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TRANSMITTING TUBE MANUAL

ON AIR-COOLED TUBES

VACUUM TUBES! The magic in these two words is best appreciated by
the “old timers"—the amateur, commercial, and government operators who have
followed the rapid progress of radio communication from its beginning., They
remember those days not so long ago when spark transmitters, galena crystals, and
loose-couplers exemplified the “state of the art.” But the progress which had been
made was to seem insignificant compared with the progress following the invention
of the three-electrode vacuum tube by Dr. Lee DeForest.

The vacuum tube proved to be extraordinarily versatile. It could not only
detect or amplify radio signals, but it could also be used as a generator of contin-
uous-wave oscillations for transmitting purposes. Vacuum-tube transmitters con-
sistently covered enormous distances with relatively little power. In addition, many
stations could operate on the frequency channel previously occupied by a single
spark transmitter. And then, as if these accomplishments were not enough, the
vacuum tube made radio telephony feasible.

From this time on, radio progress was practically parallel to the development
of larger, better transmitting tubes and more sensitive, more reliable receiving tubes.
The very versatility of the vacuum tube necessitated the development of many
different types, not only for different power requirements, but also for various
applications.

The radio amateur and the professional radio engineer of today have an
impressive array of tubes with which to design transmitting equipment. There are
tube types for every application—master oscillators, frequency multipliers, buffer
amplifiers, voltage amplifiers, power amplifiers, modulators, rectifiers, and many

" others.

Designed to meet the requirements of these diversified applications, RCA
transmitting tubes are noted for their modern design, rugged construction, uniform
characteristics, reliable performance, and long life;



General Vacuum-Tube Considerations

A radio vacuum tube, whether designed for receiving or transmitting service,
consists of a cathode and one or more additional. electrodes—all contained in
an evacuated enclosure—with their electrical connections brought out to external
terminals. The evacuated enclosure may be made of glass, metal, or a combination
of glass and metal. The cathode supplies electrons while the other electrodes control
and collect them.

CATHODES

A cathode is an essential part of a radio tube, because it supplies the electrons
necessary for tube operation. In general, heat energy is applied to the cathode
to cause it to release electrons. The method of heating the cathode may be used
to identify different forms of cathodes. For example, a directly heated cathode, or
filament cathode, is a wire hrated by the passage of an electric current. An
indirectly heated cathode, or heater cathode, contists of a filament (heater) enclosed
by and insulated from a closely fitting mé&tal sleeve (cathode) which is coated
with electron-emitting material. The cathode is heated by radiation and conduction
from the heater,

A filament, or directly heated cathode, can be further classified by identifying
the filament or electron-emitting material. The materials' in regular use are
tungsten, thoriated tungsten, and metals which have been coated with alkaline-earth
oxides.

A very important characteristic of any cathode is its electron-emitting ability
for a given amount of heat energy. This characteristic; called emission efficiency,
is the electron space current in amperes per watt of filament or heater power.
For convenience, emission efficiency is usually expressed in milliamperes per watt.

Tungsten Cathodes
Directly heated tungsten-filament cathodes are made from the pure metal.

Because tungsten filaments must operate at a high temperature (a dazzling white)
to emit electrons in useful quantity, tungsten requires a relatively large amount
of filament-heating power; in other words; its emission efficiency is low. The
large filament power dissipation requires a relatively large bulb for a fixed plate
dissipation, or reduces the permissible plate dissipation for a bulb of fixed size.

CATHODE:

INSULATED
HEATER

DIRECTLY HEATED CATHODES INDIRECTLY HEATED CATHODES
(FILAMENT TYPE) ) (HEATER TYPE)

Advantages of tungsten as a cathode material are its ruggedness and its fibih'ty
to withstand relatively heavy positiveion bombardment in high-voltage tubes.
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This bombardment, resulting from the presence of minute amounts of residual
gas, is naturally more severe at higher plate voltages. Cathode materials which
depend on a thin, active surface layer for their emission may quickly have this
layer sputtered away by positive ions, with a resulting loss in emissivity. In the
case of tungsten, the emission is an inherent property of the metal itself, so that
there is no loss in emission even if some of the surface is sputtered away by
positive-ion bombardment.

Coated Cathodes
Coated cathodes are of two general types—the directly heated filament cathode

and the indirectly heated cathode. The coated-filament type of cathode consists
usually of a nickel-alloy wire or ribbon coated with a mixture containing certain
alkaline earth oxides. This coating, consisting of a substantial layer on the
filament wire, requires a very low temperature (a dull red) to produce a copious
supply of electrons. Coated-filament cathodes, therefore, require relatively little
heat energy and have a high emission efficiency—many times that of tungsten.‘

A heater cathode comprises an assembly of a thin metal sleeve, coated with
an active material similar to that employed on coated-type filaments, and a heater
element contained within and insulated from the sleeve. The heater is usually
made of tungsten wire, or of a tungsten-molybdenum alloy, and is used solely for
the purpose of heating the coated sleeve (actual cathode) to an electron-emitting
temperature. The sleeve is heated by conduction and radiation from the heater.
Due to the fact that the coated cathode is isolated electrically from the filament
heating source, it is also called a unipotential cathode; unlike filament-type cathodes,
it has no voltage drop along its length due to a heating current.

Advantages of the coated cathode are its high emission efficiency, relative
freedom from filament or heater burn-out, low operating temperature, and its
comparatively low hum level (especially in the unipotential-cathode type).

A disadvantage of the coated cathode is its tendency to contaminate adjacent
electrodes with small quantities of active emitting material, so that emission from
these electrodes may take place at relatively low temperatures. Despite their high
emission efficiency, coated cathodes have been used in transmitting tubes principally
in small, low-voltage types where operating temperatures of the electrodes are
relatively low.’

Thoriated-Tungsten Cathodes
Thoriated-tungsten-filament cathodes are drawn from tungsten slugs which

have been impregnated with thoria. In processing, a surface layer of thorium is
formed; as a result, these cathodes liberate electrons at a medium temperature (a
bright yellow). They have an emission efficiency between that of pure tungsten
and coated cathodes.

Thoriated-tungsten filaments are suitable for use in tubes operating at a fairly
high voltage. They are not used in tubes operating at extremely high voltages
because the surface layer of thorium may be sputtered off by positivesion bom-
bardment; this results in loss of emission. Thoriated-tungsten filaments are sub-
stantially free from grid-emission effects and possess the unique capability of being
reactivated (in many cases) after their emission has been lost because of temporary

7
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tube overloads. Information regarding the reactivation of thoriated-tungsten fila-
ments is given under TRANSMITTING-TUBE INSTALLATION.

The choice of cathode material for a transmitting tube depends upon the
service for which the tube is designed. The plate voltage to be used on the tube
is an important factor, as is also the cathode emission required. In general, coated
cathodes have been employed in small, low-voltage tubes; thoriated-tungsten
filaments have been used in medium-power tubes operating at fairly high voltages;
and tun%‘sten filaments have been used in large, high-power tubes operating at
very high voltages However, design requirements control the choice of cathode
material for specific RCA tube types.

ANODES

For any tube there is a maximum amount of power that can be dissipated
safely by the anode, or plate, if reasonable tube life is to be obtained. The safe
anode dyissipation of a transmitting tube is one of the most important factors
controlling the amount of power the tube will deliver. Anodes can be classified
according to the principal method of cooling employed. In some types of tubes
the anodes are cooled almost entirely by radiation; in others, by conduction. Only
the first type will be considered here. -

In a radiation-cooled tube, the anode is operated at a fairly high temperature
and heat is radiated directly by the anode to and through the walls of the bulb
(generally of glass), It is usually necessary to operate such anodes at fairly high
temperatures in order to keep their physical dimensions commensurate with the
desired electrical characteristics of the tubes. :

Operation of anodes at such high temperatures brings up numerous problems.
The liberation of gases from the anode itself is one of the most important. In
the raw state, all materials suitable for anodes contain gases—mainly hydrogen,
nitrogen, .carbon monoxide, and carbon dioxide—which are present throughout
the body of the material. The major portion of these gases must be driven out
of the anode during the manufacture of ‘a tube so that in subsequent normal
operation no appreciable quantities of gas are liberated. The assembled tube is
sealed to a vacuum system where the glass bulb can be “bakedTM to free it of
adsorbed gases. The anodes are heated in two ways. One method is to supgly a
high positive voltage to the anode and bombard it with electrons from the cathode.
Anotfier method is to place around the glass bulb a coil carrying high-frequency
currents. The anode then acts as a short-circuited secondary of a transformer and
is heated to a high temperature by induced currents.

Some of the most important considerations in the choice of an anode material
for radiation-cooled tubes are its thermal emissivity, its mechanical properties,
and its vapor pressure.

The thermal emissivity should approach as nearly as possible the ideal of a
black body, in order to obtain the highest dissipation rating for a given anode
design and anode operating temperature (the temperature being determined. by
gas liberation). At first thought it might appear that the size of the anode could

e increased to get the desired dissipation rating for an anode of a given material.
However, this usually results in an increase in the electrostatic capacitance between
the anode and the other tube electrodes; it also increases the weight of the anode
which means heavier mounting supports and a larger mass of material from which
gases must be removed. Because of the pronounced trend to higher frequencies
in radio communication, it is important to keep interelectrode capacitances to a
minimum so that capacitance charging currents, which entail losses, can be limited
to reasonable values.

The mechanical properties of an anode material are very important. The
material must be capable of being worked readily into the desired shapes and must
maintain these shapes at the high temperatures employed during tube manufacture.
Only a very small amount of warping can be tolerated at the normal operating
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Typical Anode Structures

temperature, because warping may produce a change in the electrical characteristics
of a tube.

The vapor pressure of an anode material must be low enough so as not to
cause appreciable metallic deposits in a tube during manufacture. Such deposits
on the insulators in a tube may result in excessive interelectrode leakage or in
excessive radio-frequency losses in the insulators.

Various materials have been used for transmitting-tube anodes. A brief
description of the materials which have been most widely used is given in the
following paragraphs.

Tungsten

Tungsten was one of the first materials employed for anodes in air-cooled
tubes. From the standpoint of gas content, ease of degassing, vapor pressure,
and maintenance of mechanical shape at high temperatures, tungsten is a satisfactory
material for anodes. However, from the standpoint of workability, tungsten bas
a serious disadvantage. It is difficult to fabricate into the desired shapes and is,
therefore, little used at present as an anode material.

Molybdenum

The characteristics of the metal molybdenum make it suitable for use as an
anode material. Although its thermal emissivity is rather low, molybdenum degases
readily and is much more workable than tungsten. The heat-dissipating ability of
molybdenum anodes is improved by the addition of fins (e.g., such as in type 852),
which increase the radiating area of the anode. Further improvement is obtained
when the anode surface is roughened by means of carborundum blasting.

Graphite

Graphite is used as an anode material in many radiation-cooled tube types.
Although graphite contains considerably more adsorbed gases than either tungsten
or molybdenum, these gases can be largely removed by suitable manufacturing
technique. This includes pretreatment of graphite anodes before the tubes are
assembled.

The thermal emissivity of graphite depends on the treatment the surface has
received. Compared with molybdenumt anodes, graphite anodes operate at a visibly
lower temperature for the same power dissipation. Some users of transmitting
tubes find it convenient to judge the operating efficiency of a tube by observing
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the color temperature of the anode. With tungsten, molybdenum, and tantalum
anodes this is easily possible, because at the normal operating temperature the
anodes are distinctly cherry- or orange-red in color. With graphite, however,
practically no color can be seen in normal operation so that it is very difficult to
judge visually how much energy is being dissipated by the anode.

Graphite anodes are made with relatively thick walls for mechanical strength,
They are not subject to warping and have the further advantage that their good
heat conductivity, due to the thick walls, prevents “hot spots.” The absence of
hot spots means that the graphite anode radiates heat almost uniformly over its
entire surface. Because graphite, as ordinarily termed, is 2 complex mixture of a
variety of carbon forms, some of which produce undesirable effects in anodes,
careful selection and processing of graphite anode material is essential.

Mechanically, graphite presents no serious problems. It is a soft material
and, therefore, can readily be formed into the desired shapes. The vapor pressure
of graphite is low enough so that bulb blackening can be avoided during the
exhausting of a tube.

Nickel

Because of the relatively low melting point of nickel, this anode material
is used principally in tubes where the anode operating temperature is moderate.
Although the thermal emissivity of nickel is not high, this material lends itself
readily to a process called carbonizing. In this process, a well-adhering layer
of amorphous carbon is deposited on the nickel anode to provide a thermal
emissivity approaching that of a black body. Nickel is formed readily into the
shapes desired for anodes. Care must be exercised in the design of the anode
to avoid warping during exhaust. Like other metal anode materials, nickel has
the advantage of light weight, so that elaborate supporting structures are not needed.

Tantalum

A metal which is finding increasing use as an anode material is tantalum.
Although the properties of this material have been known for many years, it has
been used commercially in transmitting tubes for a relatively short time. The
appearance and many of the characteristics of tantalum are similar to those of
molybdenum. Tantalum has the same metallic luster, 2 slightly higher melting
point, a lower vapor pressure, and is more easily worked into various mechanical
shapes. The principal advantage of tantalum is that it will clean up gases and,
thus, is capable of helping to maintain a high vacuum in a tube during normal
operation. Sudden tube overloads of short duration do not cause tantalum anodes
to liberate appreciable gas. )

Tantalum anodes are usually made with fins and with a rough surface to
increase the effective heat-radiating area. Under conditions of maximum rated
plate dissipation, tantalum anodes will show a red to orange-red color., They will
normally show some color even when the tubes are lightly loaded. The color
characteristic of tantalum anodes serves as a rough indication of the power being
dissipated.

RCA tubes such as the 808, 833, and 861 are examples of tantalum-anode
construction.

GRIDS
The metals and alloys suitable for anode material are, in general, also useful

for grid structures. Like anode materials, a good grid material should have reason-
ably low gas content, should be easy to degas, and should have sufficient mechanical
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strength to hold its shape while operating at very high temperatures. A very small
change in the shape of a control-grid structure results in a relatively large change
in tube characteristics. Grid material should be suited for drawing into wire,
because grids are often formed of spirally wound wire supported by metal side rods.

An important consideration in the choice of grid material is the electron-
emitting characteristic of the material, especially in the presence of other elements
which may be used in tube manufacture. In most types of r-f service the grid
is driven positive part of the time, so that the grid is bombarded by electrons and
must dissipate some power. If the grid material is active enough, or the grid
temperature gets high enough, primary grid emission may take place. This effect
should be minimized in tube operation because it may result in loss of grid bias
if a grid leak is employed. Grid structures are sometimes pretreated in various
manners to reduce primary grid emission.

When the control grid is driven positive, the primary electrons which bombard
it may dislodge secondary electrons. This effect, called secondary emission, may
also cause a loss of grid bias, and must be minimized by proper choice of grid
materials and by suitable processing methods.

Some of the metals used for grids are tungsten, molybdenum, tantalum,
and also nickel alloys, such as magno-nickel. The latter is an alloy of nickel and
manganese. Alloys of molybdenum and tungsten are also employed. Grid materials
in some cases are coated with carbon to reduce secondary-emission effects and to
increase thermal emissivity.

BULBS
The kind of glass used in the manufacture of bulbs for transmitting tubes

must meet specific requirements. It must have good mechanical strength, be a
good electrical insulator, stand high temperatures, and should be easily freed of
adsorbed gases.

Where heat-dissipation requirements are moderate and where bulb size is not
especially important, so-called “soft” glass is a suitable material. If the bulb size
must be kept small, “hard" glass is employed. The important physical distinction
between soft glass and hard glass is that the latter has an appreciably higher
softening point (about 750°C compared to 625°C). Hard glass is generally
employed for the larger air-cooled tube types, where bulb size is an important
factor,

BASES

Base materials are of two general types—ceramic and plastic. Ceramics include
glass (usually Pyrex) and various silicates, of which porcelain is an example. The
plastic material in common use is Bakelite. Some tube bases are composed of
metal shells with an insulating bottom disc.

The better grades of ceramic insulators cause less radio-frequency losses at
high frequencies than most plastics suitable for use in bases. However, the use
of ceramic bases is generally limited to tubes where fairly high r-f voltages appear
between some of the base pins.

A basic principle guiding the manufacture of RCA transmitting tubes is the
use of those materials which provide a well-balanced tube design. The true measure
of radio-tube value is optimum performance with minimum cost. In choosing
proper materials to accomplish this result, RCA has the benefit of long manufac-
turing experience supplemented by intensive research and comprehensive operating
experience.
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Generic Tube Types
DIODES

The simplest form of radio vacuum tube is the two-electrode
type consisting of a cathode and an anode, or plate. This type,
called a diode, is used in transmitting service mainly as a rectifier
to convert low-frequency a-c voltages from the power line to d-c
voltages for plate, screen, and grid-bias supplies. Simple diodes,
such as the 866, are called half-wave rectifiers because they rectify

FILAMENT but one-half of each alternating voltage cycle. When two diodes
are enclosed in a single envelope, the tube is called a full-wave

rectifier because it rectifies both halves of each a-c cycle. The receiving types $Z3
and 83 (described in the RCA Receiving-Tube Manual) are typical examples.

PLATE

Both half- and full-wave rectifiers are of two general types—high-vacuum and
mercury-vapor., The latter type, represented by the 866 and the 83, is charac-
terized by a very low and approximately constant internal voltage drop, amounting
to about 15 volts. This drop is practically independent of d-c load current, but
depends to some extent upon the temperature of the mercury vapor within the
bulb. Mercury-vapor rectifiers, in operation, have a characteristic bluish glow
which fills a considerable portion of the bulb. The extent of the glow depends
on the value of the d-c load current.

Due to their low and relatively constant internal voltage drop, mercury-vapor
rectifiers are very useful in applications where excellent voltage regulation of the
d-c power supply is desired. Class B modulators represent one such application.

High-vacuum rectifiers have an internal voltage drop which is proportional
to the d-c load current being drawn. With varying d-c load currents they do not,
in general, provide the good voltage regulation obtained from mercury-vapor
rectifiers. Some high-vacuum rectifiers, such as the 836, are designed with close-
spaced electrodes, so that a voltage regulation almost as good as that of a mercury-
vapor type is obtained.

Additional information on rectifiers is given under RECTIFIERS AND
FILTERS.

TRIODES

When a third electrode, called the control grid, or simply
PLATE grid, is placed between the cathode and the plate, the tube is

known as a triode. The grid usually consists of a wire mesh,
GRID spiral, or grating, the appearance of which suggests its name.

CATHODE When the grid of a triode is made positive or negative
e aTER with respect to the cathode, the plate current correspondingly

increases or decreases. This action makes possible the use of a
triode as an amplifier. The electrical impulse to be amplified.

is applied to the grid of the tube and thus controls electrostatically the flow of
electrons from the cathode to the plate. The energy required to draw the electrons
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to the plate comes from a high-voltage d-c supply in the plate circuit. The power
required to vary the electron stream from the cathode to the plate ordinarily is
only a fraction of the power flowing in the plate circuit. Therefore, the action
of the tube is that of a valve, the d-¢c power of the high-voltage plate supply
being converted by the grid-voltage variations into a-c power in the plate load
circuit. The efficiency of this energy conversion is never 100 per cent, and some
power is dissipated by the plate of the tube.

Triodes are used in transmitters as oscillators, frequency multipliers, r-f power
amplifiers, a-f amplifiers, modulators, and for various special purposes. Some types
are especially designed for audio power-amplifier service, but most types can be
used in either r-f or a-f applications,

The grid, plate, and cathode of a triode form an electrostatic system, each
electrode acting as one plate of a small condenser. The capacitances are those
existing between the grid and plate, plate and cathode, and grid and cathode.
These capacitances, .as well as those of tubes having additional electrodes, are
known as interelectrode capacitances, Generally, the grid-plate capacitance is the
most importarit. In radio-frequency amplifier circuits, this capacitance may act to
produce undesired coupling between the input and output circuits and cause
uncontrolled regeneration or oscillation.

TETRODES AND PENTODES

The effect of grid-plate capacitance in causing excess regeneration can be
eliminated in a number of ways. One scheme requires the use of special circuit
arrangements which set up counteracting effects to balance out the action of the
grid-plate coupling. This method is known as neutralization. A second and prefer-
able method is to reduce the grid-plate capacitance in the tube itself to a negligible
value. This is accomplished by employing a fourth electrode in the tube which
is known as the screen. The screen is placed between the plate and the grid and
thus makes a four-electrode tube—hence the name tetrode. With this type of
tube, intricate circuits and balancing difficulties can be eliminated.

The screen is constructed so that the flow of elec
PLATE trons to the plate is not materially obstructed, yet it serves

to establish an electrostatic shield between the plate and
SCREEN the grid. The screen is usually operated at some positive

voltage lower than that of the plate and is by-passed to
the cathode through a condenser having low impedance

HEATER at the operating frequency. This by-pass condenser
effectively grounds the screen for high-frequency currents

and assists in reducing the effective grid-plate capacitance to a minimum value.
This reduction permits tetrodes to provide a high order of stable amplification
with relatively simple circuits. The 865 and 860 are tfepresentative tetrodes.

GRID:

‘ CATHODE

In all radio tubes, electrons striking a positive electrode may, if moving at
sufficient speed, dislodge or “splash outTM other or secondary electrons. In diodes
and triodes, such secondary electrons produced at the plate usually do not cause
any trouble because no positive electrode other than the plate itself is present
to attract them. These electrons, therefore, are eventually drawn back to the plate.

13
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In tetrodes, the screen (operating at a positive potential) offers a strong attraction
to secondary electrons when the plate voltage swings lower than the screen voltage.
This effect limits the permissible plate swing for tetrodes because the major portion
of the space current then goes to the screen rather than to the plate. The plate
swing limitation can be substantially removed when a fifth electrode, known as
the suppressor, is placed in the tube between the screen and the plate. Such
five-electrode types are called pentodes.

The suppressor in a pentode is usually con-
nected to the cathode, or to a low positive or negative
voltage, depending on the tube application. Because
of its negative potential (in any case) with respect to
the plate, the suppressor retards the flight of secondary
electrons and diverts them back to the plate, where
they cause no undesirable effects. Thus, in pentodes,
the plate voltage may swing below the screen voltage.

In a beam power tube (e.g., type 807),
the function of the suppressor grid is per-
formed by a potential minimum which
exists between the screen and the plate,
suppresses secondary emission from the
plate, and which gives the tube pentode
characteristics.

In general, pentodes and beam tet-
rodes have high power sensitivity. This
means that very little driving power is
required in comparison with the power
output obtained. For this reason, such
tubes are especially useful in multi-stage
transmitters as buffer amplifiers and fre-

i truct f RCA Tn‘emglcasmflr"cov‘\‘rfi- Fube quency multipliers. The use of pentodes
and beam tetrodes reduces the total num-
ber of stages required to obtain a specific

power gain. These tubes also find useful application in certain types of oscillator
circuits, )

" A pentode in radio-telephony service can be modulated by means of the
suppressor. Under proper operating conditions, modulation of almost 100 per
cent can be obtained with good linearity, Because the suppressor is usually
operated at a negative potential over most of the a-f cycle, very little modulating
power is required. A typical circuit illustrating suppressor modulation is shown
in the CIRCUIT SECTION.
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Transmitting-Tube Installation
Information regarding the required type of socket or mounting is given in the

data under each individual tube type. In most cases, the socket is mounted to hold
the tube in a vertical position with the base down, although some tubes may be
operated in a horizontal position. Exceptions are described under the respective
tube types. Where the tube is subjected to vibration or shock, a shock-asborbing
suspension should be employed.

The bulb becomes very hot during continuous operation of a tube; therefore,
free circulation of air around the tube should be provided. Care should be taken
that the bulb does not come in contact with any metallic object nor be subjected
to the spray of any liquid. The installation of all wires and connections should
be made so that they will not be close to or touch the bulb, in order to avoid
possible puncture of the glass due to peak voltage effects. In the case of tubes
with metal cap terminals, such as the 806, 808, and 866, flexible leads should be
used to make connections to these terminals in order to minimize strains placed
on the glass bulb at the base of the caps. It is important that the caps should not
be used to support coils, condensers, chokes, or other circuit parts. Under no
circumstances should anything be soldered to the caps, because the heat of the
soldering may crack the bulb seals. The flexible leads should be big enough to
carry, without noticeable heating, the large circulating r-f currents which flow
in the circuits at high frequencies.

The cathodes used in RCA transmitting tubes are of several types, as described
in GENERAL VACUUM-TUBE CONSIDERATIONS. Filament-type cathodes
include thoriated-tungsten filaments and oxide-coated filaments. Indirectly heated
oxide-coated cathodes are employed in some tube types.

Thoriated-tungsten filaments, in general, may be operated from either an a-c
or a d-c source. Except where a d-c source is necessary to avoid hum, an a-<c
filament supply is generally used because of its convenience and economy. Where
d-c is used for the filament supply, the grid and plate returns should be made to
the negative filament terminal rather than (as in the case of an a-c filament supply)
to the mid-tap of the filament circuit. For the larger tube types, a suitable voltmeter
should be connected permanently across the tube filament terminals to provide
a ready check of the filament voltage. This voltage should not vary more than
plus or minus 5% from the rated value; otherwise, a loss of filament emission may
result. When the apparatus in which the tube is used is idle for short periods
of time, the filament should be maintained at its rated voltage during the “‘stand-
bys.” When an a-c filament supply is used, rheostat control is placed preferably
in the primary circuit of the filament transformer.

Overheating, by severe overload, of tubes employing thoriated-tungsten fila-
ments may decrease filament emission. The activity of the filament can sometimes
be restored by operating the filament at rated voltage for ten minutes or more
with no voltages applied to the other electrodes. This process may be accelerated
by raising the filament voltage a small amount above its rated value for a few
minutes. The maximum voltage which should be used is 9 volts for 7.5-wolt
types, 12 volts for 10-volt types, and 13 voits for 1l-volt types.
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Oxide-coated filaments may be operated from either an a-c or a d-c source.
An a-c filament supply is generally used because of its convenience and economy.
When d-c is employed, the grid and plate returns should be made to the negative
filament terminal, rather than to the electrical center of the filament circuit as
in the case of a-c filament operation. The voltage across the filament terminals
should be checked periodically and should be maintained within plus or minus
5% of the rated value. An oxide-coated filament should be allowed to come up
to normal operating temperature before voltage is applied to the plate; otherwise,
a loss of filament emission may result. In radio transmitters during “standbyTM
periods, the filament should be kept at its rated voltage to avoid a delay in the
resumption of transmission. Data relating to the filament operation of specific
tube types (especially rectifiers) are given in the text following the tabulated
data on those types.

The heaters of those tubes employing indirectly heated cathodes may be
operated from either an a-c or a d-c supply. A.c. is usually employed because
of its convenience and economy. The voltage across the heater terminals at
the socket should be checked periodically. In radio transmitters, during “standbyTM
periods, the heater should be maintained at its rated voltage in order that trans
missions can be promptly resumed. .

The cathode should be connected to the electrical mid-point of the heater
circuit when the heater is operated from an a-c source. Where cathode bias is
used, the cathode should be connected to the same point through the cathode-bias
resistor. When the heater is operated from a d-c source, the cathode circuit may
be connected to either heater-supply lead. In circuits where the cathode is not
tied directly to the heater, the potential difference between them should be kept
as low as possible. Recommended values for heater-cathode potential differences
are given in the data under the tube types. Where a large resistance is necessary
between heater and cathode in some circuit designs, the resistor should be by-
passed for both r-f and af frequencies, to avoid the possibility of hum and circuit
losses.

The plate dissipation (the difference betwcen plate input and power. output)
should never exceed the maximum values given under MAXIMUM RATINGS and
TYPICAL OPERATING CONDITIONS. Information as to the operating color, or
lack of color, of the plate for maximum plate dissipation is included in the data
under each type tube.

A d-c milliammeter should always be used in the plate circuit to provide a
continuous check of plate current. Under no condition should the d-c plate
current exceed the maximum values given under MAXIMUM RATINGS and
TYPICAL OPERATING CONDITIONS. A d-c meter placed in the grid-return
circuit is an invaluable aid in checking r-f grid excitation as well as in making
tuning and neutralizing adjustments. If a d-c milliammeter is placed in the filament-
to-ground return lead, or in the negative high-voltage supply lead, the meter
should be shunted by a suitable resistor having about 100 times the resistance
of the meter. This arrangement will prevent the r-f amplifier stage or the frame-
work of the rectifier from assuming a high d-c potential with respect to ground
in the event that the meter should develop an open circuit from any cause. With
a ratio of external resistance to meter resistance of 100, the effect of the external
resistor on the meter reading is very small—about one per cent.

16



RCA TRANSMITTING Tuse MANUAL

The control-grid bias voltage can be obtained by any one of three general
methods, or by a combination of these methods, depending on the class of service
in which the tube is used. The three methods for obtaining grid bias are:
(1) from a fixed-voltage supply, such as a battery, or a rectifier having good
regulation; (2) from a grid-eak resistor; and (3) from a cathode resistor (self-
bias). Some types of bias supply are not suitable for some classes of tube operation.
The recommended types of bias supply for each class of service are given under
TRANSMITTING-TUBE APPLICATION. For additional information on bias-
ing methods, refer to TRANSMITTER DESIGN CONSIDERATIONS.

The screen voltage for pentodes and tetrodes may be obtained from a separate
source, from a potentiometer, or from the plate supply through a series resistor.
The method employed depends on the service in which the tube is used (see
TRANSMITTING-TUBE APPLICATION) and on the tube type. Where the
series-screen-resistor method is used, the resistor should have a value sufficient,
under load conditions, to drop the high voltage to a d-¢ value which is within the
maximum screen-voltage rating given under each tube type. In general, when the
key is up in telegraph service and when modulation is applied in plate-modulated
service, it is permissible for the peak screen voltage to rise to twice the maximum d-c
value shown in the tabulated data under the tube type. In those cases where series
screen-resistor values are shown in the tabulated data for class C telegraphy service,
the peak screen voltage is permitted to rise to the full d-c plate-voltage value
under key-up conditions. Suitable values of screen resistors are shown 'in the
tabulations. In those classes of service where screen-voltage regulation is not an
important factor, the series-resistor method of obtaining screen voltage is desirable,
because of its simplicity and because it serves to limit the d-c power input to thescreen.. With this method, however, it is important that the ll:igh'voltage supply
switch be opened before the filament, heater, or cathode circuit is opened and
before the rf excitation is removed; otherwise, the screen voltage will rise to
an excessive value. When the screen voltage is obtained from a separate source,
or from a potentiometer, plate voltage should be applied before the screen voltage,
or simultaneously with it; otherwise, with voltage on the screen only, the screen
current may be large enough to cause excessive screen dissipation. A d-¢ milliam-
meter should be used in the screen circuit in most cases, so that the screen current
and the d-c power input to the screen can be determined. The screen power input
should never be allowed to exceed the maximum rated value shown in the
tabulations,

Suppressor voltage for pentodes may be obtained from any fixed-voltage d-c
supply. In cases where the suppressor draws current, the supply should be a
battery or other source having good voltage regulation.

The use of a protective device in each transmitting-tube circuit is usuvally
advisable to safeguard the tube against accidental overloads. This device preferably
should remove the d-c plate voltage when the d-c plate current reaches a wvalue
about 50 per cent greater than normal. For small, low-power tubes, a high-voltage
fuse placed in series with the positive plate-voltage lead is usually satisfactory. For
the larger transmitting tubes, an instantaneous d-c overload relay should be
employed. In rf amplifier stages employing low- or medium-mu tubes with grid-
leak bias, it is especially important that a protective device be used to safeguard
the tube against a heavy d-c plate-current overload in case the r-f grid excitation
should fail. Such failure, with grid-leak-biased tubes, results in a total loss of the
d-c grid bias. Additional information on protective devices is given in TRANS-
MITTER DESIGN CONSIDERATIONS.

Adequate shielding and isolation of the input circuit and the output circuit
of pentodes and tetrodes are necessary if optimum results are to be obtained. The
impedance between the screen and filament (or cathode) must be kept low, usually
by means of a suitable by-pass condenser. When the screen voltage is obtained
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from the plate supply through a series resistor, the screen by-pass condenser
should have a voltage rating at least equal to the d-c plate voltage applied to
the tube. The capacitance value of the condenser may be in the order of 0.01 to
0.1 uf. In telephony service where the screen voltage is modulated, a smaller
capacitance may have to be used in order to avoid excessive af by-passing. If
the screen by-pass condenser is made too small in value, however,® r-f feedback
from plate to control grid may result, depending on the circuit layout, operating
frequency, and power gain of the stage. A-f by-passing difficulties can be largely-
eliminated if the screen by-pass condenser is replaced by a series-tuned circuit
resonant at the operating frequency. The seriestuned circuit presents a high
impedance to audio frequencies, but a very low impedance to its resonant frequency.

Heavy leads and conductors together with suitable insulation should be used
in all parts of the r-f plate tank circuit so that losses due to r-f voltages and
currents can be kept at a minimum. Because proper circuit design becomes very
important at the higher frequencies, it is essential that short, heavy leads and
circuit returns be used in order to minimize lead inductance and losses.

) In order that the maximum ratings given under MAXIMUM RATINGS and
TYPICAL OPERATING CONDITIONS will not be exceeded, changes in elec-
trode voltages due to line-voltage fluctuation, load variation, and manufacturing
variation of the associated apparatus should be determined. An average value
of voltage for each electrode should then be chosen so that under the usual voltage
variations the maximum rated voltages will not be exceeded.

When a new circuit is tried or when adjustments are made, the plate voltage
should be reduced in order to prevent damage to the tube or associated apparatus
in case the circuit adjustments are incorrect. It is advisable to use a protective
resistance in series with the high-voltage plate lead during such adjustments. The
value of this resistance can be obtained with sufficient accuracy by taking one-half
of the tube's plate resistance, as determined by Ohm's law from the typical
operating conditions to be used. For example, a single 834 operating with a d-c
plate voltage of 1000 volts and a d-c plate current of 100 milliamperes represents
a resistive load of 10000 ohms (1000/0.1). The protective resistance should be
about 5000 ohms, the exact value not being critical. Suitable meters should be
provided for measuring tube voltages and currents as well as for making transmitter
adjustments. When modulation is employed, a cathode-ray oscillograph also is
recommended to assist in the making of final adjustments for optimum performance.
Under no conditions should the maximum values given under MAXIMUM
RATINGS and TYPICAL OPERATING CONDITIONS be exceeded.

The rated plate voltage of practically all transmitting tubes is high enough
to be dangerous to the user. Great care should be taken during the adjustment of
circuits, especially those in which the exposed circuit parts are at a high d-c poten-
tial. In the design of apparatus, precautions should include the enclosing of all
high-potential circuit elements and the use of “interlock” switches to open the
primary circuit of the high-voltage power supply when access to the apparatus it
required.
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Transmitting-Tube Applicafion
Radio tubes are used in transmitters in a number of different ways, depending

on the results to be achieved. Four distinct classes of amplifier service recognized
by engineers are covered by definitions standardized by the Institute of Radio
Engineers. This classification depends primarily on the fraction of input cycle
during which plate current is expected to flow under rated full-load conditions.
The four principal modes of operation are identified as class A, class AB, class B,
and class C.

A class A amplifier is an amplifier in which the grid bias and alternating
grid voltages are such that plate current in a specific tube flows at all times.

A class AB amplifier is an amplifier in which the grid bias and alternating
grid voltages are such that plate current in a specific tube flows for appreciably
more than half but less than the entire electrical cycle.

A class B amplifier is an amplifier in which the grid bias is approximately
equal to the cut-off value so that the plate current is approximately zero when
no exciting grid voltage is.applied, and so that plate current in a specific tube flows
approximately one-half of each cycle when an alternating grid voltage is applied.

A class C amplifier is an amplifier in which the grid bias is appreciably greater
than the cut-off value so that the plate current in each tube is zero when no
alternating grid voltage is applied, and so that plate current flows in a specific tube
for appreciably less than one-half of each cycle when an alternating grid voltage
is applied.

To denote that grid current does not flow during any part of the input cycle,
the suffix 1 may be added to the letter or letters of the class identification. The suffix
2 may be used to denote that grid current flows during some part of the cycle.

For radio-frequency amplifier tubes which operate into selective tuned circuits,
as in radio transmitter applications, or under requirements where distortion is
not an important factor, any class of amplification may be used, in either a
single-ended or a push-pull stage., For audio-frequency amplifiers in which distortion

~is an important factor, only class A amplifiers permit single-tube. operation. For
class AB or class B audio service, a balanced amplifier stage using at least two
tubes is required.

CLASS A AUDIO AMPLIFIERS

An ideal class. A amplifier is one in which the output wave shape is an exact
reproduction of the input wave shape. In a practical class A amplifier, the grid
is usually not driven positive (with respect to the cathode) by the input signal
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and is never driven negative so far that plate current is cut off. The average d-c
plate current is substantially constant between the conditions of no signal and full
signal. The plate efficiency, ‘or ratio of a-c power output to average d-c power
input, is relatively low for triodes—about 20 to 30 per cent at full output, depending
on the design of the tube and on the operating conditions. Fig. 1 illustrates
class A amplifier operation.

Specially designed tubes of the triode type are frequently used as class A
audio-frequency power amplifiers to modulate radio-frequency carriers. These
tubes, which are usually driven by class A voltage amplifiers, require a relatively
large input signal even though practically no power is required by the grid circuit,
Class A audio power tubes, such as the 845 and 849, are generally characterized
by a low or medium amplification factor.

Grid bias for class A service may be obtained from a separate d-c voltage
source or by means of a cathode-bias resistor shunted by a condenser. This
condenser should be large enough to minimize degenerative effects at low audio
frequencies. When the cathode-resistor method of bias is used, the proper value
of the cathode resistor can be determined by the equation R == 1000 E/I, where
R is the cathode-bias resistance in ohms, E is the rated d-c grid-bias voltage, and
1 is the cathode current in milliamperes. For a triode, the cathode current is simply
the plate current; for tetrodes and pentodes, it is the sum of plate and - screen
currents.

If more audio power output is desired than can be obtained from a sin le
tube, two or more tubes can be operated in parallel or in push-pull. The parallel
connection provides twice the output of a single tube with the same input-signal
voltage. The push-pull connection requires twice the input-signal voltage, but has,
in addition to the increase in power, a number of important advantages over
single-tube operation. Distortion due to even-order harmonics and hum due to
plate-supply ripple voltages are either eliminated or decidedly reduced through
cancellation in the output circuit. Because harmonic distortion is reduced, appreci-
ably more than twice single-tube output can be obtained by using a plate-to-plate
load resistance only slightly larger than the value for single-tube operation.

If the bias for two tubes in gush‘pull is supplied by a single cathode resistor,
a large by-pass condenser should be used across the resistor to minimize distortion.
With either the parallel or the push-pull circuit, the d-c grid bias is the same
as for a single tube. Where a number of tubes are operated in arallel or in
push-pull, it may be necessary to provide individual adjustment o grid bias to
insure that the plate dissipation of each tube does not exceed the maximum rated
value. This can be accomplished by means of a tapped C-supply, or by means of
a variable cathode-bias resistor for each tube.” A separate filament-supply winding
and a separate cathode-resistor by-pass condenser are necessary for each tube that
is individually biased with a cathode resistor. Where tubes are operated in
parallel, a non-inductive resistance of 10 to 100 ohms should be placed in series
with each grid lead, at the tube socket, to prevent parasitic oscillations.

Where the input circuit of an a-f power amplifier. is resistance- or impedance-
coupled to the preceding stage, the resistance in serjes with the grid circuit
should not be made too high. The permissible grid-circuit resistance is usually
larger for tubes that are self-biased than for' tubes that have a fixed-bias supply,
due to the protective action of the cathode-bias resistor. The recommended
maximum value of grid-circuit resistance is given in the tabulated tube data.

Operation of audio power amplifiers so that the grids are driven positive
on any portion of the input-signal cycle is inadvisable except under conditions
discussed in the sections on class AB and class B amplifiers. A circuit of a typical
push-pull class A amplifier (using two 6C5's) is shown in the CIRCUIT SECTION.

" The power output of triodes as class A amplifiers can be calculated graphically
without serious error from the plate family curves. The proper plate current,
grid bias, and optimum load resistance, as well as the per cent second-harmonic
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distortion, can also be determined. The method of calculation is not within the
scope of this book; however, information on this subject can be obtained from
references No. 4, No. 18, and No. 21 in the READING LIST.

CLASS AB AUDIO AMPLIFIERS

A class AB audio power amplifier consists of a push-pull stage in which the
tubes are operated with a negative grid bias larger than that used for class A
operation. With this larger grid bias, the plate (and screeng voltage can usuallybe made higher than the value used for cgss A operation because the increased
negative bias reduces the d-c plate current at zero signal to a value such that
the plate-dissipation rating of the tube is not exceeded. A class AB amplifier
will deliver more power output than a class A amplifier because of the higher
voltages employed and because of its higher efficiency.

Class AB amplifiers are divided into two groups—class AB; and class ABj.
In a class ABy amplifier there is no flow of grid current because the peak signal
voltage applied to each grid does not exceed the negative grid-bias voltage. Since
the grids are never driven positive, grid rectification does not occur. In class ABg
service, the peak signal voltage does exceed the grid bias with the result that
the grids are driven positive and draw current on a portion of the positive
half-cycle of signal voltage. The efficiency and power output of a class AB;
amplifier are somewhat higher than for a class AB; amplifier.

Because of the flow of grid current in a class ABy amplifier, there is a loss
of power in the grid circuit. The sum of this loss and the loss in the input
transformer is equal to the total driving power required by the grid circuit. The
driver stage should be capable of giving a power output considerably larger than
this required power in order that distortion introduced in the grid circuit can
be kept low. The input transformer used in a class AB; amplifier usually has
a step-down turns ratio.

The d-c plate current in a class ABs amplifier varies over a considerable
range and increases with the input signal. Because of this variation, the plate-
voltage supply should have good regulation; otherwise, fluctuations in the voltage
output of the power supply cause a decrease in power output and an increase
in distortion. To obtain satisfactory regulation, it is usually advisable to use a
choke-input filter in the power supply. A mercury-vapor rectifier tube is generally
preferable to a high-vacuum rectifier because of the better regulation of mercury-
vapor tubes. In all cases, the resistance of the filter chokes and power transformer
should be as low as practical.

The negative grid bias for either a class AB; or a class AB; amplifier should
be obtained from a fixed-voltage supply if the maximum power output capabilitiesof the class AB stage are to be reafized. Cathode-resistor bias can be employed
with a class AB; amplifier, although this bias method reduces power output and
may increase distortion. The cathode resistor should be by-passed by a very
large condenser in order to minimize distortion. It is often advisable to provide
for individual adjustment of grid bias for each tube in a push-pull class AB stage.
If separate bias supplies are used, they should each be by-passed by suitably large
condensers to minimize degenerative effects.

CLASS B AMPLIFIERS

The ideal class B amplifier is one in which the alternating component of
plate current is an exact replica of the alternating grid voltage for the haif-cycle
when the grid is positive with respect to the bias voltage. The power output
is proportional to the square of the exciting grid voltage. In class B service, the
tube is operated so that the plate current is relatively low with no grid excitation,
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When excitation is applied, there is no plate-current flow over a substantial part
of the negative half-cycle. Plate current flows only during the least negative
excursions of the exciting voltage. A considerable amount of second-harmonic
and higher even-order-harmonic distortion is thus introduced into the power
output of a single tube. However, with two tubes in a balanced push-pull circuit,
the even harmonics are eliminated from the output. .In such a circuit, therefore,
two tubes can be employed as class B amplifiers to supply power output with
very low distortion, Class B amplifiers are characterized by medium power output,
medium plate efficiency, and a2 moderate ratio of power amplification. They are
used for both radio- and audio-frequency amplification.

In class B audio amplifier service, the tubes must be used in a balanced
circuit so that harmonic distortion can be kept sufficiently low. Figs. 2 and 3
illustrate class B audio operation. It is possible to drive the grids of the amplifier
tubes positive by a certain amount and still obtain virtually undistorted output,
provided sufficient driving power is available. This power is conveniently supplied
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Fig. 2

by a class A or class AB power amplifier driving the grids of the output tubes
through a suitable push-pull transformer. Where class B amplifier tubes. are
designed with a sufficiently high amplification factor, it is possible and convenient
to operate them with zero dgrid bias, and so avoid the problem of providing agrid-bias supply having good voltage regulation. A modiged remote-cut-off plate-
current characteristic in such tubes is an important factor in obtaining low distor-
tion.* The 805 is an example of this type of tube design.

Distinguishing features of class B audio service are: High power output of
P good quality can be obtained with

xciminG WAVE SHAPL relatively small tubes operating at aL3

SIGNAL fairly low plate voltage; and unusual
M A /\ overall economy of power consump-

IAARVOVARRY.

PLATE CURRENT
TUBE A

tion is possible because the average
\/ d-c plate current is low when no

signal is a%plied to the grids. To
PLATE cumenT give these advantages, a class B power

Fia. 3 amplifier requires the use of a driver
9. stage capable of supplying consider-

able undistorted audio power and the use of a plate-voltage supply capable of
maintaining good voltage re§ulation regardless of the variation of average plate
current with signal voltage. It should be noted that the distortion present in the
output of class B amplifiers is usually somewhat higher for the ordinary range of
si%nals than that obtained with class A audio amplifiers employing much larger
tubes capable of the same maximum power output.

?‘amn. *'Recent Developments of the Class B Audio- and Radio-Prequency AmplifiersTM1. B
Proc. LR.E., July, 1936.
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Because the average d-c plate current in a class B audio amplifier fluctuates
considerably between no-signal and fullsignal conditions, the plate supply should
have adequate voltage regulation to take care not only of the average power
requirements but also of the peak power demands. When an a-c operated power
sul.;:ply is used, the rectifier tube itself should have good regulation—a requirement
which is usually met by the use of mercury-vapor rectifiers. The filter chokes and
transformer windings should have low resistance.

The grid of a class B audio amplifier tube is usually operated sufficiently
positive to cause current to flow in the grid circuit. Therefore, the driver stage
must supply not only the necessary input voltage to the class B stage, but it mustbe capagre of doing so under conditions where considerable power is taken by
the grids of the class B amplifier tubes. Because the power necessary to swing the
grids positive is partially dependent on the plate load of the class B tubes, and
because the efficiency of power transfer from the driver stage is dependent on
transformer characteristics, the design of a class B audio power amplifier requires
more than ordinary attention to effects produced by the component parts of the
circuit. For this reason, the design of a class B audio amplifier with its driver
stage is more involved than that of a class A system.

The interstage transformer is the coupling link between the driver and the
class B stage. It is usually made with a step-down ratio of primary to one-half
secondary. This means that the primary voltage is higher than the secondary
voltage applied to the grid of either class B tube. The step-down ratio depends
on the following factors: Type of driver tube; type of class B power tube; load
on class B power tube; permissible distortion; and transformer peak-power efficiency.Indpractice, the ratio o? primary to one-half secondary may range between 1 to 1
and 5 to 1

The class B input transformer should be designed to give good frequency
response when operated into ‘an open circuit, such as that represented by the
class B stage when the signal amplitude is very small. It should have fairly high
power efficiency so that it can deliver the required power when the signal amplitude
is large. The power output and distortion of the class B stage are often critically
dependent on the circuit constants, which should be made as nearly independent
of frequency as possible. This applies particularly to the class B input transformer.
Because it is difficult to compensate for the effects of leakage inductance in this
transformer without excessive loss of high-frequency response, its leakage inductance
should be as low as possible.

The type of tube chosen for the driver stage should be capable of supplying
sufficient undistorted power to operate the class B stage at full output. Allowance
should be made for the efficiency of the interstage transformer. Two low-impedance
tubes are frequently used in a push-pull class A circuit for the driver stage. This
arrangement not only delivers relatively large amounts of undistorted power but,
because of the bucking action of the d-c currents flowing in each half of the
primary, also frees the interstage transformer of undesirable d-c magnetization
effects. It is often necessary, in order that distortion may be kept low, to work
the driver tube into a load resistance higher than the normal value. The higher
load reduces the distortion in the output of the driver stage, and consequently
helps to reduce the distortion in the output of the class B stage.

A chart listing triodes suitable for class B audio service, with essential operating
conditions and suggested driver tubes, is included in TRANSMITTER DESIGN
CONSIDERATIONS. :

In radio-telephone transmitters, a class B audio amplifier is generally used
to modulate the plate voltage of a class C rf amplifier, which may be either
the final (output) stage, or some low-power stage preceding the final r-f amplifier.
Coupling between the modulator and the class C stage is generally made by means
of an output transformer, which should be designed so that the resistance load
on the secondary, presented by the class C stage, is reflected into the primary
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circuit as the plate-to-plate load specified in the modulator tube data. The output
transformer should have low leakage inductance and should be designed with a
core sufficiently large to avoid magnetic saturation effects which would impair
the quality of the output. For best low-frequency response, it is preferable not
to allow the d-c plate current of the r-f amplifier to flow through the secondary
winding of the class B output transformer. Coupling between the secondary
and the r-f stage to be modulated can be made through a series condenser and a
parallel choke, as shown in circuit No. 13 in the CIRCUIT SECTION. If the
secondary is to carry d-c plate current, the transformer core should be made larger
and should include a suitable air gap t6 prevent magnetic saturation due to d-c
magnetization.

The proper turns ratio for the output transformer is determined by the plate
voltage and plate current of the class C stage to be modulated, together with the
recommendeg plate-to-plate load of the class B modulator. For example, it is
desired to operate two 805’s as class B modulators with a plate supply of 1250
volts. The rated tube output is 300 watts and the recommended plate-to-plate load
is 6700 ohms. If the efficiency of the class B output transformer is assumed to
be 90 per cent, there will be 0.9 x 300, or 270 watts of useful audio power
available. Because the power input to the class C r-f stage can be twice this value,
for 100 per cent sinusoidal modulation, the class C amplifier can be operated at
2000 volts and 270 milliamperes, 1000 volts and 540 milliamperes, or at any
other voltage and current providing an input of 540 watts. For the 2000-volt
conditions, the equivalent resistance (sometimes called modulation impedance) of
the class C stage is 2000/0.270, or 7400 ohms. The turns ratio of the output
transformer (total secondary to total primary) is equal to the square root of the
impedance ratio; thus, V 740076700 == I.1. This is a step-up ratio, because the

load on the secondary is higher than the desired plate-to-plate load for the modulator.

The plate-circuit efficiency of a class B a-f amplifier is in the order of 50
to 65 per cent at full output.

Grid bias for tubes operated in class B a-f service should be obtained from
a hattery or other d-c source of good regulation. Tt should not be obtained from
a high-resistance supply, such as a grid leak or a cathode resistor, nor from a
rectifier, unless the latter is designed to have exceptionally good voltage regulation.

As a class B radio-frequency amplifier, any tube rated for such service may
be operated in single-ended as well as in push-pull circuits. Either kind of operation
is practical, because harmonic distortion in a class B r-f amplifier is largely filtered
out by the “fly-wheel” action of the tuned output circuit. A typical circuit of a
class B r-f amplifier using two 806's is shown in the CIRCUIT SECTION.

‘Where the final tf stage of a transmitter is modulated, the term high-level
modulation is used to describe the system because modulation takes place in the
stage operating at the highest power level. Where modulation takes place in some
intermediate stage -preceding the final r-f amplifier, the term low-level modulation
is employed. In the latter system, the plate of the final amplifier is supplied with
unmodulated d-c voltage and the grid is excited by r-f voltage modulated at audio
frequency in some preceding stage. The final amplifier is known as a linear
amplifier and is operated under class B conditions so that the power output is
proportional to the square of the exciting voltage. Thus, when the rf grid
voltage is doubled, the output of the class B r-f amplifier is increased four times
and 100 per cent modulation is obtained.

Because the input impedance of a class B linear r-f amplifier varies considerably
with variation in the modulated r-f grid voltage, it is essential that the r-f stage
driving the linear amplifier have good regulation. This requirement can be met
by means of a capacitive or inductive step-down of r-f voltage between the plate
circuit of the modulated class C stage and the input circuit of the class B amplifier,
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The use of a low-impedance modulator together with a fairly large voltage step-down
from the plate tank circuit of the modulated class C amplifier is an aid in obtaining
satisfactory regulation.* Another, but less efficient, way of obtaining good regulation
is by means of a non-inductive resistor of suitable value shunted across the input
circuit of the class B r-f amplifier. This grid-regulation resistor (see circuit No. 21
in the CIRCUIT SECTION) should be of adequate size to dissipate a considerable
portion of the exciting amplifier’s power output. Adjustment of this . resistance
value, of grid bias, of grid excitation, and of antenna loading are important factors
in obtaining proper operation. The average d-c plate current of a class B rf
amplifier should remain substantially constant as the modulation is varied between
zero and 100 per cent. -

Pentodes, tetrodes, and triodes can be used in class B rf amplifier service.
In the case of pentodes and tetrodes, the screen voltage should be obtained from
a separate source, or from a potentiometer or voltage divider connected across
the plate supply. The suppressor voltage for pentodes may be obtained from any
fixed d-c supply. In cases where the suppressor draws current, the supply should
be a battery or other d-c source of good regulation.

The plate-circuit efficiency of an unmodulated class B r-f amplifier is in the
order-of 30 per cent. At 100 per cent modulation, the efficiency rises to approxi
mately 60 per cent. Because the plate dissipation is greatest when the carrier
is unmodulated, care should be taken to limit the plate dissipation for the unmodu-
lated condition to the maximum rating of the tube in this class of service.

Grid bias for class B r-f service may be obtained in the same manner as for
class B a-f service, or by means of a cathode resistor (self-bias). Bias should not
be obtained from a high-resistance source, such as a grid leak, nor from a power
supply having poor voltage regulation. When self-bias is employed, the cathode
resistor should be by-passed for both audio and radio frequencies. ~

CLASS C AMPLIFIERS

A class C amplifier is one in which high plate-circuit efficiency and high power
output are the primary considerations. In an ideal case, the alternating component
of plate current is directly proportional to plate voltage, so that within wide limits
the power output varies as the square of plate voltage. The tube is operated with a
negative grid bias considerably higher than the value necessary to cause plate-
current cut-off. An rf grid voltage of sufficient amplitude is applied so that large
amplitudes of plate current flow during a small fraction of the least-negative half-
cycle of the exciting voltage. The grid is usually swung sufficiently positive to
cause plate-current saturation. The resulting harmonics in the output waves are,
to a large degree, filtered out by the “fly-wheelTM action of the tuned plate circuit,
Fig. 4 illustrates class C operation.

Distinguishing characteristics of class C amplification are high plate-circuit
efficiency, high power output, and relatively low power amplification. Because
power output varies as the square of plate voltage, a class C amplifier is capable
of being modulated linearly by variation of plate voltage at audio frequency. In
class C telephony service, the negative grid bias employed is usually two or more

® 8ee footnote on page 22.
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times the value required to reduce the plate current to zero with no rf grid
excitation. The cut-off value of grid bias for a particular plate voltage can be
obtained from the plate characteristics curves. Class C amplifiers are at present
used almost exclusively as radio-frequency power amplifiers.

In plate-modulated class C tele
INSTANTANEOUS phony service, a tube is operated with

GRID { GRID CURRENT a d-c plate voltage on which has been
CURRENTY ¢ Myt avemAGE superimposed an audio-frequency volt-

o GRID CURRENT age. The amplitude of this a-f voltage
1 INSTANTAN! . . A .I | oAt Conkeky varies with the intensity of the modu-

PLATE AVERAGE lating signal. The largest a-c voltage
PLATE ClI ENT . . hCURRENT { VAR that may be superimposed without in-

il 7";;1;";;33%0:8 troducing serious distortion is one
U Iy posimve whose peak amplitude just equals the

a- Tt GRID SWING d‘ I 1 Th. . th d.ti
= T NEGATIVE oIS c plate voltage. This is the condition

o TASE 2 L necessary for 100 per cent modulation.
A d
S

{ L cur-orr oias Thus, when the rf carrier is fully
wstantangos Modulated, the modulating voltage
PLATE VOLTAGE drives the instantaneous plate voltage

up to twice its normal d-c value and
L ac pLate vourace down to zero during each audio cycle.

pLATE The ratio of the peak audio modulat-
VOLTAGE ! T ing voltage to the d-c plate voltage is

{ | called the modulation factor. Circuit
b [~ DC PLATE VOLTASE No. 20 in the CIRCUIT SECTION

MINIMUM .
o U DN/ L O WMo shows the connections for a typical
— 0° 9$‘I 180* 270° 380”1 class C amplifier pentode (type 803)

in plate-modulated telephony service.ME ——e

Flo. 4 In order to have distortionless
modulation, it is essential that a linear
relationship exist between currents and

voltages. Thus, as the instantaneous plate voltage ep is doubled, the rf output
voltage and current must also double. Likewise, as e, is driven to zero on the
negative half-cycle of the modulating voltage, the input and output currents
must fall to zero. Averaged over an audio cycle, however, the d-c supply voltage
and current (E» and Iy) remain constant, because the superimposed audio variations
are symmetrical about the d-c values. Since, at 100 per cent modulation, the
peak modulating voltage and current equal the d-c supply voltage and current,
the RMS values of the audio components are equal to Es/VZ and In/ V2. There-
fore, the audio-frequency modulating power, being the product of the RMS
voltage and the RMS current, is equal to Euls/2; this means that the modulator
must be able to supply audio power equal to one-half of the d-c plate input to
the class C r-f amplifier.

When an rf amplifier is modulated 100 per cent, the total input power is
the sum of the d-c power input and the a-f power input, Esls plus Euls/2, or
3EuIp/2. The total input power, therefore, is increased 50 per cent when the
amplifier is modulated. The radiofrequency modulated carrier power is also
increased 50 per cent, since the energy in the side bands is then 50 per cent of
the carrier power. The plate losses likewise rise 50 per cent, because the efficiency
of a class C amplifier is almost constant whether it is modulated or unmodulated.
In order to allow for this level of plate dissipation, it is necessary for the plate
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losses under unmodulated-carrier conditions to be limited to 2/3 of the maximum
rated plate dissipation of the tube. Then, with sustained modulation at the 100
per cent level, the maximum rated plate dissipation will not be exceeded. These
considerations account for the lower plate-dissipation ratings of tubes in plate-
modulated class C service.

Triodes, tetrodes, and pentodes can be plate-modulated 100 per cent. To
effect 100 per cent modulation of tetrodes and pentodes, it is necessary to modulate
their screen voltage as well as their plate voltage. The screen voltage may be
obtained from a fixed supply or from a voltage-dropping resistor in series with
the plate supply. The screen voltage should be modulated simultaneously with
the plate voltage so that the percentage changes in both voltages are approximately
equal. Modulation of a fixed screen-voltage supply can be accomplished either by
connecting the screen to a separate winding on the modulation transformer or
by connecting it through a blocking condenser to a tap on the modulation trans-
former or choke. With the latter method, an a-f choke of suitable impedance for
low audio frequencies should be connected in series with the screen-supply lead.

LARGE
CONDENSER

> MODULATION
TRANSFORMER MODULATION

choke TRANSFORMER

SCREEN PLATE SCREEN PLATE
SUPPLY SUPPLY SUPPLY SUPPLY

+ECp +Ep +€C2 +Ep

TWO METHODS OF MODULATING THE PLATE AND SCREEN VOLTAGE OF A TETROOE
WHEN A SEPARATE, FIXED VOLTAGE IS USED FOR THE SCREEN.

Flg. 8

Pig. 5 shows these connections. Where the series-screen-resistor method is used
to obtain the screen voltage for pentodes, the screen resistor should be connected
to the modulated plate supply; for tetrodes, to the unmodulated plate supply (see
circuits Nos. 20 and 11, respectively, in the CIRCUIT SECTION). In the case
of tetrodes, self-modulation of the screen voltage occurs due to variations in screen
current as the plate voltage is modulated. The suppressor voltage for pentodes
in plate-modulated service may be obtained from any fixed supply. Pentodes can
also be used as tetrodes in this class of service, with the suppressor tied to the
screen. The screen resistor for plate-modulated beam power tubes should be con-
nected the same as for pentodes.

The plate-circuit efficiency of plate-modulated class C amplifiers is usually in
the order of 6% to 75 per cent, although a higher efficiency can be obtained.
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Grid bias for plate-modulated amplifiers is usually higher than for unmodu-
lated amplifiers. Furthermore, the bias must change with modulation in the plate
circuit, if linear operation over the entire audio-frequency cycle is to be obtained.*
It follows, therefore, that a bias supply having poor voltage regulation is desirable
for plate-modulated class C amplifiers. In practice, this poor regulation can be
obtained quite easily by the use of a grid-leak resistor to develop the bias voltage.
The control-grid bias may also be obtained from a combination of either grid
leak and fixed supply, or of grid leak and cathode resistor. A suitably designed
bias rectifier may also be employed to give a bias voltage with the poor regulation
desired. If a cathode resistor is used to supply part of the bias voltage, the
resistor should be by-passed for both audio and radio frequencies. Grid-bias
voltage for class C service is not critical, so that correct adjustment can be obtained
with values differing widely from those shown under TYPICAL OPERATION
for each tube type.

In grid-modulated class C telephony service, a tube is operated with an
unmodulated r-f grid excitation voltage and with a d-c grid bias on which has
been superimposed an audio-frequency signal. The plate is supplied with unmodu-
lated d-c voltage. The operating conditions with an unmodulated carrier should
be adjusted so that the r-f voltage in the plate circuit can be made to double
at the crest of the audio cycle. Because the d-c plate voltage is the same under
carrier and modulated conditions, the developed plate-voltage swing under cagrier
conditions can utilize only about half of the d-c supply voltage. The limited
plate-voltage swing under carrier conditions causes the r-f output to be low and
the plate-circuit efficiency to be poor—about one-half that of an unmodulated
class C amplifier. The maximum tube ratings for grid-modulated class C service
are the same as for class B r-f amplifier service. Satisfactory operating conditions
for grid-modulated r-f amplifiers can be obtained from the tabulated class B rf
amplifier data, as follows:

(1) Increase the listed value of d-c grid bias by a value equal to or greater than
the listed value of peak r-f grid voltage.

(2) Increase the listed value of peak r-f grid voltage by the same number of volts
that the grid bias is increased.

(3) The peak af grid voltage equals the listed (class B) peak r-f grid voltage.

(4) The grid current through the modulating source at the positive peak of the
af cycle equals the listed driving power divided by two times the listed
peak r-f grid voltage. This current consists of a d-c component having one-
half the value given above and an a-f component whose peak value is equal
to that of the d-c component.

(5) The carrier power output is approximately the same as the listed value of
power output, although the d-c plate current is somewhat less than the listed
plate current.

{6) The rf driving power at the crest of the a-f cycle is approximately the same
as the listed class B value.

* See reference No. 9 in the READING LIST.
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The audio power requited for grid-modulated service is relatively low, because
modulation takes place in the control-grid circuit. However, the modulator must
be capable of supplying the necessary peak power taken by the grid of the class C
amplifier on the positive crest of the signal and should not produce - distortion
under the varying load of the grid circuit during the remainder of the cycle. The
r-f excitation voltage and the d-c bias supply should have good regulation. The
grid bias should not be obtained from a high-resistance supply, such as a grid leak
or a cathode resistor. The plate-circuit losses are at a maximum under carrier
conditions; therefore, the plate dissipation under these conditions should not be
allowed to exceed the maximum rated value. The efficiency increases and the
plate loss decreases when the carrier is modulated.

For grid-modulated pentodes and tetrodes, the screen voltage should be
obtained from a separate source or from a potentiometer connected across the
plate supply. The suppressor voltage for pentodes may be obtained from any
fixed supply.

In suppressor.modulated class C r-f amplifier service, pentodes may be
operated as shown in the tabulated data under each type. The plate is supplied
with unmodulated d-c voltage, the control grid (grid No. 1) with unmodulated
t-f voltage, and the suppressor (grid No. 3) with a negative d-c voltage modulated
at audio frequency. The voltage for the screen (grid No. 2) should be obtained
from the plate supply through a series resistor (see circuit No. 14 in the CIRCUIT
SECTION). The suppressor bias may be taken from any fixed-voltage d-c supply;
this supply should have good regulation in circuits where the suppressor draws
current. Control-grid bias may be obtained by any of the methods given under
TRANSMITTING-TUBE INSTALLATION. If cathode-resistor bias is employed,
the resistor should be by-passed for both audio and radio frequencies. As in other
types of class C service, the control-grid bias is not particularly critical.

The platecircuit efficiency of a suppressor-modulated amplifier is in the-
order of 30 to 35 per cent. This moderate efficiency is due to the fact that the
plate voltage is fixed and that the tube must be operated so as to allow the r-f
plate voltage and current to double at the crest of the audio cycle. In this respect,
operation is similar to that of a class B linear r-f amplifier.

Suppressor modulation has the advantage of requiring very little audio power
for 100 per cent modulation. For example, a modulator delivering about one
watt of audio power is capable of fully modulating one RCA-803. The suppressor
is operated with sufficient negative bias so that, under carrier conditions, the r-f
output voltage and current equal half the values reached at the crest of the a-f
cycle. As a result, the suppressor does not draw current except on a portion of
the positive half-cycle of modulating voltage. The modulator, which may be either
transformer or impedance coupled to the suppressor, must be capable of delivering
sufficient audio power to supply that required by the suppressor on the positive
half-cycles, and to supply it without introducing serious distortion during the time
that suppressor current flows.

In class C r-f amplifier or oscillator service for telegraphy, a tube is operated
with an unmodulated d-c plate voltage. The control grid is supplied with a negative
bias voltage and is excited by an unmodulated r-f voltage. The screen of a tetrode
or a pentode is supplied with a positive d-c voltage. The suppressor of a pentode
may be operated with a small positive d-c voltage or it may be tied to the cathode
and thus operated at zero potential. In the former case, the power output of a
pentode is slightly increased. Screen, suppressor, and control-grid voltages may
be obtained by any of the methods described under TRANSMITTING-TUBR
INSTALLATION. Screen-voltage exceptlons are noted in the tabulated data
under the tube type.
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Because the output of a class C amplifier in telegraph service must be inter
rupted so as to form dots and dashes for the communication of intelligence, the
subject of keying is of considetable importance. Satisfactory keying is accomplished
when the power output of the amplifier is reduced to zero almost instantaneously
with the opening of the key and when full power output is delivered almost
instantaneously with the closing of the key.

The power output of a vacuum-tube r-f amplifier can be controlled by either
of two general methods, each of which is capable of a number of variations.
These general methods are: direct control of the d-c plate nput by switching
the plate voltage off and on; and control of the -excitation supplied to the control
grid of the amplifier. The design of a satisfactory keying system involves many
problems, the solutions of which are not within the scope of this book. The keying
circuit selected should operate so that when the key is opened, no voltage, current,
or dissipation rating of the tube will be exceeded.

When a tetrode or a pentode is to be keyed, the screen voltage is preferably
obtained from a separate source or from a voltage divider. However, the series-
screen-resistor method may be used with some tubes, as shown in the data under
the tube type.

The grid excitation of a triode (except one having a sufficiently high mu)
should not be interrupted when grid-leak bias is employed; otherwise, the plate
dissipation rating of the tube will be exceeded due to the resultant rise in d-c
plate current. To avoid this difficulty, a suitable value of fixed-bias voltage should
be used. For additional information on keying methods, see references No. 14
and No. 23 in the READING LIST.

Frequency Mulfipliers

Because the plate-current waves of a class C amplifier contain a relatively
high percentage of harmonics, an amplifier of this type can readily be employed
to double or triple the frequency of the r-f exciting voltage. The harmonic output
can be increased by using a bias voltage higher than for class C amplifier service.
it is common practice to employ a low-frequency crystal oscillator whose frequency
has a sub-multiple relation to the desired. operating frequency, in conjunction with
one or more class C frequency multipliers. Thus, a 3500-kilocycle crystal oscillator
can be used with several frequency doublers to provide an r-f voltage. having a
frequency of 7000 kc, 14000 kc, 28000 ke, etc. The plate circuit of a frequency
multiplier is tuned to the frequency of the harmonic which is to be amplified.
Triodes, tetrodes, and pentodes can be used in this class of service. Pentodes as
frequency multipliers generally provide more output for a given input than triodes
or tetrodes; high-mu triodes are somewhat better than low-mu triodes. Frequency
quadrupling is often not satisfactory, because the amplitude of the fourth harmenic
is usually quite small. The loss in power at the fourth harmonic is usually great
enough to necessitate the use of an additional amplifier stage, unless special circuit
arrangements are used (see Reinartz’ harmonic generator circuit, No. 6 in the
CIRCUIT SECTION). The efficiency of a tube used as a class C plate-circuit
frequency multiplier is considerably less than when it is used as a class C amplifier.
An efficiency of 50 to 60 per cent is typical for doublers; the value decreases
rapidly as the harmonic frequency is increased. Neutralization of frequency multi-
pliers is not essential, because the plate circuit does not operate at the same frequency
as the grid circuit. The use of a neutralizing circuit, however, provides somewhat
higher power output due to the feedback thus introduced.

A frequency doubler having better regulation is obtained by operating two
tubes in a balanced-input circuit with the grids in push-pull and the plates in
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parallel (see circuit No. 7 in the CIRCUIT SECTION). The plate circuit, tuned
to twice the frequency of the exciting voltage, receives two pulses of plate current
for each complete cycle of grid excitation voltage; the power output obtained is
about twice that of a single-tube doubler.

Crystal-Controlled Oscillators

Because of their general use in controlling the frequency of radio trans
mitters of many types, crystal-controlled oscillators are of considerable importance,
Due to the fragile nature of crystals, especially those ground for high-frequency
operation, and to the small amount of power they are capable of handling, it is
general practice to use them in conjunction with oscillator tubes of relatively low
power. Triodes, tetrodes, and pentodes can be used as crystal-controlled oscillators.
In the case of a triode, such as the 801, the plate voltage should be reduced to
about one-third of its normal value, to prevent overloading the crystal by excessive
feedback and heavy rf currents. Pentodes, such as the 802, and beam power
tubes, such as the 807, are especially suitable for crystal-oscillator service. They
cause relatively little loading of the crystal in properly designed circuits, even
when operated at full plate voltage. In addition, they will deliver considerably
more power output than triodes of similar size, due partly to the higher d-c plate
input at which they can be operated and partly to their higher power sensitivity.
In the case of tetrodes and pentodes, which have efficient screening between the
control grid and the plate, it is usually necessary to introduce some external grid-
plate capacitance in circuits where oscillation depends upon the feedback produced
by this capacitance. The external feedback may be obtained by means of a small
adjustable condenser (usually not larger than 2 or 3 uuf) connected between the
grid terminal and the plate terminal. The extra capacitance should not be made
larger than necessary, because an ¢xcessive value may cause sufficient feedback to
overload and destroy a crystal. Typical crystal-oscillator circuits are shown in
the CIRCUIT SECTION. In high-frequency transmitters where a low-frequency
crystal is employed, special crystal-oscillator circuits are frequently used wherein
frequency doubling or tripling is accomplished in the oscillator plate circuit. Such
circuits have the advantage of reducing the number of frequency-multiplier stages
needed. ‘

OTHER CONSIDERATIONS
In those classes of operation where d-c grid current is drawn, it will befound that the grid current will vary with individual tubes, Under no conditionof operation should the grid-current values under MAXIMUM RATINGS be

exceeded.

If more radio-frequency power output is required than can be obtainedfrom a single tube, the push-pull, parallel, or push-pull parallel connection canbe used. For example, two tubes connected in push-pull or in parallel will giveapproximately twice the power output of one tube. The parallel connection
requires no increase in exciting voltage; the push-pull connection requires twicethe exciting voltage necessary for a single tube. With either connection, the driving
power required is approximately twice that for single-tube operation, while thed-c grid bias is the same as for a single tube. The- push-pull arrangement has the
advantage of cancelling the even-order harmonics from the output and of simpli-fying the balancing of high-frequency circuits. Where two or more tubes are
operated in push-pull or in parallel, a non-inductive resistance of 10 to 100 ohms
should be placed in series with the grid lead of each tube, close to the socket
terminal, to prevent parasitic oscillations. Additional information on the application
of transmitting tubes is given in the chapter on TRANSMITTER DESIGN CON-
SIDERATIONS.
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RCA-203-A

R-F Power Amplifier, Oscillator, Class B Modulator
Por illustration, refer to 838 on page 62

RCA-203-A is a three-electrode transmitting tube of the thoriated-tungsten
filament type with a maximum plate dissipation rating of 100 watts for class C
telegraph and class B services. As a radio-frequency amplifier or oscillator, the
203-A may be operated under maximum rated conditions at frequencies as high
as 15 megacycles.

CHARACTERISTICS

Filament Volts (a-c or d-¢).wmume.10.0 Grid-Plate Capacitance o145 upif
Filament Amperes .. eenmmnn 3,25 Grid-Filament Capacitance e 6.5 pauf
Amplification Factor wmmmmmcme. 25 Plate-Filament Capacitance wum. 5.5 suf

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS
As A-F Power Amplifier and Modulator—Class B

D-C PLATE VOLTAGE 1250 max. Volts
MaX.-SIGNAL D-C PLATE CURRENT* cememmmemememnssessmines 175 max. Milliamperes.
MAax.-SiGNAL PLATE INPUT* 220 max. Watts
PraTE DissipaTiON* 100 max. Watts

TyricAL OPERATION:

Unless otherwise specified, values are for 2 tubes
D-C Plate Voltage . . 1000 1250 Volts
D-C Grid Voltage$ -35 -45 -Volts
Peak A-F Grid-to-Grid Voltage .o 310 330 Volts
Zero-Signal D-C Plate CUITent e 26 26 Milliamperes
Mazx.-Signal D-C Plate Current ... o 320 320 Milliamperes
Load Resistance (Per tube) ... rtsrsennemiees 1725 2250 Ohms
Effective Load Res. (Plate-to-plate) e 6900 9000 Ohms
Max.-Signal Driving Power (Approx.) e 10 i1 Watts
Max.-Signal Power QOutput (Approx.) e 200 260 Watts

As R-F Power Amplifier—Class B Telephony
Carrier conditions per tube for use with a max. modulation factor of 1.0

D-C PLATE VOLTAGE 1250 max. Volts
D-C PLATE CURRENT 150 max. Milliamperes
PraTE INPUT 150 max. Watts
PLATE DISSIPATION 100 max. Watts

TyPicaL OPERATION:

D-C Plate Voltage 1000 1250 Volts
D-C Grid Voltageé -35 —45 Volts
Peak R-F Grid Voltage ~ 95 90 Volts
D-C Plate Current 130 106 Milliamperes
D-C Grid Current (APProX.) e 5 3 Milliamperes
Driving Power (Approx.)t 5 3 Watts
Power Qutput (Approx.) - 40 425 Watts

* §, t: see next page.
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As Plafe-Modulated R-F Power Amplifier—Class C Telephony

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

D-C PLATE VOLTAGE 1000 max. Volts
D-C Grip VOLTAGE —400 max. Volts
D-C PraTe CURRENT 175 max. Milliamperes
D-C Grip CURRENT 60 max. Milliamperes
PraTe INPUT 175 max. Watts
PLATE DissipATION 67 max. Watts

TypicaL OPERATION:

D-C Plate Voltage 750 1000 Volts
D-C Grid Voltage$ -100 -135 Volts
Peak R-F Grid Voltage 235 275 Volts
D-C Plate Current 150 150 Milliamperes
D-C Grid Current (ApPProx.) .mmmmmmmms - 50 50 Milliamperes
Grid Resistor 2000 2700 Ohms
Driving Power éApprox.) 12 14 Watts
Power Output (Approx.) w. R 65 100 Watts

As R-F Power Amplifier and Oscillator—Class C Telegraphy
Key-down conditions per tube without modulationtt

D-C PLATE VOLTAGE 1250 max. Volts
D-C Grip VOLTAGE ~400 max. Volts
D-C PrATE CURRENT 175 max. Milliamperes
D-C GriD CURRENT 60 max. Milliamperes
PraTE INPUT 220 max. Watts
PLATE DissipaTiON 100 max. Watts

TyPicAL OPERATION: .

750 1000 1250 Volts *D-C Plate Voltage .owemmim
D-C Grid Voltage$ =75 -100 -125 Volts
Peak R-F Grid Voltage ... 195 225 255 Volts
D-C Plate Current .o 150 150 150 Milliamperes
D-C Grid Current (Approx.) .. 25 25 25 Milliamperes
Grid Resistor 3000 4000 5000 Ohms
Driving Power (ApPProx.) e 5 6 7 Watts
Power Output (ApPProx.) e 65 100 130 Watts

* Averaged over any audio-frequency cycle of sine-wave form.
§ Grid voltages are given with respect to the mid-point of filament operated on a.c. If d.c, is used,

each stated value of grid voltage should be decreased by 7 volts- and the circuit returns made to the
negative end of the filament.

t At crest of audio-frequency cycle with modulation factor of 1.0.
Modulati ially negative may be used if the itive peak of the audio-f y !does not exceed 115% of the carrier oondi:iom. posiiive pea

INSTALLATION AND APPLICATION

The base pins of the RCA-203-A fit the standard transmitting four-contact
socket, such as the RCA type UT-541A. The socket should be installed so that
the tube will operate in a vertical position with the base down.

The plate of the 203-A shows no color at the maximum plate-dissipation
rating for each class of service.

For high-frequency operation above 15 megacycles, see page 144. -
Por additional information, see chapters on INSTALLATION and APPLI-

CATION.
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AVERAGE PLATE CHARACTERISTICS
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RCA-204-A RCA-849
The old-reliable triode for commer- Heavy-duty triode-—used in many
cial applications. broadcast and commercial transmit-

ters.
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RCA-204-A
" R-F Power Amplifier, Oscillator, Class B Modulator

Ilustrated on page 35

RCA-204-A is a three-electrode transmitting tube of the thoriated-tungsten
filament type for use as a radio-frequency amplifier, oscillator, and class B audio-
frequency amplifier. The grid and plate’ leads are brought out at opposite ends
of the tube to insure good insulation. As a radio-frequency amplifier, the 204-A.
may be operated under maximum rated conditions at frequencies as high as 3
megacycles. The maximum plate dissipation is 250 watts for class C telegraph
and class B services,

CHARACTERISTICS

Filament Volts (a-c or d-c) -.11.0 Grid-Plate Capacitance ... 15 puf
Filament Amperes .. ..3.85 Grid-Filament Capacitance ... 12.5 uuf
Amplification Factor . 23 Plate-Filament Capacitance ... 2.3 uuf

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

As A-F Power Amplifier and Modulator—Class B

D-C PLATE VOLTAGE 3000 max. Volts
MAX.-SIGNAL D-C PLATE CURRENT? e 275 max. Milliamperes
MAX.-SIGNAL PLATE INPUT* 600 max. Watts
PrLaTe DissipaTiON* 250 max. Watts
TypicAL OPERATION:

Unless otherwise specified, values-are for 2 tubes
D-C Plate Voltage ... 2000 2500 3000 Volts
D-C Grid Voltage$ -60 -80 -100 Volts
Peak A-F Grid-to-Grid Voltage 500 500 500 Volts
Zero-Signal D-C Plate Current 80 80 80 Milliamperes
Max.-Signal D-C Plate Current e 500 420 372 Milliamperes
Load Resistance (Per tube) 2200 3400 5000 Ohms
Effective Load Res. (Plate-to-plate).. 8800 13600 20000 Ohms
Max.-8ig. Driving Power (Approx.) 20 18 18 Watts
Max.-Sig. Power Output (Approx.).. 600 650 700 Watts

As R-F Power Amplifier—Class B Telephony
Carrier conditions per tube for use with a max. modulation factor of 1.0

D-C PrLaTE VoLTAGE 2500 max. Volts
D-C PLaTE CURRENT 225 max. Milliamperes
PrAaTE INPUT 400 max. Watts
PLATE DissiPATION 250 max. Watts
Tyrica, OPERATION:

D-C Plate Voltage 1500 - 2000 Volts
D-C Grid Voltage# -50 -70 Volts
Peak R-F Grid Voltage 170 165 Volts
D-C Plate Current 200 160 Milliamperes
D-C Grid Current (Approx.) e rremesssse s 7.5 5 Milliamperes
Driving Power (APProx.)t oo 18 15 Watts
Power Output (APProx.) e 80 100 Watts

®, §. t: see next page.
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As Plate-Modulated R-F waer Amplifier—Class C Telephony
Carrier conditions per tube for use with a max. modulation factor of 1.0

D-C PLATE VOLTAGE 2000 max. Volts
D-C GriD VOLTAGE -500 max. Volts
D-C PLaTE CURRENT , 275 max. Milliamperes
D-C Grip CURRENT 80 max. Milliamperes
Prate INPUT 550 max. Watts
PLATE DisstPATION . 167 max. Watts
TyricAL OPERATION:

D-C Plate Voltage 1500 2000 Volts
D-C Grid Voltage$ -200 -250 Volts
Pezak R-F Grid Voltage 450 500 Volts
D-C Plate Current 250 250 Milliamperes
D-C Grid Current (APpProx.) e 35 35 Milliamperes
Grid Resistor 5710 7140 Ohms
Driving Power (Approx.) .. 20 20 Watts
Power Output (Approx.) 225 350 Watts

As R-F Power Amplifier and Oscillator—Class C Telegraphy
Key-down conditions per tube without modulationtt

D-C PLATE VOLTAGE 2500 max. Volts
D-C Grip VOLTAGE ~500 max. Volts
D-C Prare CURRENT 275 max. Milliamperes
D-C Grib CURRENT 80 max. Milliamperes
PraTE INPUT 690 max. Watts
PLATE DISSIPATION 250 max. Watts
TyricAL OPERATION:

D-C Plate VOIage .mmmemsssmssssinss 1500 2000 2500 Volts
D-C Grid Voltage$ ... . -15%0 ~175 -200 Volts
Pcak R-F Grid Voltage 400 425 440 Volts
D-C Plate Current .o - . 250 250 250 Milliamperes
D-C Grid Current (Approx.) . 30 30 30 Milliamperes
Grid Resistor 5000 5835 6670 Ohms
Driving Power (ApPprox.) e 15 15 15 Watts
Power Output (ApPProx.) e " 240 350 450 Watts

§ Grid voltages are given with respect to the mid-point of filament operated on a.c. If d.c. is used,
each stated value of gris voltage should be decreased by 8 volts and the circuit returns made to the
negative end of the filament.

* Averaged over any audio-frequency cycle of sine-wave form.
t At crest of audio-frequency cycle with modulation factor of 1.0.
$+ Modulation essentially negative may be used if the positive peak of the audio-frequency envelope

does not exceed 115% of the carrier conditions..

INSTALLATION AND APPLICATION
The base and cap of the RCA-204-A fit the standard RCA end-mountings,

UT-1085 and UT-1086, respectively. The end-mountings should be installed to
hold the tube in a vertical position with the filament base (large end) up. If it
is necessary to place the tube in a horizontal position, the tube should be mounted
with the plate in a vertical plane (on edge). The metal filament base must not
be grounded or connected to any part of the circuit. ‘

The plate of the 204-A shows only a barely perceptible red color at the
maximum plate-dissipation rating for each class of service.

For high-frequency operation above 3 megacycles, see page 144.
Por ‘additional information, see chapters on INSTALLATION and APPLI

CATION.
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. AVERAGE PLATE CHARACTERISTKCS
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RCA-211
R-F Power Amplifier. Oscillator, Class B Modulator

For illustration, refer to 838 on page 62

RCA-211 is a three-electrode transmitting tube of the thoriated-tungsten
filament type with a maximum plate dissipation of 100 watts for class C telegraph
and class B services. As a radio-frequency amplifier or oscillator the 211 may be
operated at maximum rated conditions at frequencies as high as 15 megacycles.
It may also be used as a class B audio-frequency amplifier and modulator.

CHARACTERISTICS

Filament Volts (a-c 0r d-C)mmmme ..10.0 Grid-Plate Capacitance 14.5 ppf
Pilament AMPEres . 3.25 Grid-Pilament Capacitance ww.. 6 ppf
Amplification Factor . 12 Plate-Filament Capacitance ... 5.5 pgf

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS
As A-F Power Amplifier and Modulator—Class B

D-C PLATE VOLTAGE 1250 max. Volts
Max.-SIGNAL D-C PLATE CURRENT? .ccmmmmmsomssmsmsmssssssense 175 max. Milliamperes
MAax.-SIGNAL PrLATE INPUT* 220 max. Watts
PLATE DiIsSIPATION* ; 100 max. Watts
TypicaL OPERATION:

Unless otherwise specified, values are for 2 tubes
D-C Plate Voltage 1000 1250 Volts
D-C Grid Voltage$ -77 -100 Volts
Peak A-F Grid-to-Grid Voltage s 380 410 Volts
Zero-Sig. D-C Plate Current wummmmmmmmssms 20 20 Milliamperes
Max.-Sig. D-C Plate Current ... esssnsnssomsons 320 320 Milliamperes
Load Resistance (Per tube) .ommmmmmss 1725 2250 Ohms
Effective Load Res. (Plate-to-plate) .ewcrwe 6900 9000 Ohms
Max.-Sig. Driving Power (ApPprox.) . 7.5 8 Watts
Max.-Sig. Power Output (ApProx. ). - 200 260 Watts

As R-F Power Amplifier—Class B Telephony

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

D-C PLATE VOLTAGE 1250 max. Volts
D-C PraTE CURRENT 150 max. Milliamperes
Prate INPUT 150 max. Watts
PLATE DISSIPATION 100 max. Watts
TyPicAL OPERATION:

D-C Plate Voltage : 1000 1250 Volts
D-C Grid Voltage$ X -77 =100 Volts
Peak R-F Grid Voltage 125 125 Volts
D-C Plate Current 130 106 Milliamperes
D-C Grid Current (APProx.) e 5 1 Milliamperes

10 7.5 Watts .Driving Power (Approx.)t
40 42.5 WattsPower Output (Approx.)

®, §, 1: see next page.
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As Plate-Modulated R-F Power Amplifier—Class C Telephony

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

D-C PLATE VOLTAGE 1000 max. Volts
D-C GripD VOLTAGE —400 max. Volts
D-C PLATE CURRENT 175 max. Milliamperes
D-C Grip CURRENT 50 max. Milliamperes
PraTE INPUT 175 max. Watts
PLATE DissiPATION 67 max. Watts

TyricAL OPERATION:
D-C Plate Voltage 750 1000 Volts
D-C Grid Voltage$ -200 ~260 Volts
Peak R-F Grid Voltage 350 410 Volts
D-C Plate Current 150 150 Milliamperes
D-C Grid Current (ApPProx.) . 35 35 Milliamperes
Grid Resistor 5710 7430 Ohms
Driving Power (APProx.) ..o " 12 14 Watts
Power Output (ADPProX.) rmrmesmmsiummsmns - 65 100 Watts

« As R-F Power Amplifier and Oscillator—Class C Telegraphy

Key-down conditions per tube without modulationtt

D-C PLATE VOLTAGE 1250 max. Volts
D-C Grip VOLTAGE ~400 max. Volts
D-C PLAaTE CURRENT 175 max. Milliamperes
D-C Grip CURRENT 50 max. Milliamperes
PrLATE INPUT 220 max. Watts
PLATE DiIssiPATION 100 max. Watts

TypicAL OPERATION:
D-C Plate Voltage . .. 750 1000 1250 Volts
D-C Grid Voltage$ . mmcimescmmmn -138 175 =225 Volts
Peak R-F Grid Voltage ... - 275 315 375 Volts
D-C Plate Current . S 150 150 150 Milliamperes
D-C Grid Current (Approx.) .. - 18 18 18 Milliamperes
Grid Resistor 7500 9725 12500 Ohms
Driving Power (AppProx.) . 5 6 7 Watts
Power Qutput (ApPpProx.) . - 65 100 130 Watts

* Averaged over any audio-frequency cycle of sine-wave form.
8§ Grid voltages are given with respect to the mid-point of filament operated on a.c. If d.c. is used,each stated value of gn’g voltage should be decreased by 7 volts and the circuit returns made to the

negative end of the filament.
t At crest of audio-frequency cycle with modulation factor of 1.0.
+1 Modulation essentially negative may be used if the positive peak of the audio-frequency envelope

does not exceed 115% of the carrier conditions.

INSTALLATION AND APPLICATION
Top View of

For socket type and outline drawing, refer to Socket c°"""°°“°"
type 203-A. SATNE

The plate of the 211 shows only a barely per- PLATE FILAMENT
ceptible red color at the maximum plate dissipation
rating for each class of service.

For high-frequency operation above 15 megacycles, clLAMENT crin
see page 144,

For additional information, see chapters on INSTALLATION and APPLI-
CATION. ;

A plate family of curves is shown at the bottom of page 34.
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RCA-217-A and RCA-217-C
Half-Wave, High-VYacuum Rectifiers

RCA-217-A and RCA-217-C are half-wave, .high-vacuum rectifiers of the
thoriated-tungsten filament type. They are for use in high-voltage rectifying devices
where freedom from r-f disturbances in the output is an important factor. In single-
phase circuits, full-wave rectification is obtained by using two of these types. The
121157]'06 difference between the two tubes is the higher plate-voltage rating of the

CHARACTERISTICS

RCA-217-A RCA-217-C
FILAMENT VOLTAGE (2:C) aererssmmen wmines 10,0 10.0 Volts
FrLAMENT CURRENT 3,25 3.25 Amperes
PEAK INVERSE VOLTAGE ceoomermacrrrsmmsssosens 3500 max. 7500 max. Volts
PEAK PLATE CURRENT ... rnesrasnesn 0.6 max. 0.6 max. Ampere
AVERAGE PLATE CURRENT .orrsoemssrsmssssnns 0.2 max. 0.15 max. Ampere

The bases of the 217-A and 217-C fit the standard transmitting 4-contact sockets,
such as the RCA type UT-541A. The sockets should be mounted to hold the tubes
in a vertical position with the base ends of the tubes down., Due to the high-voltage
rating of the 217-C, the metal shell of the socket holding this tube must not be
grounded nor connected to any other part of the circuit. The plate lead of the

17-C is brought out to the cap at the top of the bulb.

The outline drawing of the 217-A is the same as that of the 203-A; the outline
drawing of the 217-C is the same as that of the 805.

For additional information, see chapter on RECTIPIERS and FILTERS.

AVERAGE PLATE CHARACTERISTICS
1] ¥ ) 1 L)
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RCA-800
Triode—100 watts input up to 60
megacycles — good ultra-high-fre-
quency tube.
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RCA-834
Triode—full rated input to 100
megacycles—50 watts plate dissipa-
tion—designed primarily for ultra-
high-frequency applications.



RCA-800
R-F Power Amplifier, Oscillator, Class B Modulator

RCA-800 is a three-electrode transmitting tube of the thoriated-tungsten
filament type designed for use as a radio-frequency amplifier or oscillator, particularly
at the higher radio frequencies. It may be operated at maximum ratings at
freguencies as high as 60 megacycles. The maximum plate dissipation for class B
and class C telegraph services is 35 watts. The grid and plate leads of the 800
are brought out through separate seals at the top of the bulb to insure high
insulation and low interelectrode capacitances.

»

CHARACTERISTICS

Pilament Volts (a-c or d-«c) 7.5 Grid-Plate Capacitance 2.5 ppf
Filament Amperes esmosaonenenen3. 28 Grid-Filament Capacitance w.2.T5 ppf
Amplification Factor awemesmmmmmes 15 Plate-Filament Capacitance ......2.75 paf

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS
As A-F Power Amplifier and Modulator—Class B

D-C PrLaTE VOLTAGE 1250 max. Volts
MAaxX.-SIGNAL D'C PLATE CURRENT® .cncmmcscemrsmsssmomasionn 115 max. Milliamperes
Max.-Si16NAL PLATE INPUT* . 85 max. Watts
PLATE DisSIPATION® 35 max. Watts
TypicaL OPERATION:

Unless otherwise specified, values are for 2 tubes
D-C Plate Voltage .o 750 1000 1250 Volts
D-C Grid Voltagel .o —40 55 =70 ° Volts
Peak A-F Grid-to-Grid Voltage 320 300 300 Volts
Zero Sig. D-C Plate Current wnn 26 28 30 Milliamperes
Max.-Sig. D-C Plate Currento. o 210 160 130 Milliamperes
Load Resistance (Per tube)..wmee. 1600 3125 5250 Ohms
Bffective Load Res. (Plate-to-plate).. 6400 12500 21000 Ohms
Max.-Sig. Driving Power (Approx.).. 6 4.4 3.4 Watts
Max.-Sig. Power Output (Approx.).. 90 100 106 Watts

As R-F Power Amplifier—Class B Telephony
Carrier conditions per tube for use with a max. modulation factor of 1.0

D-C PraTe VoLTAGE 1250 max. Volts
D-C PrLaTe CURRENT 45 max. Milliamperes
Prate InpuT 50 max. Watts .
PLATE DissiPATION : 35 max. Watts
TypricAL OPBRATION:

D-C Plate Voltage 750 1000 Volts
D-C Grid Voltase! ~40 -55 Volts
Peak R-F Grid Voltage 160 170 Volts
D-C Plate Current 45 42 Milliamperes
D-C Grid Current (APProx.).mmmmenmmn 2 2 liamperes
Driving Power (APPIOX.)T crmmmmmmssssrmns 3.6 3.3 Watts
Power Output (Approx.) ST 10 . 14 Watts

o, §, t: sec next page.
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As Plate-Modulated R-F Power Amplifier—Class C Telephony

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

D-C PLATE VOLTAGE 1000 max. Volts
D-C Grip VOLTAGE ~400 max. Volts
D-C Prate CURRENT 80 max. Milliamperes
D-C Grip CURRENT 25 max. Milliamperes
PrLate INPUT 80 max. Watts

. PrATE DissiPATiON 23 max. Watts

TypicAL OPERATION: .
D-C Plate Voltage 750 1000 Volts
D-C Grid Voltage$ ~-150 ~200 Volts
Peak R-F Grid Voltage 275 325 Volts )
D-C Plate Current 70 70 Milliamperes
D-C Grid Current (ApPProx.) . - 15 15 Milliamperes
Grid Resistor 10000 13300 Ohms
Driving Power (APDPIOX.) e 3 4 Watts
Power Output (Approx.) .. J— 35 50 Watts

As R-F Power Amplifier and Oscillator—Class C Telegraphy

Key-down conditions per tube without modulationtt

D-C PLATE VOLTAGE 1250 max. Volts
D-C Grip VoLTAGE ~400 max. Volts
D-C PLATE CURRENT 80 max. Milliamperes
D-C Grip CURRENT 25 max. Milliamperes
PLATE INPUT . 100 max. Watts
PLATE DissipATION 35 max. Watts

TyPicaL OPERATION:
D-C Plate Voltage ... 750 1000 1250 Volts
D-C Grid Voltage$ .. -100 -135 -~175 Volts
Peak R-F Grid Voltag 225 260 300 Volts
D-C Plate Current .mumsme. 70 70 70 Milliamperes
D-C Grid Current (Approx.)...emme. 15 15 15 Milliamperes
Grid Resistor 6700 9000 11700 Ohms
Driving Power (ApPpProx.} .. - 2 3 4 Watts
Power Qutput (Approx.) .. - 35 50 65 Watts

* Averaged over any audio-frequency cycle of sine-wave form.
§ Grid voltages are given with respect to the mid-point of filament operated on a.c. If d.c. is used,

each stated value of grid voltage should be decreased by § volts and the circuit returns made to the
negative end of the filament.

t At crest of audio-frequency cycle with modulation factor of 1.0.
1 Modulation essentially negative may be used if the positive peak of the audio-freq D

does not exceed 115% of the carrier conditions.

INSTALLATION AND APPLICATION

The base pins of the 800 fit the standard four-contact socket such as the
RCA type UR-542A. The socket should be installed to hold the tube in a vertical
position. The filament terminals are connected to the two large base pins; the
grid and plate leads are brought out to separate metal caps at the top of the bulb.

The plate of the 800 shows no color at the maximum plate-dissipation rating
for each class of service.

For high-frequency operation above 60 megacycles, see page 144,
CATII'gNadditional information, see chapters on INSTALLATION and APPLI-
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AVERAGE PLATE CHARACTERISTICS
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RCA-802
Pentode-—easy to drive—no neu-
tralization — a favorite for crystal-
oscillator and buffer/doubler stages.

RCA-801
Rugged carbon-anode triode — 20
watts plate dissipation—for those
applications where good perform-
ance and reliability are prime re-
quisites.



RCA-80I
R-F and A-F Power Amplifier, Oscillator,

Class B Modulator

RCA-801 is a three-electrode transmitting tube of the thoriated-tungsten
filament type well suited for use as a radio-frequency amplifier and oscillator at
high radio frequencies. It may also be used as an audio-frequency amplifier and
modulator. The internal structure of this tube, together with its ceramic base,
provides for operation at full rating at frequencies as high as 60 megacycles.

CHARACTERISTICS

Filament Volts (a-c or d-¢)uemnn . 1.5 Grid-Plate Capacitance .o
Filament Amperes ..1.25 Grid-Filament Capacitance 4,
Amplification Factor ... .. 8 Plate-Filament Capacitance ... . 1.5 ppf

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

As A-F Power Amplifier and Modulator—Class A

D-C PLATE VOLTAGE 600 max. Volts
PLATE DISSIPATION 20 max. Watts
TypPicAL OPERATION AND CHARACTERISTICS:

D-C Plate Voltage . - 425 500 600 Volts
D-C Grid Voltage$ ..o ~40 —45 ~55 Volts
Peak A-F Grid Voltage .o 35 40 50 Volts
D-C Plate Current s 18 24 30 Milliamperes
Plate Resistance S000 4600 4300 Ohms
TranscondUCLANCE wmmmmmmmmmmmeieee 1600 1725 1840 Micromhos
Load ReSIStance s 10200 8000 7800 Ohms
Cathode-Bias Resistor 2225 1875 1835 Ohms
Undistorted Power Output — 1.6 2.3 3.8 Watts

As A-F Power Amplifier and Modulator—Class B

D-C PLATE VOLTAGE 600 max. Volts
MAax.-SIGNAL D-C PLATE CURRENTY ..cvscsnmssomesmsmsssssnn - 70 max. Milliamperes
Max.-SIGNAL PLATE INPUT* : 42 max. Watts
PLATE DiIssIPATION* 20 max. Watts
TypricaL OPERATION:

Unless otherwise specified, values are for 2 tubes
D-C Plate Voltage ... 400 500 600 Volts
D-C Grid Voltage§ .. - -50 —-60 =15 Volts
Peak A-F Grid-to-Grid Voltage wm. 270 290 320 " Volts
Zero-Sig. D-C Plate Current e 8 8 8 Milliamperes
Max.-Sig. D-C Plate Current 130 130 130 Milliamperes
Load Resistance (Per tube) .. 1500 2000 2500 Ohms
Effective Load Res. (Plate-to-plate).. 6000 8000 10000 Ohms
Max.-Sig. Driving Power gApprox.) 3 3 3 Watts
Max.- Sig. Power Output (Approx.) 27 36 45 Watts

§, ®: see next page.
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As R-F Power Amplifier—Class B Telephony
Carrier conditions per tube for use with a max. modulation factor of 1.0

D-C PLATE VOLTAGE 600 max. Volts
D-C PLATE CURRENT 50 max. Milliamperes
Prate INrPUT : 30 max. Watts
PLaTE DissiPaTION 20 max. Watts
TyricAL OPERATION: ’
" D-C Plate Voltage 500 600 Volts

D-C Grid Voltage$ -60 -75 Volts
Peak R-F Grid Voltage 83 90 Volts
D-C Plate Current 45 45 Milliamperes
D-C Grid Current (APPIOX.) s 0.2 0.2 Milliampere
Driving Power (APProx.)t e 2.2 2.3 Watts
Power Qutput (APPIOX.) s 6 7.5 Watts

As Plate-Modulated R-F Power Amplifier—Class C Telephony
Carrier conditions per tube for use with a max. modulation factor of 1.0

D-C PrATE VOLTAGE 500 max. Volts
D-C Grip VoLTAGE -~200 max. Volts
D-C PrATE CURRENT 60 max. Milliamperes
D-C Grip CURRENT s 15 max. Milliamperes
PrLATE INPUT .. 30 max. Watts
PLATE DISSIPATION 13.5 max. Watts
TyricAL OPERATION:

D-C Plate Voltage 400 500 Volts
D-C Grid Voltage$ -150 -190 Volts
Peak R-F Grid Voltage 260 300 Volts
D-C Plate Current 55 . 55 Milliamperes
D-C Grid Current (Approx.) S 15 13 Milliamperes
Grid Resistor 10000 12700 Ohms
Driving Power (Approx.) - 4 4.5 Watts
Power Output (Approx.) 14 18 Watts

As R-F Power Amplifier and Oscillator—Class C Telegraphy
Key-down conditions per tube without modulationtt

D-C PLATE VOLTAGE 600 max. Volts
D-C GriD VOLTAGE —200 max. Volts
D-C PLaTE CURRENT 70 max. Milliamperes
D-C Grip CURRENT 15 max. Milliamperes
PraTe INPUT 42 max. Watts
PLATE DisSIPATION 20 max. Watts
TypicAL OPERATION:

D-C Plate Voltage 500 600 Volts
D-C Grid Voltage! -125 -150 Volts
Peak R-F Grid Voltage 235 260 Volts
D-C Plate Current 65 65 Milliamperes
D-C Grid Current (APPIroX.) s 13 15 Milliamperes
Grid Resistor 8300 10000 Ohms
Driving Power (APPIOX.) . 3.5 4 Watts
Power Output (Approx.) 20 25 Watts

* Averaged over any audio-frequency cycle of sine-wave form.
§ Grid voltages are given with respect to the mid-point of filament og!:nted on a.c. If d.c. is used,each stated value of gri§ voltage should be decreased by 5 volts and the circuit returns made to the

ncgative end of the filament.
t At crest of audio-frequency cycle with modulation factor of 1.0.

. 1t Modulation essentially negative may be used if the positive peak of the audio-frequency envelope
does not exceed 115% of the carrier conditions.
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INSTALLATION AND APPLICATION

The base pins of the RCA-801 fit the standard, four-contact socket, such as
the RCA type UR-542A. The socket should be installed to hold the tube in a
vertical position with the base down. If it is necessary to place the tube in a
horizontal position, the socket should be mounted with the filament-pin openings
one vertically above the other so that the plate will be in a vertical plane (on edge).

The plate of the 801 shows no color at the maximum plate-dissipation rating
for each class of service. .

When the 801 is used as a class A amplifier with resistance- or impedance-
coupling in the input circuit, the d-c resistance in the grid circuit should not be
made too high. A resistance value of 0.5 megohm for one 801 is the recommended
maximum when cathode bias is used. Without cathode bias, the grid resistance
should not exceed 100,000 ohms.

For high-frequency operation above 60 megacycles, see page 144.

For additional information, see chapters on INSTALLATION and APPLI-
CATION. .

- AVERAGE PLATE CHARACTERISTICS
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RCA-802
- Power Amplifier Pentode

Hlustrated on page 46

RCA-802 is a pentode transmitting tube of the heater-cathode type for use
as an rf amplifier, frequency multiplier, oscillator, and suppressor-, grid., or
plate-modulated amplifier. The plate connection is brought out through a separate
seal at the top of the bulb to maintain low grid-plate capacitance. Neutralization
to prevent feedback is generally unnecessary in adequately shielded circuits. The
suppressor and the special internal shield are connected to individual base pins.
The 802 may be operated at maximum rated input at frequencies as high as 30
megacycles.

CHARACTERISTICS

Heater Volts (a-¢c 0r d-C) s . 6.3 Grid-Plate Capacitance (With
Heater AMPETes v 0.9 external shielding) ....0.15 max. uuf
Transconductance (For plate current Input Capacitance ... e 12 unf

of 20 ma.) Micromhos .. 2250 Output Capacitance o 8.5 uuf

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS
As R-F Power Amplifier Pentode—Class B Telephony

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

D-C PLATE VOLTAGE 500 max. Volts
D-C SuPPRESSOR VOLTAGE (Grid NO. 3) wumcmmmmsmsmsenssonn 200 max. Volts
D-C SCREEN VOLTAGE (Grid NO. 2) emmmrmmrmsnssssisosns 250 max. Volts
D-C PLATE CURRENT 30 max. Milliamperes
PrLATE INPUT \ 15 max. Watts
SuppPrEssorR INPUT 2 max. Watts
ScreeN INPUT 4 max. Watts
PLATE DISSIPATION 10 max. Watts
TyPicAL OPERATION:

D-C Plate Voltage 400 500 Volts
Su&pressori \ Connected to cathode at socket
D-C Screen Voltage 150 200 Volts
D-C Grid Voltage (Grid No. 1) e =22 -28 Volts
Peak R-F Grid Voltage 35 32 Volts
Internal Shield - Connected to cathode at socket
D-C Plate Current ..... 25 28 Milliamperes
D-C Screen Current 6.5 7 Milliamperes
D-C Grid Current (APPIoX.) o 1 0 _ Milliampere
Driving Power (APProx.)?t wmmmmmmemsnsn 0.5 0.8 Watt
Power Output (ADPPIOX.) s 2,13 3.5 Watts

As Suppressor-Modulated R-F Power Amplifier—Class C Telephony
Carrier conditions per tube for use with a max. modulation factor of 1.0

D-C PLATE VOLTAGE 500 max. Volts
D-C ScREEN VOLTAGE (Grid NO. 2) s 200 max. Volts
D-C GRID VOLTAGE (Grid NO. 1) e —200 max. Volts
D-C PLaTE CURRENT 30 max. Milliamperes
D-C Grip CURRENT 7.5 max. Milliamperes
PLATE INPUT 15 max. Watts
ScreeN INPUT 6 max. Watts
PLATE DISSIPATION 10 max. Watts
TypicAL OPERATION:

D-C Plate VOItage .o 400 500 500 Volts
D-C Suppressor Voltage (Grid No. 3) —-40 -53 ~45 Volts
D-C Grid Voltase -85 -90 -90 Volts
Peak R-F Grid Voltage . 128 128 125 Volts

1. t: see end of tabulation.
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Peak A-F St:f:ressor Voltage e 40 53 65 Volts PY
Internal Shi Connected to cathode at socket
D-C Plate Current . 18 20 22 Milliamperes
D-C Screen Current ressomnsmremsesrsmonens 28 28 28 Milliamperes
D-C Grid Current (Approx.) . 7.5 5 4.5 Milliamperes
Screen Resistor 9000 10700 10700 Ohms
Grid Resistor 11300 18000 20000 Ohms
Driving Power (Approx.) e 0.9 0.6 0.5 Watt
Power Output (APProx.) e 2 3 3.5 Watts

As Grid-Modulated R-F Power Amplifier Pentode—Class c Telephony
Carrier conditions per tube for use with a max. modulation factor of 1.0

D-C PLATE VOLTAGE 500 max. Volts
D-C SuPPRESSOR VOLTAGE éGrid b (T ) — - 200 max. Volts
D-C SCREEN VOLTAGE (Grid NO. 2) s 250 max. Volts
D-C Grip Vorrace (Grid No. 1) —-200 max. Volts
D-C PLATE CURRENT 30 max. Milliamperes
PraTE INPUT 15 max. Watts
SUPPRESSOR INPUT 2 max. Watts
SCREEN INPUT ... 4 max. Watts
PLATE DisSIPATION 10 max. Watts
TypicaL OPERATION:

D-C Plate Voltage 400 500 Volts
Su&pressorfl Connected to cathode at socket
D-C Screen Voltage 150 200 Volts
D-C Grid Voltage . -105 -130 Volts
Peak R-F Grid Voltage 125 145 Volts
Peak A-F Grid Voltage 40 50 Volts
Internal Shield Connected to cathode at socket
D-C Plate Current 25 25 Milliamperes
D-C Screen Current 7.5 8 Milliamperes
D-C Grid Current (APProx.) e 2 1 Milliamperes
Driving Power (APPIoX.)? s 1 0.8 Watt
Power Output (APDPIOX.) e 3 4 Watts

As Plate-Modulated R-F Power Amplifier~—Class C Telephony
Carrier conditions per tube for use with a max. modulation factor of 1.0 *

Pentode Tetrode
Connection Connection

D-C PLATE VOLTAGE warcnrmscmssmmesmsmssommensisns 400 max. 400 max. Volts
D-C Suppressor VoLTAGE (Grid No. 3) 200 max. —— Volts
D-C SCREEN VOLTAGE**¥* ...oeecememrssress 200 max. 200 max. Volts
D-C GrD VorLtace (Grid No. 1) . =200 max. -200 max. Volts
D-C PLATE CURRENT scmnrrosmsssommmteons 40 max. 40 max. Milliamperes
D-C Grip CURRENT SR 7.5 max. 7.5 max. Milliamperes
PLATE INPUT 16 max. 16 max. Watts
SUPPRESSOR INPUT 2 max, —— Watts
ScreeN INPUT 4 max. 6 max. Watts
PLATE DIsSSIPATION 6.7 max. 6.7 max. Watts
TypricAL OPERATION: :

D-C Plate Volta%e, 400 400 Volts
D-C Suppressor Voltage ... — 40 — Volts
D-C Screen Voltage*** .o 195 85 Volts
D-C Grid Voltage .mmmsmmmmsmommn —40 -120 Volts
Peak R-F Grid Voltage s 55 160 Volts
Internal Shield Connected to cathode at socket
D-C Plate CUITeNnt o 33 35 Milliamperes

t, §, ***: see end of tabulation.
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D-C Screen Current . 17 21 Milliamperes
D-C Grid Current (Approx.) ... 1.5 6 Milliamperes
Screen Resistor 12000% 15000** Ohms
Grid Resistor 26700 20000 Ohms
Driving Power (APProx.) .uummmmes - 0.1 0.9 Watt
Power Output (APProx.) e 8 8 Watts

. As R-F Power Amplifier and Oscillator—Class C Telegraphy

Key-down conditions per tube without modulationtt

Pentode Tetrode
Connection Connection

D-C PLATE VOLTAGE .mmmurisren 500 max. 500 max. Volts
D-C Supp. VoLrt. (Grid No. 3) 200 max. — Volts
D-C SCREEN VOLTAGE*** ... 250 max. 200 max. Volts
D-C Grip VoLT. (Grid No. 1) -200 max. -200 max. Volts
D-C PLATE CURRENT rsmenrrsers 60 max. 60 max. Milliamperes
D-C Grip CURRENT ... . 7.5 max. 7.5 max. Milliamperes
PLATE INPUT .o . 25 max. 25 max. Watts
SUPPRESSOR INPUT 2 max. —_ Watts
SCREEN INPUT .oumineen . 6 max. 6 max. . Watts
PLATE DISSIPATION mcmsssmrssssssren 10 max. 10 max. Watts
TyricaL OPERATION:

D-C Plate Voltage . 500 500 400 500 Volts
D-C Suppressor Voltage .. 0 40 — @ — Volts
D-C Screen Voltage*** ... 200 250 100 100 Volts
D-C Grid Voltage ez =100 —100 -60 ~60 Volts
Peak R-F Grid Voltage ... 155 155 90 90 Volts
Internal Shield i Connected to cathode at socket
D-C Plate Current ... 45 45 45 45 Milliamperes
D-C Screen Current 22 12 15 18 Milliamperes
D-C Grid Current (Approx.) 6 2 7 6 Milliamperes
Screen ResiStOr .o 13600 20800 20000 27000 Ohms
Grid Resistor . . 16200 50000 8600 10000 Ohms
Driving Power (Approx.).. 09 025 0.7 0.5 Watt
Power Output (Approx.)... 14 16 10 12 Watts

§ Applying a positive voltage of not more than 40 volts to the suppressor gives slightly
increased output.

t At crest of audio-frequency cycle with modulation factor of 1.0.
s C d to dulated plate-voltage supply.
';" For pentode connection, grid No. 2; for tetrode connection, grids No. 2 and No. 3 connected

together.

1 Connected to modulated plate-voltage supply.
$1 Modulation essentially negative may be used if the positive peak of the audio-frequency envelope

does not exceed 115% of the carrier conditions. -

INSTALLATION AND APPLICATION
The base pins of the 802 fit the 7-contact (0.855-inch pin-circle diameter)

socket which may be mounted to hold the tube in any position.
When the heater is operated from a d-c source, the cathode circuit is tied to

the negative heater supply lead. In circuits where the cathode is not directly
connected to the heater, the potential difference between them should not exceed
100 volts.

The internal shield should be tied to a terminal operating at zero r-f and/or
a-f potential. In most cases, this connection will be made to the cathode or
suppressor terminal.

Adequate shielding and isolation of the input circuit and the output circuit
are necessary if optimum results are to be obtained. If an external shield is
employed with the 802, it should be designed to enclose the base end of the
tube and extend up to a point level with the bottom of the internal shield.
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Clearance between the glass bulb and external shield should be at least v5”, The =+
impedance between the screen and cathode must be kept as low as possible by the
use of a by-pass condenser.

The plate of the 802 shows no color at the maximum plate-dissipation rating
for each class of service. The screen should not be allowed to show more than
a barely perceptible red color.

As a pentode or tetrode oscillator (crystal or self-excited), the 802 may be
operated under the conditions shown for class C telegraph services. Because the
internal shielding in this tube is unusually effective, it generally is necessary to
introduce external feed-back in those circuits which depend on the control-grid-to-
plate capacity for oscillation. This may be done by the use of a small condenser
not larger than 2 to 3 puf connected between control grid and plate.

For high-frequency operation above 30 megacycles, see page 144.

Tll’gNadditional information, see chapters on INSTALLATION and APPLI-

AVERAGE PLATE CHARACTERISTICS
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RCA-803
R-F Amplifier Pentode

IMustrated on front cover

RCA-803 is a pentode transmitting tube of the thoriated-tungsten filament
type for use as an r-f amplifier, frequency multiplier, oscillator, and suppressor-,grid-, or plate-modulated amplifier, '%he plate connection is brought out through
a separate seal at the top of the bulb to insure excellent insulation and low grid-plate
capacitance. In adequately shielded circuits, neutralization to prevent feedback
is_generally unnecessary. The suppressor is connected to its individual base pin.
The 803 may be operated at maximum ratings in all classes of service at frequencies
as high as 20 megacicles. The maximum rated plate dissipation of the tube is
125 watts. RCA-803 has a ceramic base.

CHARACTERISTICS
Filament Volts (a-c or d-c) .. 10.0 Grid-Plate Capacitance (With
Filament AmPperes .ummmemmmme 3 external shielding) ....0.15 max. puf
Transconductance (For plate current Input Capacitance .orwenn17.5 saf

of 62.5 ma.) Micromhos Output Capacitance e 29 puf

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

As R-F Power Amplifier Pentode—Class B Telephony

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

D-C PrATE VOLTAGE 2000 max. Volts
D-C SuppPressoR VOLTAGE éGrid No. 3) 500 max. Volts
D-C ScreeN Vortace (Grid No. 2) 600 max. Volts
D-C PLATE CURRENT 160 max. Milliamperes
PraTE INPUT 180 max. Watts
Suppressor INPUT 10 max. Watts
ScreeN InPuT 20 max. Watts
PLATE DISSIPATION ... 125 max. Watts

TypPicAL OPERATION:
D-C Plate Voltage oo, 1250 1500 2000 Volts
D-C Suppressor Voltage e 40 40 40 Volts
D-C Screen VOItage .o 500 350 600 Volts
D-C Grid Voltage (Grid No. 1)i... -30 -33 ~40 Volts
Peak R-F Grid Voltage wmecoresens 90 70 35 Volts
D-C Plate CUTrent . 130 110 80 Milliamperes
D-C Screen Current e 33 30 20 Milliamperes
D-C Grid Current (Approx.) .. 8 s 3 Milliamperes
Driving Power (Approx.)? . 4.5 3 1.5 Watts
Power Output (Approx.) — 52 53 53 Watts

As Suppressor-Modulated R-F Power Amplifier—Class C Telephony

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

D-C PLATE VoLTAGE 2000 max. Volts
D-C ScreeN VoLTAGe (Grid No 2) 600 max. Volts
D-C Grib VoLTaGe (Grid No. 1) -500 max. Volts
D-C PraTeE CURRENT 110 max. Milliamperes
D-C Grip CURRENT $0 max. Milliamperes
PraTE INPUT 180 max. Watts
Screen INPUT 30 max. Watts
PLATE DissipATION 125 max. Watts

§. t: see end of tabulation,
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TypricAL OPERATION:
D-C Plate Voltage e 1250 1500 2000 Volts
D-C Supp. Volt. ‘Gn’d No. 3 =70 -90 -110 Volts
D-C Grid Voltaged .ccmssnccsinen -110 -100 -100 Volts
Peak R-F Grid Voltage ... —— 200 190 170 Volts
Peak A-F Suppressor Voltage ....cunn 110 130 150 Volts
D-C Plate Current ..o 100 100 80 Milliamperes
D-C Screen Current .. - 70 70 48 Milliamperes
D-C Grid Current (Approx.). e 22 20 15 Milliamperes
Screen Resistor 13000 17000 35000 Ohms
Grid Resistor 5000 5000 7000 Ohms
Driving Power (Approx.) oo 4 3.5 2.5 Watts
Power Output (Approx.) .. " 40 50 53 Watts

As Grid-Modulated R-F Power Amplifier Pentode—Class C Telephony
Carrier conditions per tube for use with a max. modulation factor of 1.0

D-C PLATE VOLTAGE ‘ 2000 max. Volts
D-C SupPrESSOR VOLTAGB éGn’d NO. 3) cecmremermmsnsesssssan 500 max. Volts
D-C ScreeN VoLTAGE (Grid No. 2) 600 max. Volts
D-C Grib VoLTace (Grid No. 1) ~500 max. Volts
D-C PLATE CURRENT 160 max. Milliamperes
PraTE INPUT 180 madx. Watts
SupPrESSOR INPUT 10 max. Watts
Screen INPuT 20 max. Watts
PLATE DisSIPATION 125 max. Watts
TyPicAL OPERATION: :

D-C Plate Voltage e 1250 1500 2000 Volts
D-C Suppressor Voltage .. 40 40 40 Volts
D-C Screen Voltage — 500 550 600 Volts
D-C Grid Voltagef ... srsvmsmenss =100 -90 -80 Volts
Peak R-F Grid Voltage ... 160 130 100 Volts
Peak A-F Grid Voltage .. 75 65 50 Volts
D-C Plate Current ... S 130 110 80 Milliamperes
D-C Screen Current snseatsssssnssen 30 25 20 Milliamperes
D-C Grid Current (Approx.) ... 8 6 4 Milliamperes
Driving Power (Approx.)t e 4 3 2 Watts
Power Output (ApPProx.) e 52 53 53 Watts

As Plate-Modulated R-F Power Amplifier—Class C Telephony
Carrier conditions per tube for use with a max. modulation factor of 1.0

Pentode Tetrode
Connection Connection

D-C PLATE VOLTAGE .ommerrinn 1600 max. 1600 max. Volts
D-C Supp. VoLt. (Grid No 3) 500 max. — Volts
D-C SCREEN VOLTAGE*** ... 500 max. 500 max. Volts
D-C Grip VoLT. (Grid No. 1) -500 max. -500 max. Volts
D-C PLATE CURRENT .o - 160 max. 160 max. Milliamperes
D-C GRID CURRENT .cconcrmnn S 50 max. 50 max. Milliamperes
PLATE INPUT wcssrcsmsmessssmsossoss 250 max. 250 max. Watts
SUPPRESSOR INPUT ... — 10 max. —_— Watts
SCREEN INPUT csmmmmsessssississssian 20 max. 30 max. Watts
PLATE DISSIPATION .ccomomemmmsmmssssmtess 85 max. 85 max. Watts
TyricAL OPERATION:

D-C Plate Voltage .o 1250 1600 1250 1600 Volts
D-C Suppressor Voltage .. 100 100 — — Volts
D-C Screen Voltage . — 400 500 130 130 VoltsD-C Grid Voltageg w— - -R0 -80 -180 -180 Volts

§, t. ***: see end of tabulation.
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Peak R-F Grid Voltage 180 180 308 320 Volts
D-C Plate Current — 150 150 150 150 Milliamperes
D-C Screen Current e 55 55 75 75 Milliamperes
D-C Grid Current (Approx.) 20 20 45 45 Milliamperes
Screen Resistor e 160008 200003 15000*#20000** Ohms
Grid Resistor .o . 4000 4000 4000 4000 Ohms
Driving Power (Approx.)... 4 4 15 15 Watts
Power Output (Approx.)... 125 155 125 155 Watts

As R-F Power Amplifier and Oscillator—Class C Telegraphy
Key-down conditions per tube without modulationtt

Pentode Tetrode
Connection Connection

D-C PLATE VOLTAGE .. e 2000 max. 2000 max. Volts
D-C Supp. VoLT. (Grid No. 3) 500 max. —_— Volts
D-C ScREEN VOLTAGE*** .. 600 max. 600 max. Volts
D-C Grip VoLT. (Grid No. 1 -500 max. ~3500 max. Volts
D-C PLATE CURRENT ... . 175 max. 175 max. Milliamperes
D-C Grip CURRENT 50 max. 50 max. Milliamperes
PLATE INPUT .o 350 max 350 max. Watts
SuPPRESSOR INPUT .. 10 max. —_— Watts
SCREEN INPUT ccncoimimmsessmsicne - 30 max 30 max. Watts
PLATE DISSIPATION muicconscosmssmsesssneen 125 max 125 max. Watts
TypricAL OPERATION:

D-C-Plate Voltage .o . 1500 2000 1500 2000 Volts
D-C Suppressor ‘Voltage .. 40 40 — — Volts
D-C Screen Voltage . 500 500 150 150 Volts
D-C Grid Voltage$ .o -90 -90 -90 -90 Volts
Peak R-F Grid Voltage 175 175 190 190 Volts
D-C Plate Current .o 160 160 160 160 Milliamperes
D-C Screen Current 45 45 15 15 Milliamperes
D-C Grid Current (Approx.) 12 12 27 26 Milliamperes
Screen Resistor ... _— Not recommended
Grid ReSistor s 7500 7500 3500 3500 Ohms .
Driving Power (Approx.) ... 2 2 4.4 4.4 ‘Watts
Power Output (Approx.).... 160 210 160 210 Watts

§ Grid voltages are given with respect to the mid-point of filament operated on a.c.’ If d.c. is used,
each stated value of grid voltage should be decreased by 7 volts and the circuit returns made to the
negative end of the filament.

+ At crest of audio-frequency cycle with modulation factor of 1.0.
¢e¢ Por pde:tode connection, Grid No, 2 is screen; for tettode connection, grids No. 2 and 3

together.

2 Connected to modulated plate supply.
*¢ C d to dulated plate-voltage supply.
t1 Modulation essentially negative may be used if the positive peak of the audio-frequency envelope

does not exceed 115% of the carrier conditions.

INSTALLATION AND APPLICATION
The base pins of the 803 fit the special 5-contact socket which should be

mounted to hold the tube in a vertical position with the filament base either up
or down. The plate connection is made to the cap at the top of the bulb.

Adequate shielding and isolation of the input circuit and the output circuit
are necessary if optimum results are to be obtained. If an external shield is
employed with the 803, it should be designed to enclose the base end of the tube
and extend up to a position 14" above the circular shield disc located at the bottom
of the plate. Clearance between the glass bulb and external shield should be at
least %”. The impedance between the screen and filament must be kept as low as
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possible by the use of a by-pass condenser. When screen voltage is obtained from
a series resistance, the screen by-pass condenser should have a voltage breakdown
rating high enough to withstand the full plate voltage of the tube.

The plate of the 803 shows only a barely perceptible red color at the maximum
plate-dissipation rating for each class of service. The screen should never be
allowed to show more than a dull red color.

For high-frequency operation above 20 megacycles, see page 144.
For additional information, see chapters on INSTALLATION and APPLIL

CATION.

AVERAGE PLATE CHARACTERISTICS
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RCA-804

R-F Power Amplifier Pentode

RCA-804 is a pentode transmitting tube of the thoriated-tungsten filament
type for use as an r-f amplifier, frequency multiplier, oscillator, and suppressor-,
grid-, or plate-modulated amplifier. The plate connection is brought out through
a separate seal at the top of the bulb to insure excellent insulation and low grid-
plate capacitance. In adequately shielded circuits, neutralization to prevent feedback
is generally unnecessary. The suppressor is connected to its individual base pin.
RCA-804 may be operated at maximum ratings in all classes of service at frequencies
as high as 15 megacycles. The 804 has a ceramic base.

CHARACTERISTICS

Filament Volts (a-c or d-c).... 1.5 Grid-Plate Capacitance (With
Filament AMPEres .oc.ummmmmmmmnme - 3 external shielding) ....0.01 max. puf
Transconductance (For plate current Input Capacitance . 16 puf

of 32 ma.) Micromhos...owumum ..3250 Output Capacitance wmw.14.5 puf

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS
As R-F Power Amplifier Pentode—Class B Telephony

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

D-C PLATE VOLTAGE 1250 max. Volts
D-C SuPPRESSOR VOLTAGE (Grid NO. 3 ) merssmssmsssins 200 max. Volts
D-C ScREEN VOLTAGE (Grid No. 2)ummmmmsimssirnn o 300 max. Volts
D-C PLaTe CURRENT 50 max. Milliamperes
PrATE INPUT , 60 max. Watts
SurPrEssOR INPUT 5 max. Watts
ScreeN INPUT 10 max. Watts
PLATE DissipATION 40 max. Watts
TyricaAL OPERATION:

D-C Plate VOtage . 1000 1000 1250 Volts
D-C Suppressor Voltage 0 45 45 Volts
D-C Screen Voltage ... 300 300 300 Volts
D-C Grid Voltage (Grid No. 1)... =20 -20 -20 Volts
Peak R-F Grid Voltage ..o 30 30 27 Volts
D-C Plate CUITENt wrceemersssmssimssmsnnes 45 45 45 Milliamperes
D-C Screen Current .. S 12 11.5 11 Milliamperes
D-C Grid Current (Approx.) . - 1 1 1 Milliampere
Driving Power (Approx.)t . 0.35 0.3 0.25 Watt
Power Output (APProx.) e - 11 12 16 Watts

As Suppressor-Modulated R-F Power Amplifier—Class C Telephony
Carrier conditions per tube for use with a max. modulation factor of 1.0

D-C PLATE VOLTAGE 1250 max. Volts
D-C SCREEN VOLTAGE (Grid NO. 2)uermcmmssssmnrssssn - 300 max. Volts

-C Grip VoLTAGE (Grid No. 1) ~300 max. Volts
D-C PLATE CURRENT $0 max. Milliamperes
D-C Grip CURRENT 15 max. Milliamperes
Prate INPUT . 60 max. Watts
Screewn INPUT 15 max. Watts
PLATE DIsSIPATION 40 max. Watts

§. t: sec end of tabulation.
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