"+ 007" DIA.
bR, ——.125"+ 004" DIA.
CATHODE-HEATER~ | /32 -
TERMINAL (NOTE 3N -
——HEATER
TERMINAL
< G (NOTE 2)
. 1.572°,
£.238 T . 872",
HAX. 975" 4 - B 5 M 0P
MIN. 637 | NoTES S8 6)
‘ MAX. | |
¥ 1 *~— GRID
T(E%’?'EN ll‘)L 25, "
040" 42
£.010 2%,
RADIATOR | 258
{ . os
%y 1%
1"-14 N.E_CLASS 2 MIN g b
THREAD l
025" MIN. S .
(NOTES 4 & 6) ol o — % max. oA, —9l-
+ 0l A -
L
5"% #, DIA.———————>f
l I LN
AIR~COOLED “s ‘ | i ‘ ‘ 3/T
RADIATOR it ! | 32,
i | | %y
e WAL -5,
rLaE e
- 2n DAL S5 e . MAX.
4285 L [ £06" |
PLATE gy I L
CONTACT { e— 74
SURFACE 3526 wax ' 9" MAX,
e L | W ant | ey
CONTACT the 2% 4
SURFACE 3.40" L L
3.365"»i 7 * g 8
BiA. =
TERMINAL 3.26" Max.DIA. "
CONTACT al
SURFACE *
L
. +
DA, fo
CATHODE i
?é*n‘»ﬁﬂ%’i "
o
ovacr Lo i V\J RO :
i x
- BEVELED NQT T0 _,J L\ HEATER TERMINAL
EXCEED ¢’ oas ~ g6
120" DA, -92-

NOTE

plate radiator is 0.040", measured within 1/32’/ of the bottom of the radiator.

NOTE 2: Maximum eccentricity of the axis of the heater terminal with respeet to the axis of the

cathode-heater terminal is 0.0207.

NOTE 3: Maximum ececentrieity of the axis of the cathode-heater terminal with respect to the axis of

the grid-terminal flange is 0.020"/,

NOTE 4: Surface of annular area indicated by “A’ on bottom of radiator is in the same plane within
0.005”, as determined by a gauge 1/16” wide and 0.005" thick. This gauge will not enter more than

1/16" with the bottom of the radiator resting on a flat plate.

NOTE 5:

within 0.008”, as determined by the gauge method described in Note 4.

NOTE 6: Surface of annular area indieated by ‘““A’” on bottom of radiator is parallel within 0.030" te

the surface of the annular area indicated by “B”’ on the grid-terminal flange.
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1: Maximum eccentricity of the axis of the grid-terminal flange with respect to the asis of the

Surface of annular area indicated by *“B’”’ on the grid-terminal flange is in the same plane

OUTLINES 93-94

Al
FILAMENT LEAOS /
ARE DENTIFIED ~—-—_ |
FILBAYMLE\“T“FS“E(&ES "~
L
B!
GRID No.2—/\\/

GRID=No.} LEADS .
Ags 'ADE.-"éE'%EE_/ ExHAUST TUB? 4—-.5‘.50 MAX, DIA.
GRID SEALS CAP—MAKE_NO oo max.
CONNECTION~.___|
2 HOLES
No.27, DRILL—~ oo
144" DIA. 582 e N,
3l - o
.
MIN. " 3%
. . .8
| . 1 '5/|6 MAX thy
BlA
" "
g A : RADIATOR %,
3 :
g [ e 372 g o £,
1%
!
Y
=6 =z
L S == v
s's ;
e RADIATOR f
e "
the Max. -
{
i,
2%
MAX.
3
3 MIN. 2 e,
x_ % 27
m 1—
T e 1 s MAX.
OtA L L

455 ¢ g DIA, —— >

~-93-

281

T\ﬁL__- AI0" MAX. DIA.

75"+ 005" DIA.
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LIST OF CIRCUITS

RCA Transmitting Tubes

Variable-Frequency Oscillator (2.5-4.0 Mc)
Variable-Frequency Oscillator (8.0-8.6 Mec)
Crystal Oscillator for Fundamental Output

Crystal Oscillator for Harmonie Qutput
175-Mc Amplifier, Doubler, or Tripler

'Triode Amplifier, Class C Telegraphy Service
Beam-Power-Tube Amplifier, Class C Telegraphy Service
Push-Pull Triode Amplifier, Class C Plate-Modulated Service

Push-Pull Beam-Power-Tube Amplifier,
Class C Plate-Modulated Service

Class B Push-Pull Triode Modulator (5690 watts)

Class B Modulator with Type 807 in

Circuit No.

........................... 5-1
........................... 5-2

........................... 5-3

.............................. 5-4

Special Triode Connection (120 watts)

Class AB,, Push-Pull Modulator (109 watts)
Class B Linear RF Amplifier for Single-Sideband

50-Mec¢ Transmitter (120 watts)
Single-Sideband Exciter (filter type)

144-148 Mec Transmitter for Mobile Operation
Five-Band 10-80 Meter Transmitter (90 watts)
Typical Coaxial Cavity for Beam Power Tube 7650
462-Megacycle Transmitter for Fixed or Mobile Operation

Transmitter Power-Supply Cirecuit

Oscillator for Dielectric Heating (27 Mc)

Oscillator for Induction Heating (450 k

VHTF Oscillator for Dielectric Heating (160 Mc)

c)
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Circuits

The circuits presented in the fol-
lowing pages have been included in this
Manual primarily toillustrate the use of
generictubetypesin diversified transmit-
ting and industrial applications. These
circuits have been conservatively de-
signed and are capable of excellent per-
formance. Several of these circuits,
namely 5-13, 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 circuit in combination with por-
tions of other circuits to obtain a design
meeting specific requirements. In gen-
eral, almost any circuit shown using
a triode, beam power tube, or pentode
type is equally suitable for any other
tube type in the same generic group,
provided the necessary revisions are
made to meet the ratings of the tube
used.

Electrical specifications are given
for the circuit components to assist those
interested in home construction. Lay-
outs and mechanical details are omitted
because they vary widely with the re-
quirements of individual set builders
and with the sizes and shapes of the
components employed.

The results that may be expected
by those undertaking construction of
any of these circuits depend as much on
the quality of the components selected

and on the care employed in layout,
construction, and adjustment as on the
cireuits themselves,

The voltage ratings specified for
capacitors are the minimum de working
voltages required. Where paper, mica,
or ceramic capacitors are called for, there
is no objection to using capacitors hav-
ing higher voltage ratings than these
specified, except insofar as the physical
sizes of such capacitors may affect equip-
ment layout. However, if electrolytic
capacitors having substantially higher
voltage ratings than those specified are
used, they may not “form” completely
at the voltages present in these circuits,
with the result that the effective capaci-
tances of such units may be below their
rated values. The wattage ratings speci-
fied for resistors assume methods of con-
struction that provide adequate ventila-
tion; compact installations having poor
ventilation may require resistors of
higher wattage ratings.

Information on the characteristics
and application features of each tube
will be found in the Tube Types— Tech-
nical Data Section of this Manual, or,
for the receiving-type tubes, in the Tube
Types—Technical Data Section of the
RCA RECEIVING TUBE MANUAL.
This information, as well as the material
in the early sections of this Manual on
installation, application, and operation
of power and rectifier tubes, will prove
of assistance in understanding and uti-
lizing the circuits
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(3-1)

RCA Transmitting Tubes

VARIABLE-FREQUENCY OSCILLATOR

Frequency 3.5 to 4.0 Mc (80 meters)

Output 3 watts (approx.)

Circuits

(5-2)
VARIABLE-FREQUENCY OSCILLATOR
Frequency 8.0 to 8.6 Mc  Output 150 volts peak (Approx.) at 16-17.2 Mc

OUTPUT

ey (2t

]

77
N
s

X
Co C3 l S
126 V. +250 V.
92CS-1719

1TYPE TYPE
6AG7 1/C10 6AG7
"'5 L7 Lg .
s @@E o
b=
S = IMPEDANCE
C27g CRYSTAL
JACKS
+75V +180V T
E nryv
AC

C1=220 puif, ceramic, zero tem-
perature coefficient

C2=0.5-20 puf, variable, air gap
0.0245 inch, double-bearing
Hammarlund MC-20-8 or
equivalent

C3=4.5-25 pupl, trimmer, ceramice,

Cs C:=0.001 uf, disk ccramic,
600 v

C3s=2.8-14.2 puf, variable, min-
iature, air gap 0.017 inch,
Johnson 160-107 orequivalent

Co=100 puf, disk ceramic, 600 v.

L:=32 turns of No. 24 Enamn.

L:=RF choke, 750 zh

L:=26 turns of No. 28 Enam.
on ¥{-inch diameter ceramic
form, winding length 3¢-inch;
form, CTC PLS6-2C4L or
equivalent; tuned with pow-
dered-iron slug

Ra La
2 s ‘@_—_ c:z:[
— TYPE TYPE =

Cy1=15 ppf, ceramic, zero
temperature coefficient
C2=100 ppf, ceramic, negative
temperature coefficient
0 PPM

Cs=6-75 upf, trimmer, air gap
0.015 inch, Hammarlund
APC-75 or equivalent

C4=10-T5 uuf, trimmer, air gap
0.060 inch, Bud GE-2014 or

ivalent

Cs 3—0 .001 puf, silver mica,

Cv==100 ppf, silver miea, 500 v.

Cs Cs Cn Ci3 Cu=0.01 4f, disk
ceramic, 600 v.

C1o=15 ppf, silver mica, 500 v.

C12=20 uf electrolytlc 450 v,

C1s C16=38-80 puf, trimmer, mica

J:—Closed—c)rc\ut jack Yor key

Ja=Coaxial receptacle for P

L1=28 turns of No. 18 Enam.
spaced over 235 inches on
134-inch diameter ceramie
form, National XR-13 or
equivalent

L Ls=2.6 mh, 125 ma, rf choke

Ls=8 henries, 80 ma, choke

Ls=No. 26 Enam., close wound
for 18/16 inch on 1-5/16-
inch diameter (B & W Mini-
ductor 3016 or equivalent
may be used)

Tg=3 tums No. 18 hookup wire
wound on Ls at “cold” end
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L7=56 turns No. 26 Enam.ran-
dom wound for approx. 34
inch on 1 l,s-mch—dxamete
coil form

Ls=3 turns No. 18 hookup wire
wound over “ground’”’ end

of Ls
P=Coaxial plug for J2
Ri1 Rz=100000 ohms, 0.6 watt
R2=27000 ohms, 0.5 watt
R4=2000 ohms, 10 watts
R;=100 ohms, 0.5 watt
Rs=15000 ohms, 1 watt
T=Power transformer;
360-0-350 volts rms, 90 ma;
5 volts rms, 2 amperes; 6.3
volts rms, 8.5 amperes

zero temperature coefficient

on Y4-inch diameter cecramic  R1=68 ohms, 0.6 watt, carbon
Centralabh 822-AZ or equiva-

form, winding length 11/16 R:=47000 ohms, 0.5 walt,

lent inch; form, CTC PLS7-2C4L carbon .
C4 Co=390 ppf, silver mica, zero or equivaslent; tuned with R3=5000 ohms, 10 watts, wire-
temperature coefficient powdered-iron slug wound

NOTE: Capacitor C2 tunecs from 8.0 to 8.6 Mc to permit frequency multiplication for both 6-mecter
and 2-meter transmitters. The tuned circuit L; and Cs provides an rf output at twice the VFO [roe-
guency. For an output at 8.0 to 8.6 Me, replace L with 2.5-mh rf choke and eliminate Cs.

(5-3)
CRYSTAL OSCILLATOR FOR FUNDAMENTAL OUTPUT

c3“ MULTIBLIER

TYPE 5763 [, OR BUFFER
OR 6417

Ll

+250 V
40 MA (APPROX.)

XE2(F) R

n7v AC

C1 C4=0.005 uf, mica, 600 v. be in range of 10 to 100 uuf),
Cae=1.0 uuf per meter (approxi- 600 v.
mate value for resonance at Cs-—3«‘<I0 i air padder. (Nor-
frequency f), variable, air gap mally omitted. Use only if it
0.015 inch is desired to vary operating
C3=>50 uul (approx.), mica (may frequency slightly from
crystal frequency)
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L=Tune to fundamenta

frequency f with C:
R1=27000 ohms, 0.5 watt
R2=47000 ohms, 0.5 watt
T =Filament transformer
X =Crystal



— RCA Transmitting Tubes

(5-4)

CRYSTAL OSCILLATOR FOR HARMONIC OUTPUT

TYPE 5763
OR 6417

o]
Y
i

C1=8-35 puf, air trimmer

=200 puf, silver mica, 500 v.

Cs C5=0.01 uf, disk ceramic,
600 v.

Cs=1.5 upf per meter (approxi-
mate value for resonance at

.

Ltz L3
5 ouTPUT
7 126, 3F, or 46

7

Y|
Y]y |
L = T

T

o]
7v AC 250V
40 MA
(APPROX.)

frequency 2f, 8f, or 4f),
variable air gap 0.028 inch
Li=2.5 mh, rf choke
L:=Tune to harmonic
frequency 2f, 8f, or 4f with
Cs (See note)

Lis=2-turn link at rf ground
end of La

Ri=100000 ohms, 0.8 watt

R2=22000 ohms, 0.5 watt

T=Filament transformer.

X =Crystal

NOTE: For tank-coil design information, refer to Parallet-Tuned Tank Circuits in the Power-Tube Czrcuzt-

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

RF
INPUT
)

Cy Co=T7-45 ppf, trimmer, disk
ceramic; for doubler C;=4-30
puf disk ceramic

Co Cs C5 Cy=1000 uuf, feed-
through, silver mica

C3 Cs=1000 ppf, silver mica

Cs=3.6-15 uuf, variable, air gap
0.045 inch, Hammarlund HF-
15-X or vquwalent

Eb=300 v. for amplifier; 250 v.
for doubler; 200 v. for tripler

Ee¢j=-42 v. for amplifier; -53 v.
for doubler; -90 v. for tripler

Ec:=200v. foramplifier, doubler
and tripler

Fif=12-13 v. for 7551; 6.8 v. for
7568
{==175 Me for amplifier, 87.5 Mc¢
- for doubler, 58.5 Mc for iripler
Li=2 turns of No. 18 Enam.
wound on l4-inch diameter
form, close wound
La=5 turns centertapped foram-
plifier, 7 turns center tapped
for doubler, 8 turns center
tapped for tripler; No. 18
Enam. wound on Y4-inch di-
ameter form, close wound
Lz Li=RF choke, 1.8 xh, 1000
ma, 80-200 Mc¢, Ohmite Z-144
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OUTPUT
(f, 21, 3¢ )

or equivalent; for doubler and
tripler L3=7.0 gxh, 1000 ma,
35 -110 Mec, Ohmite Z-50 or
equivalent

L;=4 turns center tapped No.
18 Enam. wound on Y4-inch
diameter form, close wound

Ly=38 turns of No. 18 Enam.
wound on !4-inch diameter
form, close wound

R1=22000 ohms, 0.5 watt for
amplifier; 47000 ohms, 0.5
watt for doubler; 68000 ochms,
0.5 watt for tripler

Circuits

(5-6)
TRIODE AMPLIFIER
Class C Telegraphy Service

TYPE 8000

“2500V7*
300 MA

C1=0.0005 uf, mica, 1500 v.
Ca Ca C4 C5=0.002 pf, mica,

Cs Ca—O 002 uf, miea, 5000 v.
C7=5-10 upf, neutralizing L1=2.5 mh, 100 ma, rf choke
capacitor, air gap 0.3 inch Lz=1 mh, 600 ma, tf choke
min Ls=Tune to frequency f with Cg
L4=2-turn link at center of Ls

M;=Milliammeter, 0-100 ma, dc

Ma= 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.

Cs=0.75 puf per meter per
section (approximate value
for resonance at frequency f)

F=Fuse, 0.5 amp

Keying Circuit: Because this circuit i3 at a high de voltage, a relay-type circuit should be used for keying,

(5-7)
BEAM POWER TUBE AMPLIFIER

Class C Telegraphy Service -

CTYPE
f.b s

RF
QUTPUT

() -
o;'
7
ON\r

)

"7 VvAC

630V
200 MA (APPROX)

60 Mec use lowest value which
will permit tuning over de-
sired range), air gap 0.075

M= Milliammeter, 0-10 ma, de
M= Milliammeter, 0-200 ma, do
R1=5100 ohms, 1 watt

R2=390 ohms, 10 watts

C1=4-50 uuf, trimmer, air gap
0.015 inch

C2C3Cy=0.01, disk ceramie,
600 inch min.

V.
Cs=0.005 nf, mica, 1500 v. F=Fuse, 0.25 amp R3=15000 ochms, 10 walls
Ce=2 uuf per meter (approx- Li=2.5mh, rf choke R1=25000 ohms, 20 wallx
mate value, including tube Loy=Tune tofrequency f with Cs  T=Filament transformer,
output capacitance, for reso- Lj=2-turn link at rf ground end 6.3 v, 1.25amp
nance. For opecration above of Lz
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— RCA Transmitting Tubes

(5-8)

PUSH-PULL TRIODE AMPLIFIER
Class C Plate-Modulated Service

TYPE 812-A

7V AC

Ci Cs Ce=0.005 pf, mica, 600 v.

C2=2 puf 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
NC-75 or equivalent

C7=0.002 uf, mica, 5000 v.

T6

=7 1250V

Cs==1.5 uuf per meter per section
(approximate value for reso-
nance at frequency f), air gap
0.170 inch min.

F=Fuse, 0.5 amp

La=38-turn link at center of Ls

Lo=Thune to frequency f with C:

Li3=2.5 mh, 500 ma, rf choke

Li=Tune to frequency f with Cs

298

4460
OHMS
L

280 MA

T2
FROM |
% MODULATOR
e

1:=38-turn link at center of I
M= Milliammeter, (-150 ma, de¢
M= Milliammeter, 0-500 ma, dc
R=1650 ohms, 20 watts
T1=Filament transformer,

6.3 v., 8 amp
T2=Modulation transformer,

125 watts audio level

Circuits

(5-9)

PUSH-PULL BEAM POWER TUBE AMPLIFIER
Class C Plate-Modulated Service

La

Ls

RF
OUTPUT
o )

C1=0.005 pf, mica, 600 v.

Co=2 puf per meter per section
(approximate value for reso-
nance at {requency f), air gap
0.030 inch min.

C3 C4=0.002 pnf, mica, 500 v.

Cs Co=:0.003 pf, mica, 5000 v.
7=1.b uuf per meter per section
(approximate value for reso-
nance at frequency f), air gap

0.175 inch min.
Cs=0.002 pf, mica, 6000 v.

Co=4 uf, electrolytic, 600 v,

F=Fuse, 1 amp

Li=38-turn link at center of Lo
L:=Tune to frequency f with Cz
L3=6 henries, 160 ma, choke
Ls=1 mh, 600 ma, rf choke,
Ls=Tune to frequency { with Cz
Le=3-turn link at center of Ls
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L—c—a)l— T2
T

FROM
OHMS MODULATOR
i -

+2000V
400 MA

M= Milliammeter, 0-800 ma, dc
M= Milliammeter, 0-50 ma, dc
R=4000 ohms, adjustable,
wire-wound, 26 watts
Ti=Filament transformer,
10 v., 10 amp .
Ty=Modulation transformer,
150 watts audio level



— RCA Transmitting Tubes

(5-10) ,
CLASS B PUSH-PULL TRIODE MODULATOR

Power Output 590 Watts (Approx.)

T T3

AF
OUTPUT

- +

50V
(NOTE 1)

20
420 MA (MAX, SIG)

primary to one-half secondary

1.5 to 1 (Note 2)
Ty=Filament trausformer,

10 v., 9 amp, center-tapped

Ti=Modulation transformer,
load impedance 11000 ohms
plate-to-plate; turns ratio
depends on modulating im-
pedance of modulated stage

NOTES: 1, This voltage should be obtained from a low-impedance source such as a battery or a power

supply having a minimum bleeder current of 100 ma and a minimum filter output capacitance of 150 pf.

2. As the driver for this modulator stage, a circuit having a low output impedance and an output of

approximately 25 watts is recommended. For this circuit, four 2A8’s in push-pull-paralle} Class ABi,

operating with a plate voltage of 300 volts and a fixed bias voltage of -62 volts, with the indicated driver
transformer T1, may be used.

M= Milliammeter, 0-500 ma, dc

Ty=Driver Transformer, plate-
to-plate impedance 15600
ohms, turns ratio of total

(5-11) ,
CLASS B MODULATOR

WITH TYPE 807 IN SPECIAL TRIODE CONNECTION
Power Output 120 Watts (Approx.)

T2

AF
QUTPUT

£ :
+750 V

17 VAC 250 MA
Ri R:=20000 ohms, 1 watt, Stancor A4761 or equivalent turns ratio depends on modu-
carbon T:=Modulation transformer, lating impedance of modu-

T1=Driver transformer, turns audio level 120 watts lated stage
ratio of total primary to (approx.), primary 6650 ohms Ts;=Filament transformer,
one-half secondary 1:1.25; (approx.), center-tapped; 6.3 volts rms, 1.8 amp
NOTE: As the driver for this modulator stage, a circuit having a low output impedance and an output
of approximately 10 watts is recommended. For this circuit, with the indicated driver transformer T,
two 2A8’s in push-pull Class AB: operating with a plate voltage of 300 volts and a cathode-bias resistor

of 780 ohms may be used.
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Circuits

(5-12)

CLASS AB, PUSH-PULL MODULATOR
Power Output 100 Watts (Approx.)

MICROPHONE

INPUT L AAA—

(1=500 ppf, mica, 500 v.
(Ca=16 uf, miniatureelectrolytie,

12 v.
C3=25 uf, miniature electrolytie,

12 v,

C4 Cs=25 pf, clectrolytic 25 v.
C5=0.01 uf, paper, 400 v.
(:=0,002 nf, paper, 400 v.
C3CaCio=8pf,electrolytic, 450 v.
Ci1=0.5 uf, paper, 750 v.
(112=0.005 uf, mica, 1500 v.
C13=0.1 uf, paper, 760 v.
Cyiis(;/)lﬁ Cis=20 uf, electrolytie,

v.
Ch7=8 uf, electrolytic, 160 v.
CR=Silicon rectifier, type 1N-

30

e R |-Rig | SBIT
AC \ car+ Cigl pe 204
o— [+ Cie

Ts

T0
TANK CiRCUIT

OF
TRANSMITTER
FINAL
AMPLIFIER

L2

€2
TO
TRANSMITTER
PLATE-
SUPPLY

L Le=RFchoke,2.5mh, 125 ma.
M = Milliammeter, 0-100 ma, de
R1=38300 ohms, 0.5 watt
R1=220000 ohms, 0.5 watt

R3 Ryt R13=1000 ohms, 0.5 watt
R1=470 ohms, 0.5 watt
R:=Potentiometer, 0.25 meg-

ohm
Rs Ro=270000 ohms, 0.5 watt
R7=2200 ohmg, 0.5 watt
Rs=890 ohms, 1 watt
R10=22000 ohms, 1 watt
Riz R1s=47 ohms, 1 watt
R1;=1000 ohma, 1 watt
R1s=2200 ohms, 2 watts
R;7=10000 ohms, adjustable, 25
watts N
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Ti=Transistor input trangform-
er, primary 200000 ohma, sec-
ondary 1000 ohms.

Ta=Interstage transformer, sin-
gie plate to single grid, 1.8
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-47562
or equivalent

Ti=Modulation transformer,
100-115 watts, UTC 8-21 or
equivalent

T;=Filament transformer, 117
v. to 6.3 v., 1 amp



(5-13)

RCA Transmitting Tubes

CLASS B LINEAR RF AMPLIFIER FOR SINGLE SIDEBAND
Power Output 875 Watts (Approx.) Frequency 3.5-28 Mc

Cx(‘ L;(‘xcb(;c(‘m(/u(,w(/n
=0.01 uf, disk eceramic,

600 V.

C;=Neutralizing capacitor, uuf
(Approx.) air gap 0.06 inch,
Bud C¥.-2028 or equivalent

Cro (‘ '( 11=100 uf, electrolytie,

450

Cia= Hl‘ by-pass; 4—xnchlength
of coaxial cable RG-58/U
used as connecting lead with
outer shield connected to
chassis

Cie (71« (21=1000 puf, disk cer-
amic, 6000 v,

Cyr=Tuning capaeitor, 19-488
uef, air gap 0.045 inch. 2000
v., Johnson 154-3 or equiva-
lent

C1y=1500puf, sil ver mica, 2500 v.

Cui=0utput (loading) capacitor,
3-gection, 10-365 puf per sec-
tion with sections connected
in parallel.

F="Fuse, 10 amperes

I=1Indieator lamp, 6.3 v.

J=Closed-cireuit jack. For ap-
plication of 100 volts negative
standby bias

L:=RF choke, bifilar, B & W
F(C-15 or equivalent

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

Ls=5 turns of insulated hook-

- up wire wound over Lz

Lis L L; Lis=Parasiticsuppressor
choke; 7turnsof No.18 Enam,
wound on and connected
across Ry, Rs, Re, and Ra.

Ls=RF choke, 1 mh, 600 ma,
National R 154-U or equiva-
lent

Ly Liy=Pi-network inductor,
Illumitronic Pi Dux No. 195-1
or equivalent, tapped at 0.4,
0.7, 1, 2.2 and 4.5 uh, re-
gpectively for 10 to 80 meters.
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Lir wound with No. 8 wire;
Lig with 4-inch copper strap.
About half the turns from
close-wound end of coil can
be removed.

Li2=RF choke, 2.5 mh

M:; Milliammeter, 0-1000 ma,

¢

M:= Milliammeter, 0-200 mz, de

Ri R: R:=25000 ohms, 25 watts

R R; Rs Rr=389 ohms, 1 watt

8, Ss=8witch,single-pole, single-
throw

S;=Band switch, rotary, single-
pole, 5-position, heavy duty

Ti=Tilament . transformer, 6.8
v., 16 amp., Triad F-22A or
equivalent

T:=Filament transformer, 2.5
v., 10 amp., Stancor P-3024
or equivalent

Ts=Plate transformer, 1250 v.,
300 ma, Stancor PT-8313 or
equivalent.

Circuits

(5-14)

50-MEGACYCLE TRAN.SMlTTER
Power Output 120 Watis {Approx.)

OSCILLATOR
AMPLIFIER MULTIPLIER
TYPE

1287174

OOUBLER
TYPE

-—0 !
A.—o-—,—o-—f%vv—_rv«v—— Czs _I537
s2a! Rig” cml_j lc——a )L g Ca0 Ca1_
’ Lix Hewat
c:;;d: e 32 C3);3 |2§ 13 Hep [”
oy S L
A L C3g c348Ca2 BIS|
s2b 0;0 Ly ‘ZI,_)OB?Q Crid e,
30 5cas] +30070 B+ OB+
30V TO 50070
6.3V MOD. 600V
METER  AC

=10 ppf, mxca aOOv
5 Us C3 Cpo G, C

Cic Gy Cas (‘»> C
Ca Ca1 Caz :
ppf, disk ceramle 1000 V.

Cs=100 puf, mica, 500 v.

Cy C25=38.7-52 uuf variable, air
gap 0,015 inch, Hammarlund
HF-50 or eqmvalent

C9=47 puf, mica, 500 v.

C13=5.2-80 puf, variable, air
gap 0.045 inch, Hammarlund
HF-30-X or equivalent :

C19=5.0-28.5 puf, double-sec-
tion variable, air gap 0.045
inch, Hammarlund HFD-30-
X orequivalent

Cax Can C2a Cas Cai Cis Cop=
1000 puf, feed-through, cer-
amic, 500 v.

Co:==4.8-27.8 upf, butterfly,
variable, air gap 0.030 inch,
Hammarlund BFC-25 or
equivalent

Ca9 Co Ca1 Ciéz C13=1000 ppf,
disk ceramie, 3000 v.

Li=RF choke, 1 mh

Ln 10 turns of No. 20 tinned on

1s-inch diameter form, wind-
mglength 34-inch

T:=544 turns of No. 10 solid,
tinned, on &g-inch diameter,
windinglength 1 inch.

L Lis=2 turns of No. 20 plastie
covered on Y4-inch diameter,
close wound

L¢=8 turns of No. 10 solid, tin-
ned, on 5/-mch diameter,
wmdmg length 114 inch

L:=6 turns of No 10 solid
tinned on 7%-inch diameter,
winding length 1 inch

Ls=2 turns of No. 14 Enam.
covered with insulation tub-
ing on $4-inch diameter, close
wound

Lo Lo Lt Lyz Lis Lys=RF choke,
7 uh, 1000 ma, Ohmite Z-50
or equivalent

Li2=RF choke, 25 turns of No.
16 Enam. on Y-inch dia~
meter, close wound

- NC=Neutralizing capacitors:

No. 12, tinned wire; }4-inch
length placed in proximity of
8298 plates
R1=100000 ohms, 0.5 watt
R2=120 ohms, 0.0 watt
R3=383000 ochms, 0.5 watt
Rs Rs R1y R1e=1000 ohms, 0.5
watt

Ri R14=47 ohms, 0.5 watt

R R;;=130 ohms, 0.5 watt

R7=47000 ohms, 1 watt

R9=3300 ohms, 1 watt

R10=10000 ohms, 2 watts

Ri2=10 ohms, 0.5 watt

R1:=56000 ohms, 2 watts

Ri16=38.8 ohms, 0.5 watt, wire
wound

R17=383 ohms, 0.5 watt, wire

woun

R1s=15000 ohms, 10 watts, wire
wound

81=Crystal—VFO Switch; two-
pole, two-position, wafer, non-
shorting, rotary

S2= Meter Switch; two-pole, six-
position, wafer, non-shorting,
rotary; Shown in oscillator,
amplifier, multiplier plate-
current position

S;=Tuning Switch; 60-degree
indexing Centralab PA-304
or equivalent; two progres-
sively shorting 30-degree wa-
fers, Centralab PA-12 or
equivalent, using every sec-
ond contact.

X =Crystal, 8-Mcrange

NOTES: 1. With 8-Mec 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 fuil-scale reading of oscillator amplifier-multiplier plate
current to 30 ma; doubler grid-No. 1 current to 2 ma; doubler 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.
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(5-15)

RCA Transmitting Tubes

SINGLE-SIDEBAND EXCITER (FILTER TYPE)
Output Frequency 3.8-4.0 Mc

VFoO

) ==<C2 7?:

OSCILLATOR
’ X

p—l—» OUTPUT
LINEAR RF
AMPLIFIER
O
Ro Rg p-p +200 V.
H.
VOL TAGE 0.5v. p-p | iEH:
. L 455 KC.
+200 V.
-
Riz Ri5
A BALANCED MODULATOR
/_J;I
Cie

D.
F
Ly| N394y SRy L
3=

C =68 uuf, ceramie, zero tem-
perature coefficient

C2=300 uuf, ceramic, zero tem-~
perature coefficient

C3=5-60 uuf, variable

Cs Cs C1 Co C1z C15=0.005 uf,
mica, 600 v.

C:=470 upf, silver mica, 500 v.

C3=0.001 uf, miea, 500 v,

Co C14=22 puf, mica, 500 v.

C12=65-820 puf, variable

C13=1500 uuf, mica, 500 v.

C15=0.01 uf, disk ceramic, 600 v.

C16=0.02 pf, disk ceramic, 600 v.

C17=0.2 uf, paper, 200 v.

C19=0.002 pf, paper, 200 v. -

Co C21=0.04 uf, paper, 200 v.

Co2 C22=0.0056 uf, mica, 500 v.

Li=15 turns of No. 22 Enam.
spaced uniformly over 0.6 inch
on 1-inch diameter form; grid-
No. 1 tap, T4 turns above
ground end; cathede tap, 1.9
turns above ground end

L:=RF choke, 2.5 mh

L:=88 ph, approx., adjustable:
high Q, ferrite core; conver-
ter-tube oscillator eoil for
standard AM band may be
used; cathode tap, approx. 15
|per cent of total turns above
ground..

L4=50 ph, approx., adjustable;
63 turns of No. 36 Enam.,
close wound in single layer on
9/382-inch tube, tuned to crys-
tal frequency with !4-inch
iron slug

R1Ry=1500 ohms, 0.5 watt

R2=3300 ohms, 0.5 watt

Ris=Amplitude Balance Con-
trol; 2600 ohms, composition,
linear taper

R4R14=88000 ohms, 0.5 watt

R5=89 ohms, 0.5 watt

Rs R12=300 chms, 0.5 watt

Rg=27000 ohms, 2 watts

Ry R0 Ris Ry=680000hms, 0.5

watt
R11=470000 ohms, 0.5 watt

R13=47000 ohms, 0.5 watt

Ris=—Carrier Amplitude Balance
Control, 25000 ohms, com-
position, linear taper

R1s=100000 ohms, 0.5 watt

R17=120000 ohms, 0.5 watt

R15=56000 ohms, 0.5 watt

Ra1=CarrierPhase Balance Con-
trol, 2500 ohms, composition,
linear taper

Re2 R23=2700 ohms, 0.5 watt

T=Primary: Two wires wound
in parallel, each 2814 turns of
No. 34 wire, single Teflon in-
sulation (or silk if necessary),
bifilar wound on Y4-inch dia-
meter tube; winding length,
34 inch; tuningsiug, 1{ inch
Secondary: 26 turns of No. 82,
Formex insulation, close
wound in single layer

X =Crystal, 456.85 kiloeycles

NOTE: The leakage resistance of the 1N84A serves a3 the grid resistor for the mixer stage; in some
cages, however, it may be necessary to add a 470000-ohm grid resistor across the diode.
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Circulits

(5-16)

144-148 MEGACYCLE TRANSMITTER FOR MOB".E OPERATION
Power Ovutput 30 Watts (Approx.)

Quick Heating

48 TO 49.332 Mc

144 7O 148 Me

EA),

QUTPUT 144-148 Mc (50 OHMS)

) Cis Cog Cog h
TYPE L7< Ly of s
La 67905 e 1. TYPE [ Ra b2
2 8 4604 | /o
J /27, 46
e 3 = L o
AW a B g 02
<t 5 '9 Ry “
C.ZE 20- Re C3| 732
<
C2|;£ Co2 ;1;24 ,Icze 29
Lo | 2o .
I Rol |
Ra C30 ;RIO
J
il 40 b—oas
% o
3‘,332 | (s ] VFO s°_1"°‘25’(;6,V- -gncm o
77
x
Ca:
Liz 3
Lis
TYPE
..3\”»\ Cal Ri4 E‘ | 8l12AX7
CONTROL'
R N I JRie ' "
¢ 12 o
33 \\;_r 3-
C36, ! 5
L LOwW~- x
Cxa IMPEDANCE
34~ MICROPHONE +ICqs
R
/c;sl I;w INPUT ’I'_ 18, ;I

C1C:C3CsCCCo Cro Cu1 Cas
Cirs Cic Ciz Cis Cip Coo Cma
Cwo Cuy Ca=0.001 pf, disk
ceramie, 600 v.

C: Cy=2.3-14.2 upd, variable,
miniature, air gap 0.017 inch,
Johnson 160-107 orequlvalent

Cs Css=100 upuf, disk ceramic,
600 v.

C1=1.5-5.0 upf, variable, min-
iature, air gap 0.017 inch,
Johnson 160-102 orequivalent

Cis C23=1-8 upf, tubular trim-
mer, Ene 532-B or equivalent

Ca1 Ca; Cgs Cor C25=0.001 uf,
silver mica, Frie 370-FA- 102J
or equxvalent

C22=2.8-17.5 uuf, variable, air
gap 0.015 inch, Hammarlund
HF-15 or equivalent

Cz29=5-80 wuf, trimmer, mica,
Arco 462 or equivalent

C31=38.6-15 uuf, variable, air gap
0.0715inch, Hammarlund HF-
15-X or equivalent

C32=6.3-50 puf, variable, air gap
0.0245 inch, Hammarlund
MC-50-M or equivalent

C33=220 uuf, disk ceramie, zero
temperature coefficient

250 v. D¢

C34=5.5-20 upf, variable, air gap
0.0245 inch, double-bearing
Hammarlund MC-20-8 or
equivalent

Cs5=4.5-25 puf, trimmer, ce-
ramic, zero temperature coef-

. ficient Centralab 822-AZ or
equivalent

Cias C37=890 puf, silver mica,
zero temperature coefficient

Ci2=8 uf, electrolytic, 450 v,

C43=0.01 uf, paper, 600 v.

C1=10 uf, electrolytic, 50 v.

J=Microphone jack, 2 contact
and shield, Amphenol 80
PC2F or equivalent

L: L L1s=RF choke, 750 ph

L2=17 turns of No. 24 Enam. on
Y4-inch diameter ceramic
form, winding length 5§/82
inch; form, CTC PLS6-2C4L
or equivalent, tuned with
powdered-iron slug

L4=2%4 turns of No. 18 Enam.
on 7/16-inch diameter, wind-
ing length 14-inch
Ls=4%4 turns of No, 18 Enam.
on 7/16-inch diameter, wind-
ing length 2% -inch, center
tapped
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400 V. DC
150 ~ 250 MA

LsL1w=RF choke, 1.8 uh, Ohmitc
Z-144 or equ1valen

L7=3 turns of No. 20 Enam. on
14-inch diameter, winding
length 34 inch, center tapped

Ls=38 turns of No. 20 Enam. on
Jg-inch diameter, winding
length 5/16 inch, center

tapped

Ls=RF choke, 7.0 ph, Ohmit:
Z-50 or equivalent

Li11=4 turns of No. 14 tinned on
34-inch diameter, winding
tength Z4-inch, ecenter tapped

Li12=13 turns of No. 14 Enam.
on 34-inch diameter, windiny
length }{ inch

L13=32 turns of No. 24 Enam.
on Y4-inch diameter ceramic
form, winding length 11,16
-inch; form, CTC PLS7-2C41.
or equivalent; tuned with
powdered-iron slug

L15=26 turns of No. 28 Enam,
on }{-inch diameter ceramiv
form, winding length 3¢ inch;
form CTC PLS6-2C4L or
equivalent; tuned with pow-
dered-iron slug

(Continved on page 307)



(5-17)

FIVE-BAND 10 TO 80 METER TRANSMITTER

RCA Transmitting Tubes

Power Output 90 Watts

Circuits

Frequency 3.5, 7, 14, 21, 28 Megacycles

DRIVER

FINAL
AMPLIFIER

Ji

VFO
AMPLIFIER

,,:JL:CZ’Z Rig

TYPE

S50V, 180 V.

TO METER

C62

550 V.

Q
45 V.

M

s

Lig

K

Rag

2
TO POWER

wo—. SUPPLY
'y ICG4 CR KEY

5!

Ce3
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F3

e
I ces

To 63V
SUPPLY

(5-17)

FIVE-BAND 10 TO 80 METER TRANSMITTER (Cont'd)

Cy1 Cay Cye C12=0.005 pf, disk
ceramie, 1000 v.

Cz C3 Ci1Cj Co C12 Crz C14 Crs
Cig Cs3 Cao Car Cas Cas Cae
Cin Ciz Cos Cog Con Coo Cos
Cu=0.001 pf, disk ceramie,
1000 v,

C7 Cyr C57=38.7-52 ppf, variable,
air gap 0.015 inch, Hammar-
lund H¥-50 or equivalent

Cs Ca1 Cus Cus Cug Ci9=0.001 pf,
mica

Co=56 upf, mica

Cun=5800 uuf, feed-through, ce-
ramic

C11=1-7.5 yuf, trimmer, tubular
ceramic, Centralab 829-7 or
equivalent

C1:=0.008 uf, ceramie, 1600 v,,
CentralabD1)16-302 or equiv-
alent

Cis Cin=16.5-100 ppf, variable,
air gap 0.0715 inch, Ham-
mariund MC-100-8Xor
cquivalent; Crg i8 used as
fixed 100-puf capacitor

Cn=6.3-142 puf, variable, air
gap 0.015 inch, Hammarlund
HF-140 or equivalent

C21=3880 guf, mica

Car Cit (se Crs Car Cp2=10.001
uf, disk eeramic, 3000 v.

Caz Cay Cap Coo Cor Cog Coo Cop

3t= 120 puf, miea

0.01 uf, digk ceramie, 1000 v.

0.02 uf, disk ceramie, 1000 v.

Ci3=22 uuf, mica, 500 v,

Cu0=220 ppf, mica, 500 v.

Co1 Can=1500 puf, feed-through,
Centralab FT-1500 or equiv-

alent

CR{ Clkes CRz=Crystal

1 Fa Fa=Harmonic filters

Ji Jo= Coaxial connector

L Ls La Lis Lio=RTF choke, 2.5
mh

Y,2=57 turns of No. 24 on %4~
inch diameter, wound 32 turns
per inch; tapped 5%, 814,
1114, and 28 turns from grid
end; B & W 3008 or equivalent

Ls=7 turns of No. 16 Enam.
wound on R9

Ly=RF choke, 1 mh

Ls=10 turns of No. 10 Enam.
on l-inch diameter, winding
length 2 inches; tapped 434
and 74 turns from plate end

Le=10 turns of No. 10 Fnam.
on 1-inch diameter, winding
length 2 inches; tapped 44
and 714 turns from plate end

L7=2034 turns of No., 18 on 134-
inch diameter, wound 16 turns
perinch;tapped 11 turns from
plate end; B & W 3019 or
equivalent

L11=28 turns of No. 24 on 854-
inch diameter, wound 82 turns
per inch; B & W 8008 or
equivalent

Ly2=14 turns of No. 20 on 84
inch diameter, wound 16 turns
per inch; B & W 3007 or
equivalent

Lia Liy=RF choke; 7 ph, Ohmite
Z-50 or equivalent

Li:=25 turns of No. 16 Enam.
close wound on 34-inch dia-
meter plastic rod

M=Milliammeter, 0-3 ma. de

Rt R19=68000 ohms, 0.5 watt

Rz: Rs Rio Re1 Ren Rac Roa Ry
R31=1000 ohms, 0.5 watt

R2=120 ohms, 0.5 watt

R4 Re Re=12000 ohms, 1 watt

R7=50000 ohms, variable, 4
watts

Ro=100 ohms, 1 watt

Ru Riz R1c=100000 ohms, 0.5

watt
R13=270 ohms, 0.5 watt

R1¢=8900 ohms, 1 watt

R1:=38000 ohms, 0.5 watt

R17=100 ohms, 0.5 watt

Ri1s=22000 ohms, 0.5 watt

R2n=470 ohms, 0.5 watt

Rz R23=220000 ohms, 0.5 watt

R24=10 chms, 0.5 watt

Ro27 Reg=220 ohms, 0.6 watt

Si=Band 'switeh; rotary, ce-
ramic, 6 poles, b positions, 6
gections; Centralab index as-
sembly PA-305 and wafers
PA-17 or equivalent; shown
in 8.6 Mc pogition

S:=Tune-operateswitch;singles
pole, double-throw; shown in
operate position

Ss=Coarse loading switch; ro-
tary, ceramie, 1 pole, 2-10 po-
gitions, 1 section, progresgive
opening; Centralab PA-2052
or equivalent

S+=Crystal-VF O switeh; rotary,
ceramie, 8 poles, 2-5 positions,
1 section; Centralab PA-2006
or equivalent

S;=Meter switch; rotary, ce-
ramic, 2 poles, 2-6 positions,1
section, non-gshorting; Cen-
tralab PA-2008 or equivalent:
shown in 6EBS8 triode unit
grid-current position (0-8
ma.); succeeding positions in
order are 12BY7A grid-No.1
current (0-3 ma.), 6146 grid-
No.l current (0-6 ma,), 6146
grid-No. 2 current (0-30 ma.),
6146 plate current (0-800 ma.)

Ss=Keying switch; double-pole,
double-throw; shown in cath-
ode-circuit keying position

(5-16, continued):

R R:=56000 ohms, 0.5 watt,
carbon

Ro R4 Re=15000 ohms, 0.5 watt

R: R;=18000 ohms, 0.5 watt

Rs==1000 nhms, 0.5 watt, carbon

Ry=18500 ohms, 3 watts (three
56000-ohm, 1-watt resistors
in parallel)

R1=38 ohms, 1 watt

It =68 ohms, 0.5 watt, carbon

Ri2 R14=47000 ohms, 0.5 watt,
carbon

R13=5000 ohms, 10 watts, wire
wound R

R15=1000 ohms, 1 watt, carbon

Ris=Potentiometer, 0.5 meg-
ohm

Ry7=50 ohms, 1 watt

S=Relay contact on transmit-
receive switch

T1=Driver translormer, single
plate to push~puli grids, pri-
mary 10000 ohms, turns ratio
primary to one-half secondary
3:1; Stancor A-4728 or equiv-
alent

T:=Modulation transformer, 30
watts, Stancor A-8892 or
equivalent. Terminals 9 & 12
connected together

NOTES: 1, A metal shield should be used to isclate the final amplifier and the driver output circuit
from the other rf circuits. Filament and 250-volt B+- line through shield should be by-passed by
0.001-xf ceramic feed-through eapacitors such as Centralab MFT-100 or equivalent.

2. Placement of a 0-1 milliampere meter (in series with & 5000-ohm 0.5-watt resistor) across terminals
A1-A2, A3-A4, and AB5-A6 will provide readings for adjustment of driver, final, and modulator output,

circuits, respectively
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— RCA Transmitting Tubes

(5-18)

TYPICAL COAXIAL CAVITY FOR BEAM POWER TUBE 7650
Frequency 300 to 1500 Mc.

BY~PASS

L

L2

NEUTRALIZING
ADJUSTMFNT

Cathode Drive

PLATE CONTACT
("‘L\ GRID~No.2 CONTACT

GRID-No.l CONTACT

J 3.00071.0. x

L3

¥ L
LT

» 7—1.500" 0.D. x
065" WALL

2.500” 0.D. x
065" WaLL

3.500”1.D. x
1097 WALL

065" WALL

OUTPUT TUNING

CAPACITIVE PROBE
OQUTPUT CQUPLING

434" WALL

Circuits

(5-19)

462-MEGACYCLE TRANSMITTER FOR FIXED OR MOBILE OPERATION
Power Output 20 Watts (Approx.)

TYPE
L2

ey

RF
INPUT
{154 Mc) Ly

c
61 Ry

[ o

TYPE f
i

&
&
14 \U\

Lio
Cq4

= RF
‘ QUTPUT
: @62 M)

FIZ : Ic|3

., @

.750”0.0. x
,058"‘3‘\,!:LL Cy Cy=2.2-8.0 pf per section, Li=1 turn of No. 10 base copper spaced 1 inch on centers
variable, butterfly, air gap wire, wound on }4-inch Lio=1 turn of No. 8 silver-
famas] 0.017 inch, Johnson 9MB11 diameter plated copper wire approxi-
|G or equivalent Lz Ls=12% turns of No. 10 base mately 1'inch square
CAPACITIVE — :?\“\\\Eﬂ"’&% Cs C5=2.7-10.8 uuf per section, copper wire close-wound on Ln Laz Lis Lis Lis=RF choke,
PROBE &\\{\\ variable, butterfly, air gap L4-inch diameter. L2 and Ls Ohmite Z-460 or equivalent
INPUT GRID=No.2 INPUT 0.017 inch, Johnson 11MB11 are spaced to accommmodate Ln M1 Ms=Milliammeter, 0-5 ma, de
COUPLING GRID-No.1 INPUT or equivalent Ls Ls Ls Lo=Silver-plated cop- Mz My=Milliammeter, 0-150
A ) § Cy4=1.5-5.0 puf, variable, air gap per rod 8/16-inch diameter ma, de
A { ] 1 0.017 inch, Johnson 5M11 or approximately 8 inches long. Ri R: Rs Re=57 ohms, 1 watt
— HEATER CATHODE - equivalent Rods of each pair spaced Rs R4=25000 ohms, 0.25 watt
INPUT TUNING Cg C7Cs Cg C10 C1p Cr2 Cr2=1500 11/16 inch on centers R7=51000 ohms, 0.5 watt
LEGEND upf, feed-through ceramiec, Ls Lo=8ilver-plated copper rcd Rs Res=Potentiometer, 20000
7 = Erie 862-152 or equivalent 8/16-inch diameter approxi- ohms, 2 watts
METAL 2 mately 134 inches long. Rod

5 HEATER
NON-METAL INPUT

.375”0.D.x 035" WALL
92CM-10497

NOTE: Suitable tube sockets are Johnson 122-248 or equivalent mounted 9/16 inch below chassis. For
detailed operating conditions of this circuit, refer to type 6524 in the Tube Types Section where typical
operation values for Intermittent Commereial and Amateur Service (ICAS) are given for both the

tripler and final at 462 Mec.

Li=Length of Grid-No.2-Plate  L:=Length of Grid-No.1-Grid- Ls=Length of Cathode--Grid-
Cavity, 1 to 20 inches, ap- No.2 Cavity, 0 to 20 inches, No.1 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 1250 megacycles in three-quarter wavelength mode, approximate length of L1 is 4.3
inches, L is 3.8 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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— RCA Transmitting Tubes

(5-20)

TRANSMITTER POWER SUPPLY CIRCUIT

-45 V.
bC

350V
DC

"7 v, AC

oC

18O V.
DC

Sy

75V
0C

6.3 V.
AC

Circuits

300 V.

(5-21)

OSCILLATOR FOR DIELECTRIC HEATING

C1 C2 Ci=0.005 uf, mica, 600 v.

C4=2 plates 3/32-inch alumi-
num, 5 inches x 7 inches
spaced 7% inch

Cs=50 puf, max., depends on
work load

F=Fuse, 0.5 amp

Ia=5 turns 8/16-inch copper

Frequency 27 Mc (Approx.)

LOAD
C5 | ELECTRODES

+
2000 V /
500 MA HTVAC

tubing spaced ¥{ inch on
21{-inch L.D

1:=RF choke, 40 ma

Ls=RF choke, 500 ma

Ls=3$ turns 5/16-mch copper
tubing spaced &% inch on
334-inch L.D.

Ls Ls= 2 turns 3/16-inch copper

‘tubing with adjustable
spacing between turns on
334-inch L.D.
M= Milliammeter, 0-100 ma, de
M:=Milliammeter, 0-1000 ma, d¢

R=5000 ohms, 25 watts
T=Filament transformer, 10

volts rms, 9 amp

NOTE: Adequate shielding should be used to assure compliance with FCG requirements regarding

spurious radiation.

(5-22)

OSCILLATOR FOR INDUCTION HEATING

Frequency 450 Kc (Approx.)

e (‘.., (,x 3¢=40 uf, electrolytic,

s (13—40 uf, electrolytice, 150 v.
C lgn‘gb?lhcon rectifier, type 1N-

1.1=Choke, 4h., 175 ma., Stan-
or C-1410 or equxvalent

I.»=Choke, 4.5 h., 200 ma., -

Stancor C-1411 or equivalent
Ri= 100 ohms, 0.5 watt

R:2R3=4700 ohms, 1 walt

R4 R:=15000 ohms, 10 watts

Re=5000 ohms, 25 watts, ad-
justable

R7=100000 ohms, 1 watt

Si Se:=8witch, single-pole, sin-
gle-throw

T,=Power transformer; approx.
8560-—-0—850v.,200 ma.; b v.,
3amp.; 6.8 v., 7.5 amp, (min.)

T5=Filamen’c transformer, (‘.‘:‘,
, 1.2 amp. Stancor P-613
nr equwalont Connect 6.3-v.
winding of T to 5-v, winding
of T1.

K=Relay, double-pole, double-
throw 6-v. ac coil, Potter and
Brumfield GAL1A or cquiv-
alent

4000 V Cs
1 AMP

310

(A Cs=0.01 gf, mica, 600 v.
6“}'m1 uf, paper, 5000 v.,

04_0 002 yf mlca, 8000 volts
min., 15 amp rms

F=Fuse, 1 amp

Li= 8mh, rf choke, 1 amp rms,
insulated for 10000 peak
volts, single-layer solenoid,
300 turns No. 18 Enam., 12

inches long on 4-inch
diameter

L2:=38.5 mh, rf choke, 250 ma

L;=863 uh, choke, 156 amp rms,
insulated for 5000 peak volts,
40 turns No. 8 Enam,, 8 inches
on 4-inch diameter form.

L:=Single-turn secondary,
sheet copper

Ls=Work coil

M, =: Milliammeter, 0-1600 ma, d¢

Mz= Milliammeter, 0-150 ma, d¢

R=2500 ohms, 50 watts

T=Filament transformer, 10
volts rms, 10 amp

B=Blower, designed to supply
an air flow of 40 cfm from &
2-inch-diameter nozzle
directed vertically on bulb
between grid and plate seals.

NOTE: Adequate shielding should be used to assure comphance with FCC requirements regarding

spurious radiation.
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(5-23)
VHF OSCILLATOR FOR DIELECTRIC HEATING
Frequency 160 Mc (Approx.)
Cs .
o | T“"T\l\\ L2
.
766 ‘ \\
N
b LOAD &
ELECTRODES ~p L = )
T A cs
Y _M, o
o T BN
- M2 TC3 Dp
2700V 17V
500 MA
3" ! aly” )" 21"
| N
[-]
-]
1. B
T ||
L TYPE E
5786 | insulaToR
4" E
c i WORK
€
T  MOUNTING PLATFORM&
3"2 cslt 19
Cs
L2 pad

J

3 inches x 314 inches mounted
on L» and round disk 3 inches
in diameter, air gap !{ inch
to 1 inch 11 volts rms, 12.5 amp,

Cs C7=100 uuf, mica (“postage maximum starting surge
stamp’’), 600 v. 50 amp

F=Fuse, 0.5 amp B=Blower, designed to supply

Li=Copper strap 1-3/16 inches an air flow of at least 140 ¢fm
wide x 1/16 inch thick through an outlet area of

I2=14 inch x 1 inch rectangular 614 square inches to the
waveguide or equivalent radiator and the filament and

M= Milliammeter, 0-150 ma, d¢ grid seals.

M= Milliammeter, 0-750 ma, de¢

’
6 1/2'

C1=250 uuf, mica 0.005 inch
thick, 8 inches x 834 inches
copper plate, held to mount-
ing platform by insulated
pressure clamps

C2 C3=0,001 uf, mica, 600 v.

C1=200 guf, mica 0.005 inch
thick, 4 inches x 5 inches
copper plate, held to mount~
ing platform by insulated
pressure clamps

C5=10-30 pui, variable, con-
sisting of copper plate

R=2000 ohms, wirc-wound,
50 watts
T=Filament transformer,

NOTE: Entire oscillator and load assembly is enclosed in metal box having one end open for cooling-air
exit and for ease of loading work. Mountmg platform divides box into two compartments. See tube data
for RCA-5786 forced-air-cooling requirements. Tube and eircuit must be protected from fumes or
vapors that may come from work. Adequate shielding should be used to assure compliance with FCC
requirements regarding spurious radiation.
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RCA Technical Publications

on Electron Tubes, Semiconductor Products,
Batteries, and Test and Measuring Equipment

Copies of the publications listed below may be obtained from your RCA distributor
or from Commercial Engineering, Radio Corporation of America, Harrison, N. J.

Electron Tubes

o RCA TRANSMITTING TUBES—TT-5
(834" x 534’")—820 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, céramic-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 circuits and filters, as. well as
new application tables for quick, easy
selection of tubes, and circuit diagrams
for transmitting and industrial applica-
tions. Also gives new design information
on linear rf amplifiers for single sideband
applications. Features lie-flat binding.
Price $1.00.*°

® RCA RECEIVING TUBE MANUAL—RC-
21 (84" x b34")—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-

{Trade Mark Reg. U. S. Pat, Off.

fidelity audio amplifiers. Features he-
flat binding. Price $1.00.*°

® RCA ELECTRON TUBE HANDBOOK
—HB-3 (734" x 534'"). Five deluxe 214-
inch-capacity black binders imprinted
in gold. The “bible” of the industry—
contains over 5000 pages of loose-leaf
data and curves on RCA receiving tubes,
transmitting tubes, cathode-ray tubes,
picture tubes, photocells, phototubes,
camera tubes, ignitrons, vacuum and gas
rectifiers, magnetrons, traveling-wave
tubes, premium tubes, pencil tubes, and
other miscellaneous types for special ap-
plications. Available on subscription
basis. Price $20.00* including service for
first year. Also available with RCA Semi-
conductor Produects Handbook HB-10
at special combination price of $25.00*
Write to Commercial Engineering for
descriptive flyer and order form.

© RADIOTRON{ DESIGNER'S HANDBOOK
—4thEdition (834" x514"")— 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.*
e RCA POWER TUBES—PG-101E
(1074 x 834'')—46 pages. Completely
revised and brought up to date. Tech-
nical information on 200 RCA vacuum

*Prices-shown apply in U.S.A. and are subject to change without notice.

°Optional List Price.
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power tubes, rectifier tubes, thyratrons,
and ignitrons. Includes terminal connec-
tions. Price 75 cénts.*®

® RCA RECEIVING-TYPE TUBES FOR IN-
DUSTRY AND COMMUNICATIONS—RIT
104B (107" x 8%4'')—32 pages. Tech-

nical information on over 190 RCA “spe~ -

cial red” tubes, premium tubes, nuvis-
tors, computer tubes, pencil tubes, glow-
discharge tubes, small thyratrons, low-~
microphonic amplifier tubes, vacuum-
gauge tubes, mobile communications
tubes, and other special types. Includes
socket-connection diagrams. Price 30
cents.*®

e RCA RECEIVING TUBES AND PICTURE
TUBES — 12756K (1078 x 83%'')—64
pages. New, enlarged, and up-to-date
booklet contains classification chart, ap-
plication guide, characteristics chart, and
base and envelope connection diagrams
on more than 1050 entertainment re-
ceiving tubes and picture tubes. Price
50 cents.*®

@ RCA PHOTOSENSITIVE DEVICES AND
CATHODE-RAY TUBES—CRPD-105B
(1074’ x834"")— 386 pages. Contains tech-
nical information on 1561 RCA tubes in-
cludingsingle-unit, twin-unit, and multi-
plier phototubes; photocells; camera and
image-converter tubes;flying-spottubes;
monitor, projection, transecriber, and
view-finder kinescopes; oscilograph and
storage tubes. Price 50 cents.*®

® RCA INTERCHANGEABILITY DIRECTORY
OF INDUSTRIAL-TYPE ELECTRON TUBES
—ID-1020C (1074"" x 834’"')—16 pages.
Lists more than 1450 basic type desig-
nations for 18 classes of industrial tube
types; shows the RCA-Direct.Replace-
ment Type or the RCA Similar Type,
when available. Price 35 cents.*°

® RCA PHOTOCELLS—1CE-261 (1074"" x
834") —20 pages. Contains a selection of
photocell-circuit diagrams; technical
data and characteristic curves of RCA
photoconductive, photojunction, and
photovoltaic cells; interchangeability in-
formation; and supplementary informa-
tion on tungsten and fluorescent light
sources. Booklet is designed to introduce
the engineer, the hobbyist, and the ex-

tTrade Mark Reg. U. 8. Pat. Off.

perimenter to application possibilities of
RCA photocells. Price 25 cents.*®

® RCA MAGNETRONS AND TRAVELING-
WAVE TEBUS—MT-301A (10%§"” x
834’')—48 pages. Operating theory for
magnetrons and traveling-wave tubes,
application considerations, and tech-
niquesformeasurementof electrical para-

meters. Price 60 cents.*®

@ RCA PENCIL TUBES — 1CE-219 (107%¢”
X 834')—28 pages. Contains operating
theory for pencil tubes, electrical and
mechanical circuit-design considera-
tions, environmental considerations, ap-
plication considerations, and data for
commercial types. Price 50 cents.*

o RCAPHOSPHORS—TPM-1508A (1074"
x 83%4")—20 pages. Contains defining
data for over 25 different industrial
phosphors, spectral-energy emission-
curves, persistence curves, and quick-
reference classification charts. Price 75
cents_*°

® RCA CAMERA TUBES—1CE-262 (107¢"”
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 1llustratmg constructxon
features. Price 75 cents.*°

@ RCA INTERCHANGEABILITY DIRECTORY
OF FOREIGN vs. U.S.A. RECEIVING-TYPE
ELECTRON TUBES — 1CE-197B (838" 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 shown apply in U.S.A. and are subject to change without notice.

°Optional List Price.

317



Semiconductor Products

o RCA TRANSISTOR MANUAL —SC-10
(834" x 534’")—304 pages. New manual
containsg 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-flat binding. Price $1.00.*°

e RCA SEMICONDUCTOR PRODUCTS
HANDBOOK —HB-10. Two binders, each
734" Lx 654 W x 274" D, having gold-
imprinted red covers. Contains over 1000
pages of loose-leaf data and curves on
RCA semiconductor devices such as ger-
manium transistors, silicon transistors,
silicon rectifiers, and semiconductor di-

odes. Available on subscription basis. -

Price $10.00* including service for first
year. Also available with RCA Electron
Tube Handbook HB-3 at special com-
bination price of $25.00*. Write to Com-
mercial Engineering for descriptive flyer
and order form.

e RCA SEMICONDUCTOR PRODUCT
GUIDE—60S16R8 (107%" 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.

® RCA SILICON POWER TRANSISTORS
APPLICATION GUIDE—1CE-215 (107"
x 834’')—28 pages. Describes outstand-
ing features of RCA silicon power tran-
sistors and their use in many critical in-
dustrial and military applications. In-
cludes construction details, discussion of

voltage ratings, thermal stability condi-

tions, and equivalent circuits for these
transistors. Price 50 cents.*®

® RCA SILICON VHF TRANSISTORS AP-
PLICATION GUIDE—1CE-228 (107¢4" 'x
834'")—20 pages. Describes unique capa-
bilities of RCA silicon vhi transistors
and their use in critical industrial and
military applications up to 300 Mec.
Price 50 cents.*®

® TRANSISTORIZED VOLTAGE REGULA-
TORS APPLICATION GUIDE —1CE-
254 (1074 x 834’')—12 pages. Describes
and discusses transistorized voltage reg-
ulators of the series and shunt types. In-
cluded are design considerations, step-
by-step design procedures, and the solu-
tions to sample design problems. An
Appendix contains the derivation of de~
sign equations. Price 25 cents.*’

Batteries

e RCA BATTERY MANUAL—BDG-111
(107%" x 834’/)—64 pages. Contains in-
formation for the designer, application
engineer, experimenter, and student on
dry cells and batteries [carbon zine (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.*®

{Trade Mark Reg. U. S. Pat. Off.

e 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 385 cents.*®

® RCA BATTERIES FOR TRANSISTOR AP-
PLICATIONS —TBA-107A (107%’' x
834'')—12 pages. Technical data and
curves on 256 RCA Leclanché-and-mer-
cury-type dry batteries specifically de-
signed for use in applications utilizing
transistors. Price 25 cents,*®

*Prices shown apply in U.S.A. and are subject to change without notice.

°Optional List Price.
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Test and Méasui'ing Equipment

INSTRUCTION BOOKLETS — Tllustrated
instruction booklets, containing specifi-
cations, operatingand maintenancedata,
application information, schematic dia-
grams, and replacement parts lists, are

WA-44 (Audio Signal

Generator)........... $0.50*
WA-44C (Sine-Square Wave
Audio Generator). . ... 1.00*
WO-33A (Super-Portable
Oscilloscope) . . ...... 1.00*
WO-88A (5-in.Oscilloscope).... 0.50*%
WO-91A (5-in.Oscilloscope).... 1.00*
WR-36A (Dot-Bar Generator).. 0.50*
WR-39C (TV Calibrator). ..... 0.50*
WR-46A (Video Dot/Crosshatch
Generator).......... 0.75%

WR-49A (RF Signal Generator) 0.50*
WR-49B (RF Signal Generator) 1.00*
WR-61B (Color-Bar Generator) 1.00*

WR-64A (Color-Bar/Dot/
Crosshatch Generator) 1.00*

WR-6TA (Test-Oscillator). ... .. 0.25*
WR-69A (TV-FM Sweep
) Generator).......... 1.00*
WR-70A (RF-IF-VF Marker
Adder).............. 0.75*
WR-86A (UHF Sweep
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 (VoltOhmystf)....... 0.25*

{Trade Mark Reg. U. S. Pat. Off.

available for all RCA test instruments.
Booklets for the following popular in-
struments are available at the prices in-
dicated. Prices for booklets on other in-
struments are available on request.

WV-7T4A (High-Sensitivity

AC VIVM)........ 0.76*
WV-75A (VoltOhmystt)....... 0.25*
WV-7TA (VoltOhmystt)....... 0.256*
WV-77TB (VoltOhmyst}) . ...... 0.256*
WV-T7E (VoltOhmystt). . ... .. 1.00*

WYV-84C (Ultra-Sensitive
DC Microammeter),. 0.75*

WV-87B (Master VoltOhmystt) 0.75*

WV-95A (VoltOhmystt). ... ... 0.26%
WV-97A (VoltOhmystf). ... ... 0.50*
WV-98A (VoltOhmysti)....... 1.00*

WV-98B (Senior VoltOhmystt) 1.00*
WV-98C (Senior VoltOhmystt) 0.50*

“195-A  (VoltOhmystf)....... 0.25*

WT-100A (Electron-Tube
MicroMhoMeter, Ser.
No.1001 and over) .. 2.00*

WT-100A (Tube Chart 1CE

—168).............. 3.00¢
WT-110A (Automatic Electron-

Tube Tester). ....... 1.007
WT-110A (1CE-174 Card

Punch Data)...... .. 0.25¢
WT-110A (1CE-234 Card

Punch Data)........ 1.00+*

WT-110A (Supplement 2 to
1CE-234 Card
Punch Data)........ 0.50%

*Prices shown apply in U.S.A. and are subject to change without notice.

°(ptional List Price.
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Reading List

The publications listed represent both elementary and advanced treatments of
power and rectifier tube theory, applications, and circuit design. The list, obviously,
is not inclusive, but additional references are given in the publications listed.

ARRL Antenna Book. American Radio Relay League.

BENEDICT, R. R. Industrial Electronics. Prentice-Hall, Inc.

CHUTE, G. M. Elecironics in Industry. McGraw-Hill Book Co., Inc.

DaAvis AND WEED. Industrial Electronic Engineering. Prentice-Hall, Inc.
Dowmg, R. B. Television Principles. MeGraw-Hill Book Co., Inc.

EvERITT, W. L. Communication Engineering. McGraw-Hill Book Co., Inc.
‘FINK, D. G. Engineering Electronics. McGraw-Hill Book Co., Inec.

Gray, T. 8. Applied Electronics. John Wiley & Sons, Inc.

KLOEFFLER, R. G. I'ndustrial Elecironics and Control. John Wiley & Sons, Inc.
KoOLLER, L. R. Physics of Electron Tubes. MeGraw-Hill Book Co., Ine.

MARKUS AND ZELUFF. Electronics for Communication Engineers. MeGraw-Hill Book
Co., Inc.

MARKUS AND ZELUFF. Handbook of Industrial Elecironic Circuits. McGraw-Hill
Book Co., Inc.

PENDER, DELMAR, AND MCcILWAIN. Handbook for Electrical Engmeermg Com-
munications and Elecironics. John Wiley & Sons, Inec.

PREISMAN, A. Graphical Constructions for Vacuum Tube Circuits. McGraw-Hill
Book Co., Inc.

PRINCIPLES OF ELECTRICAL ENGINEERING SERIES. Applied Electronics. John Wiley
& Sons, Inc.

RADIATION LABORATORY SERIES. Vol. 18—Vacuum-Tube Amplifiers; Vol 19—
Wave-forms. McGraw-Hill Book Co., Ine.

RADIO RESEARCH LABORATORY, HARVARD UNIVERSITY. Very-High-Frequency Tech-
niques. McGraw-Hill Book Co., Inc.

ReEicH, H. J. Theory and Applications of Electron Tubes. McGraw-Hill Book Co.,
Ine.

RICHTER, WALTHER. Fundamentals of Industrial Electronic Circuits. McGraw-Hill
Book Co., Inec.

Single Sideband for the Radio Amaleur. American Radio Relay League.
SPANGENBERG, K. R. Vacuum Tubes. McGraw-Hill Book Co., Inc.
TERMAN, F. E. Eléctronic and Radio Engineering. McGraw-Hill Book Co., Inc.
TERMAN, F. E. Radio Engineers Handbook. McGraw-Hill Book Co., Inc.
TERMAN AND PETTIT. Electronic Measurements. McGraw-Hill Book Co., 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 lo Industrial, Scientific,
and Medical Service.
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Key to Base and Envelope Connection Diagrams

Diagrams show terminals viewed from base or filament end of tube

Orientation Symbol
Other Than Key

Small Pin
Flexible Envelope Rigid Envelope
. Terminal Terminal
Large Pin Envelope

T ’ Key

o 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
Fm Filament Tap tion— Do not use S  Shell

Subseripts for multi-unit types: B, beam unit; D, diode unit; P, pentode unit;
T, triode unit, TR, letrode 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
Photoconductive and
Photojunction Types

MICROWAVE TUBES
Magnetrons, Traveling-Wave
Tubes, Pencil Tubes

CATHODE-RAY TUBES
Special-Purpose Kinescopes, ’
Storage-Tubes, and Oscillograph Types

THYRATRONS AND IGNITRONS

SPECIAL TYPES
Vacuum-Gauge Tubes,
Image Converters

TELEVISION CAMERA TUBES
Vidicons, I'mage Orthicons,
and Monoscopes

PHOTOTUBES
Single-Unit, Twin-Unit,
and Multiplier Types

SEMICONDUCTOR DEVICES
Germanium and Silicon Tran-
sistors, Silicon Rectifiers, Diodes

RECEIVING TUBES
Voltage and Power Amplifiers, Con-
verters, Osctllators, Mixers, Rectifiers,
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.
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