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THIS MANUAL like its preceding editions has been prepared
to assist those who work or experiment with electron tubes and cir-
cuits. It will be found wvaluable by engineers, radio servicemen,
technicians, experimenters, students, radio amateurs, and all others
technically interested in electron tubes.

The material in this edition has been augmented and revised to
keep abreast of the technological advances in electronic fields. Many
tube types widely used in the design of new electronic equipment
prior to the war are now chiefly of renewal interest; in their place,
new advanced types including the miniatures are being used. Con-
sequently, in the Tube Tvpes Section, the presentation on the older
types has been limited to essential basic data while detailed informa-
tion has been given on the newer more important types.
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Electrons, Elecirodes, and Electron Tubes

The electron tube is a marvelous device. It makes possible the performing of
operations, amazing in conception, with a precision and a certainty that are as-
tounding. It is an exceedingly sensitive and accurate instrument—the product of
coordinated efforts of engineers and craftsmen. Its construction requires materials
from every corner of the earth. Its use is world-wide. Its future possibilities, even
in the light of present-day accomplishments, are but dimly foreseen; for each de-
velopment opens new fields of design and application.

The importance of the electron tube lies in its ability to control almost in-
stantly the flight of the millions of electrons supplied by the cathode. It accom-
plishes this with a minimum of contro! energy. Because it is almost instantaneous
in its action, the electron tube can operate efficiently and accurately at electrical
frequencies much higher than those attainable with rotating machines.

ELECTRONS

-All matter exists in the solid, liquid, or gaseous state. These three forms con-
sist entirely of minute divisions known as molecules. Molecules are assumed to be
composed of atoms. According to 2 present accepted theory, atoms have a nucleus
which is a positive charge of electricity. Around this nucleus revolve tiny charges
of negative electricity known as electrons. Scientists have estimated that these
invisible bits of electricity weigh only 1/30-billion, billion, billion, billionths of an
ounce, and that they may travel at speeds of thousands of miles per second.

Electron movement may be accelerated by the addition of energy. Heat is one
form of energy which can be conveniently used to speed up the electron. For exam-
ple, if the temperature of a metal is gradually raised, the electrons in the metal
gain velocity. When the metal becomes hot enough to glow, some electrons may
acquire sufficient speed to break away from the surface of the metal. This action,
which is accelerated when the metal is heated in a vacuum, is utilized in most
electron tubes to produce the necessary electron supply.

An electron tube consists of a cathode, which supplies electrons, and one or
more additional electrodes, which centrol and collect these electrons, mounted in
an evacuated envelope. The envelope may be a glass bulb or a metal shell.

CATHODES

A cathode is an essential part of an electron tube because it supplies the
electrons necessary for tube operation. When energy in some form is applied to the
cathode, electrons are released. Heat is the form of energy generally used. The
method of heating the cathode may be used to distinguish between the different
forms of cathodes. For example, a directly heated cathode, or filament-cathode, is
a wire heated by the passage of an electric current. An indirectly heated cathode,
or heater-cathode, consists of a filament, or heater, enclosed in a metal sleeve. The
sleeve carries the electron-emitting material on its outside surface and is heated by
radiation and conduction from the heater.
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A filament, or directly heated cathode, may be further classified by identifying
the filament or electron-emitting material. The materials in regular use are tung-
sten, thoriated tungsten, and metals which have been coated with alkaline-earth
oxides. Tungsten filaments are made from the pure metal. Since they must
operate at high temperatures (a dazzling white) to emit sufficient electrons, a
relatively large amount of filament power is required. Thoriated-tungsten fila-
ments are made from tungsten impregnated with thoria. Due to the presence of
thorium, these filaments liberate electrons at a more moderate temperature of
about 1700°C (a bright yellow) and are, therefore, much more economical of fila-
ment power than are pure tungsten filaments. Alkaline earths are usually applied
as a coating on a nickel-alloy wire or ribbon. This coating, which is dried in a
relatively thick layer on the filament, requires only a very low temperature of about
700-750°C (a dull red) to produce a copious supply of electrons. Coated filaments
operate very efficiently and require relatively little filament power. However,

each of these cathode materials has special advantages which de-
termine the choice for a particular application.

Directly heated filament-cathodes require comparatively
e little heating power. They are used in almost all of the tube types
designed for battery operation because it is, of course, desirable
to impose as small a drain as possible on the batteries. Examples
of battery-operated filament types are the 1A7-GT, 1R5, 1U4,
3V4, and 31. AC-operated types having directly heated filament-
Fig.1  cathodes include the 2A3 and 5Y3-GT.

An indirectly heated cathode, or heater-cathode, consists of
a thin metal sleeve coated with electron-emitting material. With-
in the sleeve is a heater which is insulated from the sleeve. The ™phiic®
heater is made of tungsten or tungsten-alloy wire and is used only
for the purpose of heating the cathode sleeve and sleeve coating
to an electron-emitting temperature. Useful emission does not
take place from the heater wire. Fig. 2

The heater-cathode construction is well adapted for use in electron tubes in-
tended for operation from ac power lines and from storage batteries. The use of
separate parts for emitter and heater functions, the electrical insulation of the
heater from the emitter, and the shielding effect of the sleeve may all be utilized
in the design of the tube to minimize the introduction of hum from the ac heater
supply and to minimize electrical interference which might enter the tube circuit
through the heater-supply line. From the viewpoint of circuit design, the heater-
cathode construction offers advantages in connection flexibility due to the electrical
separation of the heater from the cathode. Another advantage of the heater-
cathode construction is that it makes practical the design of a rectifier tube with
close spacing between its cathode and plate, and of an amplifier tube with close
spacing between its cathode and grid. In a close-spaced rectifier tube the voltage
drop in the tube is low and the regulation is, therefore, improved. In an amplifier
tube, the close spacing increases the gain obtainable from the tube. Because of
the advantages of the heater-cathode construction, almost all present-day receiving
tubes designed for ac operation have heater-cathodes.

CATHODE

GENERIC TUBE TYPES

Electrons are of no value in an electron tube uniess they can be put to work. A
tube is, therefore, designed with the parts necessary to utilize electrons as well as
to produce them. These parts consist of a cathode and one or more supple-
mentary electrodes. The electrodes are enclosed in an evacuated envelope with
the necessary connections brought out through air-tight seals. The air is removed
from the envelope to allow free movement of the electrons and to prevent injury
to the emitting surface of the cathode. When the cathode is heated, electrons leave
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the cathode surface and form an invisible cloud in the space around it. Any posi-
tive electric potential within the evacuated envelope will offer a strong attraction
to the electrons (unlike electric charges attract; like charges repel).

DIODES

The simplest form of electron tube contains two electrodes, a cathode and an
anode (plate) and is often called a diode, the family name for a two-electrode
tube. In a diode, the positive potential is sup-
plied by a suitable electrical source connected ELECTRON
between the plate terminal and a cathode
terminal. Under the influence of the positive
plate potential, electrons flow from the cathode
to the plate and return through the external
plate-battery circuit to the cathode, thus com-
pleting the circuit. This flow of electrons is
known as the plate current, and may be meas-
ured by a sensitive current meter.

If a negative potential is applied to the

plate, the free electrons in the space surrounding the cathode will be forced back
to the cathode and no plate current will flow. Thus, electrons ean flow from the
o cathode to the plate but not from the plate to the
s cathode. If an alternating voltage is applied to
the plate, the plate is alternately made positive and
negative. Plate current flows only during the time

recTiFiep oytpur  when the plate is positive. Hence the current
"""~ through the tube flows in one direction and is
said to be rectified. See Fig. 4. Diode rectifiers
are used in ac receivers to convert ac to dc
voltage for the electrodes of the other tubes in the
receiver. Rectifier tubes may have one plate and
one cathode. The 1-v and 35W4 are of this form
and are called half-wave rectifiers, since current
can flow only during one-half of the alternating-

§0UTPUT

ALTERNATING

VOLTAGE INPUT current cycle. When two plates and one or more
' cathodes are used in the same tube, current may
Fig. 4 be obtained on both halves of the ac cycle. The

6X4, 5Y3-GT, and 5U4-G are examplesof thistype and are called full-wave rectifiers.

Not all of the electrons emitted by the cathode reach the plate. Some return
to the cathode while others remain in"the space between the cathode and plate for
a brief period to produce an effect known as space-charge. This charge has a
repelling action on other electrons which leave the cathode surface and impedes
their passage to the plate. The extent of this action and the amount of space-
charge depend on the cathode temperature and the plate potential. The higher the
plate potential, the less is the tendency for electrons to remain in the space-charge
region and repel others. This effect may be noted by applying increasingly higher
plate voltages to a tube operating at a fixed heater or filament voltage. Under these
conditions, the maximum number of available electrons is fixed, but increasingly
higher plate voltages will succeed in attracting a greater proportion of the free
electrons.

Beyond a certain plate voltage, however, additional plate voltage has little
effect in increasing the plate current. The reason is that all of the electrons emitted
by the cathode are already being drawn to the plate. This maximum current is
called saturation current (see Fig. 5) and because it is an indication of the total
number of electrons emitted, it is also known as the emission current, or, simply,
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emission. Tubes are sometimes tested by the meas-
urement of their emission current but it is generally
not advisable to measure the full value of emission
because this value would be sufficiently large to cause
change in the tube’s characteristics or even to damage
the tube. Consequently, while the test value of emis-
sion current is somewhat larger than the maximum
current which will be required from the cathode in
the use of the tube, it is ordinarily less than the full
emission current. The emission test, therefore, is
used to- indicate whether the cathode can supply a
sufficient number of electrons for satisfactory opera- Fig. 5
tion of the tube.

If space charge were not present to repel electrons coming from the cathode,
it follows that the same plate current could be produced at a lower plate voltage.
One way to make the effect of space charge small is to make the distance between
plate and cathode small. This method is used in rectifier types, such as the 5V4-G
and the 25Z6-GT, having heater-cathodes. In these types the radial distance be-
tween cathode and plate is only about two hundredths of an inch. Another method
of reducing space-charge effect is utilized in the mercury-vapor rectifier tubes,
such as the 83. This tube contains a small amount of mercury, which is partially
vaporized when the tube is operated. The mercury vapor consists of mercury
atoms permeating the space inside the bulb. These atoms are bombarded by the
electrons on their way to the plate. If the electrons are moving at a sufficiently
high speed, the collisions will tear off electrons from the mercury atoms. When this
happens, the mercury atom is said to be *“ionized,” that is, it has lost one or more
electrons and, therefore, is charged positive. Ionization, in the case of mercury
vapor, is made evident by a bluish-green glow between the cathode and plate.
When ionization due to bombardment of mercury atoms by electrons leaving the
cathode occurs, the space-charge is neutralized by the positive mercury ions so that
increased numbers of electrons are made available. A mercury-vapor rectifier hasa
small voltage drop between cathode and plate (about 15 volts). This drop is prac-
tically independent of current requirements up to the limit of emission of electrons
from the cathode, but is dependent to some degree on bulb temperature.

An ionic-heated-cathode rectifiér tube is another type which depends for
its operation on gas ionization. The 0Z4 and 0Z4-G are tubes in this classification.
They are of the full-wave design and contain two anodes and a coated cathode
sealed in a bulb under a reduced pressure of inert gas. The cathode in each of these
types becomes hot during tube operation but the heating effect is caused by bom-
bardment of the cathode by the ions from within the tube rather than by heater
or filament current from an external source. The internal structure of the tube is
designed so that when sufficient voltage is applied to the tube, ionization of the gas
occurs between the anode which isinstantaneously positive and the cathode. Under
normal operating voltages, ionization does not take place between the anode that
isnegative and the cathode. This, of course, satisfies the requirements for rectifica-
tion. The initial small flow of current through the tube is sufficient to raise the
cathode temperature quickly to incandescence whereupon the cathode emits elec-
trons. The voltage drop in such tubes is slightly higher than that of the usual hot-
cathode gas rectifiers because energy is taken from the ionization discharge to keep
the cathode at operating temperature. Proper operation of these rectifiers requires
a minimum flow of load current at all times in order to maintain the cathode at the
temperature required to supply sufficient emission.

TRIODES

When 2 third electrode, called the gr_id, is placed between the cathode and
plate, the tube is known as a triode, the family name for a three-electrode tube.
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The grid usually is a winding of wire extending the length of the cathode. The
spaces between turns are comparatively large so that the passage of electrons from
cathode to plate is practically unobstructed by the turns of the grid. The purpose
of the grid is to control the flow of plate current. When a tube is used as an ampli-
fier, a negative de voltage is usually applied to the grid. Under this condition the
grid does not draw appreciable current.

The number of electrons attracted to ELECTRON
the plate depends on the combined effect /fiow N
of the grid and plate polarities. When the | o arE
plate is positive, as is normal, and the CRID PLATE  CURRENT
de grid voltage is made more and more
negative, the plate is less able to attract CaTHOODE ouTPUT
electrons to it and plate current decreases. mpur% HEATER
When the grid is made less and less nega- . | \ s
tive {more and more positive), the plate L_‘I'M‘l\—ﬂ'“"
more readily attracts electrons to it and B * e
plate current increases, Ilence, when the Fig. 6

voltage on the grid is varied in accordance

with a signal, the plate current varies with the signal. Because a small voltage
applied to the grid can control a comparatively large amount of plate current, the
signal is amplified by the tube. Typical three-eiectrode tube types are the 6C4,
6J5, and 2A3.

The grid, plate, and cathode of a tricde form an electrostatic system, each
electrode acting as one plate of a small capacitor. The capacitances are those
existing between grid and plate, plate and cathode, and grid and cathode. These
capacitances are known as interelectrode capacitances, Generally, the capacitance
between grid and plate 1s of the most importance. In high-gain radio-frequency
amplifier circuits, this capacitance may act to produce undesired coupling between
the input cireuit. the circuit between grid and cathode, and the output cireuit, the
circuit between plate and cathode. This coupling is undesirable in an amplifier
because it may cause instability and unsatisfactory performance.

TETRODES

The capacitance between grid and plate can bhe made small by mounting an
additional electrode, called the screen (grid No. 2), in the tube. With the addition
of the screen, the tube has four electrodes

and is, accordingly, called a tetrode. The ELscTRON

sereen is mounted between the grid and FLOwW —~

the plate and acts as an electrostatic (— A
shield between them, thus reducing the CURRENT
grid-to-plate capacitance. The effective- R S
ness of this shielding action is increased -
by connecting a bypass capacitor between 5,13 Hearer é
screen and cathode. By means of the

screen and this bypass capacitor, the it ‘\ B N
grid-plate capacitance of a tetrode is sl Lves sibll L
made very small. In practice, the grid- Fig. 7

plate capacitance is reduced from several
micromicrofarads (uuf) for a triode to 0.01 upf or less for a screen-grid tube.

The screen has another desirable effect in that it makes plate current practically
independent of plate voltage over a certain range. The screen is operated at a
positive voltage and, therefore, attracts electrons from the cathode. But because of
the comparatively large space between wires of the screen, most of the electrons
drawn to the screen pass through it to the plate. Hence the screen supplies an
electrostatic force pulling electrons from the cathode to the plate. At the same

7
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time the screen shields the electrons between cathode and screen from the plate so
that the plate exerts very little electrostatic force on electrons near the cathode.
So long as the plate voltage is higher than the screen voltage, plate current in a
screen-grid tube depends to a great degree on the screen voltage and very little
on the plate voltage. The fact that plate current in a sereen-grid tube is largely
independent of plate voltage makes it possible to obtain much higher amplification
with a tetrode than with a triode. The low grid-plate capacitance makes it possible
to obtain this high amplification without plate-to-grid feedback and resultant
instability. Representative screen-grid types are the 32 and 24-A.

PENTODES

In all electron tubes, electrons striking the plate may, if moving at sufficient
speed, dislodge other electrons. In two- and three-electrode types, these dislodged
electrons usually do not cause trouble because no positive electrode other than the
plate itself is present to attract them. These electrons, therefore, are drawn back
to the plate. Emission caused by bombardment of an electrode by electrons from
the cathode is called secondary emission because the effect is secondary to the
original cathode emission. In the case of screen-grid tubes, the proximity of the
positive screen to the plate offers a strong attraction to these secondary electrons
and particularly so if the plate voltage swings lower than the screen voltage. This
effect lowers the plate current and limits the permissible plate-voltage swing for
tetrodes.

The plate-current limitation is removed when a fifth electrode is placed within
the tube between the screen and plate. This fifth electrode is known as the sup-
pressor (grid No. 3) and is usually connected to the cathode. Because of its nega-

ELECTRON
FLOwW
(»)
PLATE Pbde
SUPPRESS scrRegn  CURRENT

GRID
HEATER

e i\

L il
mlllm sl

Fig. 8

gOUTPUT

tive potential with respect to the plate, the suppressor retards the flight of second-
ary electrons and diverts them back to the plate where they cannot cause trouble.
The family name for a five-electrode tube is “pentode’. In power-output pentodes,
the suppressor makes possible higher power output with lower grid-driving voltage;
in radio-frequency amplifier pentodes the suppressor makes possible high voltage
amplification at moderate values of plate voltage. These desirable features are
due to the fact that the plate-voltage swing can be made very large. In fact, the
plate voltage may be as low as, or lower than, the screen voltage without serious
loss in signal-gain capability. Representative pentodes used for power amplifica-
tion are the 3V4 and 6K6-GT; representative pentodes used for voltage amplifica-
tion are the 1U4, 63SJ7, 12SK7, and 6BAS.

BEAM POWER TUBES

A beam power tube is a tetrode or pentode in which directed electron beams
are used to increase substantially the power-handling capability of the tube. Such
a tube contains a cathode, a control-grid, a screen, a plate, and, optionally, a sup-

8
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pressor grid. When a beam power tube is desighed without an actual suppressor,
the electrodes are so spaced that secondary emission from the plate is suppressed
by space-charge effects between screen and plate. The space charge is produced
by the slowing up of electrons traveling from a high-potential screen to a lower-
potential plate. In this low-velocity region, the space charge produced is sufficient
to repel secondary electrons emitted from the plate and to cause them to return to
the plate. Beam power tubes of this design employ beam-confining electrodes at
cathode potential to assist in producing the desired beam effects and to prevent
stray electrons from the plate from returning to the screen outside of the beam. A
feature of a beam power tube is its low screen current. The screen and the grid are
spiral wires wound so that each turn of the screen is shaded from the cathode by a
grid turn. This alignment of the screen and grid causes the electrons to travel in
sheets between the turns of the screen so that very few of them strike the screen.
Because of the effective suppressor action provided by space charge and because of
the low current drawn by the screen, the beam power tube has the advantages of
high power output, high power sensitivity, and high efficiency.

BEAM -CONFINING

ELECTRODE INTERNAL
CATHODE STRUCTURE
GRID oF
SCREEN TYPE L6

BEAM POWER
TUBE

-

<PLATE

Fig. 9 shows the structure of a beam power tube employing space-charge sup-
pression and illustrates how the electrons are confined to beams. The beam condi-
tion illustrated is that for a plate potential less than the screen potential. The
high-density space-charge region is indicated by the heavily dashed lines in the
beam. Note that the edges of the beam-confining electrodes coincide with the
dashed portion of the beam. In this way the space-charge potential region is
extended beyond the beam boundaries and stray secondary electrons are prevented
from returning to the screen outside of the beam. The space-charge effect may also
be obtained by use of an actual suppressor grid. Examples of beam power tubes are
6L6, 6V6-GT, and 50C5.

\
\ e /\“—“
K ~, - Fig. 9

'~

MULTI-ELECTRODE and MULTI-UNIT TUBES

Early in the history of tube development and application, tubes were designed
for general service; that is, a single tube type—a triode—was used as a radio-
frequency amplifier, an intermediate-frequency amplifier, an audio-frequency
amplifier, an oscillator, or a detector. Obviously, with this diversity of applica-
tion, one tube did not meet all requirements to the best advantage.

9



RCA RECEIVING TUBE MANUAL

Later and present trends of tube design are the development of ‘‘specialty’
types. These types areintended either to give optimum performance in a particular
application or to combine in one bulb functions which formerly required two or
more tubes. The first class of tubes includes such examples of specialty types as
the 6F6, 12SK7, 6L7, and 6K8. Types of this class generally require more than
three electrodes to obtain the desired special characteristics and may be broadly
classed as multi-electrode types. The 6L7 is an especially interesting type in this
class. This tube has an unusually large number of electrodes, namely seven,
exclusive of the heater. Plate current in the tube is varied at two different frequen-
cies at the same time. The tube is designed primarily for use as a mixer in super-
heterodyne receivers. In tais use, the tube mixes the signal frequency with the
oscillator frequency to give an intermediate-frequency output.

- Tubes of the multi-electrode class often present interesting possibilities of
application besides the one for which they are primarily designed. The 6L7, for
instance, can also be used as a variable-gain audio amplifier in volume-expander
and compressor application. The 6F6, besides its use as a power-output pentode,
can also be connected as a triode and used as a driver for a pair of 6L6s.

The second class includes multi-unit tubes such as the twin-diode triodes
6BF6 and 6SQ7, as well as the twin-diode pentodes 1F7-G and 12C8 and the
twin class A and class B types 12AUT and 6N7, respectively. In this class also is
included the multi-unit type 117TN7-GT. This tube combines in one bulb a diode
for use as a power rectifier and a power-output pentode. Related to multi-unit
tubes are the electron-ray types 6U5,6E5, and 6AB5/6N5. These combine a triode
amplifier with a fluorescent target. Full-wave rectifiers are also multi-unit types.

A third class of tubes combines features of each of the other two classes.
Typical of this third class are the pentagrid-converter types 1R5, 6BE6, and 6SA7.
These tubes are similar to the multi-electrode types in that they have seven elec-
trodes, all of which affect the electron stream; and they are similar to the multi-
unit tubes in that they perform simuiltaneously the double function of oscillator
and mixer in superheterodyne receivers.

KINESCOPES

The kinescope is 2 multi-electrode tube used principally in television receivers
for picture display. It consists essentially of an electron gun, a glass or metal-and-
glass envelope and face-plate combination, and a fluorescent screen.
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The electron gun includes a cathode for the production of free electrons, an
electron ‘‘lens” system for accelerating the electrons and forming or focusing
them into a very narrow beam, and, optionally, a device for “trapplng unwanted
ions out of the electron beam.

Deflection of the beam is accomphshed either electrostatically by means of
deflecting electrodes within the envelope of the tube, or electromagnetically by
means of a deflecting yoke placed on the neck of the tube. Fig. 10 shows the struc-
ture of the gun section of a kinescope and illustrates how the electron beam is
formed, how the ions are separated from the electron heam by means of the tilted-
gun and ion-trap-magnet arrangement, and how the beam is deflected by means
of an electromagnetic deflecting yoke.

The screen is 2 white-fluorescing phosphor (No. 4) of either the silicate or the
sulfide type. The spectral distribution of the energy emitted by the silicate type is
shown by the curve in the TUBE TYPES SECTION under type 5TP4, and that
for the sulfide type in the same section under type 12LP4-A. The persistence of
the phosphorescence exhibited by either type of the phosphor No. 4 is such that its
brightness does not exceed 7 per cent of the peak value in 33 milliseconds after
excitation is removed.

Complete classification of tubes by services and filament or heater voltages is
given on the chart at the beginning of the TUBE TYPES SECTION.

Electron Tube Characteristics

The term “characteristics’’ is used to identify the distinguishing electrical
features and values of an electron tube. These values may be shown in curve
form or they may be tabulated. When given in curve form, they are called
characteristic curves and may be used for the determination of tube performance
and the caleulation of additional tube factors.

Tube characteristies are obtained from electrical measurements of a tube in
various circuits under certain definite conditions of voltages. Characteristics may
be further described by denoting the conditions of measurements. For example
Static Characteristics are the values obtained with different de potentials applied,
to the tube electrodes, while Dynamic Characteristics are the values obtained with
an ac voltage on the control grid under various conditions of de potentials on the
electrodes. The dynamic characteristics, therefore, are indicative of the perform-
ance capabilities of a tube under actual working conditions.

Static characteristics may be shown by plate characteristics curves and transfer
(mutua]) characteristics curves. These curves present the same information, but
in two different forms to increase its usefulness. The plate characteristic curve
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is obtained by varying plate voltage and measuring plate current for different
control-grid bias voltages, while the transfer-characteristic curve is obtained by
varying control-grid bias voltage and measuring plate current for different plate
voltages. A plate-characteristic family of curves is illustrated by Fig. 11. Fig. 12
gives the transfer characteristic family of curves for the same tube.

Dynamiec characteristics include amplification factor, plate resistance, control-
grid—plate transconductance and certain detector characteristics, and may be
shown in curve form for variations in tube operating conditions.

The amplification factor, or g, is the ratio of the change in plate voltage to a
change in control-electrode voltage in the opposite direction, under the condition
that the plate current remains unchanged, and that all other electrode voltages
are maintained constant. For example, if, when the plate voltage is made 1 volt
more positive, the grid voltage must be made 0.1 volt more negative to hold plate
current unchanged, the amplification factor is 1 divided by 0.1, or 10. In other
words, a small voltage variation in the grid circuit of a tube has the same effect on
the plate current as a large plate-voltage change—the latter equal to the product
of the grid-voltage change and amplification factor. The u of a tube is useful for
calculating stage gain. This use is discussed in the ELECTRON TUBE APPLI-
CATIONS SECTION.

Plate resistance (rp) of a radio tube is the resistance of the path between
cathode and plate to the flow of alternating current. It is the quotient of a small
change in plate voltage divided by the corresponding change in plate current and is
expressed in ohms, the unit of resistance. Thus, if a change of 0.1 milliampere
(0.0001 ampere) is produced by a plate voltage variation of 1 volt, the plate
resistance is 1 divided by 0.0001, or 10000 ohms.

Control-grid—plate transconductance, or simply transconductance (gm), is a
factor which combines in one term the amplification factor and the plate resistance,
and is the quotient of the first divided by the second. This term is also known as
mutual conductance. Transconductance may be more strictly defined as the quo-
tient of a small change in plate current (amperes) divided by the small change in the
control-grid voltage preducing it, under the condition that all other voltages remain
unchanged. Thus, if a grid-voltage change of 0.5 volt causes a plate-current change
of 1 milliampere (0.001 ampere), with all other voltages constant, the transcon-
ductance is 0.001 divided by 0.5, or 0.002 mho. A “mho”’ is the unit of conductance
and was named by spelling ohm backwards. For convenience, a millionth of a
mho, or a micromho (umho), is used to express transconductance. Thus, in the
example, 0.002 mho is 2000 micromhos.

Conversion transconductance (g¢) is a characteristic associated with the
mixer (first detector) function of tubes and may be defined as the quotient of the
intermediate-frequency (if) current in the primary of the if transformer divided by
the applied radio-frequency (rf) voltage producing it; or more precisely, it is the
limiting value of this quotient as the rf voltage and if current approach zero. When
the performance of a frequency converter is determined, conversion transconduct-
ance is used in the same way as control-grid—plate transconductance is used in
single-frequency amplifier computations.

The plate efficiency of a power amplifier tube is the ratio of the ac power
output to the product of the average dc plate voltage and dc plate current at
full signal, or

power output watts
average de¢ plate volts X average de plate amperes

Plate efficiency (%) = X 100

The power sensitivity of a tube is the ratio of the power output to the square
of the input signal voltage (rms) and is expressed in mhos as follows:

power output watts
(input signal volts, rms)2

12
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The input capacitance of an electron tube is the capacitance between the in-
put electrode and all other electrodes, except the output electrode, connected
together. When input capacitance measurements are made, it is usual practice
to ground the output electrode and to connect such elements as the heater and
shields together with the other electrodes.

The output capacitance of an electron tube is the capacitance between the
output electrode and all other electrodes, except the input electrode, connected
together. When output capacitance measurements are made, it is usual practice
to ground the input electrode and to connect such elements as the heater and
shields together with the other electrodes.

Electron Tube Applications

The diversified applications of an electron receiving tube have, within the
scope of this section, been treated under eight headings. These are: Amplification,
Rectification, Detection, Automatic Volume Control, Tuning Indication with
Electron-Ray Tubes, Oscillation, Frequency Conversion, and Automatic Fre-
quency Control. Although these operations may take place at either radio or
audio frequencies and may involve the use of different circuits and different sup-
plemental parts, the general considerations of each kind of operation are basic.

AMPLIFICATION

The amplifying action of an electron tube was mentioned under Triodes in the
section on ELECTRONS, ELECTRODES, and ELECTRON TUBES.

This action can be utilized in electronic circuits in a number of ways, depending
upon the results desired. Four 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 classes are class A,
class AB, class B, and class C. The term, cutoff bias, used in these definitions is the
value of grid bias at which plate current is some very small value.

Class A Amplifier. 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.

Class AB Amplifier. 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.

Class B Amplifier. A class B amplifier is an amplifier in which the grid bias
is approximately equal to the cutoff 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 for approximately one-half of each cycle when an alternating grid voltage
is applied.

‘Class C Amplifier. A class C amplifier is an amplifier in which the grid bias
is appreciably greater than the cutoff‘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.

NOTE:—To denote that grid current does not flow during any part of the input cycle, the suffix
1 maytbe 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 amplifiers which operate into a selective tuned circuit, as -
in radio transmitter applications, or under requirements where distortion is not an
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important factor, any of the above classes of amplifiers may be used, either with a
singie tube or a push-pull stage. For audio-frequency amplifiers in which distortion
is an important factor, only class A amplifiers permit single-tube operation. In this
case, operating conditions are usually chosen so that distortion is kept below the
conventional 59, for triodes and the conventional 7 to 109 for tetrodes or pentodes.
Distortion can be reduced below these figures by means of special circuit arrange-
ments such as that discussed under inverse feedback. With class A amplifiers,
reduced distortion with improved power performance can be obtained by using a
push-pull stage for audio service. With class AB and class B amplifiers, a balanced
amplifier stage using two tubes is required for audio service.

As a class A voltage amplifier, an electron tube is used to reproduce grid volt-
age variations across an impedance or a resistance in the plate circuit. These varia-
tions are essentially of the same form as the input signal voltage impressed on the
grid, but of increased amplitude. This is accomplished by operating the tube at a
suitable grid bias so that the applied grid-input voltage produces plate-current
variations proportional to the signal swings. Since the voltage variation obtained in
the plate circuit is much larger than that required to swing the grid, amplification of
the signal is obtained. Fig. 13 gives a graphical illustration of this method of ampli-
fication and shows, by means of the grid-voltage vs. plate-current characteristics
curve, the effect of an input signal (S) applied to the grid of a tube. O is the resulting
amplified plate-current variation.

The plate current flowing through the load resistance (R) of Fig. 14 causes a
voltage drop which varies directly with the plate current. The ratio of this voltage
variation produced in the load resistance to the input signal voltage is the voltage
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amplification, or gain, provided by the tube. The voltage amplification due to the
tube is expressed by the following convenient formulas:

amplification factor X load resistance
load resistance + plate resistance

Voltage amplification =

H

tranaconductance in micromhos X plate resistance X load resistance
1000000 X (plate resistance -+ load resistance)

From the first formula, it can be seen that the gain actually obtainable from
the tube is less than the tube’s amplification factor but that the gain approaches the
amplification factor when the load resistance is large compared to the tube’s plate
resistance. Fig. 15 shows graphically how the gain approaches the mu of the tube
- as load resistance is increased. From the curve it can be seen that to obtain high
gain in a voltage amplifier, a high value of load resistance should be used.

In a resistance-coupled amplifier, the load resistance of the tube is approxi-
mately equal to the resistance of the plate resistor in parallel with the grid resistor
of the following stage. Hence, to obtain a large value of load resistance, it is neces-
sary to use a plate resistor and a grid resistor of large resistance. However, the plate
resistor should not be too large because the flow of plate current through the plate
resistor produces a voltage drop which reduces the plate voltage applied to the tube.
If the plate resistor ig too large, this drop will be too large, the plate voltage on the

14
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tube will be too small, and the voltage output of the tube will be too small. Also,
the grid resistor of the following stage should not be too large, the actual maximum
value being dependent on the particular tube type. This precaution is necessary
because all tubes contain minute amounts of residual gas which cause a minute flow
of current through the grid resistor. If the grid resistor is too large, the positive bias
developed by the flow of this current through the resistor decreases the normal
negative bias and produces an increase in the plate current. This increased current
may over-heat the tube and cause liberation of more gas which, in turn, will cause
further decrease in bias. The action is cumulative and results in a runaway condi-
tion which can destroy the tube. A higher value of grid resistance is permissible
when cathode bias is used than when fixed bias is used. When cathode bias is used,
a loss in bias due to grid-emission effects is nearly completely offset by an increase
in bias due to the voltage drop across the cathode resistor. The recommended
values of plate resistor and grid resistor for the tube types used in resistance-coupled
circuits, and the values of gain obtainable, are shown in the RESISTANCE-
COUPLED AMPLIFIER SECTION.,
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The input impedance of an electron tube, that is, the impedance between grid
and cathode is made up of (1) a reactive component due to the capacitance between
grid and cathode, (2) a resistive component resulting from the time of transit of
electrons between cathode and grid, and (3) a resistive component developed by the
part of the cathode lead inductance which is common to both the input and output
circtits. Components (2) and (3) are dependent on the frequency of the incoming
signal. The input impedance is very high at audio frequencies when a tube is
operated with its grid biased negative. Hence, in a class A, or class AB, transformer-
coupled audio amplifier, the loading imposed by the grid on the input transformer
is negligible. The secondary impedance of a class A, or class AB; input transformer
can, therefore, be made very high since the choice is not limited by the input
impedance of the tube; however, transformer design considerations may limit the
choice. At the higher radio frequencies, the input impedance may become very low
even when the grid is negative, due to the finite time of passage of electrons be-
tween cathode and grid and to the appreciable lead reactance. This impedance
drops very rapidly as the frequency is raised and increases input-circuit loading. In
fact, the input impedance may become low enough at very high radio frequencies
to affect appreciably the gain and selectivity of a preceding stage. Tubes such as
the ‘“acorn’’ types and the high-frequency miniatures have been developed to have
low input capacitances, low electron transit time, and low lead inductance so that
their input 1mpedance is high even at the ultra-high radio frequenc1es Input
admittance is the reciprocal of input impedance.

A remote-cutoff amplifier tube is a modified construction of a pentode or a
tetrode type and is designed to reduce modulation-distortion and cross-modulation
in radio-frequency stages. Cross-modulation is the effect produced in a radio
receiver by an interfering station *‘riding through’’ on the carrier of the station to
which the receiver is tuned. Modulation-distortion is a distortion of the modulated

15



RCA RECEIVING TUBE MANUAL
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carrier and appears as audio-frequency distortion in the output. This effect is
produced by a radio-frequency amplifier stage operating on an excessively curved
characteristic when the grid bias has been increased to reduce volume. The offend-
ing stage for cross-modulation is usually the first radio-frequency amplifier, while
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for modulation-distortion, the cause is usually the last intermediate-frequency
stage. The characteristics of remote-cutoff types are such as to enable them to han-
dle both large and small input signals with minimum distortion over a wide range.

Fig. 16 illustrates the construction of the control grid in such a tube. The
remote-cutoff action is due to the structure of the grid which provides a variation
in amplification factor with change in grid bias. The grid is wound with open
spacing at the middie and with close spacing at the ends. When weak signals and
low grid bias are applied to the tube, the effect of the non-uniform turn spacing of
the grid on cathodeemission and tube characteristics is essentially the same as for uni-
form spacing. As the grid bias is made more negative to handle larger input signals,
the electron flow from the sections of the cathode enclosed by the ends of the grid
is cut off. The plate current and other tube characteristics are then dependent on
the electron flow through the open section of the grid. This action changes the gain
of the tube so that large signals may be handled with minimum distortion due to
cross-modulation and modulation-distortion. Fig. 17 shows a typical plate-current
vs. grid-voltage curve for a remote-cutoff type compared with the curve for a type
having a uniformly spaced grid. It will be noted that while the curves are similar
at small orid-bias voltages, the plate current of the remote-cutoff tube dreps quite
slowly with large values of bias voltage. This slow change makes it possible for
the tube to handle large signals satisfactorily. Since remote-cutoff types can ac-
commodate large and small signals, they are particularly suitable for use in sets
having automatic volume control. Remote-cutoff tubes also are known as variable-
mu types. The 6SK7 is a representative remote-cutoff type.

As a class A power amplifier, an electron tube is used in the output stage of a
radio receiver to supply a relatively large amount of power to the loudspeaker. For
this application, large power output is of more importance than high voltage ampli-
fication; therefore, gain possibilities are sacrificed in the design of power tubes to
obtain power-handling capability. Triodes, pentodes, and beam power tubes de-
signed for power amplifier service have certain inherent features for each structure.
Power tubes of the triode type for class A service are characterized by low power
sensitivity, low plate-power efficiency, and low distortiop. Power tubes of the pen-
tode type are characterized by high power sensitivity, high plate-power efficiency
and, usually, somewhat higher distortion than class A triodes. Beam power tubes
such as the 6L6 have still higher power sensitivity and efficiency and have higher
power-output capability than triode or conventional pentode types.

A class A power amplifier is used also as a driver to supply power to a class
AB; or a class B stage, It is usually advisable to use a triode, rather than a pentode,
in a driver stage because of the lower plate impedance of the triode.
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Power tubes connected in either parallel or push-pull may be employed as
clasy A amplifiers to obtain increased output. The parallel connection (Fig. 18)
provides twice the output of a single tube with the same value of grid-signal voltage.
With this connection, the effective transconductance of the stage is doubled, and
the effective plate resistance and the load resistance required are halved as com-
pared with single-tube values. The push-pull connection (Fig. 19), although it
requires twice the grid-signal voltage, has, in addition to providing increased power,
other important advantages over single-tube operation. Distortion caused by even-
order harmonics and hum caused by plate-voltage-supply fluctuations are either
eliminated or decidedly reduced through cancellation. Since distortion for push-
pull operation is less than for single-tube operation, appreciably more than twice
single-tube output can be obtained by decreasing the load resistance for the stage
to a value approaching the load resistance for a single tube. For either paraliel or
push-pull class A operation of two tubes, all electrode currents are doubled while all
de electrode voltages remain the same as for single-tube operation. If a cathode
resistor is used, its value should be about one-half that for a single tube. Should
oscillations occur with either type of connection, they can often be eliminated by
connecting a non-inductive resistor of approximately 100 ohms in series with each
grid at the socket terminal.
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Operation of power tubes so that the grids run positive is inadvisable except
under conditions such as those discussed in this section for class AB and class B
amplifiers.

Calculation of the power output of a triode used as a class A amplifier with
either an output transformer or a choke having low dc resistance can be made
without serious error from the plate family of curves by assuming 2 resistance load.
The proper plate current, grid bias, optimum load resistance, and the per cent
second-harmonic distortion can also be determined. The calculations are made
graphically and are illustrated in Fig. 20 for given conditions. The procedure is as
follows: (1) Locate the zero-signal bias point P by determining the zero-signal bias

Ec, from the formula:
Zero-signal bias (Eco) = ~(0.68 X Eb) /u

where E; is the chosen value in volts of dec plate voltage at which the tube is to be
operated, and u is the amplification factor of the tube. This quantity is shown as
negative to indicate that a negative bias is used. (2) Locate on the plate family the
value of zero-signal plate current, I,, corresponding to point P. (3) Locate 2I,,
which is twice the value of I, and corresponds to the value of the maximum-signal
plate current Imax. (4) Locate the point X on the dc bias curve at zero volts,
E: = 0, corresponding to the value of Imax. (§) Draw a straight line XY through
X and P.

Line XY is known as the load resistance line. Its slope corresponds to the value
of the load resistance. The load resistance in ohms is equal to (Emsx — Emin) divided
by (Imax — Imin), where E is in volts and I is in amperes.
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It should be noted that in the case of filament types of tubes, the calculations
are given on the basis of a de-operated filament. When, however, the filament is
ac-operated, the calculated value of de bias should be increased by approximately
one-half the filament voltage rating of the tube.

The value of zero-signal plate current I, should be used to determine the plate
dissipation, an important factor influencing tube life. In a class A amplifier under
no-signal conditions, the plate dissipation is equal to the power input, i.e., the
product of the de plate voltage E, and the zero-signal de plate current I,. If it is
found that the plate-dissipation rating of the tube is exceeded with the zero-signal
bias Ee, calculated above, it will be necessary to increase the bias by a sufficient
amount so that the actual plate dissipation does not exceed the rating before pro-
ceeding further with the remaining calculations.
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For power output calculations, it is assumed that the peak alternating grid
voltage is sufficient (1) to swing the grid from the zero-signal bias value Ec, to zero
bias (E. = 0) on the positive swing and (2) to swing the grid to a value twice the
zero-signal bias value on the negative swing. During the negative swing, the plate
voltage and plate current reach values of Fmax and Imin; during the positive swing,
they reach values of Enin and Imqx. Since power is the product of voltage and cur-
rent, the power output as shown by a wattmeter is given by

(Imax — Imin} (Emax - Emin)
8

Power output =

where E is in volts, I is in amperes, and power output is in watts,

In the output of power amplifier triodes, some distortion is present. This dis-
tortion is due predominantly to second harmonics in single-tube amplifiers. The
percentage of second-harmonic distortion may be calculated by the following

formula:
Imax+ Imin I
R - To

9, 2nd-harmonic distortion = Toon — Toim X 100

where I, is the zero-signal plate current in amperes. In case the distortion is ex-
cessive, the load resistance should be increased or decreased slightly and the cal-
culations repeated.

Example: Determine the load resistance, power output, and distortion of a triode
having an amplification factor of 4.2, a plate-dissipation rating of 15 watts, and
plate characteristics curves as shown in Fig. 20. The tube is to be operated at 250
volts on the plate.

Procedure: For a first approximation, determine the operating point P from the
zero-signal bias formula, Ec, = —(0.68 X 250) /4.2 = —40.5 volts. From the curve
for this voltage, it is found that the zero-signal plate current I, at a plate voltage
of 250 volts is 0.08 ampere and, therefore, the plate-dissipation rating is exceeded
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(0.08 X 250 = 20 watts). Consequently, it is necessary to reduce the zero-signal
plate current to 0.06 ampere at 250 volts. The grid bias is now seen to be —43.5
volts, Note that the curve was taken with a dec filament supply; if the filament is to
be operated on an ac supply, the bias must be increased by about one-half the
filament voltage, or to —45 volts, and the circuit returns made to the mid-point of
the filament circuit.

Point X can now be determined. Point X is at the intersection of the dc bias
curve at zero volts with Inay, where Imax = 21, = 2 X 0.06 = 0.12 ampere. Line
XY is drawn through points P and X. Enax, Emin, and Inin are then found from the
curves. Substituting these values in the power output formula, we obtain

(0.12 ~ 0.012) (365 — 105)
8

Power output = = 3.52 watty

The resistance represented by load line XY is

{365 — 105)

012 -~ 0.01z) ~ 2410 ohms

If now the values from the curves are substituted in the distortion formula,

we obtain 0.12 + 0.012
S - 0.06

% Z2nd-harmonic distortion = 0.12 - 0.012 X 100 = 5.5%

It is customary to select the load resistance so that the distortion does not
exceed five per cent. When the method shown is used to determine the slope of the
load resistance line, the second-harmonic distortion generally does not exceed five
per cent. In the example, however, the distortion is excessive and it is desirable,
therefore, to use a slightly higher load resistance. A load resistance of 2500 ohms
will give a distortion of about 4.9 per cent. The power output is reduced only
slightly to 3.5 watts. :

Operating conditions for triodes in push-pull depend on the type of operation
desired. Under class A conditions, distortion, power output, and efficiency are all
relatively low. The operating bias can be anywhere between that specified for
single-tube operation and that equal to one-half the grid-bias voltage required to
produce plate-current cutoff at a plate voltage of 1.4E, where E, is the operating
plate voltage. Higher bias than this value requires higher grid-signal voltage and
results in class AB, operation which is discussed later.
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The method for calculating power output for triodes in push-pull class A
operation is as follows: Erect a vertical line at 0.6E, (see Fig. 21), intersecting the
E; = 0 curve at the point Ima. Then, Imax is determined from the curve for use in

the formula
Power output = (Imax X Eo}/5

If Imax is expressed in amperes and E, in volts, power output is in watts.
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The method for determining the proper load resistance for triodes in push-pull
is as follows: Draw a load line through Imax on the zero-bias curve and through the
E, point on the zero-current axis. Four times the resistance represented by this
load line is the plate-to-plate load for two triodes in a class A push-pull amplifier.
Expressed as a formula,

Plate-to-plate toad (Rpp) = 4 x (Eo - 0.6B0)/Imax

E, is expressed in volts, Imax in amperes, and Rpp in ohms.

Example: Assume that the plate voltage (E,) is to be 800 volts, and the plate
dissipation rating of the tube is 15 watts. Then, for class A operation, the operating
bias can be equal to, but not more than, one-half the grid bias for cutoff with a plate
voltage of 1.4 X 300 = 420 volts. (Since cutoff bias is approximately —115 volts at a
plate voltage of 420 volts, one-half of this value is —567.5 volts bias.) At this bias,
the plate current is found from the plate family to be 0.054 ampere and, therefore,
the plate dissipation is 0.054 X 300 or 16.2 watts. Since —57.5 volts is the limit of
bias for class A operation of these tubes at a plate voltage of 300 volts, the dissipa-
tion cannot be reduced by increasing the bias and it, therefore, becomes necessary
to reduce the plate voltage.

If the plate voltage is reduced to 250 volts, the bias will be found to be —43.5
volts. For this value, the plate current is 0.06 ampere, and the plate dissipation is
15 watts. Then, following the method for calculating power output, erect a vertical
line at 0.6E, = 150 volts. The intersection of the line with the curve E; = 0 is I
or 0.2 ampere. When this value is substituted in the power formula, the power
output is (0.2 X 250)/5 = 10 watts. The load resistance is determined from the
load formula: Plate-to-plate load (Rpp) = 4(250 —~ 150)/0.2 = 2000 ohms.

Power output for a pentode or 2 heam power tube as a class A amplifier
can be calculated in much the same way as for triodes. The calculations can be
made graphically from a special plate family of curves, as illustrated in Fig. 22.

PLATE  MILLIAMPERES

PLATE YOLTS
*V is the Negative Control-Grid Bias Voltage at the Operating Point

Fig. 22

From a point A just above the knee of the zero-bias curve, draw arbitrarily
selected load lines to intersect the zero-plate-current axis. These lines should be on
both sides of the operating point P whose position is determined by the desired
operating plate voltage E,, and one-half the maximum-signal plate current. Along
any load line, say AA,, measure the distance AO,. On the same line, lay off an
equal distance O,A;. For optimum operation, the change in bias from A to O
should be nearly equal to the change in bias from O, to A,. If this condition ean not
be met with one line, as is the case for the line first chosen, then, another should be
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chosen. When the most satisfactory line has been selected, its resistance may be
determined by the following formula:

Emax — Emin

Load resistance (Rp) = Tmax — Tmin

The value of R, may then be substituted in the following formula for calcu-
lating power output.

- - 2
Power output = [Imax — Imin+ 1.41 (Iz - Iy)]2Rp

32

In both of these formulas, I is in amperes, E is in volts, R is in ohms, and
power output is in watts. Ix and Iy are the current values on the load line at bias
voltages of Ec,=V - 0.707V=0.293V and Ee,=V + 0.707V=1.707V, respectively.

Calcutaunions for distortion may be made by means of the following formulas.
The terms used have already been defined.

Imax+ Imin - 2 Io
Imax — Imin + 1.41 (Ix ~ Iy)

Imax — Imin — 1.41 (Ix - Iy}
Imax — Imin + 1.41 (Ix — Iy)

7, total {2nd and 8rd) harmonic distortion = +{%2nd): 1 (%Erais

% 2nd-harmonic distortion = X 100

% 3rd-harmonie distortion = X 100

The conversion curves given in Fig. 23 apply to electron tubes in general
but are particularly useful for power tubes. These curves can be used for
calculating approximate operating conditions for a plate voltage which is
not included in the published data on oper- 04 06 08 10 15 20 25

ating conditions. For instance, suppose it is ° ] |
desired to operate two 6L6’s in class A; push- : 7
pull, fixed bias, with a plate voltage of 200 . i
volts. The nearest published operating condi- /
tions for this class of service are for a plate ° /
voltage of 250 volts. The operating conditions a
for the new plate voltage can be determined /
as follows: First compute the ratio of the new ? y
plate voltage to the plate voltage of the pub- & / 7
lished data. In the example, this ratio is % , w2
200/250 = 0.8. This figure is the Voltage Con- % 4
version Factor, Fe. Multiply by this factor . N o
the published values for 250-volt operation in : \\*} L~
order to obtain the new values of grid bias & N
and screen voltage. This gives a grid bias of § "°
-16 x 0.8 = —12.8 voits, and ascreen voltage of “ o.s g/
250 x 0.8 = 200 volts for the new conditions. § 0.7 A

To obtain the rest of the new conditions, § e /)
multiply the published values by factors shown § °° /’
on the chart as corresponding to the voltage o.a 7 £
conversion factor of 0.8. In this chart, /

Fi applies to plate current and to secreen ° 3V

current,
Fp applies to power output 0.2
F, applies to load resistance and plate
resistance,

Fym applies to transconductance, o
Thus, to find the power output for the new 0':o|.m:é6 coz;?sra;%n FA::::OR?('ge)z's
conditions, determine the value of F, for a Fig. 23
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voltage conversion factor of 0.8. The chart shows that this value of Fy is 0.6.
Multiplying the published value of power output by 0.6, the power output for the
new conditions is 14.5 X 0.6 = 8.7 watts.

A class AB power amphﬁer employs two tubes connected in push-pull with a
higher negative grid bias than is used in a class A stage. With this higher negative
bias, the plate and screen voltages can usually be made higher than for class A
because the increased negative bias holds plate current within the limit of the
tube’s plate-dissipation rating. As a result of these higher voltages, more power
output can be obtained from class AB operation.

Class AB amplifiers are subdivided into class AB, and class AB;. In class AB;
there is no flow of grid current. That is, the peak signal voltage applied to each grid
is not greater than the negative grid-bias voltage. The grids therefore are not
driven to a pos1t1ve potential and do not draw grid current. In class AB,, the peak
signal voltage is greater than the bias so that the grids are driven positive and
draw grid current.

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

Because of the large fluctuations of plate current in a class AB; stage, it is
important that the plate power supply should have good regulation, Otherwise the
fluctuations in plate current cause fluctuations in the voltage outptit of the power
supply, with the result that power output is decreased and distortion is increased.
To obtain satisfactory regulation it is usually advisable to use a low-drop rectifier,
such as the 5V4-G, with a choke-input filter. In all cases, the resistance of the ﬁlter
choke and power transformers should be as low as possible.

In class AB, push-pull amplifier service using triodes, the operating con-
ditions may be determined graphically by means of the plate family if E,, the de-
sired operating plate voltage,is given. In this service, the dynamic load line does not
pass through the operating point P as in the case of the single-tube amplifier, but
through the point D in Fig. 24. Its position is not affected by the operating grid
bias provided the plate-to-plate load resistance remains constant. Under these
conditions, grid bias has only a small effect on the power output. Grid bias cannot
be neglected, however, since it is used to find the zero-signal plate current and, from
it, the zero-signal plate dissipation. Since the grid bias is higher in class AB, than
in class A service for the same plate voltage, this ‘‘overbiased’’ condition permits
the use of a higher signal voltage without grid current being drawn and, therefore,
higher power output is obtained than in class A service.

In general, for any load line through point D, Fig. 24, the plate-to-plate load
resistance in ohms of a push-pull amplifier is Ryp = 4E,/I’, where 1’ is the plate
current value in amperes at which the load line as projected intersects the plate
current axis and E, is in volts. This is another form of the formula, given under
push-pull class A amplifiers, Rpp = 4(Eo — 0.6E,) /Imax, but is more general. Power
output = (Imax/v2 )? X Rypp/4, where Inax is the peak plate current at zero grid
volts for the load chosen. This formula simplified is (Imax)? X Rpp/8. The maximum-
signal average plate current is 2Imax /7 or 0.636 Imax; the maximum-signal average
power input is 0.636 Inax Eo.

It is desirable to simplify these formulas for a first approximation. This simpli-
fication can be made if it is assumed that the peak plate current, Iy, occurs at the
point of the zero-bias curve corresponding approximately to 0.6E,. The simplified
formulas are:
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Power output (for two tubes) = {Imax X Eo}/5
Plate-to-plate load resistance (Rpp) = 1.6Eo/Imax

where E; is in volts, Imay is in amperes, Rp; is in ohms, and power output is in watts.

It may be found during subsequent calculations that the distortion or the plate
dissipation is excessive for this approximation; in that case, a different load resist-
ance must be selected using the first approximation as a guide and the process re-
peated to obtain satisfactory operating conditions.
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Example: Fig. 24 iilustrates the application of the method to a pair of 2A3’s oper-
ated at E, = 300 volts. The tubes have a plate-dissipation rating each of 15 watts.
The method 15 to erect a vertical line at 0.6E,, or at 180 volts, which intersects the
E: = 0 curve at the point I = 0.26 ampere. Using the simplified formulas, we

obtain
Piate-to-plate load resistance {Rpp) = (1.6 X 300)/0.26 = 1845 ohms

Power output = (0,26 X 300)/5 = 15.6 watts

At this point, it is well to determine the plate dissipation and to compare it
with the maximum rated value. From the average plate current formula (0.636 L..\)
mentioned previously, the maximum-signal average plate current is 0.166 ampere.
The product of this current and the operating plate voltage is 49.8 watts, the aver-
age input to the two tubes. From this value, subtract the power output of 15.6
watts to obtain the total dissipation for both tubes which is 84.2 watts. Half of this
value, 17 watts, is in excess of the 15-watt rating of the tube and it is necessary,
therefore, to assume another and higher load resistance so that the plate-dissipation
rating will not be exceeded.

It will be found that at an operating plate voltage of 300 volts, the 2A3's
require a plate-to-plate load resistance of 3000 ohms. From the formula for R,,,
the value of I’ is found to be 0.4 ampere. The load line for the 8000-ohm load
resistance is then represented by a straight line from the point I’ = 0.4 ampere on
the plate-current ordinate to the point E, = 300 volits on the plate-voltage abscissa.
At the intersection of the load line with the zero-bias curve, the peak plate current,
Imax, can be read at 0.2 ampere. Then

Power output = {Imax/ 2 )2 Rpp/4 = (0.2/1.41)2 3000/4 = 15 watts

Proceeding as in the first approximation, we find that the maximum-signal average
plate current, 0.636Lm,x, is 0.127 ampere, and the maximum-signal average power
input is 38.1 watts. This input minus the power output is 38.1 — 15 = 23.1 watts.
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This is the dissipation for two tubes; the value per tube is 11.6 watts, a value well
within the rating of this tube type.

The operating bias and the zero-signal plate current may now be found by use
of a curve which is derived from the plate family and the load line. Fig. 25 is a
curve of instantaneous values of plate current and de grid-bias voltages taken from
Fig. 24. Values of grid bias are read from each of the grid-bias curves of Fig. 24
along the load line and are transferred to Fig. 25 to produce the curved line from
A to C. A tangent to this curve, starting at A, is drawn to intersect the grid-voltage
abscissa. The point of intersection, B, is the operating grid bias for fixed-bias
operation. In the example, the bias is —60 volts. Refer back to the plate family at
the operating conditions of plate volts = 300 and grid bias = —60 volts; the zero-
signal plate current per tube is seen to be 0.04 ampere. This procedure locates the
operating point for each tube at P. The plate current must be doubled, of course, to
obtain the zero-signal plate current for both tubes. Under maximum-signal condi-
tions, the signal voltage swings from zero-signal bias voltage to zero bias for each
tube on alternate half cycles. Hence, in the example, the peak af signal voltage
per tube is 60 volts, or the grid-to-grid value is 120 volts.

As in the case of the push-pull class A amplifier, the second-harmonic distor-
tion in a class AB, amplifier using triodes is very small and is largely cancelled by
virtue of the push-pull connection. Third-harmonic distortion, however, which may
be larger than permissible, can be found by means of composite characteristic
curves. A complete family of curves can be plotted, but for the present purpose
only the one corresponding to a grid bias of one-half the peak grid-voltage swing is
needed. In the example, the peak grid voltage per tube is 60 volts, and the half
value is 30 volts. The composite curve, since it is nearly a straight line, can be con-
structed with only two points (see Fig. 24). These two points are obtained from
deviations above and below the operating grid and plate voltages. In order to find
the curve for a bias of —30 volts, we have assumed a deviation of 30 volts from the
operating grid voltage of —60 volts. Next assume a deviation from the operating
plate voltage of, say, 40 volts. Then at 300 — 40 = 260 volts, erect a vertical line to
intersect the (-60) — (-30) = —30-volt bias curve and read the plate current at this
intersection which is 0.167 ampere; likewise, at the intersection of a vertical line
at 300 -+ 40 = 340 volts and the (-60) + (-30) = —90-voit bias curve, read the
plate current. In this example, the plate current is estimated to be 0.002 ampere.
The difference of 0.165 ampere between these two currents determines the point
E on the 300 — 40 = 260-volt vertical. Similarly, another point ¥ on the same com-
posite curve is found by assuming the same grid-bias deviation but a larger plate-
voltage deviation, say, 100 volts. We now have points at 260 volts and 0.165
ampere (E), and at 200 volts and 0.45 ampere (F). A straight line through these
points is the composite curve for a bias of —30 volts, shown as a long-short dash
line in Fig. 24. At the intersection of the composite curve and the load line, G, the
instantaneous composite plate current at the point of one-half the peak signal
swing is determined. This current value, designated I,.; and the peak plate cur-
rent, Imax, are used in the following formula to find peak value of the third-har-
monic component of the plate current.

Ths = (2Io.s — Imax)/8

In the example, where I,.;is 0.097 ampere and Imax is 0.2 ampere, Ins = (2 X 0.097 -
0.2)/8 = (0.194—-0.2) /8 = —0.006/3 = —0.002 ampere. (The fact that Ins is negative
indicates that the phase relation of the fundamental (first-harmonic) and third-
harmonic components of the plate current is such as to result in a slightly peaked
wave form. Iy; is positive in some cases, indicating a flattening of the wave form.)

The peak value of the fundamental or first-harmonic component of the plate
current '
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Ihi = 2/3 (Imax + Io.s)

In the example: I, = 2/3 (0.2 + 0.097) = 0.198 ampere. Then, the percentage of
third-harmonic distortion is (Ins/In) 100 = (0.902/0.198)100 = 19, approx.

A class AB; amplifier employs two tubes connected in push-pull as in the case
of class AB, amplifiers. It differs in that it is biased so that plate current flows
somewhat more than half the electrical cycle but less than the full cycle, the peak
signal voltage is greater than the dc bias voltage, grid current is drawn, and con-
sequently, power is consumed in the grid circuit. These conditions permit obtaining
high power output without excessive plate dissipation.

The sum of the power used in the grid circuit and the losses in the input trans-
former is the total driving power required by the grid circuit. The driver stage should
be capable of a power output considerably larger than this required power in order
that distortion introduced in the grid circuit be kept low. In addition, the internal
impedance of the driver stage as reflected into or as effective in the grid circuit of the
power stage should always be as low as possible in order that distortion may be
kept low. The input transformer used in a class AB; stage usually has a step-down
ratio adjusted for this condition.

Load resistance, plate dissipation, power output, and distortion determina-
tions are similar to those for class AB,. These quantities are interdependent with
peak grid-voltage swing and driving power; a satisfactory set of operating condi-
tions involves a series of approximations. The load resistance and signal swing are
limited by the permissible grid current and power, and the distortion. With either
a high load resistance or excessive signal swing, the plate-dissipation rating will be
exceeded, distortion will be high, and the driving power will be unnecessarily high.

A class B amplifier employs two tubes connected in push-pull, so biased that
plate current is almost zero when no signal voltage is applied to the grids. Because
of this new value of no-signal plate current, class B amplification has the same
advantage as class AB,, i.e., large power output can be obtained without excessive
plate dissipation. The difference between class B and class AB; is that, in class B,
plate current is cut off for a larger portion of the negative grid swing, and the signal
swing is even larger than in class AB; operation.

Because a class B amplifier is usuaily operated at zero or low bias, each grid
is at a positive potential during all or most of the positive half-cycle of its signal
swing and consequently draws considerable grid current. There is, therefore, a loss
of power in the grid circuit. This condition imposes the same requirement in the
driver stage as in a class AB; stage, that is, the driver should be capable of deliver-
ing considerably more power output than the power required for the class B grid
cireuit in order that distortion be low. Likewise, the interstage transformer between
the driver and class B stage usually has a step-down turns ratio.

Determination of load resistance, plate dissipation, power output, and distor-
tion is similar to that for a class AB, stage.

Power amplifier tubes designed for class A operation can be used in class AB; and
class B service under suitable operating conditions. There are several tube types
designed especially for class B service. The characteristic common to all of these
types is a high amplification factor. With a high amplification factor, plate current
is small even when the grid bias is zero. These tubes, therefore, can be operated
in class B service at a bias of zero volts so that no bias supply is required. A number
of class B amplifier tubes consist of two triode units mounted in one tube. The two
units can be connected in push-pull so that only one tube is required for a class B
stage. Examples of twin triodes used in class B service are the 6N7, 6A6, and
1G6-GT.

An inverse-feedback circuit, sometimes called a degenerative circuit, is one
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in which a portion of the output voltage of a fube is applied to the input of the
same or a preceding tube in opposite phase to the signal applied to the tube. Two
important advantages of feedback are: (1) reduced distortion from each stage
included in the feedback circuit and (2) reduction in the variations in gain due to
changes in line voltage, possible differences between tubes of the same type, or
variations in the values of circuit constants included in the feedback circuit.

Inverse feedback is used in audio amplifiers to reduce distortion in the output
stage where the load impedance on the tube is a loudspeaker. Because the imped-
ance of a loudspeaker is not constant for all audio frequencies, the load impedance
on the output tube varies with frequency. When the output tube is a pentode or
beam power tube having high plate resistance, this variation in plate load imped-
ance can, if not corrected, produce considerable frequency distortion. Such fre-
quency distortion can be reduced by means of inverse feedback. Inverse feedback
circuits are of the constant-voltage type and the constant-current type,

The application of the constant-
voltage type of inverse feedback to a
power output stage using a single
beam power tube is illustrated by
Fig. 26. In this circuit, R,, R,, and C
are connected across the output of
the 6L6 as a wvoltage divider. The
secondary of the grid-input trans-
former is returned to a point on this
voltage divider. Capacitor C blocks
o the dc plate voltage from the grid.
T . However, a portion of the tube’s af
output voltage, approximately equal
to the output voltage multiplied by the fraction R, (R, 4+ R.), is applied to the
grid. A decrease in distortion results which is explained in the curves of Fig. 27

Consider first the amplifier without the use of inverse feedback. Suppose that
when a signal voltage e is applied to the grid the af plate current i, has an irreg-
ularity in its positive half-cycle. This irregularity represents a departure from the
waveform of the input signal and is, therefore, distortion. For this plate-current
waveform, the af plate voltage has a waveform shown by e’,. The plate-voltage
waveform is inverted compared to the plate-current waveform because a plate-
current increase produces an increase in the drop across the plate load. The voltage
at the plate is the difference between the drop across the load and the supply volt-
age; thus, when plate current goes up, p]ate voltage goes down; when plate current
goes down, plate voltage goes up.

Fig. 27
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Now suppose that inverse feedback is applied to the amplifier. The voltage
fed back to the grid has the same waveform and phase as the plate voltage, but is
smaller in magnitude. Hence, with a plate voltage of waveform shown by e’;, the
feedback voltage appearing on the grid is as shown by e’gr. This voltage applied
to the grid produces a component of plate current i’ps. It is evident that the irregu-
larity in the waveform of this component of plate current would act to cancel the
original irregularity and thus reduce distortion.

After the correction of distortion has been applied by inverse feedback, the
relations are as shown in the curve for i,. The dotted curve shown by i’y is the
component of plate current due to the feedback voltage on the grid. The dotted
curve shown by i’; is the component of plate current due to the signal voltage on
the grid. The algebraic sum of these two components gives the resultant plate
current shown by the solid curve of i;. Since i’y is the plate current that would
flow without inverse feedback, it can be seen that the application of inverse feed-
back has reduced the irregularity in the output current. In this manner inverse
feedback acts to correct any component of plate current that does not correspond
to the input signal voltage, and thus reduces distortion.

From the curve for i,, it can be seen that, besides reducing distortion, inverse
feedback also reduces the amplitude of the output current. Consequently, when
inverse feedback is applied to an amplifier there is a decrease in power output as
well as a decrease in distortion. However, by increasing the signal voltage, it is
practical to bring the power output back to its full value. Hence, the application of
inverse feedback to an amplifier requires that more driving voltage be applied to
obtain full power output but this cutput is obtained with less distortion.

Inverse feedback may also be applied to resistance-coupled stages as shown
in Fig. 28. The circuit is conventional except that a feedback resistor, R;, is con-
nected between the plate of tubes T, and T,. The output signal voltage of T,
and a portion of the output signal voltage of T appears across R.. Because the
distortion generated in the plate circuit of T: is applied to its grid out of phase
with the input signal, the distortion in the output of T, is comparatively low.
With sufficient inverse feedback of the constant-voltage type in a power-output
stage, it is not necessary to employ a network of resistance and capacitance in the
output circuit to reduce response at high audio frequencies. Inverse-feedback cir-
cuits can also be applied to push-pull class A and class AB, amplifiers. When the
circuit in Fig. 26 is used in push-pull, the input transformer must have a separate
secondary for each grid. Inverse feedback is not recommended for use in ampli-
fiers drawing grid power because of the resistance introduced in the grid circuit .

Constant-current inverse feedback is
usually obtained by omitting the bypass
capacitor across a cathode resistor. This
method decreases the gain and the dis-
tortion but increases the plate resistance
of the tube. When the plate resistance
of an output tube is increased, the output
voltage rises at the resonant frequency of
the loudspeaker and accentuates hang-
over effects. Fig. 28

C- B5C+ e+

Inverse feedback is not generally ap-
plied to a triode power amplifier, such as the 2A3, because the variation in speaker
impedance with frequency does not produce much distortion in a triode stage
having low plate resistance. It is sometimes applied in a pentode stage but is not
always convenient. As has been shown, when inverse feedback is used in an ampli-
fier, the driving voltage must be increased in order to give full power output.

27



RCA RECEIVING TUBE MANUAL

When inverse feedback is used with a pentode, the total driving voltage required
for full power output may be inconveniently large. Because a beam power tube
gives full power ocutput on a comparatively small driving voltage, inverse feedback
is especially applicable to beam power tubes. By means of inverse feedback, the high
efficiency and high power output of beam power tubes can be combined with
freedom from the effects of varying speaker impedance.

Another important application of inverse feedback is in the cathode follower
circuit, an example of which is given in Fig. 29. In this application, there is no load
resistance in the plate circuit; the output is taken from the load resistance in the
cathode circuit. The voltage amplification of a cathode follower may be expressed
by the following convenient formulas.

For a triode:
amplification factor X load resistance
plate resistance + Ioad resistance X (amplification factor - 1)

Voltage amplification =

For a pentode:
transconductance X load resistance

Voltage amplification = 1 + (transconductance X load resistance)

Resistance values are in ohms; transconductance values are in mhos. From
these formulas it can be seen that the voltage amplification is always less than unity.

INPUT L
SIGNAL > O
LOAD QUTPUT

L RESISTANCE| VOLTAGE
Q[ TR
c B

Fig. 29

In addition to having a wide frequency response, the cathode follower has the
features of high input impedance and low output impedance. These features permit
the cathode follower to be used to match a high-impedance source to a low-im-
pedance load. Typical applications would be the connection of a high-impedance
crystal phonograph pickup to a low-impedance transmission line, or the connection
of a wide-band, high-impedance, video signal source to a low-impedance trans-
mission line. In audio applications, however, the use of an unbypassed cathode
resistor, as required by a cathode-follower stage, is not recommended unless the
signal level of the stageis fairly high and the gain of the sueceeding stages is moderate.

Selection of a suitable tube and its operating conditions for use in a cathode-
follower circuit having a specified output impedance can be made, in most practical
cases, by the use of the following formula to determine the required tube trans-
conductance.

Required transconductance (micromhos) = 1,000,000

output impedance (ohms)

Once the required transconductance is obtained, a suitable tube and its oper-
ating conditions may be determined from the TECHNICAL DATA SECTION.
The conversion curves given in Fig. 23 may be used for calculating operating
conditions for values of transconductance not included in the tabulated data. After
the operating conditions have been determined, the value of the required cathode
load resistance may be calculated from the following formula.
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For triode:

Cathode load resistance = cutput impedance X plate resistance

plate resistance — output impedance (1 4 amplification factor)

For pentode:

utput i dance
Cathode load resistance ={= S~ PUL IMpocan

(transconductance X output impedance)

Resistance and impedance values are in ochms; transconductance values are
in mhos.
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Fig. 30 Fig. 31

If the value of the cathode load resistance calculated to give the required output
impedance does not give the required operating bias, the basic cathode-follower
circuit can be modified in a number of ways. Two of the more common modifica-
tions are given in Figs. 30 and 31. In Fig. 30 the bias is increased by adding a
bypassed resistance between the cathode and the unbypassed load resistance and
returning the grid to the low end of the load resistance. In Fig. 31 the bias is re-
duced by adding a bypassed resistance between the cathode and the unbypassed
load resistance but, in this case, the grid is returned to the junction of the two
cathode resistors so that the bias voltage is only the dec voltage drop across the
added resistance. The size of the bypass capacitor should be large enough so that
it presents negligible reactance at the lowest frequency to be handled. In both
cases the B-supply should be increased to make up for the voltage taken for
biasing. Example: Select a suitable tube and determine the operating conditions
and circuit components for a cathode-follower circuit having an output impedance
that will match a 500-ohm transmission line, Procedure: First, determine the
approximate transconductance required.

0
Required transconduectance =L95—g*09-92= 2000 micromhos

A survey of the tubes that have a transconductance in this order of magnitude
shows that type 12AX7 is among the tubes to be considered. Referring to the
characteristics given in the technical data section for one triode unit of high-mu
twin triode 12AX7, we find that for a plate voltage of 250 volts and a bias of -2
volts, the transconductance is 1600 micromhos, the plate resistance is 62500 ohms,
the amplification factor is 100, and the plate current is 0.0012 ampere. When these
values are used in the expression for determining the cathode load resistance, we

obtain

. 500 X 62500 _
Cathode load resistance = gzpaa—rgnn 100 F Iy = 2600 ohms

The voltage across this resistor when the plate current of 0.0012 ampere flows
is 2600 X 0.0012 = 3.12 volts. Since the required bias voltage is only ~2 volts, the
circuit arrangement given in Fig. 31 is employed. The bias is furnished by a
resistance that will have a voltage drop of 2 volts when it carries a current of 0.0012
ampere. The required bias resistance, therefore, is 2/0.0012 = 1670 ohms. If 60
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cycles per second is the lowest frequency to be passed, 20 microfarads is a suitable
value for the bypass capacitor. The B-supply, of course, is increased by the voltage
drop across the cathode resistance which, in this example, is approximately 5 volts.
The B—supply, therefore, is 250 + 5 = 255 volts.

Since it is desirable to eliminate, if possible, the bias resistor and bypass
capacitor, it is worthwhile to try other tubes and other operating conditions to
obtain a value of cathode load resistance which will also provide the required bias.
If the triode section of twin diode-—high-mu triode 6AT6 is operated under the
conditions given in the technical data section with a plate voltage of 100 volts
and a bias of -1 volt, it will have an amplification factor of 70, a plate resistance
of 54000 ohms, a transconduectance of 1300 micromhos, and a plate current of
0.0008 ampere.

Then,
500 X 54000

54000 — 500 (70 + 1)

The bias voltage obtained across this resistance is 1460 x 0.0008 = 1.17 volts.
Since this value is for all practical purposes close enough to the required bias, no
additional bias resistance will be required and the grid may be returned directly
to ground. There is no need to adjust the B-supply voltage to make up for the
drop in the cathode resistor. The voltage amplification for the cathode-follower
circuit utilizing the triode section of type 6AT6 is

Cathode load resistance = = 1460 ohms

Voltage amplification = graos 'ﬁ)ﬁ6104?,?0 O 0.65

For applications in which the cathode follower is used to isolate two circuits—
for example, when it is used between a circuit being tested and the input stage of
an oscilloscope or a vacuum-tube voltmeter—voltage output and not impedance
matching is the primary consideration. In such applications it is desirable to use a
relatively high value of cathode load resistance, such as 50,000 ohms, in order to
get the maximum voltage output. In order to obtain proper bias, a circuit such as
that of Fig. 31 should be used. With a high value of cathode resistance, the voltage
amplification will approximate unity.

A corrective filter can be used to improve the frequency characteristic of an
output stage using a beam power tube or a pentode when inverse feedback is not
applicable. The filter consists of a resistor and a capacitor connected in series
across the primary of the output transformer. Connected in this way, the filter is
in parallel with the plate load impedance reflected from the voice-coil by the out-
put transformer. The magnitude of this reflected impedance increases with increas-
ing frequency in the middle and upper audio range. The impedance of the filter,
however, decreases with increasing frequency. It follows that by use of the proper
values for the resistance and the capacitance in the filter, the effective load imped-
ance on the output tubes can be made practically constant for all frequencies in the
middle and upper audio range. The result is an improvement in the frequency
characteristic of the output stage.

The resistance to be used in the filter for a push-pull stage is 1.3 times the
recommended plate-to-plate load resistance; or, for a single-tube stage, is 1.3 times
the recommended plate load resistance. The capacitance in the filter should have
a value such that the voltage gain of the output stage at a frequency of 1000 cycles
or higher i3 equal to the voltage gain at 400 cycles. A method of determining the
proper value of capacitance for the filter is to make two measurements of the
output voltage across the primary of the output transformer: first, when a 400-
cycle signal is applied to the input, and second, when a 1000-cycle signal of the same
voltage as the 400-cycle signal is applied to the input. The correct value of capaci-
tance is the one which gives equal output voltages for the two signal inputs. In
practice, this value is usually found to be in the order of 0.05 uf.
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A volume expander can be used in a phonograph amplifier to make more
natural the reproduction of music which has a very large volume range. For in-
stance, in the music of a symphony orchestra, the sound intensity of the loud
passages is very much higher than that of the soft passages. When this music is
recorded, it 1s not feasible to make the ratio of maximum amplitude to minimum
amplitude as large on the record as it is in the original music. The recording process
is therefore monitored so that the volume range of the original is compressed on the
record. To compensate for this compression, a volume-expander amplifier has a
variable gain which is greater for a high-amplitude signal than for a low-amplitude
signal. The volume expander, therefore, amplifies loud passages more than soft
passages and thus can restore to the music reproduced from the record the volume
range of the original.

Cy, Cs, Cs= 0.1 uf
Co, Co, Cs= 0.5 uf

Ri1 = 1-Megohm Potentiometer
(Volume Control)

g Ry = 1 Megohm
e
TYPE 676 Ri, Ry = 100,000 ohms, 1 watt

Rs = 1-Megohm Potentiometer
{Expansion Control)

' R: = 10,000 ohms, 0.1 watt

R 100,000 ohms, 0.1 watt
Ra = 250,000 ohms, 0.1 watt
R 500,000 ohms, 0.1 watt

(|

i

DELAY VOLTAGE

Fig. 32

A volume expander circuit is shown in Fig. 32. In this circuit, the gain of the
6L7 as an audio amplifier can he varied by changing the bias on grid No. 3. When
the bias on grid No. 3 is made less negative, the gain of the 6L7 inecreases. The
signal to be amplified is applied to grid No. 1 of the 6L.7 and is amplified by the
61.7. The signal is also applied to the grid of the 6J5, is amplified by the 6J5, and
1s rectified by the 6H6. The rectified voltage developed across R;, the load resistor
of the 6H6, is applied as a positive bias voltage to grid No. 3 of the 6L7. Then,
when the amplitude of the signal input increases, the voltage across Rs increases,
and the bias on grid No. 3 of the 6L.7 is made less negative. Because this reduction
in bias increases the gain of the 6L.7, the gain of the amplifier increases with increase
in signal amplitude and thus produces volume expansion of the signal. The voltage
gain of the expander varies from 5 to 20.

Grid No. 1 of the 6L7 is a variable-mu grid and, therefore, will produce dis-
tortion if the input signal voltage is too large. For that reason, the sighal input to the
6L7 should not exceed a peak value of 1 volt. This value is of the same order as the
voltage obtainable from a magnetic phonograph pick-up. The no-signal bias voltage
on grid No. 3 is controlled by adjustment of contact P. This contact should be
adjusted initially to give a no-signal plate current of 0.15 milliampere in the 6L7.
No further adjustment of contact P is required if the same 617 is always used. If it
is desired to delay volume expansion until the signal input reaches a certain am-
plitude, the delay voltage can be inserted as a negative bias on the 6H6 plates at
the point marked X in the diagram. All terminal points on the power-supply volt-
age divider should be adequately bypassed.

A phase inverter is a circuit used to provide resistance coupling between the
output of a single-tube stage and the input of a push-pull stage. The necessity
for a phase inverter arises because the signal-voltage inputs to the grids of a push-
pull stage must be 180 degrees out of phase and approximately equal in amplitude
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with respect to each other. Thus, when the signal voltage input to a push-pull
stage swings the control grid of onc tube in a positive direction, it should swing
the other grid in a negative direction by a similar amount. With transformer
coupling between stages, the out-of-phase input voltage to the push-pull stage is
supplied by means of the center-tapped secondary. With resistance coupling, the
out-of-phase input voltage is obtained by means of the inverter action of a tube.

Fig. 33 shows a push-pull power amplifier, resistance-coupled by means of a
phase-inverter circuit to a single-stage triode T,. Phase inversion in this circuit
is provided by triode T, The output voltage of T, is applied to the grid of T;. A
portion of the output voltage of T, is also applied through the resistors R; and R;
to the grid of T.. The output voltage of T; is applied to the grid of T,. When the
cutput voltage of T, swings in the
positive direction, the plate current
of T, increases. This action in-
creases the voltage drop across the
plate resistor R, and swings the P
plate of T in the negative direction. VOLTAGE
Thus, when the output voltage of T,
swings positive, the output voltage
of T swings negative and is, there-
fore, 180° out of phase with the out-
put voltage of T,. In order to ob-
tain equal voltages at E; and Ey,
(Rs+ Rs)/ Rishould equal the volt-
age gain of T,. Under the conditions
where a twin-type tube or two Fig. 83
tubes having the same characteristics are used at T; and T3, R,should be equal to
the sum of R, and Rs. The retio of R;#R; to R; should be the same as the voltage gain
ratio of T, in order to apply the correct value of signal voltage to T;. The value of
R; is, therefore, equal to R, divided by the voltage gain of T,; R; is equal to R,
minus R;. Values of R;, Rs, R; plus R;, and R, may be taken from the chart in the
RESISTANCE-COUPLED AMPLIFIER SECTION. In the practical application
of this circuit, it is convenient to use a twin-triode tube combining T, and T.. A
phase-inverter circuit using a 12SC7 is shown in the CIRCUIT SECTION.

An amplifier may also be used as a limiter. One use of a limiter is in receivers
designed for the reception of frequency-modulated signals. The limiter in FM
receivers has the function of eliminating amplitude variations from the input to the
detector. Because in an FM system, amplitude variations are primarily the result
of noise disturbances, the use of a limiter prevents such disturbances from being
reproduced in the audio output. The limiter usually follows the last if stage where
it can minimize the effects of disturbances coming in on the rf carrier and those
produced locally.

The limiter is essentially an if voltage amplifier designed for saturated opera-
tion. Saturated operation means that an increase in signal voltage above a certain
value produces very little increase in plate current. A signal voltage which is never
less than sufficient to cause saturation of the limiter, even on weak signals, is
supplied to the limiter input by the preceding stages. Any change in amplitude,
therefore, such as might be produced by noise voltage fluctuation, is not reproduced
in the limiter output. The limiting action, of course, does not interfere with the
reproduction of frequency variations. Plate-current saturation of the limiter may
be obtained by the use of grid-resistor-and-capacitor bias with plate and screen
voltages which are low compared with customary if-amplifier operating conditions.
As a result of these design features, the limiter is able to maintain its output volt-
age at a constant amplitude over a wide range of input-signal voltage variations.
The output of the limiter is frequency-modulated if voltage, the mean frequency
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of which is that of the if amplifier. This voltage is impressed on the input of the
detector.

The reception of FM signals without serious distortion requires that the re-
sponse of the receiver be such that satisfactory amplification of the signal is pro-
vided over the entire range of frequency deviation from the mean frequency. Since
the frequency at any instant depends on the modulation at that instant, it follows
that excessive attenuation toward the edges of the band, in the rf or if stages, will
cause distortion. This means that, in a high-fidelity receiver, the amplifiers must
be capable of amplifying, for the maximum permissible frequency deviation of 75
kilocycles, a band 150 kilocycles wide. Suitable tubes for this purpose are the
6BA6 and 6BJ6.

RECTIFICATION

The rectifying action of a diode finds an important application in supplying a
receiver with de power from an ac line. A typical arrangement for this applica-
tion includes a rectifier tube, a filter, and a voltage divider. The rectifying action
of the tube is explained briefly under Diodes, in the ELECTRONS, ELEC-
TRODES, AND ELECTRON TUBE SECTION. The function of a filter is to
smooth out the ripple of the tube output, as indicated in Fig. 34. The action of the
filter is explained in ELECTRON TUBE INSTALLATION SECTION under
Filters. The voltage divider is used to cut down the output voltage to the values
required by the plates, screens, and grids of the tubes in the receiver.

A half-wave rectifier and a full-wave rectifier circuit are shown in Fig. 35. In
the half-wave circuit, current flows through the rectifier tube to the filter on every
other half-cycle of the ae input voltage when the

o mansromen  plate is positive with respect to the cathode. In the
vt full-waveo eireuit, current flows to the filter on every
half-cycle, through plate No. 1 on one half-cycle

'|Q /\ /'\ rcreovance when plate No. 1 is positive with respect to the
g cathode, and through plate No. 2 on the next half-
_I \/ \V/ \/mc;:_rlcrt‘)__ wncs cycle when plate No. 2 is positive with respect to the

cathode. Because the current flow to the filter is

W\/\/\/\/\ RS more uniform in the full-wave circuit than in the
0 PLATESNEI& 2
cl

half-wave circuit, the output of the full-wave circuit
pwonesvat- requires less filtering. Rectifier operating informa-

orager o0 tion and circuits are given under each rectifier tube
oc voumce typeand in the CIRCUIT SECTION, respectively.
AVAILABLE FOR .
ARDoRECENER Parallel operation of rectifier tubes furnishes
FULL-WAVE RECTIFICATION  an output current greater than that obtainable
Fig. 34 with the use of one tube. For example, when two

full-wave rectifier tubes are connected in parallel,
the plates of each tube are connected together and each tube acts as a half-wave
rectifier. The allowable voltage and load conditions per tube are the same as for
full-wave service but the total load-handling eapability of the complete rectifier

HALF-WAVE RECT""IER _ fFULL-WAVE RECTIFIER
1 ;
d ‘l
ouTPUT
. To INPUT ouTPUT
FLTER voLTs | FILTER
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is approximately doubled. When mercury-vapor rectifier tubes are connected
in parallel, a stabilizing resistor of 50 to 100 ohms should be connected in series
with each plate lead in order that each tube will carry an equal share of the
load. The value of the resistor to be used will depend on the amount of plate current
that passes through the rectifier. Low plate current requires a high value; high plate
current, a low value. When the plates of mercury-vapor rectifier tubes are connected
in parallel, the corresponding filament leads should be similarly connected. Other-
wise, the tube drops will be considerably unbalanced and larger stabilizing resistors
will be required. Two or more vacuum rectifier tubes can also be connected in
parallel to give correspondingly higher output current and, as a result of paralleling
their internal resistances, give somewhat increased voltage output. With vacuum
types, stabilizing resistors may or may not be necessary depending on the tube
type and the circuit,.

A voltage-doubler circuit of simple form is shown in Fig. 836. The circuit derives
its name irom the fact that its de voltage output ean be as high as twice the peak
value of ac input. Basically, a voltage doubler
is a rectifier circuit arranged so that the output
voltages of two half-wave rectifiers are in series.
The action of a voltage doubler is briefly as
o T oc follows. On the positive half-cycle of the ac

1. outeut input, that is, when the upper side of the ac
1 T= ¢ input line is positive with respect to the lower
: side, the upper diode passes current and feeds

T1,T2 = SEPARATE FILAMENT a positive charge into the upper capacitor. As
TRANSFORMER WINDINGS positive charge accumulates on the upper plate
Fig. 36 of the capacitor, a positive voltage builds up

across the capacitor. On the next half-cycle of
the ac input, when the upper side of the line is negative with respect to the lower
side, the lower diode passes current so that a negative voltage builds up across the
lower capacitor. As long as no current is drawn at the output terminais from the
capacitor, each capacitor can charge up to a voltage of magnitude E, the peak value
of the ac input. It can be seen from the diagram that with a voltage of +-E on one
capacitor and —E on the other, the total voltage across the capacitors is 2E. Thus
the voltage doubler supplies a no-load dc output voltage twice as large as the
peak ac input voltage. When current is drawn at the output terminals by the load,
the output voltage drops below 2E by an amount that depends on the magnitude of
the load current and the capacitance of the capacitors. The arrangement shown
in Fig. 36 is cailed a full-wave voltage doubler because each rectifier passes current
to the load on each half of the ac input cycle.

Two rectifier types especially designed for use as voltage doublers are the
257Z6-GT and 117Z6-GT. These tubes combine two separate diodes in one tube.
As voltage doublers, the tubes are used in ‘‘transformerless’’ receivers. In-these
receivers, the heaters of all tubes in the set are connected in series with a voltage-
dropping resistor across the line. The connections for the heater supply and the
voltage-doubling circuit are shown in Figs. 37 and 38.

With the full-wave voltage-doubler circuit in Fig. 37, it will be noted that the
de load circuit can not be connected to ground or to one side of the ac supply line.
This presents certain disadvantages when the heaters of all the tubes in the set
are connected in series with a resistance across the ac line. Such a circuit arrange-
ment may cause hum because of the high ac potential between the heaters and
cathodes of the tubes. The circuit in Fig. 38 overcomes this difficulty by making
one side of the ac line common with the negative side of the dc load circuit. In
this circuit, one half of the tube is used to charge a capacitor which, on the following
half cycle, discharges in series with the line voltage through the other half of the
tube. This circuit is called a half-wave voltage doubler because rectified current
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flows to the load only on alternate halves of the ac input cycle. The voltage regu?
lation of this arrangement is somewhat poorer than that of the full-wave voltage
doubler.

VOLTAGE~DOUBLER CIRCUIT VOLTAGE -DOUBLER CIRCUIT
FULL ~ WAVE HALF - WAVE
£ -—l l_ ‘L Ry l
LIFA'A nrv. -
AMS N be AMS Ry oC
INPUT A R cuteyt  'NPUT
©  ouTRuT

T T ] Fw i

R=HEATERS OF OTHER TUBES IN SERICS
WITH VOLTAGE-DROPPING RESISTOR
R=PROTECTIVE RESISTOR

Fig. 37 Fig. 88

DETECTION

When speech or music is transmitted from a radio station, the station radiates
a radio-frequency (rf) wave which is of either of two general types. In one type, the
wave is said to be amplitude modulated when its frequency remains constant and
the amplitude is varied. In the other type, the wave is said to he frequency modu-
lated when its amplitude remains essentlally constant but its frequency is varied.
In either case, the varying component is modulated in accordance with ‘the audio
frequencies (af) of the speech or musie being transmitted.

The function of the receiver is to reproduce the original af modulating wave
from the modulated rf wave. The receiver stage in which this function is performed
is called the demodulator or detector stage.

N\ MMMH”
4 (Ul

UNMODULATED - AF MODULATING
RF CARRIER WAVE AMPLITUDE ~MODUL ATED
RF WAVE
Fig. 39

The effect of amplitude modulation on the waveform of the rf wave is shown
in Fig. 89. There are three different basic circuits used for the detection of ampli-
tude-modulated waves: the diode detector, the grid-bias detector, and the grid-
resistor detector. These circuits are alike in that they eliminate, either partially or
completely, alternate half-cycles of the rf wave. With alternate half-cycles re-
moved, the audio variations of the other half-cycles can be amplified to drive
headphones or a loudspeaker.

A diode-detector circuit is shown in Fig. 40. The action of this circuit when a
modulated rf wave is applied is illustrated by Fig. 41. The rf voltage applied to
the circuit is shown in light line; the output voltage across capacitor C is shown
in heavy line. Between points (a) and (b) on the first positive half-cycle of the
applied rf voltage, capacitor C charges up to the peak value of the rf voltage.
Then as the applied rf voltage falls away from its peak value, the capacitor holds
the cathode at a potential more positive than the voltage applied to the anode.
The capacitor thus temporarily cuts off current through the diode. While the
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diode current is cut off, the capacitor discharges from (b) to (c) through the diode
load resistor R. When the rf voltage on the anode rises high enough to exceed
the potential at which the capacitor holds the cathode, current flows again and

IF
INPUT

Mt
Wiil TV

Fig. 40 Fig. 41

the capacitor charges up to the peak value of the second positive half-cycle at (d).
In this way, the voltage across the capacitor follows the peak value of the applied
rf voltage and reproduces the af modulation. The curve for voltage across the
capacitor, as drawn in Fig. 41, is somewhat jagged. However, this jaggedness,
which represents an rf component in the voltage across the capacitor, is exaggerated
in the drawing. In an actual circuit the rf component of the voltage across the
capacitor is negligible. Hence, when the voltage across the capacitor is amplified,
the output of the amplifier reproduces the speech or music originating at the trans-
mitting station.

Another way to describe the action of a diode detector is to consider the
circuit as a half-wave rectifier. When the rf signal on the plate swings positive,
the tube conducts and the rectified current flows through the load resistance R.
Because the de output voltage of a rectifier depends on the voltage of the ac input,
the de voltage across C varies in accordance with the amplitude of the rf carrier
and thus reproduces the af signal. Capacitor C should be large enough to smooth
out rf or if variations but should not be so large as to affect the audio variations.
Two diodes can be connected in a circuit similar to a full-wave rectifier to give
full-wave detection. However, in practice, -the advantages of this connection
generally do not justify the extra circuit complication.

The diode method of detection has the advantage over other methods in that it
produces less distortion. The reason is that the dynamic characteristics of a diode
can be made more linear than that of other detectors. A diode has the disadvan-
tages that it does not amplify the signal, and that it draws current from the input
circuit and therefore reduces the selectivity of the input circuit. However, because
the diode method of detection produces less distortion and because it permits the
use of simple ave circuits without the necessity for an additional voltage supply,
the diode method of detection is most widely used in broadcast receivers.

A typical diode-detector circuit using a twin-diode triode tube is shown in
Fig. 42. Both diodes are connected together. R, is the diode load resistor. A por-
tion of the af voltage developed across this resistor is applied to the triode grid
through the volume control R;. In a typical circuit, resistor R; may be tapped so
that five-sixths of the total af voltage across R, is applied to the volume control.
This tapped connection reduces the af voltage output of the detector circuit
slightly but it reduces audio distortion and improves the rf filtering. DC bias
for the triode section is provided by the cathode-bias resistor R, and the audio
bypass capacitor C;. The function of capacitor C, is to block the dc bias of the
cathode from the grid. The function of capacitor C, is to bypass any rf voltage
on the grid to cathode. A twin-diode pentode may also be used in this circuit.
With a pentode, the af output should be resistance-coupled rather than trans-
former-coupled.
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Another diode-detector circuit, called a diode-biased circuit, is shown in
Fig. 43. In this circuit, the triode grid is connected directly to a tap on the diode
load resistor. When an rf signal voltage is applied to the diode, the de voltage
at the tap supplies bias to the triode grid. When the rf signal is modulated, the

i IF — %
A —-) AF INPUT ]
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C2 Ry
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Fig. 42 Fig. 43
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af voltage af the tap is applied to the grid and is amplified by the triode. The
advantage of this circuit over the self-biased arrangement shown in Fig. 42 is that
the diode-biased circuit does not employ a capacitor between the grid and the
diode load resistor, and consequently does not produce as much distortion of a
signal having a high percentage of modulation.

However, there are restrictions on the use of the diode-biased circuit. Because
the bias voltage on the triode depends on the average amplitude ot the rf voltage
applied to the diode, the average amplitude of the voltage applied to the diode
should be constant for all values of signal strength at the antenna. Otherwise
there will be different values of bias on the triode grid for different signal strengths
and the triode will produce distortion. Since there is no bias applied to the diode-
biased triode when no rf voltage is applied to the diode, sufficient resistance should
be included in the plate circuit of the triode to limit its zero-bias plate current to a
safe value. These restrictions mean, in practice, that the receiver should have a
separate-channel ave system. With such an ave system, the average amplitude
of the signal voltage applied to the diode ecan be held within very close limits for
ail values of signal strength at the antenna. The tube used in a diode-biased cirecuit
should be one which operates at a fairly large value of bias voltage. The variations
in bias voltage are then a small percentage of the total bias and hence produce smali
distortion. Tubes taking a fairly large bias voltage are types such as the 6BF6 or
6ST7 having a medium-mu triode. Tube types having a high-mu triode or a
pentode should not be used in a diode-biased circuit.
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CHOKE RF CHOKE
A11 T
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CATHODE CAPACITOR
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RESISTOR A\ BYPASS ;.:_ A BYCH‘:SS__
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TRANSFORMER 8-
Fig. 11 Fig. 45
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A grid-bias detector circuit is shown in Fig. 44. In this circuit, the grid is
biased almost to cutoff, i.e., operated so that the plate current with zero signal is
practically zero. The bias voltage can be obtained from a cathode-bias resistor, a
C-battery, or a bleeder tap. Because of the high negative bias, only the positive
half-cycles of the rf signal are amplified by the tube. The signal is, therefore,
detected in the plate circuit. The advantages of this method of detection are that
it amplifies the signal, besides detecting it, and that it does not draw current from
the input circuit and therefore does not lower the selectivity of the input circuit.

The grid-resistor-and-capacitor method, illustrated by Fig. 45, is somewhat
more sensitive than the grid-bias method and gives its best results on weak signals.
In this circuit, there is no negative dc bias voltage applied to the grid. Hence, on
the positive half-cycles of the rf signal, current flows from grid to cathode. The
grid and cathode thus act as a diode detector, with the grid resistor as the
diode load resistor and the grid capacitor as the rf bypass capacitor. The voltage
across the capacitor then reproduces the af modulation in the same manner as
has been explained for the diode detector. This voltage appears between the grid
and cathode and is therefore amplified in the plate circuit. The output voltage
thus reproduces the original af signal.

In this detector circuit, the use of a high-resistance grid resistor increases
selectivity and sensitivity. However,improved af response and stability are obtained
with lower values of grid-resistor resistance. This detector circuit has the advantage
that it amplifies the signal but has the disadvantage that it draws current from the
input circuit and therefore lowers the selectivity of the input eircuit.

The effect of frequency modulation on the waveform of the rf wave is shown
in Fig. 46. In this type of transmission, the frequency of the rf wave deviates from
a mean value, at an af rate depending on the

- modulation, by an amount that is determined in
\ A A A AM MM MA A M the transmitter and is proportional to the am-
| plitude of the af modulation signal. For this
V ] v type of modulation, a detector is required to
discriminate between deviations above and be-
UNMODULATED RF CARRIER low the mean frequency and to translate those
deviations into a voltage whose amplitude va-
ries at audio frequencies. Since the deviations
/\ /\ occur at an audio frequency, the process is one
\/ \/ of demodulation, and the degree of frequency
deviation determines the amplitude of the de-

AF MODULATING Wave modulated (af) voltage.
A simple circuit for converting frequency
' variations to amplitude variations is a circuit
which is tuned so that the mean radio fre-
V quency is on one slope of its resonance charac-
teristic, as at A of Fig. 47. With modulation,
FREQUENCY=MODULATED AF WAYE.  the frequency swings between B and C, and
Fig. 46 the voltage developed across the circuit varies
g at the modulating rate. In order that no dis-

tortion will be introduced in this circuit, the frequency swing must be restricted
to the portion of the slope which is effectively straight. Since this portion 1s very
short, the voltage developed is low, Because of these limitations, this circuit is not
commonly used but it serves to illustrate the principle.

The faults of the simple circuit are overcome in a push-pull arrangement,
sometimes called a discriminator circuit, such as that shown in Fig. 48. Because
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of the phase relationships between the primary and each half of the secondary of
the input transformer (each half of the secondary is connected in series with the

VOLTAGE

FREQUENCY
Fig. 47

primary through capacitor C.), the rf voltages applied to the diodes become unequal
as the rf signal swings from the resonant frequency in each direction. Since the
swing oceurs at audio frequencies (determined by the af modulation), the voltage
developed across the diode load resistors, R, and R; connected in series, varies at
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Fig. 48

audio frequencies. The output voltage depends on the difference in amplitude of the
voltages developed across R, and R.. These voltages are equal and of opposite
sign when the rf carrier is not modulated and the output is, therefore, zero. When
modulation is applied, the output voltage varies as indicated in Fig. 49.
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Because this type of FM detector is sensitive to amplitude variations in the
rf carrier, a limiter stage is frequently used to remove most of the amplitude modu-
lation from the carrier. (See Limiters under Amplification.)

Another form of detector for frequency-modulated waves is called a ratio
detector. This FM detector, unlike the previous one which responds to a difference
in voltage, responds only to changes in the ratio of the voltage across the two
diodes (Fig. 50) and is, therefore, insensitive to changes in the differences in the
voltages due to amplitude modulation of the rf carrier.
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The basic ratio detector is given in Fig. 50. The plate load for the final inter-
mediate-frequency-amplifier stage is the parallel resonant circuit consisting of C,
and the primary transformer T. The tuning and coupling of the transformer is
practically the same as in the previous circuit and, therefore, the rf voltages applied
to the diodes depend upon how much the rf signal swings from the resonant fre-
quency in each direction. At this point the similarity ends.

| DiODE 1
lN|:UT a _LC3 _LCG
O
C
3 1 : ouThyT R2
C4_l_
-~ R;
[ :
OIODE2 ==
Fig. 50

Diode 1, R., and diode 2 complete a series circuit fed by the secondary of the
transformer T. The two diodes are connected in series so that they conduct on the
same rf half-cycle. The rectified current. through R, causes a negative voltage to
appear at the plate of diode 1. Because C, is large, this negative voltage at the plate
of diode 1 remains constant even at the lowest audio frequencies to be reproduced.
The rectified voltage across C; is proportional to the voltage across diode 1, and the
rectified voltage across C, is proportional to the voltage across diode 2. Since the
voltages across the two diodes differ according to the instantaneous frequency of
the carrier, the voltages across C; and C, differ proportionately, the voltage across
C; being the larger of the two voltages at carrier irequencies below the intermediate
frequency and the smaller at frequencies above the intermediate frequency. These
voltages across C; and C, are additive and their sum is fixed by the constant voltage
across Cs. Therefore, while the ratio of these voltages varies at an audio rate, their
sum is always constant. The voltage across C, varies at an audio rate when a fre-
quency-modulated rf carrier is applied to the ratio detector; this audio voltage is
extracted and fed to the audio amplifier. For a complete circuit utilizing this type
of detector, refer to the CIRCUIT SECTION.

AUTOMATIC VOLUME CONTROL

The chief purposes of automatie volume control in a receiver are to prevent
fluctuations in loudspeaker volume when the signal at the antenna is fading in and
out, and to prevent an unpleasant blast of loud volume when the set is tuned from
a weak signal, for which the volume control has
been turned up high, to a strong signal. To accom-
plish these purposes, an automatic velume control
circuit regulates the receiver’s rf and if gain so
that this gain is less for a strong signal than for a
weak signal. In this way, when the signal strength
¢ at the antenna changes, the avc circuit reduces the
L eI resultant change in the voltage output of the last

Fig. 51 if stage and consequently reduces the change in
the speaker’s output volume.

OUTPUT
OF LAST
IF STAGE

AVC
BIAS
VOLTAGE

The ave circuit reduces the rf and if gain for a strong signal usually by in-
creasing the negative bias of the rf, if, and frequency-mixer stages when the signal
incre?.ses. A simple ave circuit is shown in Fig. 51. On each positive half-cycle of
tl_1e signal voltage, when the diode plate is positive with respect to the cathode, the
diode passes current. Because of the flow of diode current through R,, thereis a
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voltage drop across R, which makes the left end of R, negative with respect to
ground. This voltage drop across R, is applied, through the filter R, and C, as
negative bias on the grids of the preceding stages. Then, when the signal strength
at the antenna increases, the signal applied to the ave diode increases, the voltage
drop across R, increases, the negative bias voltage applied to the rf and if stages
increases, and the gain of the rf and if stages is decreased. Thus the increase in
signal strength at the antenna does not produce as much increase in the output
of the last if stage as it would produce without ave. When the signal strength at
the antenna decreases from a previous steady value, the ave circuit acts, of course,
in the reverse direction, applying less negative bias, permitting the rf and if gain to
increase, and thus reducing the decrease in the signal output of the last if stage. In
this way, when the signal strength at the antenna changes, the ave circuit acts to
prevent change in the output of the last if stage, and thus acts to prevent change
in loudspeaker volume.

The filter, C and R,, prevents the ave
voltage from varying at audio frequency.
The filter is necessary because the voltage oUTPUT
drop across R; varies with the modulation  of cast
of the carrier being received. If ave volt- 7 3™
age were taken directly from R, without

\

filtering, the audio variations in avc volt- 1 MEC.

age would vary thereceiver’s gain so as to pave - T*

smooth out the modulation of the carrier. “3VIMINGTT [

To avoid this effect, the ave voltage is Ca [—"AJgLfrFIER
taken from the capacitor C. Because of =

the resistance R, in series with C, the ca- Fig. 52

pacitor C can charge and discharge at only

a comparatively slow rate. The avc voltage therefore cannot vary at frequencies
as high as the audio range but can vary at frequencies high enough to compensate
for most fading. Thus the filter permits the ave circuit to smooth out variations
in signal due to fading,but prevents the circuit from smoothing out audio modulation.

It will be seen that an ave circuit and a diode-detector circuit are much alike.
It is therefore convenient in a receiver to combine the detector and the ave diode
in a single stage. Examples of how these functions are combined in receivers are
shown in CIRCUIT SECTION.

In the circuit shown in Fig. 61, a certain amount of ave negative bias is applied
to the preceding stages on a weak signal. Since it may be desirable to maintain
the receiver’s rf and if gain at the maximum possible value for a weak signal, ave
circuits are designed in some cases to apply no ave bias until the signal strength
exceeds a certain value. These ave circuits are known as delayed ave, or, dave
circuits. A dave circuit is shown in Fig. 52. In this circuit, the diode section D,
of the 6H6 acts as detector and ave diode. R, is the diode load resistor and R.
and C, are the ave filter. Because the cathode of diode D; is returned through a
fixed supply of -3 volts to the cathode of D,, a dc current flows through R; and
R, in series with D,. The voltage drop caused by this current places the ave lead
at approximately -3 volts (less the negligible drop through D,). When the average
amplitude of the rectified signal developed across R, does not exceed 8 volts, the
ave lead remains at -3 volts. Hence, for signals not strong enough to develop
3 volts across R,, the bias applied to the controlled tubes stays constant at a value
giving high gensitivity. However, when the average amplitude of rectified signal
voltage across R; exceeds 3 volts, the plate of diode D; becomes more negative
than the cathode of I); and current flow in diode D, ceases. The potential of the
ave lead is then controlled by the voltage developed across R,. Therefore, with
further increase in signal strength, the ave circuit applies an increasing ave bias
voitage to the controlled stages. In this way, the circuit regulates the receiver’s
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gain for strong signals, but permits the gain to stay constant at a maximum value
for weak signals.

It can be seen in Fig. 52 that a portion of the —3 volts delay voltage is applied
to the plate of the detector diode D,, this portion being approximately equal to
R,/(R: + R,) times -8 volts. Hence, with the circuit constants as shown, the
detector plate is made negative with respect to its cathode by approximately one-
half volt. However, this voltage does not interfere with detection because it is not
large enough to prevent current flow in the tube,

TUNING INDICATION WITH ELECTRON-RAY TUBES

Electron-ray tubes are designed to indicate visually by means of a fluorescent
target the effects of a change in controlling voltage. One application of them is as
tuning indicators in radio receivers. Types such as the 6U5, 6Eb, and the 6AB5/6N5

_ contain two main parts: (1) a triode
CATHODE FLUGRESSENT  which operates as a de amplifier and

LIGHT ~ .~ COATIN - de . an
SHIELD RAY-CONTROL (2) an electron-ray indicator which is
54 | -~ eLecTroDE - located in the bulb as shown in Fig. 53.

P The target is operated at a positive
TARGET— L, | TRIODE voltage and therefore attracts elec-
trons from the cathode. When the elec-

trons strike the target they produce a

i — ~CATHODE glow on the fluorescent coating of the
T‘é,‘F?,SE-— aE target. Under these conditions, the

target appears as a ring of light.

ig. 53 .
Fig A ray-control electrode is mount-

ed between the cathode and target. When the potential of this electrode is less
positive than the target, electrons flowing to the target are repelled by the electro-
static field of the electrode, and do not reach that portion of the target behind the
electrode. Because the target does not glow where it is shielded from electrons, the
control electrode casts a shadow on the glowing target. The extent of this shadow
varies from approximately 100° of the target when the control electrode is much
more negative than the target to 0° when the control electrode is at approximately
the same potential as the target.

In the application of the electron-ray tube, the potential of the control elec-
trode is determined by the voltage on the grid of the triode section, as can be seen in
Fig. 54. The flow of the triode plate current through resistor R produces a voltage
drop which determines the potential of the control electrode. When the voltage of
the triode grid changes in the positive direction, plate current increases, the poten-
tial of the control electrode goes down because of the increased drop across R, and
the shadow angle widens. When the potential of the triode grid changes in the nega-
tive direction, the shadow angle narrows.

. TYPE
TYPE 6KY 6AF6-G

TRIODE AN Y
COMNNECTED I g
% £y
1
e+

ELECTRON-
RAY TUBE

AVC
VOLTAGE
1MEG. | M _ o 4
TO CONTROLLING y = :
VOLTAGE Bt R:TYPICAL VALUE 15 0.5 MEGOHM
Fig. 54 . ' Fig. 65

Another type of indicator tube is the 6AF6-G. This tube contains only an
indicator unit but employs two ray-control electrodes mounted on opposite sides
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of the cathode and connected to individual base pins. It employs an external de
amplifier. See Fig. 55. Thus, two symmetrically opposite shadow angles may be
obtained by connecting the two ray-control electrodes together; or, two unlike
patterns may be obtained by individual connection of each ray-control electrode
to its respective amplifier.

In radio receivers, ave voltage is applied to the grid of the dc amplifier. Since

ave voltage is at maximum when the set is tuned to give maximum response to a

station, the shadow angle is at minimum when the receiver is tuned to resonance
with the desired station.

ELEC‘I’RON-
o 1 MEG. RAY TuBE

The choice between electron-ray
tubes depends on the ave characteristic
of the receiver.The 6E5 containsasharp-
cutoff triode which closes the shadow

b angle on a comparatively low value of
CONTROLLING _" ave voltage. The 6AB5/6N5 and
VOLTAGE 6Ub5 each have a remote-cutoff tri-

a.< '2*¥  ode which closes the shadow on a larger

2 l value of ave voltage than the 6E5. The

ot 6AF6-G may .be used in conjunction
Ry + Ra = 16700 OHMS -]:- with dc amplifier tubes having either

Fig. 56 remote- or sharp-cutoff characteristics.

The sensitivity indication of electron-ray tubes can be increased by using a
separate de amplifier to control the action of the ray-control electrode in the tuning
indicator tube. This arrangement increases the maximum shadow angle from the
usual 100° to approximately 180°. A circuit for obtaining wide-angle tuning is
shown in Fig. 56.

OSCILLATION

As an oscillator, an electron tube can be employed to generate a continuously
alternating voltage. In present-day radio broadcast receivers, this application is
limited practically to superheterodyne receivers for supplying the heterodyning
frequency. Several circuits (represented in Figs. 57 and 58) may be utilized, but
they all depend on feeding more energy from the plate circuit to the grid circuit
than is required to equal the power loss in the grid circuit. Feedback may be

g . E
%?.l | {T:éj

8= A= B HEATER B+
At TRANSFORMER

Fig. 67 Fig. 58

A

produced by electrostatic or electromagnetic coupling between the grid and plate
circuits. When sufficient energy is fed back to more than compensate for the loss in
the grid circuit, the tube will oscillate. The action consists of regular surges of
power between the plate and the grid circuit at a frequency dependent on the
circuit constants of inductance and capacitance. By proper choice of these values,
the frequency may be adjusted over a very wide range.

The relaxation oscillator is an oscillator with a non-sinusoidal output. It
differs from the preceding type in that the oscillations are obtained by abruptly
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releasing energy previously stored in the electric field of a capacitor. A multi-
vibrator is a special type of relaxation oscillator used in television receivers and
other electronic applications. A multivibrator may be considered as a two-stage
resistance-coupled amplifier in which the output of each tube is coupled into the
input of the other tube in order to sustain oscillations.

[+
Il

Fig. 59

Fig. 59 is a basic multivibrator circuit of the free-running type. In this circuit,
oscillations are maintained by the alternate shifting of conduction from one tube to
the other. The cycle starts with one tube usually at zero bias and the other at cutoff
or beyond. Each tube introduces a 180° phase shift so that the energy fed back has
the phase relation necessary to sustain oscillation. The frequency of oscillation is
determined primarily by the constants of the resistance-capacitance coupling circuits.

FREQUENCY CONVERSION

Frequency conversion is used in superheterodyne receivers to change the
frequency of the rf signal to an intermediate frequency. To perform this change in

frequency, a frequency-converting device consisting of an oscillator and a frequency
mixer is employed. In such a device,

RADID NTERMEDIATE shown diagrammatically in Fig. 60,

F“fﬁ’;‘j:c‘" FREQUENGY | rrequency _ two voltages of different frequency, the
Mixer OuTPUT rf signal voltage and the voltage gen-

erated by the oscillator, are applied to

OSCILLATOR the input of the frequency mixer.

These voltages beat, or heterodyne,

within the mixer tube to produce a

Fig. 60 plate current having, in addition to

the frequencies of the input voltages,

numerous sum and difference frequencies. The output circuit of the mixer stage is

provided with a tuned circuit which is adjusted to select only one beat frequency,

i.e., the frequency equal to the difference betweeen the signal frequency and the

oscillator frequency. The selected output frequency is known as the intermediate

frequency, or if. The output frequency of the mixer tube is kept constant for all
values of signal frequency by tuning the oscillator to the proper frequency.

FREQUENCY CONVERTER

Important advantages gained in a receiver by the conversion of signal fre-
quency to a fixed intermediate frequency are high selectivity with few tuning stages
and a high, as well as stable, overall gain for the receiver.

Several methods of frequency conversion for superheterodyne receivers are of
interest. These methods are alike in that they employ a frequency-mixer tube in
which plate current is varied at a combination frequency of the signal frequency
and the oscillator frequency. These variations in plate current produce across the
tuned plate load a voltage of the desired intermediate frequency. The methods
differ in the types of tubes employed and in the means of supplying input voltages
to the mixer tube.
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A method widely used before the availability of tubes especially designed for
frequency-conversion service and currently used in many FM, television, and
standard broadcast receivers, employs as mixer tube either a {riode, a tetrode, or
a pentode, in which oscillator voltage and signal voltage are applied to the same
grid. In this method, coupling between the oscillator and mixer circuits is obtained
by means of inductance or capacitance.

A second method employs a tube having an oscillator and frequency mixer
combined in the same envelope. In one form of such a tube, coupling between
the two units is obtained by means of the electron stream within the tube. One
arrangement of the electrodes for this type is shown in Fig. 61. Since five grids
are used, the tube is called a pentagrid converter. Grids No. 1, No. 2, and the
cathode are connected to an external circuit to act as a triode oscillator. Grid No. 1
is the grid of the oscillator and grid No. 2 is the anode. These and the cathode
can be considered as a composite cathode which
supplies to the rest of the tube an electron
stream that varies at the oscillator frequency.
This varying electron stream is further con-
trolled by the rf signal voltage on grid No. 4.
Thus, the variations in plate current are due
to the combination of the oscillator and the sig-
nal frequencies. The purpose of grids No. 3 and
No. 5, which are connected together within the
tube, is to accelerate the electron stream and to
shield grid No. 4 electrostatically from the
other electrodes. The 6A8 is an example of a
pentagrid-converter type.

Pentagrid-converter tubes of this design
are good frequency-converting devices at medi-
um frequencies but their performance is better at the lower frequencies than at the
high ones. This is because the output of the oscillator drops off as the frequency is
raised and because certain undesirable effects produced by interaction between
oscillator and signal sections of the tube increase with frequency. To minimize
these effects, several of the pentagrid-converter tubes are designed so that no
electrode functions alone as the oscillator anode. In these tubes, grid No. 1 func-

TYPE 6BE6
RF
OUTPUT

RF
INPUT

RID N25
{SUPPRESSOR)

GRID N2 3
(RF SIGNAL)

IGRIDS N2 284

GRID N2}
(OSCILLATOR GRID) (SCREEN)

OSCILLATOR CATHOOE
CIRCULIT 1

Fig. 62

tions as the oscillator grid, and grid No. 2 is connected within the tube to the
screen (grid No. 4). The combined two grids Nos. 2 and 4 shield the signal grid
(grid No. 3) and act as the composite anode of the oscillator triode. Grid No. 5
acts as the suppressor. Converter tubes of this type are designed so that the space
charge around the cathode is unaffected by electrons from the signal grid. Further-
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more, the electrostatic field of the signal grid also has little effect on the space
charge. The result is that rf voltage on the signal grid produces little effect on the
cathode current. There is, therefore, little detuning of the oscillator by ave bias
because changes in ave bias produce little change in oscillator transconductance
or in the input capacitance of grid No. 1. Examples of the pentagrid converters
discussed in this paragraph are the single-ended types 1R5 and 6BE6. A sche-
matic diagram illustrating the use of the 6 BE6 with self-excitation is given in Fig.
62; the 6BE6 may also be used with separate excitation. A complete circuit is
shown in the CIRCUIT SECTION.

Another method of frequency conversion utilizes a separate oscillator having
its grid connected to the No. 1 grid of a mixer hexode. A tube utilizing this con-
struction is the 6K8 and a top view of its electrode arrangement is shown in Fig. 63.
The cathode, triode grid No. 1, and triode plate form the oscillator unit of the tube.

The cathode, hexode mixer grid
HEXODE GRID N24 {grid No. 1), hexode double-
(MIXER SCREEN SECTION} screen (grids Nos. 2 and 4)'
INTERNAL SHIELD hexode mixer grid (grid No. 3),
INTERNAL SHIELO—T—] &/ SHELL and hexode plate constitute the
HEXODE GRID N2 2 Jo—] TRIODE (0SC.) PLATE mixer unit. The internal shields
(MIXER SCREEN SECTION) TRICDE (05C.)GRID are connected to the shell of the
tube and act as a suppressor for
the hexode unit. The action
of the 6K 8 in converting a radio-
frequency signal to an intermediate frequency depends on (1) the generation of a
local frequency by the triode unit, (2) the transferring of this frequency to the hex-
ode grid No. 1, and (3) the mixing in the hexode unit of this frequency with that of
the rf signal applied to the hexode grid No. 3. The 6K8 is not critical to changes in
oscillator-plate voltage or signal-grid bias and, therefore, finds important use in
all-wave receivers to minimize frequency-shift effects at the higher frequencies,

A further method of frequency conversion employs a tube called a pentagrid
mixer. This type has two independent control grids and is used with a separate
oscillator tube. RF signal voltage is ap-
plied to one of the control grids and os- ___ TYPE 6L7

HEXODE { MIXER ) PLATE

HEXODE (SIGNAL)
GRID N23

HEXODE (MIXER).
GRID N=2I

cillator voltage is applied to the other. |9%5ai T8 SRID N14

It follows, therefore, that the variations SEPARGTE (supPRESSOR) [ IF

in plate current are due to the combina- TuBE S\Rcoir
tion of the oscillator and signal frequencies. (0SCILLATOR) GRIDS N2244
The arrangement of electrodes in a penta- (SCREEN)

grid-mixer tube is shown in Fig. 64. The INeuT HEATER

tube contains a heater cathode, five grids, CIRCUIT | o5 =l CATHODE

and a plate. Grids Nos. 1 and 3 are e

control grids. The rf signal voltage is ap- SIGNAL)

plied to grid No.1. This grid has a remote- Fig. 64

cutoff characteristic and is suited for con-

trol by ave bias voltage. The oscillator voltage ig applied to grid No. 3. This grid
has a sharp-cutoff characteristic and produces a comparatively large effect on plate
current for a small amount of oscillator voltage. Grids Nos. 2 and 4 are connected
together within the tube. They accelerate the electron stream and shield grid No. 3
electrostatically from the other electrodes. Grid No. 5, connected within the tube
to the cathode, functions similarly to the suppressor in a pentode. The 6L7 and
6L7-G are pentagrid-mixer tubes.

AUTOMATIC FREQUENCY CONTROL

An automatic frequency control (afc) circuit provides a2 means of correcting
automatically the intermediate frequency of a superheterodyne receiver if, for any
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reason, it drifts from the frequency to which the if stages are tuned. This correction
is made by adjusting the frequency of the oscillator. Such a circuit will automati-
cally compensate for slight changes in rf carrier or oscillator frequency as well as
for inaccurate manual or push-button tuning.

An afc system requires two sections: a frequency detector and a variable
reactance. The detector section may be essentially the same as the FM detector
illustrated in Fig. 48 and discussed under Detection. In the afe system, however,
the output is a de control voltage, the magnitude of which is proportional to the
amount of frequency shift. This de control voltage is used to control the grid bias
of an electron tube which comprises the variable reactance section (Fig. 65). The
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Fig. 66

plate current of the reactance tube is shunted across the oscillator tank circuit.
Because the plate current and plate voltage of the reactance tube are almost 90°
out of phase, the control tube affects the tank circuit in the same manner as a re-
actance. The grid bias of the tube determines the magnitude of the effective re-
actance and, consequently, 2 control of this grid bias can be used to control the oseil-
lator frequency.

Electron Tube Installation

The installation of electron tubes requires care if high-quality performance is
to be obtained from the associated circuits. Installation suggestions and precautions
which are generally common to all types of tubes are covered in this section.
Careful observance of these suggestions will do much to help the experimenter
and electronic technician obtain the full performance capabilities of radio tubes
and circuits. Additional pertinent information is given under each tube type and
in the CIRCUIT SECTION.,

FILAMENT AND HEATER POWER SUPPLY

The design of electron tubes allows for some variation in the voltage and cur-
rent supplied to the filament or heater, but most satisfactory results are obtained
from operation at the rated values. When the voltage is low, the temperature of the
cathode is below normal, with the result that electron emission is limited. This
may cause unsatisfactory operation and reduced tube life. On the other hand,
high cathode voltage causes rapid evaporation of cathode material and shortens
tube life. T'o insure proper tube operation, the filament or heater voltage should be
checked at the socket terminals by means of an accurate voltmeter while the
receiver is in operation. In the case of series operation of heaters or filaments,
correct adjustment can be checked by means of an ammeter in the heater or ﬁla—
ment circuit. ‘
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The filament or heater voltage supply may be a direct-current source (a battery
or a de power line) or an alternating-current power line, depending on the type
of service and type of tube. Frequently, a resistor (either variable or fixed) is used
with a dc supply to permit compensation for battery voltage variations or to adjust
the tube voltage at the socket terminals to the correct value. Ordinarily, a step-
down transformer is used with an ac supply to provide the proper filament or
heater voltage. Receivers intended for operation on both dc and ac power lines
have the heaters connected in series with a suitable resistor and supplied directly
from the power line.

DC filament or heater operation should be considered on the basis of the
source of power. In the case of the battery supply for the 1.4-volt filament tubes,
it is unnecessary to use a voltage-dropping resistor in series with the filament
and a single dry-cell; the filaments of these tubes are designed to operate satis-
factorily over the range of voltage variations that normally occur during the life
of a dry-cell. Likewise, no series resistor is required when the 1.25-volt filament
subminiatures are operated from a single 1.5-volt flashlight-type dry-cell, when the
2-volt filament type tubes are operated from a single storage cell, or when the 6.3-
volt series are operated from a 6-volt storage battery. In the case of dry-battery
supply for 2-volt filament tubes, a variable resistor in series with the filament and
the battery is required to compensate for battery variations. Turning the set on
and off by means of the rheostat is advised to prevent over-voltage conditions
after an off-period, for the voltage of dry-cells rises during off-periods. In the case
of storage-battery supply, air-cell-battery supply, or dec power supply, a non-
adjustable resistor of suitable value may be used. It is well to check initial operating
conditions, and thus the resistor value, by means of a voltmeter or ammeter.

The filament or heater resistor required when filaments and/or heaters are
operated in parallel can be determined easily by a simple formula derived from
Ohm’s law.
supply volts — rated volts of tube type
total rated filament current {(amperes)

Required resistance (ohms) =

Thus, if a receiver using three 32's, two 30’s, and two 31's is to be operated from
dry batteries, the series resistor is equal to 3 volts (the voltage from two dry-cells
in series) minus 2 volts (voltage rating for these tubes) divided by 0.56 ampere
(the sum of 5 X 0.060 ampere + 2 X 0.130 ampere), i.e., approximately 1.8 ohms.
Since this resistor should be variable to allow adjustment for battery depreciation,
it is advisable to obtain the next larger commercial size, although any value between
2 and 3 ohms will be quite satisfactory. Where much power is dissipated in the
resistor, the wattage rating should be sufficiently large to prevent overheating.
The power dissipation in watts is equal to the voltage drop in the resistor multiplied
by the total filament current in amperes. Thus, for the example above 1 X 0.56 =
0.56 watt. In this case, the value is so small that any commercial rheostat with
suitable resistance will be adequate.

For the case where the heaters and/or filaments of several tubes are operated
in series, the resistor value is calculated by the following formula, also derived
from Ohm’s law.
supply volts — total rated volts of tubes

rated amperes of tubes

Thus, if a receiver having one 6SA7, one 6SK7, one 6SF7, one 25L6-GT, and one
257:6-G'T is to be operated from a 117-volt power line, the series resistor is equal to
117 volts (the supply voltage) minus 68.9 volts (the sum of 3 X 6.3 volts + 2 X 2b
volts) divided by 0.3 ampere (current rating of these tubes), i.e., approximately
160 ohms. The wattage dissipation in the resistor will be 117 volts minus 68.9 volts
times 0.3 ampere, or approximately 14.4 watts. A resistor having a wattage rating
in excess of this value should be chosen.
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It will be noted in the example for series operation that all tubes have the same
current rating. If it is desired to connect in series tubes having different heater-
or filament-current ratings, each tube of the lower rating should have a shunt
resistor placed across its heater or filament terminals to pass the excess current.
The value of this shunt resistor can be calculated from the following formula, where
tube A is the tube in the series connection having the highest heater-current rating
and tube B is any tube having a heater-current rating lower than tube A.

Heater shunt resist- heater volts, tube B
ance (chms), tube B =
rated heater amperes, tube A — rated heater amperes, tube B

For example, if a 6N7 having a 6.3-volt, 0.8-ampere heater is to be operated in a
series-heater circuit employing several 6.3-volt tubes having heater ratings of 0.3
ampere, the required shunt resistance for each of the latter types would be

6.3

W, or 12.6 ohms

Heater shunt resistance =

The value of a series voltage-dropping resistor for a sequence of tubes having
one or more shunt resistors should be calculated on the basis of the tube having
the highest heater-current rating.

When the series-heater connection is used in ac/de receivers, it is usually
advisable to arrange the heaters in the circuit so that the tubes most sensitive to
hum disturbances are at or near the ground potential of the circuit. This arrange-
ment reduces the amount of ac voltage between the heaters and cathodes of these
tubes and minimizes the hum output of the receiver. The order of heater connec-
tion, by tube function, from chassis to the rectifier-cathode side of the ac line is
shown in Fig. 66.

FIRST RF VOLTAGE
AUDIO CON- POWER RECTL-
- AF i —1 AND IF -4 DROPPING
DETECTOR AMPLIFIER VERTER STAGES AMPLIFIER FIER RESISTOR
e (g 17 v
l AC OR DC
Fig. 66

AC filament or heater operation should be considered on the basis of either a
parallel or a series arrangement of filaments and/or heaters. In the case of the
parallel arrangement, a step-down transformer is employed. Precautions should
be taken to see that the line voltage is the same as that for which the primary of
the transformer is designed. The line voltage may be determined by measurement
with an ac voltmeter (0-150 volts).

If the line voltage measures in excess of that for which the transformer is
designed, a resistor should be placed in series with the primary to reduce the line
voltage to the rated value of the transformer primary. Unless this is done, the
excess input voltage will cause proportionally excessive voltage to be applied to
the tubes. Any electron tube may be damaged or made inoperative by excessive
operating voltages.

If the line voltage is consistently below that for which the primary of the trans-
former is designed, it may be necessary to install a booster transformer between
the ac outlet and the transformer primary. Before such a transformer is installed,
the acline fluctuations should be very carefully noted. Some radio sets are equipped
with a line-voltage switch which permits adjustment of the power transformer
primary to the line voltage. When this switch is properly adjusted, the series-
resistor or booster-transformer method of controlling line voltage is seldom required.
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In the case of the series arrangements of filaments and/or heaters, a voltage-
dropping resistance in series with the heaters and the supply line is usually required.
This resistance should be of such value that, for normal line voltage, tubes will
operate at their rated heater or filament current. The method for calculating the
resistor value is given above,

When the filaments of battery-type tubes are connected in series, the total
filament current is the sum of the current due to the filament supply and the plate
and screen (cathode) currents returning to B (-) through the tube filaments. Con-
sequently, in a series filament string it is necessary to add shunt resistors across
each filament section to bypass this cathode current in order to maintain the
filament voltage at its rated value.

HEATER-TO-CATHODE CONNECTION

The cathodes of heater-type tubes, when operated from ac, should be con-
nected to the mid-tap on the heater supply winding, to the mid-tap of a 50-ohm
(approximate) resistor shunted across the winding, or to one end of the heater
supply winding depending on circuit requirements. If none of these methods is
used, it is important to keep the heater-cathode voltage within the ratings given
in the TUBE TYPES SECTION.

Hum from ac-operated heater tubes used in high-gain audio amplifiers may
frequently be reduced to a negligible value by employing a 15- to 40-volt bias be-
tween the heater and cathode elements of the tubes. The bias should be connected
so that the tube eathode is negative with respect to its heater. Such bias can be
obtained from either B batteries or a well-filtered rectifier. If the regular plate-
supply rectifier of the amplifier is employed as the bias voltage source, it is good
practice to add an additional filter stage in the bias voltage circuit to insure a
hum-free bias source.

If a large resistor is used between heater and cathode, it should be bypassed
by a suitable filter network or objectionable hum may develop. The hum is due to
the fact that even a minute pulsating leakage current flowing between the heater
and cathode will develop a small voltage across any resistance in the circuit. This
hum voltage is amplified by succeeding stages. When a series-heater arrangement
is used, the cathode circuits should be connected either directly or through biasing
resistors to the negative side of the de plate supply, which is furnished either by the
dc power line or by the ac power line through a rectifier.

PLATE VOLTAGE SUPPLY

The plate voltage for electron tubes is obtained from batteries, rectifiers,
direct-current power lines, and small local generators. Auto radios have brought
about the commercial development of a number of devices for obtaining a high-
voltage dc supply either from the car storage-battery or from a generator driven
by the car engine. :

The maximum plate-voltage value for any tube type should not be exceeded
if most satisfactory performance is to be obtained. Plate voltage should not be
applied to a tube unless the corresponding recommended voltage is also supplied
to the grid.

It is recommended that the primary circuit of the power transformer be fused
to protect the rectifier tube(s), the power transformer, filter capacitor, and chokes
in case a rectifier tube fails.

GRID VOLTAGE SUPPLY

The recommended grid voltages for different operating conditions have been
carefully determined to give the most satisfactory performance. Grid voltage may
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be obtained from a fixed source such as a separate C-battery or a tap on the voltage
divider of the high-voltage dc supply, from the voltage drop across a resistor in the
cathode circuit, or from the voltage drop across a resistor in the grid circuit. The
first method is called ‘‘fixed bias;” the second is called ‘“‘cathode bias” or “self
bias;” the third is called ‘“‘grid-resistor bias” and is sometimes incorrectly referred
to in receiving-tube practice as ‘‘zero-bias operation.” In any case, the ob-
ject is to make the grid negative with respect to the cathode by the specified
voltage. When a C-battery is used, the negative terminal is connected to the grid
return and the positive terminal is connected to the negative filament socket ter-
minal, or to the cathode terminal if the tube is of the heater-cathode type. If the
filament is supplied with alternating current, this connection is usually made to
the center-tap of a low resistance (20-50 ohms) shunted across the filament ter-
minals. This method reduces hum disturbances caused by the ac supply. If bias
voltages are obtained from the voltage divider of a high-voltage dec supply, the grid
return is connected to a more negative tap than the cathode.

The cathode-biasing method utilizes the voltage drop produced by the cathode
current flowing through a resistor connected between the cathode and the negative
terminal of the B-supply. See Fig. 67. The cathode current is, of course, equal to
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the plate current in the case of a triode, or to the sum of the plate and screen
currents in the case of a tetrode, pentode, or beam power tube. Since the voltage
drop along the resistance is increasingly negative with respect to the cathode, the
required negative grid-bias voltage can be obtained by connecting the grid return
to the negative end of the resistance.

The value of the resistance for cathode-biasing a single tube can be determined
from the following formula:

desired grid-bias voltage X 1000
rated cathode current in milliamperes

Resistance (ohms) =

Thus, the resistance required to produce 9 volts bias for a triode which operates
at 3 milliamperes plate current is 9 X 1000/3 = 3000 ohms. If the cathode current
of more than one tube passes through the resistor, or if the tube or tubes employ
more than three electrodes, the total current determines the size of the resistor.

Bypassing of the cathode-bias resistor depends on circuit~design requirements.
In rf circuits the cathode resistor should be bypassed. In af circuits the use of an
unbypassed resistor will reduce distortion by introducing degeneration into the
circuit. However, the use of an unbypassed resistor decreases power sensitivity.
When bypassing is used, it is important that the bypass capacitor be sufficiently
large to have negligible reactance at the lowest frequency to be amplified. In the
case of power-output tubes of high transconductance such as the beam power tubes,
it may be necessary to shunt the bias resistor with a small mica capacitor (approxi-
mately 0.001 nf) in order to prevent oscillations. The usual af bypass may or may
not be used, depending on whether or not degeneration is desired. In tubes having
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high values of transconductance, such as the 6BA6, 12AWS6, and 6AC7, input
capacitance and input conductance change appreciably with plate current. When
such a tube having a separate suppressor connection is used as an rf amplifier,
these changes may be minimized by leaving a portion of the cathode-bias resistor
unbypassed. In order to minimize feedback when this method is used, the external
grid-plate (wiring) capacitances should be kept to a minimum, the screen should
be bypassed to ac ground, and the suppressor should be connected to ae ground.
The use of a cathode resistor to obtain bias voltage is not recommended for audio
amplifiers in which there is appreciable shift of electrode currents with the applica-
tion of a signal. In such amplifiers, a separate fixed supply is recommended.

The grid-resistor biasing method is also a self-bias method because it
utilizes the voltage drop across the grid resistor produced by small amounts of
grid current flowing in the grid-cathode circuit. This current is due to (1) an
electromotive potential difference between the materials comprising the grid and
cathode and (2) grid rectification when the grid is driven positive. A large value
of grid resistor is required in order to limit this current to a very small value and
to avoid undesirable loading effects on the preceding stage. Examples of this
method of bias are given in circuits 16-1 and 16-4 in the CIRCUIT SECTION.
In both of these circuits, the audio amplifier type 1U5 or 12A V6 has a 10-megohm
resistor between the grid and the negative filament or cathode to furnish the
required bias which is usually less than 1 volt. This method of biasing is used
principally in the early voltage amplifier stages (usually employing high-mu
triodes) of audio amplifier circuits, where the tube dissipation will not be excessive
under zero-signal conditions.

A grid resistor is also used in many oscillator circuits for obtaining the required
bias. In these circuits, the grid voltage is relatively constant and its magnitude is
usually in the order of 5 volts or more. Consequently, the bias voltage is obtained
only through grid rectification. A relatively low value of resistor, 0.1 megohm or
less, is used. Oscillator circuits employing this method of bias are given in circuits
16-1 and 16-4 in the CIRCUIT SECTION.

Grid-bias variation for the rf and if amplifier stages is a convenient and
frequently used method for controlling receiver volume. The variable voltage
supplied to the grid may be obtained: (1) from a variable cathode resistor as shown
in Figs. 68 and 69; (2) from a bleeder circuit by means of a potentiometer as shown
in Fig. 70; or (3) from a bleeder circuit in which the bleeder current is varied by a
tube used for automatic volume control. The latter circuit is shown in Fig. 51.

8- A A+ Be
Fig. 68

In all cases it is important that the control be arranged so that at no time will the
bias be less than the recommended minimum grid-bias voltage for the particulartubes
used. This requirement can be met by providing a fixed stop on the potentiometer, by
connecting a fixed resistance in series with the variable resistance, or by connecting
a fixed cathode resistance in series with the variable resistance used for regulation.
Where receiver gain is controlled by grid-bias variation, it is advisable to have the
control voltages extend over a wide range in order to minimize cross-modulation
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and modulation-distortion. A remote-cutoff type of tube should, therefore, be
used in the controlled stages.

SCREEN VOLTAGE SUPPLY

The positive voltage for the screen (grid No. 2) of screen-grid tubes may be
obtained from a tap on a voltage divider, from a potentiometer, or from a series
resistor connected to a high-voltage source, depending on the structure of the
particular tube type and its application. The screen voltage for tetrodes should be
obtained from a voltage divider or a potentiometer rather than through a series
resistor from a high-voltage source because of the characteristic screen-current
variations of tetrodes. Fig. 71 shows a tetrode with its screen voltage obtained from
a potentiometer. When pentodes or beam power tubes are operated under condi-
tions where a large shift of plate and screen currents does not take place with the
application of the signal, the screen voltage may be obtained through a series
resistor from a high-voltage source. This method of supply is possible because of
the high uniformity of the screen-current characteristic in pentodes and beam
power tubes. Because the screen voltage rises with increase in bias and resulting
decrease in screen current, the cutoff characteristic of a pentode is extended by this
method of supply. The method is sometimes used to increase the range of signals
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which can be handled by a pentode. When used in resistance-coupled amplifier
circuits employing pentodes in combination with the cathode-biasing method, it
minimizes the need for circuit adjustments. Fig. 72 shows a pentode with its screen
voltage supplied through a series resistor.

When power pentodes and beam power tubes are operated under conditions
such that there is a large change in plate and screen currents with the application
of signal, the series-resistor method of obtaining screen voltage should not be used.
A change in screen current appears as a change in the voltage drop across the series
resistor in the screen circuit; the result is a change in the power output and an
increase in distortion. The screen voltage should be obtained from a point in the
plate-voltage-supply filter system having the correct voltage, or from a separate
source.

It is important to note that the plate voltage of tetrodes, pentodes, and beam
power tubes should be applied before or simultaneously with the screen voltage.
Otherwise, with voltage on the screen only, the screen current may rise high enough
to cause excessive screen dissipation.

Sereen-voltage variation for the rf amplifier stages has sometimes been used
for volume control in older-type receivers. Reduced screen voltage lowers the
transconductance of the tube and resuits in reduced gain per stage. The voitage
variation is obtained by means of a potentiometer shunted across the screen voltage
supply. See Fig. 71. When the screen voltage is varied, it is essential that the
screen voltage never exceed the rating of the tube. This requirement can be met
by providing a fixed stop on the potentiometer,
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SHIELDING

In high-frequency stages having high gain, the output circuit of each stage
must be shielded from the input circuit of that stage. Each high-frequency stage
also must be shielded from the other high-frequency stages. Unless shielding is
employed, undesired feedback may occur and may produce many harmful effects
on receiver performance. To prevent this feedback, it is a desirable practice to
shield separately each unit of the high-frequency stages. For instance, in a super-
heterodymne receiver, each if and rf coil may be mounted in a separate shield can.
Baffle plates may be mounted on the ganged tuning capacitor to shield each section
of the capacitor from the other sections. The oscillator coil may be especially well
shielded by being mounted under the chassis. The shielding precautions required
in a receiver depend on the design of the receiver and the layout of the parts. In all
receivers having high-gain high-frequency stages, it is necessary to shield sepa-
rately each tube in high-frequency stages. When metal tubes, and in particular
the single-ended types, are used, complete shielding of each tube is provided by
the metal shell which is grounded through its grounding pin at the socket ter-
minal. The grounding connection should be short and heavy. Many modern tubes
of glass construction have internal shields connected usually to the cathode and
where present are indicated in the socket diagram.

DRESS OF CIRCUIT LEADS

At high frequencies such as are encountered in FM and television receivers,
lead dress, that is, the location and arrangement of the leads used for connections
in the receiver, is very important. Because even a short lead provides a large im-
pedance at high frequencies, it is necessary to keep all high-frequency leads as
short as possible. This precaution is especially important for ground connections
and for all connections to bypass capacitors and hi filter capacitors. The ground
connections of plate and screen bypass capacitors of each tube should be kept
short and made directly to cathode ground.

Particular care should be taken with the lead dress of the input and output
circuits of an hf stage so that the possibility of stray coupling is minimized. Un-
shielded leads connected to shielded components should be dressed close to the
chassis. As the frequency increases, the need for paying careful attention to lead
dress becomes increasingly important.

In high-gain audio amplifiers, these same precautions should be taken to
minimize the possibility of self-oscillation.

FILTERS

Feedback effects also are caused in radio receivers by coupling between stages
through common voltage-supply circuits. Filters find an important use in minimiz-
ing such effects. They should be placed in voltage-supply leads to each tube in
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Fig. 78

order to return the signal current through a lo.w-impedance path direct to the tube
cathode rather than by way of the voltagesupply circuit. Fig. 73 illustrates
several forms of filter circuits. Capacitor C forms the low-impedance path, while
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the choke or resistor assists in diverting the signal through the capacitor by offering
a high-impedance to the power-supply circuit.

The choice between a resistor and a choke depends chiefly upon the permissible
de voltage drop through the filter. In circuits where the current is small (a few
milliamperes), resistors are practical; where the current is large or regulation im-
portant, chokes are more suitable.

The minimum practical size of the capacitors may be estimated in most cases
by the following rule: The impedance of the capacitor at the lowest frequency
amplified should not be more than one-fifth of the impedance of the filter choke or
resistor at that frequency. Better results will be obtained in special cases if the
ratio is not more than one-tenth. Radio-frequency circuits, particularly at high
frequencies, require high-quality capacitors. Mica capacitors are preferable. Where
stage shields are employed, filters should be placed within the shield.

Another important application of filters is to smooth the output of a rectifier
tube. See Rectification. A smoothing filter usually consists of capacitors and iron-
core chokes. In any filter-design problem, the load impedance must be considered
as an integral part of the filter because the load is an important factor in filter
performance. Smoothing effect is obtained from the chokes because they are in
series with the load and offer a high impedance to the ripple voltage. Smoothing
effect is obtained from the capacitors because they are in parallel with the load
and store energy on the voltage peaks; this energy is released on the voltage dips
and serves to maintain the voltage at the load substantially constant. Smoothing
filters are classified as choke-input or capacitor-input according to whether a choke
or capacitor is placed next to the rectifier tube. See Fig. 74.

The CIRCUIT SECTION gives a number of examples of rectifier circuits with
recommended filter constants.

CHOKE-INPUT TYPE FILTER CAPACITOR~ INPUT TYPE FILTER CAPACITOR FILTER
o—/ OO —r—TO0 o o ~Jo0 0 oO——1——0
v L L
FRoM From FRoM
RECTIFIER T T~ OVTRUT RECTIFIER “T¢ e OVIRUT RECTIFIER -T¢ OVTPOT.
TUBE Tuse Tuse
LSFILTER CHOKE C2 FILTER CAPACITOR
Fig. 74

If an input capacitor is used, consideration must be given to the instantaneous
peak value of the ac input voltage. This peak value is about 1.4 times the rms
value as measured by an ac voltmeter. Filter capacitors, therefore, especially the
input capacitor, should have a rating high enough to withstand the instantaneous
peak value if breakdown is to be avoided. When the input-choke method is used,
the available de output voltage will be somewhat lower than with the input-
capacitor method for a given ac plate voltage. However, improved regulation
together with lower peak current will be obtained.

Mercury-vapor and gas-filled rectifier tubes occasionally produce a form of
loeal interference in radio receivers through direct radiation or through the power
line. This interference is generally identified in the receiver as a broadly tunable
120-cycle buzz (100 cycles for 50-cycle supply line, etc.). It is usually caused by
the formation of a steep wave front when plate current within the tube begins to
flow on the positive half of each eycle of the ac supply voltage. There are several
ways of eliminating this type of interference. One is to shield the tube. Another
is to insert an rf choke having an inductance of one millihenry or more between
each plate and transformer winding and to connect high-voltage, rf bypass capaci-
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tors between the outside ends of the transformer winding and the center tap.
See Fig. 76. The rf chokes should be placed within the shielding of the tube. The
rf bypass capacitors should have a voltage rating high enough to withstand the
peak voltage of each half of the secondary, which is approximately 1.4 times the
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Fig. 76

rms value. Transformers having electrostatic shielding between primary and
secondary are not likely to transmit rf disturbances to the line. Often the inter-
ference may be eliminated simply by making the plate leads of the rectifier ex-
tremely short. In general, the particular method of interference elimination must
be selected by experiment for each installation.

OUTPUT-COUPLING DEVICES

An output-coupling device ig used in the plate circuit of a power output tube
to keep the comparatively high dec plate current from the winding of an electro-
magnetic speaker and, also, to transfer power efficiently from the output stage to a
loudspeaker of either the electromagnetic or dynamic type.

PLATE y (€= 2-6pf
PLATE e (L
O . INPUT 0-30H
INPUT e B+ CHOKE | GUDSPEAKER
LOUDSPEAKER
B8+ _? CATHODE ?
TRANSFCRMER METHOD CHOKE-COIL METHOD

Fig. 76

Output-coupling devices are of two types, (1) choke-capacitor and (2) transformer.
The choke-capacitor type includes an iron-core choke with an inductance of not less
than 10 henrys which is placed in series with the plate and B-supply. The choke
offers a very low resistance to the de plate current component of the signal voltage
but opposes the flow of the fluctuating component. A bypass capacitor of 2 to
6 pf supplies a path to the speaker winding for the signal voltage. The transformer
type is constructed with two separate windings, a primary and a secondary wound
on- an iron core. This construction permits designing each winding to meet the
requirements of its position in the circuit. Typical arrangements of each type of
coupling device are shown in Fig. 76. Examples of transformers for push-pull
stages are shown in several of the cireuits given in the CIRCUIT SECTION.

HIGH -VOLTAGE CONSIDERATIONS FOR KINESCOPES

Like other high-voltage devices, kinescopes require that certain precautions
be observed to minimize the possibility of failure caused by humidity, dust, and
corana.

Humidity Considerations. When humidity is high, a continuous film
of moisture may form on the glass bulb immediately surrounding the anode
cavity cap of all-glass kinescopes or on the glass part of the cone of metal kine-
scopes. This film may permit sparking to take place over the glass surface to the
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external conductive coating or to the metal cone. Such sparking may introduce
noise into the receiver. To prevent such a possibility, the uncoated bulb surface
around the cap and the glass part of the cone of metal kinescopes should be kept
clean and dry.

Dust Considerations. The accumulation of dust on the uncoated area of the
bulb around the anode cap of all-glass kinescopes or on the glass part of the cone
or insulating supports for metal kinescopes will decrease the insulating qualities
of these parts. The dust usually consists of fibrous materials and may contain
soluble salts. The fibers absorb and retain moisture; the soluble salts provide
electrical leakage paths that increase in conductivity as the humidity increases.
The resulting high leakage currents may overload the high-voltage power supply.
It is recommended, therefore, that the uncoated bulb surface of all-glass kinescopes
and the coated glass surface and insulating supports for metal kinescopes be kept
clean and free from dust or other contamination such as finger-prints. The coated
glass surface of the metal kinescopes may be cleaned with a soapless detergent,
such as Dreft, then rinsed with clean water, and immediately dried.

Corona Considerations. A high-voltage system may be subject to corona,
especially when the humidity is high, unless suitable precautions are taken. Corona,
which is an electrical discharge appearing on the surface of a conductor when the
voltage gradient exceeds the breakdown value of air, causes deterioration of organic
insulating materials through formation of ozone, and induces arc-over at points
and sharp edges. Sharp points or other irregularities on any part of the high-voltage
system may increase the possibility of corona and should be avoided. In the metal-
cone kinescopes, the metal lip at the maximum diameter has rounded edges to
nrevent corona. Adequate spacing between the lip and any grounded element in
the receiver, or between the small end of the metal cone and any grounded element,
should be provided to preclude the possibility of corona. Such spacing should not
be less than 1 inch of air. Similarly, an air space of 1 inch, or equivalent, should be
provided around the body of the metal cone. As a further precaution to prevent
corona, the deflecting-yoke surface on the end adjacent to the cone should present
a smooth electrical surface with respect to the small end of the metal cone or the
anode terminal of all-glass tubes. For metal kinescopes, the end of the yoke should
not touch the glass part of the cone above the Reference Line (see Kinescope Out-
line Drawings in OQOUTLINES SECTION), but can follow the glass contour,
departing gradually from it. For all-glass kinescopes, the yoke should touch the bulb
cone near the Reference Line, and should follow the cone contour, departing
gradually from it.

KINESCOPE SAFETY CONSIDERATIONS

Tube Handling. Breakage of kinescopes, which contain a high vacuum, may
result in injury from flying glass. Do not strike or scratch the tube or subject it
to more than moderate pressure when installing it in or removing it from electronic
equipment.

High-Voltage Precantions. In the use of kinescopes, it should always be re-
membered that high voltages may appear at normally low-potential points in the
circuit because of capacitor breakdown or incorrect circuit connections. There-
fore, before any part of the circuit is touched the power-supply switch should be
turned off, the power plug disconnected, and both terminals of any capacitors
grounded.

X-Ray Radiation Precautions. All types of picture tubes may be operated at
voltages (if ratings permit) up to 16 kilovolts without producing harmful x-ray
radiation and without danger of personal injury on prolonged exposure at close
range. Above 16 kilovolts, special x-ray shielding precautions may be necessary.
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Interpretation of Tube Data

The tube data given in the following TUBE TYPES SECTION include
ratings, typical operation values, characteristics, and characteristic curves.

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

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

Plate dissipation is the power dissipated in the form of heat by the plate as
aresult of electron bombardment. It is the difference between the power supplied
to the plate of the tube and the power delivered by the tube to the load.

Grid-No. 2 (Screen) Input is the power applied to the grid-No. 2 electrode and
consists essentially of the power dissipated in the form of heat by grid No.2as a
result of electron bombardment. With tetrodes and pentodes, the power dissipated
in the screen circuit is added to the power in the plate circuit to obtain the total
B-supply input power.

Peak heater-cathode voltage is the highest instantaneous value of voltage
that a tube can safely stand between its heater and cathode. This rating is applied
to tubes having a separate cathode terminal and used in applications where exces-
sive voltage may be introduced between heater and cathode.

Maximum peak inverse plate voltage is the highest instantaneous plate vol-
tage which the tube can withstand recurrently in the direction opposite to that in
which it is designed to pass current. For mercury-vapor tubes and gas-filled tubes,
it is the safe top value to prevent arc-back in the tube operating within the speci-
fied temperature range. Referring to Fig. 77, when plate A of a full-wave rectifier
tube is positive, current flows from A to C, but
not ifrom B to C, because B is negative. At the
instant plate A is positive, the filament is positive
(at high voltage) with respect to plate B. The <
voltage between the positive filament and the
negative plate B is in inverse relation to that
causing current flow. The peak value of this volt- >
age is limited by the resistance and nature of the
path between plate B and filament. The maxi-
mum value of this voltage at which there is no
danger of breakdown of the tube is known as
maximum peak inverse voltage. The relations be-
tween peak inverse voltage, rms value of ac Fig. 77
input voltage, and de¢ output voltage depend
largely on the individual characteristies of the
rectifier circuit and the power supply. The presence of line surges or any other
transient, or wave-form distortion may raise the actual peak voltage to a value
higher than that calculated for sine-wave voltages. Therefore, the actual inverse
voltage, and not the ealculated value, should be such as not to exceed the rated
maximum peak inverse voltage for the rectifier tube. A calibrated cathode-ray

53

Q1




RCA RECEIVING TUBE MANUAL

oscillograph or a peak-indicating electronic voltmeter is useful in determining the
actual peak inverse voltage. In single-phase, full-wave circuits with sine-wave in-
put and with no capacitor across the output, the peak inverse voltage on a rectifier
tube is approximately 1.4 times the rms value of the plate voltage applied to the
tube. In single-phase, half-wave circuits with sine-wave input and with capacitor
input to the filter, the peak inverse voltage may be as high as 2.8 times the rms
value of the applied plate voltage. In polyphase circuits, mathematical determina-
tion of peak inverse voltage requires the use of vectors.

Maximum peak plate current is the highest instantaneous plate current that
a tube can safely carry recurrently in the direction of normal current flow, The safe
value of this peak current in hot-cathode types of rectifier tubes is a function of the
electron emission available and the duration of the pulsating current flow from the
rectifier tube in each half-cycle.

The value of peak plate current in a given rectifier circuit is largely deter-
mined by filter constants. If a large choke is used at the filter input, the peak
plate current is not much greater than the load current; but if a large capacitor is
used at the filter input, the peak current may be many times the load current. In
order to determine accurately the peak plate current in any rectifier circuit, meas-
ure it with a peak-indicating meter or use an oscillograph. '

Maximum de output current is the highest average plate current which can
be handled continuously by a rectifier tube. Its value for any rectifier tube type is
based on the permissible plate dissipation of that type. Under operating conditions
involving a rapidly repeating duty cycle (steady load), the average plate current
may be measured with a de meter.

Typical Operation Values. Values for typical operation are given for many
types in the TUBE TYPES SECTION. These values should not be confused with
ratings, because a tube can be used under any suitable conditions within its maxi-
mum ratings, according to the application.

The power output value for any operating condition is an approximate tube
output—that is, plate input minus plate loss. Circuit losses must be subtracted
from tube output in order to determine the useful output.

Characleristics are covered in the ELECTRON TUBE CHARACTERIS-
TICS SECTION and such data should be interpreted in accordance with the
definitions given in that section. Characteristic curves represent the character-
istics of an average tube. Individual tubes, like any manufactured product, may
have characteristics that range above or below the values given in the character-
istic curves.

Although some curves are extended well beyond the maximum ratings of the
tube, this extension has been made only for convenience in calculations, Do NOT
operate a tube outside of its maximum ratings.

All tubes in this Manual are rated according to the “design-center system”

as given in RMA Standard M8-210. This standard takes into account the normal
voltage variations of the various power-supply sources used for modern radio re-
ceivers. The Standard M8-210, used with permission of the Engineering Depart-
ment of the Radio Manufacturers Association, follows:

It shall be standard to interpret the ratings on receiving types of tubes
according to the following conditions:

1. CATHODE — The heater or filament voltage is given as a normal value unless
otherwise stated. This means that transformers or resistances in the heater or
filament circuit should be designed to operate the heater or filament at rated value
for full-load operating conditions under average supply-voltage conditions. A
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reasonable amount of leeway is incorporated in the cathode design so that moder-
ate fluctuations of heater or filament voltage downward will not cause marked
falling off in response; also moderate voltage fluctuations upward will not reduce
the life of the cathode to an unsatisfactory degree.

A. 1.4-Volt Battery Tube Types— The filament power supply may be obtained
from dry-cell batteries, from storage batteries, or from a power line. With dry-cell
battery supply, the flament may be connected either directly across a battery
rated at a terminal potential of 1.5 volts, or in series with the filaments of similar
tubes across a power supply consisting of dry cells in series. In either case, the
voltage across each 1.4-volt section of filament should not exceed 1.6 volts. With
power-line or storage-battery supply, the filament may be operated in series with
the filaments of similar tubes. For such operation, design adjustments should be
made so that, with tubes of rated characteristics, operating with all electrode volt-
ages applied and on a normal line voltage of 117 volts or on a normal storage-
battery voltage of 2.0 volts per cell (without a charger) or 2.2 volts per cell (with a
charger), the voltage drop across each 1.4-volt section of filament will be main-
tained within a range of 1.25 to 1.4 volts with a nominal center of 1.3 volts. In
order to meet the recommended conditions for operating filaments in series from
dry-battery, storage-battery, or power-line sources it may be necessary to use
shunting resistors across the individual 1.4-volt sections of filament.

B. 2.0-Volt Battery Tube Types—The 2.0-volt line of tubes is designed to be
operated with 2.0 volts across the filament. In all cases the operating voltage range
should be maintained within the limits of 1.8 volts to 2.2 volts.

2. POSITIVE POTENTIAL ELECTRODES —The power sources for the
operation of radio equipment are subject to variations in their terminal potential.
Consequently, the maximum ratings shown on the tube-type data sheets have
been established for certain Design Center Voltages which experience has shown
to be representative. The Design Center Voltages to be used for the various power
supplies together with other rating considerations are as given below:

A. AC or DC Power Line Service in U.S.A. The design center voltage for this
type of power supply is 117 volts. The maximum ratings of plate voltages, screen-
supply voltages, dissipations, and rectifier output currents are design maximums
and should not be exceeded in equipment operated at a line voltage of 117 volts.

B. Storage-Battery Service— When storage-battery equipment is operated
without a charger, it should be designed so that the published maximum values of
plate voltages, screen-supply voltages, dissipations, and rectifier output currents
are never exceeded for a terminal potential at the battery source of 2.0 volts per
cell. When storage-battery equipment is operated with a charger, it should be de-
signed so that 909, of the same maximum values is never exceeded for a terminal
potential at the battery source of 2.2 volts.

C. “B”-Battery Service--The design center voltage for ‘“B’’ batteries is the
normal voltage rating of the battery block, such as 45 volts, 90 volts, ete. Equip-
ment should be designed so that under no condition of battery voltage will the plate
voltages, the screen-supply voltages, or dissipations ever exceed the recommended
respective maximum values shown in the data for each tube type by more than 10%.

D. Other Considerations —

a. Class A1 Amplifiers—The maximum plate dissipation occurs at the ‘‘Zero-
Signal’’ condition. The maximum screen dissipation usually occurs at the condition
where the peak-input signal voltage is equal to the bias voltage.

b. Class B Amplifiers —The maximum plate dissipation theoretically occurs
at approximately 639, of the ‘* Maximum-Signal’’ condition, but practically may
occur at any signal voltage value.
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c. Converters— The maximum plate dissipation occurs at the ‘‘Zero-Signal’’
condition and the frequency at which the oscillator-developed bias is a minimum.
The screen dissipation for any reasonable variation in signal voltage must never
exceed the rated value by more than 109,.

d. Screen Ratings—When the screen voltage is supplied through a series
voltage-dropping resistor, the maximum screen voltage rating may be exceeded,
provided the maximum screen dissipation rating is not exceeded at any signal con-
dition, and the maximum screen voltage rating is not exceeded at the maximum-
signal condition. Provided these conditions are fulfilled, the screen-supply voltage
may be as high as, but not above, the maximum plate voltage rating.

3. TYPICAL OPERATION —For many receiving tubes, the data show typi-
cal operating conditions in particular services. These typical operating values are
given to show concisely some guiding information for the use of each type. They
are not to be considered as ratings, because the tube can be used under any suitable
conditions within its rating limitations.

61



RCA Receiving Tube Classification Chart

RCA receiving tubes are classified in the following chart according to func-
tion and filament or heater voltage. Types having similar electrical characteristics

A—Kinescopes
KINESCOPES
Acpprox. Bulb Diameter (Inches) 35 ? 9 10 12 16 (Maetal) | 19 (Metal)
Focusing Method {DeRection Method
Directt elecrostatic electosiatic KP4 1JP4
Viewed elech i gneti 7DP4 9AP4 12AP4
mognetic magnetic 10BP4A | 1Pea | JSADAA  joupsn

Projection lectastati anati STP4

B—Rectifiers, Detectors, Power and Voltage Amplifiers, Converters and Mixers, Electron-Ray Tubes

Types having similar characteristics and the same filament or heater volfage ave bracketed.

Filament or Heater Voits 1.25—1.4 20—5.0 6.3—117.0
Sub- Minio-
miniatvre ture Other Octol Other | Miniature Octal Other
RECTIFIERS (For rectifiers with amplifier vnits, see POWER AMPLIFIERS).
Peak laverse Volts
| gema | w
Half- Below 1500
Wave vocyum ow 0D ﬁsgf& 15Y4 3523
Above 1500 1V2 1X2A|1B3-CT 81
{5Y2.G 5AZ4{524) (624{6X5,605-GT)
Y3.GT. 5Y4.Gy80) 6AXS5-CT TY4
Below 1500 6IY5.G 124
vacuum [5v4.G, sw4 ga.v) B4/624
4,
Full- Abave 1500 [5T e 5E]
Wave
ercurys
m m‘;’gf Above 1500 2 8
- Cold-Cathode
gas Below 1500 Types
0Y4074,024.C
(2526, BBGT 25)
Dovbler vacuum Betow 1500 [553}’76:81- X4
11726-G
DIQODE DETECTORS (For diode detectors with omplifier wnits, see YOLTAGE AMPLIFIERS and olso POWER AMPLIFIERS).
Ons Diode 1A3
6ALS (6H6, 6HAGT
Two Diodes 12AL5 e eT) A6
POWER AMPLIFIERS with and without Rectifiers, Diode Deteciorns, and Voltage Amplifiers.
low-my single unit 334637'1:2 % Ms'.?
single unit BACS-CT
Trode | pichm (1J6GT [19) {6N7. 6N7.GT | 6A6)
twin unit 1G6.CT 53 SAQILLT 627G »
direct-coupled amangement 6N6-G 685
6ASS 6AUS.GT 6BCAG| 6L6 TAS 14A3
8BOCCT 6CDLCBLEG) | 7G5 4G
il ur 1056 e o1 [0l L6
single unit T Fsas, 5C5) | 16V6-GT) 6Y6L {25L6-GT, 35A5
¥ T 5085, 50C5 ISL6CT 50AS
MTubq 3LF4* 19BGA-G S0C60 50L60T
NIGT
7L7.CT
with rectifies [lﬁ%&'l‘]
1ITNICT
it IAS.CT 1F4{IF3.G f8AKs [ 606C)  BAG? TBS JAD?
N . o I&T 1054((1 ZASJ ) (6Fs, 6F6.CT . k.
single unib 1ACS ‘%‘: LAY Ban 6ARS eKeCTh) @
_pve ILB4 (2546 |3
Pentod with medi triode 6AD7-G
with diode and triode 1ID&CT
with rectifier LAz
Fwin unit 1247
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are grouped in brackets. For more complete data on these types, refer to the TUBE
TYPES SECTION. When choosing a tube type, refer to information on Preferred
Types and the listing of Types Not Recommended for New Equipment Design on the
inside back cover.

Filament or Heater Voits 1.95—1.4 2.0—5.0 6.3—111.0
Sub. | Minic.
ninlufml ture l Other Octal I Other Mhr'cfm' Octal I Other
CONVERTERS & MIXERS (For other fypes used a1 Mixars, soe VOLTAGE AMPLIFIERS).
{6BES | 6547 ] [mm.c.
65A7.GT, SABGT, 6D8.G| 6A7
d w | ows | e | 5SS s
Pentag 1LCé 7y 86 127 )
Converters 1IBA7 (6BAT |65B7.Y] = 12ABCT
triode-hexode (68, 6KB-C} 12K8
triode-heptode $J8G 7S7 757 4]
octode 7A8
Mixers pentagrid (e, 62G)
JELECTRON.RAY TUBES
Single with remote-cutoff triode G6AB5/6N5 6U5
with sharp-cutoff tricde 2E5 6ES
Twin without triode 6AF6.G
Triple with triode . GALTGT
VOLTAGE AMPLIFIERS with and without Diode Detecton;
TRIODE, TETRODE, AND PENTODE DETECTORS, OSCILLATORS,
IGAGT 6C5,605.C
single unit ILE3 (Hec|30) 7z s6f oCé es¢ | (605 6J£-CT] 12J56T ‘;M 14A4
% (6Ls.GC 6P5.CT[76) 37
with of
pentode 6F7
with power
oenode SADIG
mediumemu | with
entode ID8.GT
ond dicde 3ABGT®
with two [ 6RY, au-c'r] 7E6 14E6
1H6.G | IBS 6BF6 |6SR7, 65T7 &
diodes ¢ o ] 115R7
636 196 |(6FB.G. 6SNZ.GT) 11SNIGT [7AF7 H4AFY
Tedode twin wnit 2AU7 «:a-cm IZAHZCT | 778 148
N7 14N7
(6F3. 663G 1ZFS.GT
single unit GADH mw&q) ST B4
125F5, BACSCT
with diode nooer
12AT6 {6AT6 | 607, 6Q7.C 12Q7.GT
. Migh-my with two [Mos %.cq’m] 3;4: 7B6  14B6
diodes A8 [1Ave [MVG ﬁoz.asqrm] [ lmr] w N
6B6.C 125Q7.GT,
ith three
wils theoe &T8, I5T8 6S8.GT, 1258.GT
12AT7S 65C7, 125C7 T W7
fwin unlt 12AX74 6SLI.CT, 125L7.CT KT 0
. remote-cutoff »
shamp-cutolf A R 3%
(6BD6 { 6SK7. 65K7.GT) [6K7. 6KI.G
T 1nes (DsCP| 1A48) u{sw. ' .usgﬁcn[m%%g ﬁulg
" i 1T+
e unit IPSCT g (i3oas | 155 [otn [ &) | g
6BJ6 6AB7 6587 487G /4
ramote-cutoll with miode &7
with diode 65F7, 125F7
with twa T 12C8 B8 7E7 E7
Pontod diodes 6B8-G TRT I4R7
6AGS, 6AK5] [r6s 12557 7 6ACT
[wcucsa] [asg-c'r] stn.cr 12pGT | IAGT 767
. 1A 1LCS 12AW6 plo R e
Hegle vl 1ADS o n'esu.qc.:"r g 13‘9 6AU6 | 6SHT)  [657.6J7.G, 6]7-GT ik
sharp-cotolf . 13AUS IZSI'D} [ " 6Ck, 6WIG 77] ™
with dicde ITé 155 1US | ILDS
ith twi
with two. w16 | tFe
* Filament arranged for cither 1.4t 2.8-volt 3 & Heater d For either 63-0r }2.6-volt operation.




1 — Glass Envelope
~ % \N@" 2 — Internal Shield
(e ‘- ,
1H// ' 4 — Grid No. 3 (Suppressor)
’éji ;:i' 3 - 5 — Grid No. 2 (Screen)
' 6 — Grid No. 1 (Control Grid)
‘Ii 7 — Cathode

| 1= 7 39 . 8 — Heater

Bl /3] ; e 9 — Exhaust Tip
(( P i b gz | 10 - Getter
] | =050 ! 11 — Spacer Shield Header

13 — Spacer Shield

, B ) 12 — Insulating Spacer
VNl 7'-"\\\ -ﬂ"l 14 — Inter-Pin Shield

3 — /60
NI A
) fj ) 15 — Glass Button-Stem Seal
i 16 — Lead Wire

17 — Base Pin
18 — Glass-to-Metal Seal

214 times actual size

Structure of a Miniature Tube



RCA Tube Types

This section contains technical descriptions of RCA tubes used in standard
broadcast, FM, and television receivers. It includes data on current types, as
well as information on those RCA discontinued types in which there may still be
some interest as to characteristics.

In choosing tube types for the design of new electronic equipment, the designer
is referred to the inside back cover for information regarding the availability of the

latest RCA Preferred Types List and for a listing of RCA Tube Types Not Rec-
ommended for New Equipment Design.

Tube types are listed in this section according to the numerical-alphabetical
sequence of their type designations. For Key to Socket Connection Diagrams, see
inside front cover.

DETECTOR AMPLIFIER TRIODE

Storage-battery triode used as detector or
e e amplifier. Qutline 36, OUTLINES SECTION.
Operating conditions as grid-resistor detector
are: plate volts, 45 max; grid resistor, 2 to 3 meg-
ohms; grid ecapacitor, 250 upf; grid return to
(+) filament. As biased detector, type ¢1-A has OI' "A
* plate volts of 135 max; bias of approximately
o o ~13.5 volts. As amplifier, it has plate volts of
F F 135 maz; bias of -9 volts. Filament volts, 5;
amperes, 0.25. This is a DISCONTINUED
type listed for reference only.

.0
)

HALF-WAVE GAS RECTIFIER

*

Metal type used primarily in vibrator-type
B-supply units of automobile receivera. Utilizes
a starter electrode and an ionically heated cath-
ode. Starter anode permits operation of OY4 di- 0Y4
rectly from 117-volt ac line. Outline 3, OUT-
LINES SECTION, Tube requires octal socket.
Pins 7 and 8 must be tied together at socket.
RPF filter circuits placed close to socket terminals
are required to reduce rectifier noise. Ratings as
half-wave rectifier with capacitor-input filter: peak inverse anode volts, 300 maz; peak anode ma., 500
maz; dc output ma., 75 max, 40 min; series anode resistance (117-volt line operation), 50 min ohms;
tube voltage drop (approx.), 12 volts; minimum ac starting voltage when starter anode is connected to
anode through a 10-megohm resistor bypassed with a 0.002-uf capacitor, 100 volts rms. This type is
used prineipally for renewal purposes,

FULL-WAVE GAS RECTIFIER

Metal type OZ4 and glass octal type QZ4-G
are used in vibrator-type, B-supply units. Both
have ionically heated cathodes, require octal
sockets, and may be mounted in any position. OZ 4
0Z4 Outline 2, OUTLINES SECTION. QZ4-G
dimensions: maximum overall length, 2-5/8
inches; maximum diameter, 1-1/16 inches; T-7
bulb; dwarf-shell octal 5-pin base. Base of OZ4-G
0Z4-G has no pin No. 2. Shell of OZ4 and ex-
ternal shield of 0Z4-G should be grounded.
Filters may be necessary to eliminate objection-
able noise, These types are used principally for
renewal purposes.
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Maximum Ratings: FULL-WAVE RECTIFIER

PEAK STARTING SUPPLY VOLTAGEPER PLATE. . .............. s
PEAK PLATE-TO-PLATE VOLTAGE. . .. ...u0ivirrnriinnee s treasane
PEAK PLATE CURRENT. . ... ..iinvvrmannnnn Seteratiaaecrsessnnesaes
DC OuTPUT CURRENT............. e P
DC OUTPUT VOLTAGE. ., ............ e eeritieieeana tresemaaietaas
AVERAGE DyNaMic TuBE VOLTAGE DRoP. .... G emeeeaan fee e
HF DIODE

Miniature type used as detector tube in porta-

ble FM receivers and in portable high-frequency

l A3 measuring equipment. Outline 12, OUTLINES

SECTION. Tube requires miniature seven-con-
tact socket. Heater volts (ac/de), 1.4; amperes,

0.15.
Maximum Ratingst HALF-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE. .. ...t vrrirrrrrrsrrnreanrnsersarsrsas
PEAK PLATE CURRENT . & 4 vttt i ttatnenntronncnas Cereaan teaenaans
DC OUTPUT CURRENT. . 4 ..t ctenrronnnrrrnenioranesans

PEAK HEATER-CATHODE VOLTAGE. . . ...vvivrsvnnnneesnnans beeessenn

Typical Operation (With Capacitor-Input Filter):

AC Plate-Supply Voltage (rms) .................... aretareanesenne
Filter-Input Capacitor. . .. ... ... i i sirerrreracnnsannns wees
Minimum Total Effective Plate-Supply Impedance. .. .....c.cvncnnene

REMOTE-CUTOFF PENTODE

Glass type used in battery-operated re-

i celvers as rf or if amplifier. For ratings and op-

l A4- P erating data, refer to type 1D5-GP. Qutline 34,
‘ OUTLINES SECTION. Tube requires four-

contact socket. Filament volta {de), 2.0; amperes,
0.06. This type is used principally for renewal

purposaes,

POWER PENTODE

300 min
1009 max
200 mazx
{ 756 max
30 min
300 max
24

volts
volts

volts
volts

330 max volts

5 max ma
0.5 max ma
140 max wvolts
117 voits

2 uf

0 ohmas
G ¢

e ]
27

-

Glass octal type used in output e G) /]

-I A 5 GT stage of battery-operated receivers.
- Outline 22, OUTLINES SECTION.

Tube requires octal socket and may "4-

be mounted in any position. For fila-
ment considerations, refer to 1U4.

FILAMENT VOLTAGE (DC)s i vvvsnccnsnnsansss
FILAMENT CURRENT...... et eeeriaaeietttasinranns fhebsarbeeanene
Maximum Ratings: . CLASS A, AMPLIFER

PLATE VOLTAGE. . .. .. i itiivinererssannesnarsansennnnse vesseevsessanens
GRID-NO.2 (SCREEN) VOLTAGE . ....ccvvrenvrennannes Cvermeranaes
Toral ZERO-SIGNAL CATHODE CURBRENT. . .. ..ovvvvnncans

(De-
A |

NC NG
1.4 voits
0.06 ampere
110 max volts
110 maz volts
6 max ma
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Typical Operation:

Plate Volta8Ee. . . ... .. ittt ittt et e i e s einnaarsnans 86
Grid-No.2 Voltage................ Cre e raeear e aa 85
Grid-No.1 (Control-Grid) Voltage. .. ......... v renirunnnenecans 4.5
Peak AF Grid-Noa.l Voltage. . ..........cciiiiiienriennnrnneann 4.5
Zero-Signal Plate Current. . ... ... ... ... . . ittt 3.6
Maximum-Signal Plate Current. ... ............c0iriiiirennenns 8.5
Zero-Signal Grid-No.2 Current. . ... .. . ciiivicnernininaeennn 0.7
Maximum-Signal Grid-No.2 Current..............cccvivee v, 1.0
Plate Resistance (ADPDroX.) . ... .vt ittt ncnnenrrannesanennennn 0.3
FransconductBUCE. . . ... .uvrnerrennnnaoncasonsareecannas eeas 800
Load Resistance. . .. ... . ... i iiiirnreoarasenncntsnnnsncnas . 25000
Total Harmonic Distortion............. Chisasenian ereneasaee 10
Maximum-Signal Power Output.. ... voueeesiriinreincsrcnnsans 100

PENTAGRID CONVERTER

Glass type used in battery-operated re-
ceivers. Type 1A86 is identical electrically with
type 1D7-G, except for interelectrode capaci-
tances. Qutline 34, OUTLINES SECTION.
Tube requires six~contact socket. Filament volts
(dey, 2.0; amperes, 0.06. This type is used prin-
cipally for renewal purposes.

PENTAGRID CONVERTER

Glass octal type used in superhet-
erodyne circuits having battery power
supplies. Outline 23, OUTLINES SEC-
TION. Tube requires octal socket and
may be mounted in any position. For
filament considerations, refer to 1U4.

FILAMENT VOLTAGE {DC}. . . ..ttt ieicriineneransssnarcnncnnssss areescs
FILAMENT CURRENT . .......cconecsvanarave Wesit et asaanaan R,

Maximum Rotirigs: CONVERTER SERVICE

PLATE VOLTAGE. ... . veverranrcncnnacsstonesassscanss cevieenanens
GRID8-N0.3-AND-N 0.5 (scnmn) VOLTAGE . s s vvreeernnersvsanes Cheens
GRIDS-N0.3-AND-NOG.b SUPPLY VOLTAGE . cetseecssncnsscsnsaasoae P
GRID-N0.2 (ANODE-GRID) VOLTAGE. . ........ sesaseana eeeee srreraas
TOTAL ZERO-SIGNAL CATHODE CURRENT. ......... heaeans P .

Typical Operation:

Plate Voltage. . ... ..ottt iiiinannns e S eersasnrananunns
Grids-No.3-and-No.b Voltage® . ... ..... i iviiiiecrrnriorisnnns e
Grid-No.2 Voltage .......... vt irviiiacnnones N
Grid-No.4 (Control-Grid) Voltage®™*, . ... raeemeen Ceeaenn Chesaanens .
Grid-No.1 (Oscillator-Grid) Resistor. . . ... ...ttt itiitiinnrnnnasnan
Plate ReSiBtaNCE. . ...ttt ittt iieestsnnsesesnsoamennesnsnnn ‘e
Conversion Transconductance. .. ... .. it inrrervarcnnrssrinenanne
Conversion Transconductance with grid-No.4 bias of ~3 volts (Approx.).
Plate Current. ... ........ccccus b eareeeceasaeratarea et

Grid-No.2 CUITENt . . v o v vt erevreocnosennnsaanrsoaaronsnonnannanes
Grid-No.l Current. . ... ...t trentorrocirsentsnosanssrsssarssesan
Total Cathode Current. .............. et eav et tenanaaeaa e

1A6

1A7-GT

005

110 max
60 moz

110 max
110 max
6 max

*Obtained preferably by using a bypassed 45000- to 75000—ohm voltage-dropping resmtor m series with

the 90-volt supply.

#+ A resistance of at least 1.0 megohm should be in the grid return to negative filament pin.
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POWER PENTODE

Subminiature type used in output

'l AC 5 stage of small, compact, battery-oper-

ated receivers for the standard AM

broadcast band. It is capable of moderate

power output with a very small input

voltage. The 1AC5 and the other RCA subminiature types 1ADS5, 1ES8, and 1T6

comprise a complete tube complement for lightweight portable radio receivers
having extremely low battery drain.

FILAMENT VOLTAGE (DC) . . .. v vvunenns et et rarreraa e ea e 1.256 volts
FILAMENT CURRENT. .. . .. vonvinnnnnn e tse sttt 0.04 ampere
Maximum Ratings: CLASS A, AMPLIFIER

PLATE VOLTAGE. . .. i ittt it tatenenansoeentaneronresenrnsnsennsss 67.5 max volts
GRID-NO.2 (SCREEN) VOLTAGE. . . vt it isnnrrrnnsnnneanrannnsnas e 67.5 max volts
TOTAL CATHODE CURRENT . . . .ttt sttt in e sacnntrerinnenennss i eerena. 4.0 max ma
Typical Operation:

Plate Voltage. . . ... ... ... .iurviennrnnens 30 45 67.5 volta
Grid-No.2 Voltage. .. .......civiriirerneensns 30 45 67.5 volts
Grid-No.l (Control-Grid) Voltage. ............ -2 -3 4.5 volts
Peak AF Grid-No.1 Voltage. . ................ 2 3 4.5 volts
Zero-Signal Plate Current. _ . ................. 0.5 1.0 2.0 ma
Zero-Signal Grid-No.2 Current................ 0.1 0.2 0.4 msa
Plate Resistance. . ... ....... it irnvnnnnnnna 0.2 0.17 0.15 megohm
Transconductance. . . ............c0cvanrnsen. 450 600 750 pmhos
Load Resistance. . .. ........c.iiiinrnnnnnsn 50000 40000 25000 ohms
Total Harmonic Distortion. .. ................ 10 10 10 per cent
Maximum-Signal Power Qutput. .............. 1 15 50 mw

INSTALLATION AND APPLICATION

Type 1ACS5 requires a subminiature elght-contact socket and may be mounted
in any position. Do not attempt to solder the base pins to any circuit element be-
cause the heat of the soldering operation may crack the glass seal, Although the
base pins are sturdy, they can be bent. It is essential, therefore, that the pins be

AVERAGE PLATE CHARACTERISTICS

10,0
TYre 1ACS
- Ee=125 VOLTS OC
g - GRID-NR2 VOLTS 2 67.5
w
o
X 0.0
<
o
]
z
N
Y 8.0 % ¥ -
ECH
fa ‘\[0‘-15 LI
N STy -l
" @\o ]
z (<) / /“ -2
Ea oL /
© % %, Eciz-3
x [ L~
r /\ ( I
-l y -5
E 20 > / <Tica ]
e L, "] =l il
T —T EC1=0 -7
! ECi=-8
. 1
o 20 40 &0 ad 100 120 40 160
PLATE VOLTS
P2CM=T24TT

straight before they are inserted into the socket. Insertion will be facilitated if pins
1 and 8 are first aligned with their respective socket holes and the tube then gently
pressed into the socket. Outline 8, OUTLINES SECTION.
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The filament of the 1AC5 may be connected directly across a dry-cell battery
rated at a terminal potential of 1.5 volts. In no case should the voltage across the

filament ever exceed 1.6 volts. For additional filament considerations, refer to
ELECTRON TUBE INSTALLATION SECTION.

Camy & SHARP-CUTOFF PENTODE

Subminiature type used as rf or if
amplifier in stages not controlled by
avcinsmall,compact,battery-operated ]ADS
receivers for the standard AM broad-
cast band. Because of internal shield-
ing feature, an external bulb shield is not needed, but socket shielding is essential
if minimum grid-No.1-to-plate capacitance is to be obtained. The 1AD5 and the
other RCA subminiature types 1AC5, 1E8, and 1T6 comprise a complete tube
complement for lightweight portable radio receivers having extremely low battery
drain. Outline 8, OUTLINES SECTION. Tube requires subminiature eight-con-
tact socket and may be mounted in any position. For installation and application
considerations, refer to type 1AC5.

FILAMENT VOLTAGE (DC) . 1t v ittt tnnntavonanernsrasesseeenssnnsoneeenn 1.25 volts
FILAMENT CURRENT . . . o o vttt vt e masonteesontnenaseneneesasinesnnenens 0.04 ampere
Dmecr INTERELECTRODE CAPACITANCES ( No external shields):

Grid No.l to Plate. ... ..ot iii it ittt it ietniennanrraraurnnnns. 0,010 max puf

2«1 O 1.8 upf

U PUL. . ittt iae ittt cn et ittt e e et 2.8 puf
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VoL AGE . ... .ttt ittt tnn et aetireennranessensncneenaannsens 67,5 mazx volts
GRID-NO.2 (SCREEN) VOLTAGE. . . . . vuvivr e innrennanneranne e 67.5 mazx volts
TOTAL CATHODE CURRENT. 44 c v vt nunsnsensnssroasesnrsoantnnsronsona 4.0 max ma
Typical Operation:
Plate Voltage. .. .covveivtireienivenrnsnnsans a0 456 67.6 volts
Grid-No.2 Voltage. ...........oviviiinvnncnnas 30 45 67.5 volts
Grid-No.1 (Control-Grid) Voltage. . . .......... 0 0 0 volts
Plate Resistance (ApProx.)....c.ccovevuenrunn. 0.7 0.7 0.7 megohm
Transconductanee. .. .......oovvenvereenonnes 430 630 735 uwmhos
Grid-No.1 Bias (Approx.) for plate current of 10ua -3 —4 -6 volts
Plate Current. . ... ... ..ttt iiinnenannnns 0.45 0.9 1.85 ma
Grid-No.2 Current. . oo ccv v iinnnvnrininnnnns 0.16 0.35 0.75 ma

AVERAGE PLATE CHARACTERISTICS
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HALF-WAVE VACUUM . i
RECTIFIER ;

Glass octaltypeused in high-voltage,
183_6"' low-current applications such as the
rectifier in a high-voltage, rf-operated r
power supply or as a rectifier of high-
voitage pulses produced in television 1C ic
scanning systems. When used as an rf rectifier, one 1B3-GT in a half-wave circuit
is capable of delivering a maximum dec output voltage of about 15000 volts. In a
voltage-doubler circuit, two tubes will give about 80000 volts; and in a voltage-
tripler circuit, three 1B3-GT’s will deliver 45000 volts approximately.

FILAMENT VOLTAGE (AC) . . i vtiitvnneesreneenensnssooeneasnssssessnenns 1.26 volta
FILAMENT CURRENT. . ..\t iuttt st et e it ee e eestaeseasssneassaenes 0.2 ampere
DiRECT INTERELECTRODE CAPAGITANCE (No external shield): _

Plate to Fllament (ADDrOX.) ...t urt it ttrterinettnsneacssssoansenssne 1.6 unf

Maximum Rotings:

PEAK INVERSE PLATE VOLTAGE. . ... vutcscnnnnnrans i earaaneaata e, 30000 max volte
PRAK PLATE CURRENT . . . .. trrtuunssennrenonsneeroasussasnseesonennes 17 max ma
AVERAGE PLATE CURRENT. ... ...ttt ittttttannreeesatenssnsnscansnssoanes 2 mazx ma
FREQUENCY OF SBUPPLY VOLTAGE. . . ... .0t iettttne e e s onrmneannns 300 maz Ke

INSTALLATION AND APPLICATION

Type 1B3-GT requires an octal socket and may be mounted in any position.
Plate connection is cap at top of bulb. Internal connections are made to pins 1, 3, 5,
and 8. These pins may be connected to pin 7, otherwise, they should not be used.
Outline 29, OUTLINES SECTION.

When the filament is to be operated on rf, it is recommended that the filament
be connected first to a dc or low-frequency ac supply of 1.25 volts. The color tem-
perature of the filament corresponding to this voltage may then be checked visu-
ally by observing in a darkened room the reflection of the incandescent filament
upon the upper surface of the internal shield. A visual comparison of this color
temperature with that obtained with the filament operated from an rf voltage
provides a convenient means for adjusting the amount of rf excitation to produce
1.25 volts (rms) at the filament terminals. The filament must never, under any
conditions of operation, be allowed to reach a temperature higher than that caused
by operating the filament on dc or low-frequency ac at a voltage of 1.5 volts.
Operation at higher temperatures, even momentarily during circuit adjustments,
is certain to cause impaired performance of the tube even though the filament
still lights.

The filament transformer, whether it is of the iron-core or the air-core type, must
have sufficient insulation to withstand the maximum peak inverse plate voltage
encountered in the installation.

The high voltages at which the 1B3-GT is operated are very dangerous. Great
care should be taken to prevent coming in contact with these high voltages. In
those circuits where the filament circuit is not grounded, the filament circuit oper-
ates at de potentials which can cause fatal shock. Extreme precautions must be
taken when the filament voltage is measured. These precautions must include safe-
guards which definitely eliminate all hazards to personnel.

When used in television receivers and other equipment operating at 16000
volts or above, the 1B3-GT will produce X-rays which can constitute a health
hazard unless the tube is adequately shielded.
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FILAMENT VOLTAGE (DC).

SHARP-CUTOFF PENTODE

Glass type used as rf amplifier or detector
in battery-operated receivers. Qutline 34, GUT-
LINES SECTION. Tube requires four-contact
socket. For typical operating conditions and
maximum ratings as a class A; amplifier, refer
to type 1E5-GP. Filament volts (de), 2.0; am-
peres, 0.06. This type is used principally for re-
newal purposes.

TWIN DIODE —MEDIUM-MU TRIODE

Glass type used as combined detector, am-
plifier, and ave tube in battery-operated re-
ceivers. QOutline 32, OUTLINES SECTION.
Tube requires six-contact socket. Filament volts
(de), 2.0; amperes, 0.06. Typical operation as
class A, amplifier: plate volts, 135 mazx; grid
volts, —3; plate ma., 0.8; plate resistance 35000,
ohms; amplification factor, 20; transconduct-
ance, 575 pmhos. This type is used principally
for renewal purposes.

PENTAGRID CONVERTER

Glass octal type used in superheterodyne
circuits having battery power supply. Qutline
23, OUTLINESSECTION. Filament volts (de),
1.4; amperes, 0.1. This is a DISCONTINUED
type listed for reference only. The 1B7-GT may
be replaced by the 1A7-GT if circuit adjust-
ment is made for lower filament current of
type 1A7T-GT.

POWER PENTODE

Glass octal type used in output stage of
battery-operated receivers. Qutline 22, OUT-
LINES SECTION. Tube requires octal socket
and may be mounted in any position. For fila-
ment considerations, refer to 1U4. Type 1CB-
GT is used principally for renewa! purposes.

P I R R R e R R P TN seas s e e

FILAMENT CURRENT . 4 2 o s 0sastasssrntanesoesnenrsnsncanes Cecennom

Maximum Ratings:

CLASS A, AMPLIFIER

PLATE VOLTAGE. . ... i v ierrreccnsronaressanarrencaenrassersnnnas ceeass
GRID-NO.2(SCREEN) VOLTAGE. . ... ..ot vanrsrncesninanss vesane .o
ToTAL ZERO-SIGNAL CATHODE CURRENT. . ... .ot verevnnnnnseas vesenss

Typical Operation:

Plate Voltage. . . ..ottt iiiiinsetreiesrrnannnvanas 83
Grid-No.Z2 Voltage. . .. ........ .. it iiierannn. Ceerata 83
Grid-No.1 (Control-Grid) Voltage . .. ..............ccvuvurn. -7.0
Peak AF Grid-No.1 Voltage .. .......... .. civitnennn Ceeen 7.0
Zero-Signal Plate Current . .. ... ... ... .. . et iiiaan 7.0
Maxinum-Signal Plate Current . .. .. .......... ..cviivuunnn 7.3
Zero-Signal Grid-No.2 Current. .................... eeaen . 1.6
Maximum-Signal Grid-No.2 Current . ... ...........c..c... 3.5
Plate Resistance (AppProxX.). ... ... ..o iinrritivsnsnacnnas 110000
Transconductance. . . ....... c.iivvniinireaccanesnnnsnns . 1500
Load Resistance . ..........c.ccctettrctennerneccanaacnnnnns 9000
Total Harmonie Distortion .. .. ...... ... .0 iitiiniiinnnn 10
Maximum-Signal Power Qutput . ... .....c.c.ivvericcunnenan 200

1B4-P

1B5/25$

187-GT
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PENTAGRID CONVERTER

G2 Gl
Glass type used in battery-operated re- © (2)
ceivers. Similar electrically to type 1C7-G ex- G4
. cept for interelectrode capacitances. Outline 34, / "
] C6 OUTLINES SECTION. Tube requires six-con- g (3) N\ )l

tact socket. Filament volts (de), 2.0; amperes,
0.12. For general discussion of pentagrid types,
refer to Frequency Conversion in ELECTRON o
TUBE APPLICATIONS SECTION. This type

is used principally for renewal purposes.

PENTAGRID CONVERTER

(Glass octal type used in battery-operated

receivers. Outline 33, OUTLINES SECTION.

Tube reguires octal socket, Filament volts (de),

l c7_ G 2.0; amperes, 0.12. Typical operation as conver-

ter: plate volts, 180 max; grids-No.3-and-No.5

(screen) volts, 67.5 max; grid-No.2 (anode

grid) supply volts, 180 (applied through 20000-

ohm dropping resistor bypassed by 0.01-uf

capacitor); grid-No.4 (control-grid) volts, -3;

grid-No.1 (osciilator-grid) resistor, 60000 ohms; plate ma., 1.5; grids-No.3-and-No.5 ma., 2; grid-No.2
ma., 4; grid~-No.1 ma., 0.2. This type is used principally for renewal purposes,

REMOTE-CUTOFF PENTODE

Glass octal type used in battery-operated
receivers as rf or if amplifier. Outline 33, OUT-
LINES SECTION. Tube requires octal socket.

.I D S-GP Filament volts (dc), 2.0; amperes, 0.06. Typical
operation as class A; amplifier: plate volts, 180
max; grid-No.2 (screen) volts, 67.5 mazx; grid-
No.l volts, -8 min; plate ma., 2.3; grid-No.2
ma., 0.8; plate resistance (approx.}, 1.0 megohm;
transconductance, 750 umhos; transconductance
at bias of —15 volts, 15 ymhos. This type is used
principally for renewal purposes.

REMOTE-CUTOFF TETRODE

Glass octal type used in battery-operated
receivers as rf or if amplifier. Outline 33, OUT-
lDS'GT LINES SECTION. Filament volts (de), 2.0;
amperes, 0.06, This isa DISCONTINUED type
listed for reference only. It can be replaced by
type 1D5-GP.

PENTAGRID CONVERTER

Glass octal type used in battery-operated
receiveras. Outline 33, OUTLINES SECTION.
Tube requires octal socket. Filament volts (dc),
2.0; amperes, 0.06, Typical operation as conver-
] D7- G ter: plate volts, grids-No.3-and-No.b volts, grid-
No.2 supply volts, grid-No.4 volts, and grid-No.1
resistor are same as for type 1C7-G; plate ma.,
1.3; grids-No.3-and-No.5 ma., 2.4; grid-No.2
ma., 2.3; grid-No.1 ma., 0.2. This type is used
principally for renewal purposes.

DIODE—TRIODE—POWER PENTODE

(Glass octal type used in compact battery-

operated receivers. Diode unit is used as detector

‘lD 8 GT or ave tube, triode as first audio amplifier, and
- pentode as power output tube. Outline 20, OUT-

LINES SECTION. Tube requires octal socket.

Filament volts (de), 1.4; amperes, 0.1. Maxi-

mum plate volts of triode as well as maximum
plate and grid-No.2 volts of pentode, 110.
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Typical Operation {Pentode Unit): CLASS A, AMPLIFIER
Plate Voltage. . .. ... ... . . it terinnsrannns 45 67.5 90 volts
Grid-No.2 (S8creen) Voltage. .. .......cciiriiiiiinens 45 67.5 90 volts
Grid-No.l (Control-Grid) Voltage. . . ................ 4.5 ] -9 volts
Plate Current. . . ...t iir et erireeniirarenannnns 1.6 3.8 b ma
Grid-No.2 Current. ... .....ovcivuvrccnanaaanassanns 0.3 0.8 1.0 ma
ransconductance. . ... ....cuutisnrsnanrarersonanans 650 875 925 pmhos
Load Resistance, ., ............ e ee it ee e 20000 16000 12000 ohma
Total Harmonic Distortion. . .......icvisvironasanns 10 10 10  percent
Power Qutput. .. .........c00iiuunns Cteterestannns 35 100 200 mw
Typical Operation (Triode Unit):
Plate Voltage. . . ... ... it iriratrinernsnananrans . 45 67.5 90 volts
Grid Voltage. . . ... . i v ir i ciinsnasrssarssnnns 0 0 0 volta
Amplification Factor. . ....... ... i ittt rieonaras 26 25 26
Plate Resistance (APProX.) . ... ..cceveuarcanonccses . 770060 565060 43500 ohms
Transconductance. . ........vivivvrsasvatasnsnsnonas 325 450 875 pmhos
Plate Current .............. Peserenanns Chsaranesan 0.3 0.6 1.1 ma
°2 c SHARP-CUTOFF PENTODE
p ‘ Gy Glass octal type used as rf amplifier or de-
o tector in battery-operated receivers. Qutline 33,

OUTLINES SECTION. Tube requires octal

socket. Filament volts (de), 2.0; amperes, 0.06,

r+ v F- Typical operation a8 class A: amplifier: plate
: G3  wvolts, 180 max; grid-No.2 (screen) volts, 67.5
o o mazx; grid-No.1 volts, —3; plate ma., 1.7; grid-

No.2 ma., 0.6; plate resistance, 1.6 megohms;

transconductance, 650 umhos; grid volts for
plate-current cutoff (approx.), -8, Thias type is

used principally for renewal purposes.

TWIN POWER PENTODE

Glass octal type used in push-pull output
stage of battery-operated receivers. Qutline 22,
OUTLINES SECTION. Tube requires octal
socket. Filament volts (dc), 2.0; amperes, 0.24.
Typical operation as push-pull class A; ampli-
fier: plate and grid-No.2 volts, 135 maz; grid-
No.1 volts, —7.5; plate ma., 10.5; grid-No.2 ma.,
8.5; output watts, 0.575. The two units are used
in the same manner as two separate tubes in

conventional push-pull audio-frequency ampli-
fier circuits. This type is used principally for

renewal purposes.

PENTAGRID CONVERTER

Subminiature type used in small,
compact, battery-operated receivers
for the standard AM broadcast band.
The 1E8 and the other RCA submini-
ature types 1ACH, 1ADS5, and 1T6

1E7-GT

1E8

comprise a complete tube complement for lightweight portable radio receivers
having extremely low battery drain. Outline 8, QUTLINES SECTION. Tube
requires subminiature eight-contact socket and may be mounted in any position.
For general discussion of pentagrid types, see Frequency Conversion in ELEC-
TRON TUBE APPLICATIONS SECTION. For installation and application con-

siderations, refer to type 1ACS.
73



RCA RECEIVING TUBE MANUAL

AR

FILAMENT VOLTAGE (DO0) . . .ttt ieeentnnneneaenesrancassesennnensnns 1.26 volts
FILAMENT CURRENT. . . .............. e tei et araeaieaeranean 0.04 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):

Grid No.3 to All Other Electrodes (RF Input). ... .vvuuerernncrnnnnns 6.0 od

Plate to All Other Electrodes (Mixer Input)...........o0vuv.. dereeans 5.0 upt

Grid No.1 to All Other Electrodes (Oscillator Input) . ......cc0vvneenn. 2.4 p

Grid No3toPlate. .. .........cccitivucinnenn. feceererees Ceveenas 0.4 max uuf

Grid No.3 to Grid No.l. . ... .. . ittt iirenennanens eceeinenans 0.2 max et
Maxi . CONVYERTER SERVICE

aximum Ratings:

PLATE VOLTAGE. . ... ittt it i ierernnenanroreanans cesssserenasy  B7.5 max volts
GRIDS-NO0.2 AND No.4 (SCREEN) VOLTAGE. . .. ..... taaraeirastasenescanne 45 max volts
GRID3-NO.2 AND N0.4 SUPPLY VOLTAGE. .... etaeseesenes eecsresasnsane 67.65 max volts
TOTAL CATHODE CURRENT. . . . ... .. ...t iraccssnornsoanssansnse 4.0 max ma
Characteristics (Separate Excitation): #
Plate Voltage. . . ... ... ... . v iiennnenn. 30 45 67.6 volts
Grids-No.2 and No.4 Supply Voltage. . ........ 30 45 67.5 volts
Grids-No.2 and No.4 Resistor. ................ 10000 15000 20000 ohms
Grid-No.3 (Control-Grid) Voltage. . ........... 0 ¢ 0 volts
Grid-No.l {Osgcillator-Grid) Resistor. .......... 0.1 0.1 0.1 megohm
Plate Resistance (Approx.). . .......oivnveinn. 0.3 0.4 0.4 megohm
Conversion Transconduetance. .. ............. 115 140 150 pmhos
Grid-No.3 Voltage for Conversion Transconduet-

ance of b umhos (Approx.). ................ -7 -8 -9 volts
Plate Current. . ..... ... . . et irninannns 0.3 0.6 1.0 ma
Grids-No.2 and No.d Current............cc... 0.8 1.1 1.6 me
Grid-No.1 Current. .. ......coeviirenrneinans 30 50 70 ua
Total Cathode Current. . .................... 1.1 1.7 2.5 ma

NOTE: The transconductance between grid No.l and grids No.2 and No.4 connected to plate (not
oscillating) is approximately 730 umhos under the following conditions: signal applied to grid No.1 at
zero bias; grids No.2 and No.4 and plate at 30 volts; and grid-No¢.83 grounded. Under the same condi-
tions, the total cathode current is 3 milliamperes and the amplification factor is 3.9,

#The characteristics shown under separate excitation approximate those obtained in a self-excited
oacillator operating with zero bias.

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
WITH SEPARATE OSCILLATOR EXCITATION WITH SEPARATE OSCILLATOR EXCITATION
TYPE 1EB8 = £¢=125 VOLTS DC TyPe IE8 E£ =125 VOLIS DC
GRIDS N22 A N24 frpipnat | RIDS N22 § e Tomo
PLATE SERIES PLATE %‘z'scn‘Ts’j""’
CURVE | voi 15| SupeLy | RE&%SOR RESISTO CURVE vouLTs 22T T InESisToR 21 o
o AD | 675 | 675 | 20060 Y 3 y £ 30 1900
8 45 43 0 3
g A T M [~ T"er5 [ 675 | 20000 {01 70
§ L E D NpBOuGH SERIES RESISTOR OF wo%”%&%c‘%ﬁ&"ﬂ&c%c?ﬁtb?? 8
| ® aPPL: b4
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= VALUE OF I¢ /-\ o
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n \ \ 2
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POWER PENTODE

Glasa type used in output stage of battery-
operated receiverg. Outline 36, OUTLINES
SECTION. Tube requires five-contact socket, IF4
Filament volts (dc), 2.0; amperes, 0.12, Type
1F4 is similar electrically to type 1F5-G. This
type is used principally for renewal purposes.

POWER PENTODE

G
o ‘ Glass octal type used in output stage of
battery-operated receivers. Qutline 35, OUT-
"GY5 LINES SECTION. Tube requires octal socket.
Filament volts (de), 2.0; amperes, 0.12, Typi- lF 5 G
-

cal operation as class Ai amplifier: plate and

ra(2) - grid-No.2 (sereen) volts, 135 (180 maxz); grid-
* w G3 No.1 volts, —4.5; plate ma., 8; grid-No.2 ma.,

o o 2.4; cathode resistor, 432 ohms; output watts,
NC NC 0.31. This type is used principally for renewal
purposes.

TWIN DIODE—
SHARP-CUTOFF PENTODE

Glass type used as combined detector, am-
plifier, and avc tube in battery-operated re-
ceivers. Outline 34, OUTLINES SECTION. 1F6
Tube requires six-contact socket. Filament volts
(de), 2.0; amperes, 0.06. This type is similar
electrically to type 1F7-G, except for inter-
electrode capacitances. Typical operation of
pentode unit as class A1 amplifier: plate volts,
180 maz; grid-No.2 (screen) volts, 67.6 max; grid-No.1 volts, -1.5; plate ma., 2.2; grid-No.2 ma.,
0.7. This type is used prinecipally for renewal purposes.

TWIN DIODE—

SHARP-CUTOFF PENTODE

Glass octal type used as combined detector,
amplifier, and ave tube in battery-operated re- 'F7_ G
ceivers. Qutline 33, OUTLINES SECTION.
Tube requires octal socket. Filament volts (de),
2.0; amperes, 0.06. Similar electrically to type
1F6 except for interelectrode capacitances. This
type is used principally for renewal purposes.

NC [ MEDIUM-MU TRIODE

o 5 Glass octal type used in battery-operated
g receivers as detector or voltage amplifier. Out~
(3) line 22, OUTLINES SECTION. Tube requires
octal socket. Filament volts {dc), 1.4; amperes,

0.06. Typical operation and characteristies as IG4-GT
r r class A; amplifier: plate volts, 90 (110 maz);
° o grid volts, —6; plate ma., 2.3; plate resistance,
N 4 10700 ohms; amplification factor, 8.8; trans-

conductance, 8256 pmhos. This type has been
used as a driver for type 1G6-GT.

G
) POWER PENTODE

Glass octal type used in ocutput stage of
battery-operated receivers. Qutline 35, OUT- .
LINES SECTION. Tube requires octal socket,
e Filament volts (de), 2.0; amperes, 0.12. Typical l G 5 —G
F+ w F—~ operation as clase A: amplifier: plate and grid-
No.2 (screen) volts, 135 max; grid-No.1 volts,
-18.5; plate ma., 9.7; output watts, 0.65. This
type is used principally for renewal purposes.
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HIGH-MU TWIN POWER TRIODE

Glass octal type used in output stage of

battery-operated receivers. Outline 22, OUT- o

'I G 6 GT LINES SECTION. Tube requires octal socket. Py, /7 N P'

- Filament volts (de}, 1.4; amperes, 0.1, Typical 0

operation as class B amplifier: plate volts, 90
(110 max); de grid volts, 0; peak af grid-to-grid e o
volts, 48; effective grid-circuit impedance per ¢ * f
unit, 2530 ohms; plate ma. (zero signal), 2; o o
plate ma. (maximum signal), 11; peak grid ma. NC NG
per unit, §; output watts (approx.), 0.35.

CT, <r

t

MEDIUM-MU TRIODE NC G
Glass octal type used as detector or voltage o o
amplifier in battery-operated receivers. Qutline P
81, QOUTLINES SECTION. Tube requires octal Q
]H4-G socket. Filament volts (de), 2.0; amperes, 0.06.
Typical operation as class As amplifier: plate
volts, 180 max; grid volts, —18.5; amplification F e v o r
factor, 9.3; plate resistance, 10300 ohrms; trans- o o
conductance, 900 pmhos; plate ma., 3.1. For NC NC

grid-bias detection, plate volts up to 180 mar
may be used and grid bias adjusted so that zero-signal plate ma. is about 0.2. This type is used princi-
pally for renewsal purposes.

DIODE—HIGH-MU TRIODE

Glass octal type used as combined detector
and amplifier in battery-operated receivers. Out-
line 23, OUTLINES SECTION. Tube requires

] H S-GT octal socket. Filament volts (de}, 1.4; amperes,
(.05, Characteristics of triode unit as class Ai
amplifier: plate volts, 90 (110 max) ; grid volts, 0;
plate ma., 0.15; plate resistance, 240000 ohms;

amplification factor, 65; transconductance, 276
pgmhos. Diode is located at negative end of fila-

ment,
Poo Pp)
TWIN DIODE—MEDIUM-MU TRIODE () ()
P G
Glass octal type used as combined detector, r A 'e ¥
amplifier, and ave tube in battery-operated re-
‘H6_G ceivers. Outline 31, OUTLINES SECTION.,
Tube requires octal socket. Filament volts (de), g4 e o Fo
2.0; amperes, 0.06. Type 1H6-G is similar elec- N7
trically to type 1B5/25S. This type is used (1" (s)
principally for renewal purposes. NC NC
POWER PENTODE
Gy 1

Glasa octal type used in cutput stage of o o
battery-operated receivers. Outline 35, OUT-
LINES SECTION. Tube requires octal socket. P /o
Filament volts {de), 2.0; amperes, 0.12. Typical
'IJ S_G operation as class A, amplifier: plate and grid-
No.2 (screen) volts, 135 mazx; grid-No.1 volts,

~16.5; plate ma., 7.0; grid-No.2 ma., 2.0; plate ¥ 2O Dl O &

resistance, 106000 chms; load resistance, 13500 o
ohms; output watts, 0.45. This is a DISCON- NC NE
TINUED type listed for reference only.
HIGH-MU TWIN POWER TRIODE er2 i
Glass octal types used in output stage of o Py
l J 6‘G battery-operated receivers. Type 1J6-G, Out- PTz / \ 6} !
line 31; type 1J6-GT, Outline 26, OUTLINES

SECTION. Tubes require octal socket. Fila-
'I J 6_GT ment volta (dc), 2.0; amperes, 0.24. Typical 9*0
operation as class B power amplifier: plate volts,
135 max; peak plate ma. per plate, 50 maz; (™)
grid volts, 0; zero-signal plate ma. per plate, NC NC
5; effective plate-to-plate load resistance, 10000

ohms; average input watts, 0.17; output watts, 2.1, Type 1J6-G is a DISCONTINUED type listed for
reference only; type 1J6-GT is used principally for renewal purposes.
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SHARP-CUTOFF PENTODE

Miniature type used as rf or if am-

plifier in portable, battery-operated re-

v ceivers particularly those not utilizing
ave.Outline 12,0UTLINESSECTION.
Tube requires miniature seven-contact

L4

socket and may be mounted in any position. Internal shield eliminates need for
external bulb shield, but shielding the socket is essential if minimum grid-Ne.1-to-
plate capacitance is required. For typical operation as a resistance-coupled ampli-
fier, refer to Chart 1, RESISTANCE-COUPLED AMPLIFIER SECTION. For

filament considerations, refer to type 1U4.

FILAMENT VOLTAGE (DC) .. ovivitinrenrneenrvnsnaneens A 14
FILAMENT CURRENT. . ., ... ...\ 0eeurritanrannrnerscsonassnanss . 0.05
DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Grid No.l to Plate. . . ... ivreesirivinrreacrscnnncacasanannn ve 0.01 mazx
Input, . .........cvvvvrnnvnn. ettt ettt arane ves 3.6
DU DU, . .ottt e ieii e rerrennseereonrnraenareneaans cresenne 7.6
CLASS A; AMPLIFIER
Maximum Ratings:
PLATB VOLTAGE. ......  beeesaeaiaaataentaia e e 110 maz
GRID-NO.2 (S8CREEN} VOLTAGE. . . ... ccuvenictncisaassansonaas ‘e 90 maz
GRID-NO. S SUPPLY VOLTAGE. .. .. ... ivreerrernanrocanasass veen 110 maz
GRID-N 0.1 {CONTROL-GRID} VOLTAGE, Positive Bias Vaiue....... e 0 max
TorAL CATEODE CURRENT. ..... et te i se e vevsanns 6.5 max
Typical Operation:
Plate Voltago. . . .. .ottt i it iicnetsaannananesrssorsassness . 90 50
Grid-No.2 Voltage. .......... frreeiaaa etiaeareceaseee ey 67.5 90
Grid-No.L Voltage. .. ... .....cvitinerrnrceaarsissaassansnnsains 0 0
Plato ResiotBnee. .. ... ... ittt iin s rrassnansnoctaasassnsss 0.6 0.26
TrangconductBnee. . ... ... iy ietinnoneanaonnnccensannnsn e 9256 1025
Grid-No.1Biasfor platecurrent of 10 pga, . .. ... ..o vviiiininanans -6 -10
Plate Current. .. ... ... it i ctnerrresensssossnnsssarnsnnnas 2.9 4.6
Grid-No. 2 Current. . .....vvierenvenrrancecsreasns eesreeannan 1.2 2.0
AVERAGE PLATE CGCHARACTERISTICS
s
GAID-NEL VOLTS Eci=0
/-—“" TYPE IL4
P E¢=1.4 VOLTS DC
4 ——
/ GRID-N2 2 VOLTS =00
-1
2l |/
Y ,/
33
A4 =
2 -
3
w /
& ? -3
2 / ]
-4
] ,4
Eci2-8
"]
-8
_0 23 30 15 tes 150 175

100
PLATE VOLTS
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volts
ampere

ppl
wpf
upf

volts
volts
volts
volts

ma

volts
volts
volts
megohm
pumhos
volts



RCA RECEIVING TUBE MANUAL

POWER PENTODE

Glass lock-in type used in output stage of
battery-operated receivers. Outline 14, QUT-
l LA4 LINES SECTION. Tube requireslock-insocket.
Filament volts (de), 1.4; amperes, 0.05. For
electrical characteristics and typical operation,
refer to glass—octal type 1A5-GT,

PENTAGRID CONVERTER

Glass lock-in type used in battery-operated
receivers. Qutline 14, QUTLINES SECTION.
]LA6 Tube requires lock-in socket. Filament volts
(de}, 1.4; amperes, 0.06. Typical operation as
converter is the same as for type 1AT-GT ex-
cept that the maximum grid-No.2 volts is 65,
the maximum total cathode ma. is 4.0, the plate
resistance is 0.75 megohm, and the conversion
transconductance for a grid-No.4 (control-grid)
bias of ~8 volts is 10 umhos.

POWER PENTODE

Glass loek-in type used in output stage of
'lLB 4 battery-operated receivera. Outline 14, OUT-
LINESSECTION. Tuberequireslock-in socket.
Filament volts (de), 1.4; amperes, 0.05. For elec-
trical characteristics, refer to pentode unit of
glass-octal type 1D8-GT.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in battery-operated receivers. Outline 14, OUT-
LINESSECTION. Tuberequires lock-in socket.
l LC 5 Filament voits (dc), 1.4; amperes, 0.05. Typical
operation as clags A1 amplifier: plate volts, 90
(110 mazx); grid-No.2 (screen) volts, 45 max;
grid-No.1 volts, 0; plate resistance (approx.),
greater than 1 megohm; transconductance, 776
pmhos; plate ma., 1.15; grid-No.2 ma., 0.3.

PENTAGRID CONVERTER

Glass lock-in type used in battery-operated
receivers. Outline 14, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts
(dc), 1.4; amperes, 0.05. Typical operation as

1LC6 converter: plate volts, 90 (110 mazx); grids-No.3-
and-No.5b volts, 35 (45 max); grid-No.2 volts, 45;
grid-No.1 volts, ¢; plate resistance, 0.66 meg-
ohm; plate ma., 0.75; grids-No.3-and-No.b ma.,
0.70; grid-No.2 ma., 1.4; total cathode ma.,
2.9; conversion transconductance (zero bias),
275 pmhos.

DIODE—SHARP-CUTOFF PENTODE

Glass lock-in type used as combined detec- G
tor and af voltage amplifier in battery-operated
receivers. Outline 14, OUTLINES SECTION.

]LD 5 Tube requires lock-in socket. Filament volts
(dc), 1.4; amperes, 0.05. Characteristics of pen-
tode unit: plate velts, 90 (110 maz); grid-No.2
volts, 46; grid-No.1l volts, 0; plate ma., 0.6;
grid-No.2 ma., 0.1; plate resistance, 0.76 meg-
ohm; transconductance, b75 ymhos.
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RCA RECEIVING TUBE MANUAL

N IC
(5) MEDIUM-MU TRIODE
NC G Glass lock-in type used as detector or volt-
o o age amplifier in battery-operated receivers. Out-
line 14, OUTLINES SECTION. Tube requires ]LE3

o lock-in socket, Filament volts (dc), 1.4; amperes,
P A NC  0.05. Typical operation as class A amplifier:
o ™ o plate volts, 90 (110G max); grid volts, —3; plate
= ma., 1.4; plate resistance, 19000 ochmas; trans-
conductance, 760 umhos; amplification facteor,

14.5.

REMOTE-CUTOFF PENTODE

Lock-in type used as rf or if amplifier in
battery-operated receivers. Qutline 14, OUT-
LINESSECTION. Tube requires lock-in socket.
Filament volts (de), 1.4; amperes, 0.05. Typical
operation and maximum ratings as class Aj ILG 5
amplifier: piate volts, 90 {116 max); grid-No.2
volts, 45 (110 max); grid-No.l volts, 0; plate
resistance (approx.), greater than 1 megohms;
transconductance, 800 ymhos; plate ma., 1.7;
grid-No.2 ma., 0.4; grid-No.1 voltage for trans-
conductance of 10 umhos, —10 volts,

DIODE—HIGH-MU TRIODE

Glasa lock-in type used 28 combined detec-
tor and amplifier in battery-operated receivers. l 4
Outline 14, OUTLINES SECTION. Tube re- LH
quires lock-in socket. Filament volts (dc), 1.4;
amperes, 0.06. For electrical characteristica, re-
fer to glass-octal type 1H5-GT.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in battery-operated receivers. Outline 14, OUT-
LINESSECTION. Tuberequires lock-in socket.
Filament volts {dc}, 1.4; amperes, 0.05. Typical ]LN 5
operation as class A; amplifier: plate and grid-
No.2 (screen) volts, 90 (110 mazx); grid-No.l
volts, 0; plate ma., 1.6; grid-No.2 ma., 0.35;
plate resistance (approx.), 1.1 megohms; trans-
eonductance, 800 xmhoas.

- SHARP-CUTOFF PENTODE

Glass octal type used as rf or if am-
plifier in battery-operated receivers. 1 N S—GT

r+(2) &, Outline 23, OUTLINES SECTION.
Tube requires octal socket and may be
ac ¢ mounted in any position. When used
in ave circuits, the 1N5-GT should be only partially controlled to avoid exces-
sive reduction in receiver sensitivity with large signal input.

FILAMENT VOLTAGE (DC) . . .o v vvvecinrarananans . trasaeen 1.4 voltg
FILAMENT CUBBENT. . . ..o icveecrnnnnsnns rreensnaa ' 0.05 ampers
DIRECT INTERELECTRODE CAPACITANCES:*
Grid No.1 to Plate............. i teeratanee. Ceraena crrsteas 0.007 max ppf
Inmput......o.ivveenen, b teite it arees e sarenan creas 3 upt
Output ..... Ve s s ot s raasransasdtbongetas sy enne P I AP AP ers 10 ﬂ]‘f

* With external shield connected to negative filament terminal.
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Typical Operation: CLASS A, AMPLIFIER

Plate Voltage (110 volts max, ......... ... iiniiiannnnae 90 volts
GridzMo.2 (Screen) Voltage (A Ovoltsmax)....................... 20 volts
Grid-No.1l Voltage. . . ... ittt i et m e i e e nnaans ‘e 0 volts
Plate Resistance (APProX.). . ..o itniiiininir i 1.5 megohms
EranscondUCHANICe. . . . ...t tit st e ia i e 750 pmhos
Grid-No.1 Biaa (Approx.) for transconductance of 5 ymhos. . . ... ,. . —4 volts
Plate CUTITent. . . ot vees cr v tr st s teneoasassonrsnroe oot enrnnnn 1.2 ma
Grid-No.2 Current. . ... cvoettirnrer oo ittt raarnaransss . 0.3 ma

DIODE—POWER PENTODE 62 s

Glass octal type used as combined detec-
tor and power output tube in battery-operated
receivers. Filament volts (dc), 1.4; amperes,

.I N6_G 0.05. Typical operation of pentode unit as class
A amplifier: plate and grid-No.2 (screen) volts,
90 (110 max); grid-No.1 volts, —4.5; plate ma.,
8.1; grid-No.2 ma. {zero-signal), 0.6; plate re-
gistance (approx.), 0.3 megohm; transconduct-

ance, 800 xmhos; load resiatance, 25000 ohms; NC NC
output watts, 0.1. This is a DISCONTINUED
type listed for reference only.

REMOTE-CUTOFF PENTODE > NE

Glass octal type used as rf or if amplifier in

battery-operated receivers. QOutline 23, OUT-

LINES SECTION. Tube requires octal socket.

l P5-GT Filament volts (dc), 1.4; amperes, 0.05. Typical
operation as class A) amplifier: plate volts, 90

(110 mazx); grid-No.2 (screen) volts, 90 (110

mazx); grid-No.1 volts, 0; plate resistance
(approx.), 0.8 megohm; transconductance, 750

NC
pmhos; transconductance {approx.}) with -12 BC
volta on grid-No.1, 10 ymhos; plate ma., 2.3;
grid-No.2 ma., 0.7.
G2 Gy

BEAM POWER AMPLIFIER

Glass octal type used in the output stage
of battery-operated receivers. Qutline 22, OUT-
'| Q S_GT LINES SECTION. Tube requires octal socket.
Filament volts (dc¢), 1.4; amperes, 0.1. For ¢lec-
trical characteristics and ratings, refer to type
3Q5-GT with parallel filament arrangement.
This type is used principally for renewal pur-
poses.

PENTAGRID CONVERTER

IR5

Miniature type used in lightweight,
portable, compact, battery-operated re-
ceivers. Outline 12, OUTLINES SEC-
TION. Tube requires miniature seven-
contact socket and may be mounted in

any position. For general discussion of pentagrid types, see Frequency Conversion
in ELECTRON TUBE APPLICATIONS SECTION. For filament considerations,

refer to type 1UA4.

FILAMENT VOLTAGE (D). . .. ... ittt i inananataccssstasssannns 1.4 volta

FILAMENT CURRENT. . 4 it itiitiets initantsietieatssranasnannnes 0.05 ampere

DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Grid No.3 to All Other Electrodea (RF Input). .. .............. 7.0 P
Plate to All Other Electrodes (Mixer Qutput). ................. 7.6 puf
Grid No.l to All Other Electrodes (Oge. Input) . . .. ............ 3.8 puf
Grid No3to Plate. ., ... ...t i et eneinarasannns 0.4 mazx puf
Grid No3toa Grid No.L. . ... . it ittt it iatsnnns 0.2 maz unl
Grid No.l to Plate. . ... ... iiriiiiiie et e tiinanenacaarenres 0.1 mazx auf
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CONVERTER SERVICE

Maximum Ratings;

PLATE VOLTAGE. .,
GRIDS-NO.2-AND~-NO.4 (SCREEN) VOLTAGE . . . 0. 0uveus.

GRIDS-N0.2-AND~N 0.4 SUPPLY VOLTAGE..........
GRID-N0.3 (CONTROL-GRID) VOLTAGE, Positivc Bias Value ...
TOTAL ZERC-SIGNAL CATHODE CURRENT. . Mreaeeeen.

Typical Operation:

Plate Voltage. . ................. Ceeereeieas . 45
Grids-No.2-and-No.4 Voltage . ................ 45
Grid-No3 Voltage. . ............. ... iven., 0
Grid-No.1 Resistor. . ............ reeraeaeaa 0.1
Plate Resgistance (Approx.)..........ccovvevens 0.6
Conversion Transconductanee. . ............... 2356
Grid-No.3 Bias for conversion trans-

conductance of approx. 5 ymhoa. . .....,..... -9
Plate Current. ....................... e 0.7
Grids-No.2-and-No.4 Current. . ............... 1.9
Grid-No.1 Current..................ccuuon.. 0.156
Total Cathode Current....................... 2.75

......... .e 90 max volta
et aeas 67.5 max volta
...... creen 90 max volts
ceraaae O mazx volts
........ ces b.5 max ma
67.6 90 90 volts
67.5 45 67.5 volts

0 0 0 volts

0.1 0.1 0.1 megohm

0.5 0.8 0.6 megohm

280 250 300 pmhos

-14 -9 -14 volta

1.4 0.8 1.6 ma

3.2 1.9 3.2 ma

0.25 0.15 0.256 ma

5 2.75 5 ma

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 tied to plate (not oscillating)
is approximately 1400 umhos under the following conditions: grids No.1 and No.3 at 0 volts; grids No.2

and No.4 and plate at 67.5 volits.

OPERATION CHARACTERISTICS

TYPE IR5

[Ee=tlavoLTs pe |
b PLATE vous{ 30 —
b 675 OR 90« -
3 |cRD-Ne3 vOLTSED —]
5 CAIDS~ memu VOLTS=67.5
2 GRID-N2| RES.= 0.1 MEG
R 2 002 Wa- (RECOMMENDED MIN)  —]
5 GRID-N%) CUR. VARIED BY ADJUSTMENT
’ OF OSCILLATOR VOLTAGE
X 1 OSC.AOLTS ONGHIDS Ne2 & N5 4 5 ON —]
o FILAMENT= 0
o
"t
o @
F4 w
g300 3 ex
@ ! Sc bsn ] 1n] <
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OPERATION CHARACT ERISTICS

L
TYPE 1R5
Eg=1.4 VOLTS DC
w GRID- {GRIC-JGRID- @
ERBLTE e |NEL A g
Mg VOLTSIMES. % 300%
BRI g
Cl615 1625 | o0 | 230 /] L
Dl 90 1675 |01 [ 2%Q f] 2803
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GRID-N23 (CONTROL-GRID) VOLTS
92CM-6097TH

POWER PENTODE

Miniature type used in output stage of
lightweight, compact, portable, bsdttery-oper-
ated equipment. Types 1S4 and 354 are identi-
cal except for filament arrangement. Qutline 12,
OUTLINES SECTION. Type 184 requires
miniature seven-contact socket and may be
mounted in any position. For ratings, typical
operation, and curves, refer to type 384 with

154

paralle! filament arrangement. For filament con-
siderations, refer to type 1U4 and ELECTRON TUBE INSTALLATION SECTION. Filament volts
{dc), 1.4; amperes, 0.1. This type is used principally for renewal purposes,
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185

1T4

DIODE—
SHARP-CUTOFF PENTODE

Miniature type used in light-
weight, compact, portable, battery-op-
erated receivers as combined detector
and af voltage amplifier. Outline 12,

REMOTE-CUTOFF PENTODE

Miniature type used in light-
weight, compact, portable, battery-op-
erated receivers as rf or if amplifier.
Because of internal shielding feature,
an external bulb shield is not needed,

OUTLINES SECTION. Filament volts (de), 1.4; amperes, 0.06. Tube requires
miniature seven-contact socket and may be mounted in any position. For elec-
trical characteristies, curves, and application, refer to type 1U5.

but socket shielding is essential if minimum grid-No.1-to-plate capacitance is to be
obtained. Outline 12, OUTLINES SECTION. Tube requires miniature seven-con-
tact socket and may be mounted in any position. For curve of average plate char-
acteristics, see next page. For filament considerations, refer to type 1U4.

FILAMENT VOLTAGE (DC) . . . .ottt nninntovnnsnnesasssnanassnans
FILAMENT CURRENT & ...t ih ittt tninennennnns eeaeas heee et

DIRECT INTERELECTRODE CAPACITANCES:*

Grid No.1 to Plate. ....... P
Input. ............. P Bttt ittt et ar e ceane
LT 1T .

* With close-fitting shield connected to negative filament terminal.

CLASS A, AMPLIFIER

PLATE VOLTAGE. ., ............ o 4 a s e e a e e e .
GRID-N0.2 (SCREEN) VOLTAGE ............................... eee
GRID-NO.2 SUPPLY VOLTAGE, ... - ottt tttcmtnneneeinnnas ereaas

Maximum Ratings:

GRID-No.l (CONTROL-GRID) VOLTAGR, Positive Bias Value

TOTAL CATHODE CURRENT, , .. ctonrereanranercrananosnanensns e

Typical Operation:

----------

Plate Voltage. . . ....-cevnunn.. Ceeseaa- et 45 67.5 9y
Grid-No.2 Voltage. ..... e earereteae e 45 67.5 45
Grid-No.l Voltage. .....cccnvivnnrensnnenonen ) 0 0
Plate Resistance (Approx.)......oevvvveinen.. 0.356 0.2 0.8
Transconductance. . v oo euveierrranennanaren T00 876 760
Grid-No.1 Bias for transconductance of 10 umhos. -10 -16 -10
Plate Current. 1.7 3.4 1.8
Grid-No.2 Current, .. v v e eyvenrerronnnsraneens 0.7 1.6 0.66

BEAM POWER AMPLIFIER

Glass octal type used in output atage of

1T5-GT

battery-operated receivers. Qutline 22, QUT-
LINES SECTION. Tube requires octal socket.
Filament wvolts (dc), 1.4; amperes, 0.05. For
filament considerations, refer to type 1U4. Typi-
cal operation as class A amplifier with fixed
bias: plate and grid-No.2 (screen) voits, 80 (110
max); grid-No.l volts, —6; peak af grid-No.1
volts, 6; plate ma. (maximum or zero-signal),

1.4 voits
0.06 ampere
0.01 maz = uuf

3.6 ' puf

7.6 upf

90 max volts
67.5 max volts
90 max volts

0 mazx volts
5.5 max ma
90 volts
67.5 volts
0 volts

0.5 megohm

900 umhos

-16 volts

3.6 ma

1.4 msa

o/
rAAD:
3
(U

NC NC

6.5; grid-No.2 ma.(zero-signai), 0.8; grid-No.2 ma. (maximum signal), 1.5; plate resistance, 0.26 meg-
ohm; transconductance, 1160 umhos; load resmtance, 14000 ohms. total harmonlc distortion, 7.6 per

cent; output watts, 0.17.
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AVERAGE PLATE CHARACTERISTICS
!

“ T T
TYPE IT4
¢ £cr=® Eg=1.4 VOLTS D €
wa YOLID GRID-N22 VOLTS = 67.5
}'A . -0.5
o /// —1.0
b /
& / all
3 / ~1.5
32 / 2.0
3
" / P -2.5
% — )
A
) T -3,8
1-4.0
—
~5.0
— - 6.0,
8.0
° e 80 l22|..-rr|.z VOLT'SW 200 F2CM-610ITI
DIODE—SHARP-CUTOFF
PENTODE
Subminiature type used as com- -'-I- 6
bined detector and audio amplifier in

small, compact, battery-operated re-

ceivers for the standard AM broad-

cast band. The 1T6 and the other RCA

stbminiature types 1AC5, 1AD5, and 1E8 comprise a complete tube complement
for lightweight portable radio receivers having extremely low battery drain. Out-
line 8, OUTLINES SECTION. Tube requires subminiature eight-contact socket
and may be mounted in any position. For installation and application considera-
tions, refer to type 1ACH.

FILAMENT VOLTAGE {DC) . . .. . ...ttt e i it it nanes e 1.25 volta
FILAMENT CURRENT. . . .. ... ittt i iit ittt it nmerananeanann 0.04 ampere

Maximum Ratings:

PLATE VOLTAGE. . . vttt ittt ettt bttt o et e me et tae e tenieneannans 67.5 mazx volts
GRID-NO.2 (SCREEN) VOLTAGE. .. ... .iviiit it en e snaneenrrenancsenanens 67.5 max voits
TOTAL CATHODE CURRENT . . . . ..t ittt en e ietin e inrarans e ae e 2.0 max ma

Typical Operation:

Plate Voltage. . . ....... .. i i, a0 456 67.5 volts
Grid-No.2 (Screen) Voltage., . .........covivriivvrrenen. 30 45 67.5 volts
Grid-No.1 (Control-Grid) Voltage. . .........c.ccvvn i vn. 0 0 0 velts
Plate Resistance (APDroX.). .. ....cc.uiuerinennennen. 0.5 0.6 0.4 megohm
Transconductanee. ... ... ... . .. vt rienrrtnennrae-ns 330 475 600 smhos
Plate Current. ... ... ittt it eii i ancararaennnss 0.38 0.75 1.8 ma
Grid-No.2 Current. . . . .. ... ... .., 0.10 0.21 0.4 ma
DIODE UNIT

PLATE CURRENT. | .. .ttt iinnntnanrenrtaceanoeesneanreneanasnasnsastsans 0.26 max ma
Diode unit is located at negative end of filament and is independent of the pentode unit except for the
commohn filament,
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AVERAGE PLATE CHARACTERISTICS

5
TYPE IT6
) Eg=12% VOLTS DC
a GRID-N22 VOLTS =675
o |
& i
20
<
4
d
b3 £c=0
&
o LS ]
o y : -0.5
z W T el
z
] ) EC =~
~N21 VOLTS
2 10 5\ .«/ GRID-N —t—
L) e I
g | / L ‘13
a - 5
) o -
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T 4
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PLATE VvOLTS

P2CM - 72557

SHARP-CUTOFF PENTODE

Miniature type used as rf or if

lIl’4~ amplifier in stages not controlled by

ave in lightweight, compact, portable,

battery-operated equipment. Because

the screen can be operated at the same

voltage as the plate, a voltage-dropping resistor is not needed. For typical operation

as a resistance-coupled amplifier, refer to Chart 3, RESISTANCE-COUPLED
AMPLIFIER SECTION.

FILAMENT VOLTAGE (D0 . . . . vttt iiveitretnuannaroatnasnsesnsnne 1.4 volts
FILAMENT CURRENT . . . v vt e ittt e et e v tsisasronassansnns vrae 0.05 ampere
DIRECT INTERELECTRODE CAPACITANCES*
Grid No.Lto Plate. . . ... i ittt it iersanecaenas e 0.01 mazx upd
641+ reue 8.6 wpul
Output ............................................. PR PP Y 7- 5 “’J‘

* Externa! shield connected to negative filament terminal.

CLASS A, AMPLIRER
Maximum Ratings:

PLATR VOLTAGE, .. ... .ottt trarerenrtnarenasnannn ceaees 110 max volts
GRID-N0.2 (SCREEN) VOLTAGE. . . . ......... P, tecearseenns 110 mazx volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE:
Negative biag value . .............. s eeeans erecsraaa vrsess 80 max volts
Positivebias value . ................. Ctsessseasacsnrnan e e 0 max volta
ToTAL CATHODE CURRENT. ....... 6 max msa

Typical Operation:

Plate Voltage. . ....... e e it cra et vane 90 volts
Grid-No.Z Voltage. . ... .coivtiiiiiiiiii ittt ieriianearannss ces 90 volta
Grid-No.l Voltage. ..ottt iiiei sttt i tinennrsnn .s 0 volta
Plate Resistance (ApPProX.) . . .. ...t init it et iiieereirernnnans 1.0 megohm
Transconductance., ... ..vvt ittt st it i i e a s aaa .e 900 pmhog
Grid-No.1 Bias for transconductance of 16 umhos. ................. ~4 volts
Plate Current. . ... ... it it e ittt it r e it e e . 1.6 ma
Grid-No.2 Current. ... ..o oottt iiisiinnrioeeennrnecnsas P, 0.6 ma
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INSTALLATION AND APPLICATION

Type 1U4 requires a miniature seven-contact socket and may be mounted in
any position. Qutline 12, OUTLINES SECTION.

The filament power supply may be obtained from dry-cell batteries, from
storage batteries, or from a power line. With dry-cell battery supply, the filament
may be connected either directly across a battery rated at a terminal potential of
1.5 volts, or in series with the filaments of similar tubes across a power supply con-
sisting of dry cells in series. In either case, the voltage across the filament should
not exceed 1.6 volts.

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

In order to meet the recommended conditions for operating filaments in series
from dry-battery, storage-battery, or power-line sources, it may be necessary to use
shunting resistors across the individual 1.4-volt sections of filament. Refer to
ELECTRON TUBE INSTALLATION SECTION for additional filament con-

siderations.

AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION

/’ TYPE U4 '
E £ =1.4VOLTS DC
L4 GRID-N22 VOLTS =90
(=]
&/ ~-0.5
1.2} W
g0 //
Lol L
2 1/
§O & ~ 1.5
‘0.4 // -20
0.2 (/ GAIDNEI VOLTS Ecy=-2.5
-3.0
[+ 40 80 20 160 2&0
PLATE YOLTS
92CM~6069T
DIODE-—-SHARP-CUTOFF
PENTODE
Miniature type used in light- -IU 5
weight, compact, portable, battery-op-

erated receivers as combined detector
and af voltage amplifier. The 1U5 is
similar to the 185 but utilizes an im-
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proved structure which greatly reduces any tendency toward microphonic effects.
In addition, the diode unit is effectively shielded from the pentode unit to prevent
“play-through.” Outline 12, OUTLINES SECTION. Tube requires miniature
seven-contact socket and may be mounted in any peosition. For typical operation
as a resistance-coupled amplifier, refer to Chart 2, RESISTANCE-COUPLED
AMPLIFIER SECTION. For filament consideration, refer to type 1U4.

FILAMENT VOLTAGE (DC) . . v vttt iiiiineeetiarneasssansanannnns 1.4 volts
FILAMENT CURRENT. ........... e bt et eteiaee et 0.056 ampere

Maximum Ratings:

PLATE VOLTAGE. .. ...ttt it o et rnnaneereanrenrareesnaeanse 90 max volts
GRID-NO.2 (SOREEN) VOLTAGE. . . .\ v tvunrrroncsnncrrnnsnnanans 90 maz volts
GrID-NO.1 (CONTROL-GRID) VOLTAGE:

Negativebiasvalue . ., . ... ... ... ... .. . i 50 max volts

Positive biaa value ... .........., ettt ee et veens 0 max volts
TOTAL CATHODE CURRENT. . .. .ovvveettavrerncacsrnenssnss tenens 8 max ma
Charuacteristics:
Plate Voltage. .. ..... ... cinuinrnnn bestaeaanaas Cerrreiteareee 87.5 volts
Grid-No.2 Voltage. . ... .iviiiiininvereorescectossessocnsscanans 87.6 volts
Grid-No.l Voltage 0 volta
Plate Resistance. . .. ... ... 0iiiinneinsonenncannes 0.6 megohm
Transconductance. .. ... ... it ntetaianrrrassnans veeeaa cean 626 pmhos
Grid-No.1 Biaaforplate current of 10ua. .. .....0vvivennns Cieeane ~b volts
Plate Current. . . ... oo vt iiirrn s tresrotosranosnnssnnnnnss ‘e 1.6 ma
Grid-No. 2 Current, ... .o ovvvr i tini e ccnsivirerannnnnons . 0.4 ma

DIODE UNIT

Maximum Rating:
PLATE CURRENT. ... .. e eee et e 0.25 max ma

Diode unit is located at negative end of filament and is independent of the pentode except for the
common filament.

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT

2.3 T T T T
Type 1US
. Eg=1.4 VOLTS DC
GRID-N22 VOLTS = 67.5
2.0
b voLTS Ec1®C
W GRID-NEY
5 ' 5 .
Wy, s
_% / -0.5
. e
-
3 / // ril
1.0 S
T
&
L
/‘ -2.0
/1 |
0.5 p Ecy=-2.5
e -3.0
] _’4 |°
N
o 20 a0 60 00 120

80 | 140
PLATE VOLTS P2CM-6158TI
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HALF-WAVE VACUUM RECTIFIER

e o Glass type used in ac/de or automobile
receivers. Outline 32, OUTLINES SECTION.
Tube requires four-contact socket. For heater
considerations, refer to type 6AT6. Heater volts l
(ac/dc), 6.3; amperes, 0.3, Maximum ratings as -V
°+° hali-wave rectifier: peak inverse plate volts,
1000; peak plate ma., 279; peak heater-cathode
volts, 500; de output ma., 45. This type is used
principally for renewal purposes.

°
F

HALF-WAVE VACUUM RECTIFIER

Miniature type used in high-volt-
age, low-current applications such as ]V2

the rectifier in high-voltage, pulse-op-

erated voltage-doubling power supplies

for kinescopes. The very low power

required by the filament permits the use of a rectifier transformer having small
size and light weight.

FILAMENT VOLTAGE (AC) .t o vt vnvvvncnnsasnscassonsiassssassanans areanas 0.625 volt
FILAMENT CURRENT. « s oo s vvarvnreacococtsasessasscsssssasnsssanscsosnss 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCE (No external shxeld)

Plate to Filament (APDTOX.) . . v vreeeeeroarenarnurocearosssosssnssrss . 0.8 suf

HALF-WAVE RECTIFIER

Pulsed Rectifier Service
Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE. .. e vvreesasrorarcnsssarssssascssansa vess 7500 max volts
PRAK PLATE CURRENT. . ..ot ctetnsonerassrtscansncssncsaasssrsnarenass « 10 maz ma
AVERAGE PLATE CURRENT . .- cvvvveateatrottsrstossssannnsnsa tesarrsanass 0.5 maz ma

INSTALLATION AND APPLICATION

Type 1V2 requires a noval nine-contact socket and may be mounted in any
position. The socket should be made of material having low leakage and should
have adequate insulation between its filament and plate terminals to withstand
the maximum peak inverse plate voltage. To provide the required insulation in
noval nine-contact sockets designed with a cylindrical center shield, it is necessary
to remove the center shield. In addition, it is recommended that the socket clips
for pins 1, 6, and 7 be removed to reduce the possibility of arc-over and minimize
leakage. Outline 13, OUTLINES SECTION.

The filament is of the coated type and is designed for operation at 0.625 volt,
The filament windings on the pulse transformer should be adjusted to provide the
rated voltage under average line-voltage conditions, When the filament voltage is
measured, it is recommended that an rms voltmeter of the thermal type be used.
The meter and its leads must be insulated to withstand 15000 volts and the stray
capacitances to ground should be minimized.

The high voltages at which the 1V2 is operated are very dangerous. Great care
should be taken to prevent coming in contact with these high voltages. Particular
care against fatal shock should be taken in measuring the filament voltage in those
circuits where the filament is not grounded. Precautions must include safeguards
which definitely eliminate all hazards to personnel.
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AVERAGE PLATE CHARACTERISTIC

LI} T T T T ’l
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DC PLATE VOLTS P2CM-TISTT

HALF-WAVE VACUUM RECTIFIER

Miniature type used in high-volt-

'Ix2 A age, low-current applications such as

- the rectifier in a high-voltage, rf-op-

erated power supply, or as a rectifier

of high-voltage pulses produced in tel-

evision scanning systems. Qutline 18, OUTLINES SECTION. Tube requires noval

nine-contact socket and may be mounted in any position. Plate connection is cap

at top of bulb. Pins 3 and 7 may be used as tie points for filament dropping resis-

tor and high-voltage filter resistor, or may be connected to the filament. These pins

should not be connected to low-potential circuits. For other filament and high-
voltage considerations, refer to type 1B3-GT.

FILAMENT VOLTAGE (AC) . ... ..ttt ittt ittt annasereeorsennesansonassnn 1.25 volts
FILAMENT CURRENT . . . . ittt it et e te e ite et ineesnnsnnns 0.2 ampere
DirECT INTERELECTRODE CAPACITANCE {NO EXTERNAL SHIELD):

Plate to Filament (ADDrox. ). . .. it iie s insasrersennsosnasensas .. 1.0 puf

. . HALF-WAVE RECTIFIER
Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE. . . .. . ittt iee e seaanennnn 18000 max volts
PEAK PLATE CURRENT. . ... ittt ii et tta s iata e tna et enarsoneeanns 10 mazx ma
AVERAGE PLATE ClURRENT . . . ...ttt ittt it ittt tse s treaesnnenanns 1 max ma
FREQUENCY OF SUPPLY VOLTAGE. .. ... ittt ittt ittt it et e iennnonnnne 360 mazx Ke
POWER TRIODE e G
Glass type used in output stage of ra-
2 A 3 dio receivers and amplifiers. As a class
A, power amplifier, the 2A3 is usable
either singly or in push-pull combi- r ~do- F
nation.
FILAMENT VOLTAGE (AC/DC) . o v oottt it et i et esnnteanncans 2.5 volts
FILAMENT CURRENT. _ ... ... .. ... ... it titinareannsnsonnnasnan 2.5 amperes
IDIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid t0 Plate. . .. . .. e et 16.5 uuf
1 o T 7.6 puf
OUlPUL. . .. et i i e et ae i, 5.5 A ¢
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e ———
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. .. ...ttt iinie it rnanaonanesosnesnrsnnsnos . 300 mex volts
PLATE DISSIPATION, ..ttt v s eeerarnernresensnanenassssansas . 15 max watts
Typical Operdation:
Plate Voltage. . . ... . ittt ittt s tetetnencnnensonanns . 250 volts
Grid Voltage # ... . it i it i it er s e tonsarinuasoanaans —45 volts
Plate Current. . .. ottt i e e e et e 60 ma
Amplification Factor. ... ... .. ... . . e 4.2
Plate Remistance. . .. ... ... . i i i it e e 800 ohms
Transconductance. . ... ... .. . ittt e 5250 pmhos
Load Resistance. .. . ... ... . it e e 25G0 ohms
Second Harmonie Distortion. . . ....... ..ottt e i, b per cent
Power Output. . ... . e e 3.6 watts

PLATE VOLTAGE . . . . .. .ttt ittt it etr ettt s eanannn 300 mazx volta
PLATE DIsBIPATION . . . . ittt it et sarae et et e, 15 mazx watts
Typical Operation {Valves Are For Two Tubes): Fized Bias Cathode Biaa

Plate Voltage. . . .. ... i i e e 300 300 volts
Grid Voltage™  # . ... . it i e e —62 - volta
Cathode-Bias Resigtor. . . ... ... ... . . ... i - 780 chms
Peak AF Grid-to-Grid Voltage . ... ..... . ... .. ... i, . 124 156 volts
Zero-Signal Plate Current. . ... .. ... .. ... ittt 30 80 ma
Maximum-Signal Plate Current. . . .. ... . ... .. ... ... ... ......... 147 100 ma
Effective Load Resistance (Plate-to-plate) .. ..................... 3000 5000 ohms
Total Harmonic Distortion. .. . ... .. . ... ... .. ... .. o0 vuin.. 2.5 5.0 per cent
Power Qutput. ... ... ... ...t e 15 10 watts

* (Grid voltage referred to mid-point of ac-operated filament.
# When a single 2A3 is operated cathode-biased, the cathode-hiasing resistor value should be 750 ohms.

INSTALLATION AND APPLICATION

Type 2A3 requires a four-contact socket and may be mounted in any position.
Outline 41, OUTLINES SECTION. It is especially important that this tube, Yike
other power-handling tubes, should be adequately ventilated.

The values recommended for push-pull operation are different from the con-
ventional ones usually given on the basis of characteristics for a single tube. The
values shown for Push-Pull Class AB, operation cover operation with fixed bias
and with eathode bias, and have been determined on the basis of no grid current
flow during the most positive swing of the input signal and of cancellation of
second-harmonic distortion by virtue of the push-pull circuit. The cathode resistor
should preferably be shunted by a suitable filter network to minimize grid-bias
variations produced by current surges in the eathode resistor.

When 2A3’s are operated in push-pull, it is desirable to provide means for
adjusting independently the bias on each tube. This requirement is a result of the
very high transconductance of these tubes— 5250 micromhos. This very high value
makes the 2A3 somewhat critical as to grid-bias voltage, since a very small bias-
voltage change produces a very large change in plate current. It is obvious, there-
fore, that the difference in plate current between two tubes may be sufficient to
unbalance the system seriously. To avoid this possibility, simple methods of inde-
pendent cathode-bias adjustment may be used, such as (1) input transformer with
two independent secondary windings, or (2) filament transformer with two inde-
pendent filament windings. With either of these methods, each tube can be biased
separately so as to obtain circuit balance.

Any conventional type of input coupling may be used provided the resistance
added to the grid circuit by this device is not too high. Transformers or impedances
are recommended. When cathode bias is used, the de resistance in the grid circuit
should not exceed 0.5 megohm. With fixed bias, however, the de resistance should
not exceed 50000 ohms,
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i

NC

G
GAS TRIODE (@) (5
Glass octal type used in relay-control equip- p
ment such as motor-controlled tuning mechan- o
2 A 4 G isms of radio receivers. It is a grid-controlled
- gaseous~discharge tube. Qutline 31, OUTLINES
SECTION. Tube requires octal socket and may F+ w o F=
be mounted in any position. Filament volts o o
c NC

(ac/dc), 2.5; amperes, 2.5. Filament voltage

should be applied for 2 seconds before start of
tube conduction. Characteristics: peak inverse anode volts, 200 max; peak forward anode volts, 200
mazx; peak volts between any two electrodes, 250 max; peak anode amperes, 1.25 max; average anode
amperes (over any 45-second period), 0.10 max; anode voltage drop, 15 volts. This type is used princi-
pally for renewal purposes.

N

G2 G

POWER PENTODE

Glass type used in output stage of ac-oper-
ated receivers. Qutline 36, QUTLINES SEC-
2 A 5 TION. Tube requires six-contact socket. Except
for its heater rating (2.5 wvolts ac/de; 1.76
amperes), the 2A5 has electrical characteristics
identical with type 6F6. This type is used prin-~
cipally for renewal purposes.

TWIN DIODE—HIGH-MU TRIODE

Glass type used in ac-operated receivers
chiefly as a combined detector, amplifier, and
2A6 ave tube, Outline 34, OUTLINES SECTION.
Tube requires six-contact socket. Except for its
heater rating (2.5 volts ac/dc; 0.8 ampere),
and within its 250-volt maximum plate rating,
the 2A6 has electrical characteristics identical
with type 6SQ7. This type is used principally
for renewal purposes.

PENTAGRID CONVERTER

) Glass type used in ac-operated receivers.
Outline 34, OUTLINES SECTION. Tube re-
quires smsall seven-contact (0.75-inch, pin-circle
2 A7 diameler) socket. Except for ita heater rating
(2.5 volts ac/dc; 0.8 ampere) rnd its interelec-
trode capacitances, the 2A7 haselectrical charac-
teristica identical with type 6A8. Complete
shielding of this tube i& generally necessary,
This typeisused principally for renewal purposes.

TWIN DIODE—
REMOTE-CUTOFF PENTODE

Glass type used as combined detector, ave
tube, and emplifier. Outline 84, OUTLINES
2B7 SECTION. Tube requires small seven-contact
(0.75-inch, pin-circle diameter) socket. Except
for its heater rating (2.5 volts ac/dc; 0.8 ampere)
and its interelectrode capacitances, the 2B7
has electrical characteristics identical with type
6B8-G. This type is used principally for re-
newal purposes.

ELECTRON-RAY TUBE

Glass type used to indicate visually by
means of a fluorescent target the effects of a
2E 5 change in a controlling voltage. It is used as a
convenient means of indicating accurate radio
receiver tuning. Outline 32, OUTLINES SEC-
TION. Tube requires six-contact socket. Ex-
cept for its heater rating (2.6 volts ac/dc; 0.8
ampere), the 2E5 has electrical characteristics
identical with type 6Eb. This type is used princi-
pally for renewal purposes.
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DIODE—TRIODE—PENTODE

Glasa octal type used as combined detector,
af amplifier, and rf amplifier in battery-operated
receivers. Filament has mid-tapso that tube may 3 A 8 —GT
/ F- be used with either 1.4- or 2.8-volt de filament
’ supplies. Filament volts 1.4 (parallel), 2.8
(series); amperes 0.1 (parallel), 0.05 (geries).
Typical operation of triode unit as elass A; am-
plifier: plate volts, 90 (110 max); grid volts, 0;
amplification factor, 65; plate resistance, 0.2 megohm; transconductance, 325 ymhos; plate ma., 0.2.
Typical operation of pentode unit as class A; amplifier: plate volts, 90 (110 mazx); grid-No.2 volts, 90
(110 mex); grid-No.1 volts, 0; plate resistance, 0.8 megohm; transconductance, 750 umhos; plate ma.,
1.5; grid-No.2 ma., 0.5. This type is used principally for renewal purposes.

KINESCOPE

Directly viewed picture tube used

in compact, low-cost television receiv- 3KP4
ers. Employs a white fluorescent screen

having medium persistence and high

efficiency. It utilizes electrostatic focus

and deflection to provide a rectangular picture with rounded corners about 214 x
174 inches. Maximum diameter is 3-1/16 inches; maximum overall length is
1134 inches. Tube requires magnal eleven-contact socket and may be mounted in
any position. For installation and handling considerations, refer to ELECTRON
TUBE INSTALLATION SECTION. This type is used principally for renewal

purposes,

HEATER VOLTAGE (AC/DC) . . o ittt ettt nenrsnnnsanesnsssasresonnnan 6.3 volts
HEATBER CURRENT . |, ...t ttr it ean et eceenoneantonetontaseasenanenen 0.6 ampere
Maximum Ratings:
ANODE-NO.2 AND GRID-NO.2 VOLTAGE, ., . . ... otnir it inrennnn. N 2500 max volts
ANODE-NO. 1 VOLTAGE, . . .. ittt it ittt ca e snnrtnrenananens 1000 mazx volts
GRID-NO.1 VOLTAGE:
Negative bias value. . ..., ... .. ... . . . e 200 maz volts
Pogitive bias value, .. .. . . ittt i ittt e 0 mazx volts
Positive peak value. . ... ........ e e e e e 2 mazx volts
PEAK VOLTAGE BETWEEN ANODE N0.2 AND ANY DEFLECTING ELECTRODE . . 500 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. ............... ... ... ... 125 max volts
Heater positive with respect toeathode. ... ... ... .. ... ... ... .. 125 max volts
Typical Operation:
Anode-No.2 Voltage® ., ... ... ...t it i it vaaanns 2000 volts
Anode-No.1 Voltage for Focus®. . ... ... ... ... . i iiiannn. 320 to 600 volts
Grid-No.l Voltage for Visual Cutoff of Undeflected Focused Spot.. -38 to -90 volta
Deflection Factors# :
DIl and DI 2. . .. . i e e e 100 to 136 volts de/in
DI and DJ4. . ... .. et 76 to 104 volts de/in
Maximum Circuit Values:
Grid-No.! Circuit Resistance. . . ..........ccvvsnun Ceanes erretensnas 1.5 max megohms
Resistance in any Deflecting Eleetrode Cireuit. . ... .. ovviveevrrranee b max megohms

¥ Brilliance and definition decresse with decreasing anode-No.2 voltage.
¢ With the combined grid-No.1-bias voltage and video-signal voltage adjusted for a highlight brightness
of 2 foot-lamberts on a 23¢” x 17¢* picture area.

# Deflecting electrodes DJ1 and DJ2 are nearer the'screen; deflecting electrodes DJ3 and DJ4 are nearer
the base, When DJ1 is positive with respect to 3J2, the spot ig defliected toward pin 4; when DJJ is
positive with reapect to DJ4, the apot is deflected toward pin 1.
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3LF4

3Q4

BEAM POWER AMPLIFIER

Glass lock-in type used in output stage of
ac/dc/battery portable receivers. Qutline 14,
QUTLINES SECTION. Tube requires loek-in
socket. Filament volts (dc) 1.4 (parallel), 2.8
(series); amperes 0.1 (parallel), 0.05 (series).
For electrical characteristics, refer to glass-octai
type 3Q5-GT.

POWER PENTODE

Miniature type used in output
stage of lightweight, compact, portable,
battery-operated equipment. Outline
12, OUTLINESSECTION. Except for
terminal connections, types 3Q4 and

3V4 are identical. Refer to type 3V4 for ratings, typical operation, curves, and
installation considerations.

3Q5-GT

BEAM POWER AMPLIFIER

Glass octal type used in output
stage of ac/dc/battery portable re-
ceivers. Qutline 22, OUTLINES SEC-
TION. Tube requires octal socket and
may be mounted in any position. For

series filament arrangement, filament voltage is applied between pins 2 and 7. For
parallel filament arrangement, filament voltage is applied between pin 8 and pins
2 and 7 connected together. For additional filament considerations, refer to type
3V4 and ELECTRON TUBE INSTALLATION SECTION.

Filament Arrangement Series Parallel
FrLAMENT VOLTAGE (DC)..... e 2.8 i.4
FILAMENT CURRENT.....

Maximum Ratings:

Series Parallel
PLATE VOLTAGE. . . ..ot iiiirinrrneinnnan 110 max 110 max
GRID-NO. 2 (SCREEN) VOLTAGE . .......... 110 max 110 max
TOTAL ZERO-SIGNAL CATHODE CURRENT. .. 6 mazx 12 max
Typical Operation: Series Parallel
Plate Voltage. . ... ...... .. ernennn 90 110 85 20
Grid-No.2 Voltage. .. ................... 90 110 1 90
Grid-No.1 Voltage*®*, ., .................. -4.5 -6.6 -5 -4.5
Peak AF Grid-No. 1 Voltage............. 4.5 5.1 b 4.6
PlateCurrent. ..............ccivrenrennn 8.0 8.6 T.0 9.5
Grid-No. 2 Current (Approx.) ............ 1.0 1.1 0.8 1.3
Plate Resistance (Approx.) .............. 0.8 0.11 0.07 0.09
Transconductance...... e 2000 2000 1950 2200
Load Resistanee, , . ...........00iivunnnan 8000  BO0O 9000  BO00
Total Harmonic Distortion. .. ............ 8.6 8.6 5.6 6.0
Maximum-Signal Power Qutput........... 230 380 250 270

................ 0.05 0.1

CLASS A, AMPLIFER

volts

ampere

volts

volts

me

110 volts
110 volts
6.6 volta
6.4 volta
10 ma
1.4 ma
0.1 megohm
2200 pmhos
B0O0O ohms
6.0 per cent
400 mw

*The grid-No.l-circuit resistance should not exceed 1.0 megohm for either cathode- or fixed-bias

operation.
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POWER PENTODE

Miniature type used in output :
stage of lightweight, compact, portable, 354

battery-operated equipment. Outline

12, OUTLINES SECTION. Tube re-

quires miniature seven-contact socket

and may be mounted in any position. Types 384 and 184 are identical except for
filament arrangement. Type 354 features a filament mid-tap so that tube may be
used either with a 1.4-volt batfery supply or in series with other miniature tubes
having 0.050-ampere filaments. For filament considerations, refer to type 3V4 and
ELECTRON TUBE INSTALLATION SECTION.

Filament Arrangement Series Paralle
FILAMENT VOLTAGE (DC) . . ..o cvrevvenevncnnoannss 2.8 1.4 volts
FILAMENT CURRENT. ., .....00... Crerrrreerearan 0.06 0.1 smpere

CLASS A; AMPLIFIER

Maximum Ratings:

Series Paralle}
PLATE VOLTAGE. . ... .ot vt vsnrnncennncarsannnsns 90 max 90 max volts
GRID-NO. 2 (SCREEN) VOLTAGE , .. ...0vvuun.n ve.s 87.6  mox 67.5 max volts
TOTAL CATHODE CURRENT. . . .. vvervsnrverennns 6.0# mazx 12 maz ma
# For each 1.4-volt filament section.
ical tion
Typical Operation: Series Paraliel
Plate Voltage.................. Cereasacaaeaaaee 67.6 90 67.5 90 volta
Grid-No. 2 Voltage . ...........coivvrnennns .... 8T.5 67.5 67.6 67.6 volts
Grid-No. 1 {Control-Grid) Voltage. .............. -7 -7 -1 -7 volts
Peak AF Grid-No. 1 Voltage. . ............c.vuu. 7 7 7 17 volta
Zero-Signal Plate Current. . .........cihvieerreen 6.0 6.1 7.2 7.4 ma
Zero-Signal Grid-No. 2 Current,................. 1.2 1.1 1.6 1.4 ma
Plate Resistance. . ..........c00u.. Ceerreeraeans 0.1 0.1 0.1 0.1 megohm
Transconductance............cvoevvvverernnnnnan 1400 1426 1650 1576 pmhbos
Load Resistance. . . ........ccvnievennvncnnannens 5000 BO0O 5000 8000 ohms
Total Harmonic Distortion...................... 12 13 10 12 per cent
Maximum-Signal Power Output.................. 160 236 180 270 mw
AVERAGE PLATE CHARACTERISTICS
vaat 3s4
E¢nl4VOLTS DC GRID-N22VOLTS3487.5
- PARALLEL FILAMENT ARRANGEMENT
n
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POWER PENTODE

- Miniature type used in output

3V4 stageof lightweight, compact, portable,

battery-operated equipment. Except

for terminal connections, types 3V4

and 3Q4 are identical. Both feature

filament mid-tap so that tubes may be used either with a 1.4-volt battery supply
or in series with other miniature tubes having 0.050-ampere filaments.

Filament Arrangement Series Parallel
FILAMENT VOLTAGE (DC). . .. iiin it ite v ienancnnncnninis 2.8 1.4 volts
FILAMENT CURRENT . . ot vr vt ieee et inenaeenanrnnns 0.06 0.1 smpere
DigECT INTERELECTRODE CAPACITANCES (Approx. With no external shield):
Grid No.1toPlate............oociniiiiiraiaiiennn. 0.2 upf
Imput. .. . e e e 6.5 wuf
L+ R 8.8 gl

Maximum Ratings: CLASS A; AMPLIFIER

Series Paralle

PLATE VOLTAGE. . ...ttt iiicrenaraaasoencasertnnannsen 90 mox 90 max volts
GRID-NO. 2 (SCREEN) VOLTAGE. . ... .0t innnricnnnnnnanns 90 maz 90 mazx volts
ToTAL CATHODE CURRENT . .. ... ...t cnaassannanescns 6# max 12 mazx ma
# For each 1.4-volt filament section.

Typical Operation: Series Parallel

Plate Voltage, ... .. ... . i iiiiinnnnns e 90 86 90 volts
Grid-No. 2 Voltage. . .. ... it iireratvnstrsransnnens 90 85 90 volts
Grid-No. 1 (Control-Grid) Voltage. . .. .....ovtiivninernns —4.5 -5 -4.6 volts
Peak AF Grid-Ne. 1 Voltage. .. ... ..o iiiiriiiniinnnnnn 4.5 5 4.5 volts
Zero-Signal Plate Current. .. ... ....covuvunncnenrnnrceens 7.7 6.9 9.6 . msa
Zero-Signal Grid-No. 2 Current. ... ....civinnrrernnnnnnas 1.7 . 1.6 2.1 ma
Plate Resistance (ADPProX.). . . uvurvrneenurerrveanrnnens 0.12 0,12 0.1 megohm
Transcon@UCLANCe. . v vuurtcicen vranrrcneannnnoaraennenns 2000 1976 21560 amhos
Load Résistance. ... .co.viern it iiatrinnsessoonanannas 10000 10000 10000 ohms
Total Harmonie Distortion. . ... ..o iiiiiiiininnenns 7 10 7 per cent
Maximum-Signal Power Qutput. ... ........cciiieviennans 240 250 270 mw

INSTALLATION AND APPLICATION

Type 3V4 requires miniature seven-contact socket and may be mounted in
any position. Outline 12, QUTLINES SECTION.

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

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

For series operation of the sections,'a shunting resistor must be connected
across the section between the F- and Fp, the filament mid-tap, to bypass any
cathode current in this section which is in excess of the rated maximum per section.
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When other tubes in a series-filament arrangement contribute to the filament cur-
rent of the 3V4, an additional shunting resistor may be required across the entire

filament (F- to F+4).

For series filament arrangement, filament voltage is applied between pins No.1
and No.7. For parallel filament arrangement, filament voltage is applied between
pin No.5 and pins No.1 and No.7 connected together. Refer to ELECTRON

TUBE INSTALLATION SECTION for additional filament considerations.

In series filament arrangement, the grid-No.1l voltage is referred to F-. In
parallel filament arrangement, the grid-No.1 voltage is referred to Fy, the filament

mid-tap.
AVERAGE PLATE CHARACTERISTICS
25 T 1T T T 1 T 71 71 1
TYPE 3V 4
Es =14 VOLTS DC GRID-N22 VOLTS:90 —]
o PARALLEL FILAMENT ARRANGEMENT
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PLATE VOLTS
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FULL-WAVE VACUUM RECTIFIER

Outline 19, OUTLINES SECTION. Tube re-
quires lock-in socket. Filament wvolts, 5; am-
peres, 2. For maximum ratings, typical opera-
tion,and curves, refer toglass-octal type5Y3-GT.

FULL-WAVE VACUUM RECTIFIER

o Metal type used in power supply of radio .
equipment having large de requirements. Out-~
B line 7, OUTLINES SECTION. Tube requires 5T4
r .

‘ octal socket, Vertical tube mountmg is pre-

ferred but horizontal mounting is permissible if
o o pins 2 and 8 are in vertical plane. Filament
S F volts {ac), 5.0; amperes, 2.0. This type is used

principaily for renewnl purposes,

Maximum Ratings: FULL-WAVE RECTIRER

PEAK INVERSE PLATE VOLTAGE. ....... v iereaaaanae Neseneena veessssnea.. 15650 max
PRAK PLATE CURRENT...... T N 675 max
DCOUTPUT CURRENT. . . .o v uvnnnns Cetseteriraer et at e, teereneas vees 285 mazx

Lock-in type used in power supply of radio
equipment having moderate de requirements. AZ
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Typical Operation:

Filter Input Capacilor Choke

AC Plate-to-Plate Supply Voltage (rms) ........ccviiuveinn. 900 1100 volts
Flter-Input Capacitor. . . ... ... .. . .. . it iiiieirnannnnnnns 4 - wf
Total Effective Plate-Supply Impedance Per Platet ............ 150 - ohms
Filter-Input Choke. ...... .. . i i i i e terennnenranns - 10 henriea
DC Output Current. .. ... ettt it aneeananann 225 225 ma
DC Output Voltage at Input to Filter {Approx.):

At half-load current (112,53 ma.) . ...... .o iiiiiiinannnsn 530 465 volts

Atfull-load current (225 ma.) ....... . ... ... ... 480 450 volts
Voltage Regulation (Approx.):

Half-load to fulldoad current. . .. ...... . ... ... v rve. . 50 15 volta

t When a filter-input capacitor larger than 40 uf is used, it may be necessary to use more plate-supply
impedance than the value shown in order to limit the peak plate current to the rated value.

Py 1C

PROJECTION KINESCOPE

Projection-type kinescope used in

5TP4 television receivers having a reflective

optical system. Features high-efficien-

cy, metal-backed white fluorescent

screen utilizing phosphor No.4 of the

silicate type. Highlight brightness of the projected picture is about 15 foot-lam-

berts when the 5TP4 is operated at 27 kilovolts. Utilizes electrostatic focusing and
magnetic deflection. Has deflection angle of about 50°.

HEATER VOLTAGE (AC/ DO} ...ttt iiiiteineoranssssasanenssnsssrassonassas 6.3 volts

HEATER CURRENT. .. .ttt ittt e earsiasansnsrtesesnsessnasesesensnsnns 0.6 ampere
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.1 to AllOther Electrodes . ........ccvttnenirtsnsirirsessnanans 8 g

Cathode to Al Other Electrodes . ... ... ... . c.iieivuucenasaseosossrsnnn 5 sauf

) - . 600 max i

External Conductive Coating to Anode No. 2. .. voiiiriniennnrrnneennens { 100 min ﬁ::f

Moximum Ratings:

ANODE-N0.2 Voltage .. ......... s eacesenan it ent et ettt 27000 max volts
ANODE-NO.1 Voltage .. ... it iii i it eteareeststnanassisatissnsnsassian 6000 max volts
GrRID-No.2 Voltage . ..............vuvnen et i aaan e 350 max volts
GRID-No0.1 VOLTAGE:
Negative bias value. ... ... ... i ittt i tratronranenrncansnnn 150 maz volts
Positive biag valle. ., ... ... .. . i ittt trea et 0 mazx volts
Positive peak value . . ... ... ... . i i i e e 2 mazx volta

PEAK HEATER-CATHOGDE VOLTAGE:
Heater negative with respect to cathode:

During equipment warm-up period not exceeding 15 seconds. .......... 410 mazx volts
After equipment warm-up period. . ... .. .. ... .. i i e e 175 mazx volta
Heater positive with respect to eathode. ., ........ ... ... ..ooiaa. 10 maz volts

Typical Operation:

Anode-No.2 Voltage® ... . . .. .. ittt ietitrnr ot tannsecasnsaarensnsennans 27000 volts
Anode-No.l1 Voltagée Range for Focus when Anode-No.2

Current I8 200 pa. ... ... . it i iiee i et 4320 to 5400 voits
Grid-INo.2 Voltage, . .. ..ot i it ittt it ittt sae e tanaan e 200 volts
Grid-No.1 Voltage for Visual Cutoff of undeflected focused spot.......... —42 to -98 volts
Anode-No.2 Current . ... . it ittt insserieaatetarensrosenasaesenasnnes 200 ua
Maximum Anode-No.l Current . ... ... .. . .. i rtitarrranrrrranearseenns 55 ua
Grid-No.2 Current Range ..........c..iiiitiintiinnranrrnsraanssnsens -15 to 415 HA

Maximum Circvit Yalve:
Grid-No.1-Circuit Resistance ..., ... ... .. it i iiii ittt 1.5 mar megohms

* Brilliance and definition decrease with decreasing anode voltages. In general, anode-No. 2 voltage
should not be iess than 20000 volts.
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INSTALLATION AND APPLICATION

The base pins of the 5TP4 fit the duodecal seven-contact socket. In order to
provide the maximum socket insulation for high-voltage pins 6 and 7, the socket
contacts for pins 3, 4, 5, 8, and 9 should be removed. The socket should be made
of high-grade, arc-resistant insulating material and should preferably be designed
with baffles. The tube should be supported by a metal holder at the large end of
the tube. The 5TP4 may be operated in any position. Outline 44, OUTLINES
SECTION.

. , A typical reflective optical system
VIEWING / l for use with the 5TP4 is illustrated in the
SCREEN accompanying sketch. It consists of a
spherical collecting mirror and a cor-

36" recting lens located at the center of cur-
APFROX. vature of the mirror. The illustration also
shows the location of the face plate of
the 5TP4 and the location of the viewing
screen with respect to the mirror and the
correcting lens.

[-———— 9.50" DIA.

WORKING
OIA,

_EO' 240" The neck external conductive coat-
ol ¢ b L1 APPROX. jng must be grounded. Connection to the
coaagc,-,m/s coating may be made by a flexible band

LENS > | € around the base end of the coating, or by
5.97* a soft brush contact attached to the bot-
tom of the yoke. Unless the coating is
- grounded, it may assume the potential
__I B of anode No.2 and thus break down the

13.53°  yoke insulation.

DEFLECTION
YOKE

FACE PLATE
OF RCA-5TP4

SORRORL 1370, | The coating serves to prevent corona
between the neek (which has an internal

A\L / coating at anode-No.2 potential) and the
- yoke. Corona would act to damage the
14“D1a,

bes 1571a yoke insulation and to produce break-
down in the glass of the neck. It is impor-
tant that the yoke insulation be ade-
quate for operation of the yoke against the external grounded coating.

The bulb insulating (moisture-repellent) coating serves to prevent formation
of a continuous film of moisture over the glass surface when humidity is high.
Such a film, when a high-voltage gradient is present, is conducive to the formation
of corona and tends to produce sparking over the glass surface. Care must be
taken not to scrateh the insulating coating, nor to wash or wipe it with any liquid
likely to soften or dissolve lacquers.

Grid No. 2 is incorporated in the design of the 5TP4 to prevent interaction be-
tween the fields produced by grid No.1 and anode No.1. However, grid No.2 may also
be used to compensate for the normal variation to be expected in the grid-No.1
voltage for cutoff in individual tubes. By adjusting the voltage applied to grid No.2
with due consideration to its maximum rated value, it is possible to fix the grid-
No.l bias at a desired value, and obtain almost the same maximum anode current
for individual tubes having different cutoff voltages. Adjusting grid-No.1 cutoff in
this way not only makes grid drive more uniform, but also reduces variations in
anode-No.1 current. Since grid-No.2 draws at most only a negligible leakage cur-
rent, its voltage may be obtained from a potentiometer inserted in the anode-
No.l1 voltage divider.
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The high voltage at which the 5PT4 is operated is very dangerous. Great care
should be taken in the design of apparatus to prevent the operator from coming in
contact with the high voltages. Precautions include the enclosing of high-potential

‘terminals and the use of inter-locking switches to break the primary circuit of the

power supply when acecess to the equipment is required. To minimize the danger of
these high voltages, it is recommended that the high-voltage supply for the 5TP4
be one in which the peak current even under short-circuit conditions is well below
the value dangerous to life.

For additional installation and handling considerations, refer to ELECTRON
TUBE INSTALLATION SECTION.

Qccasionally, after a tube has been transported, fine loose particles inside the
tube may get on the anode-No.1 surface. When voltage is applied, there will be a
momentary spark which fuses or removes the particles, so that no further sparking
oceurs. Such sparking causes no harm to the tube provided the maximum energy
dissipated in the spark is kept small by use of a suitable high-voltage power supply
as recommended above.

SPECTRAL ~ENERGY EMISSION

CHARACTERISTICS OF PHOSPHOR N2 4
SILICATE TYPE

COLOR TEMPERATURE : 5500°K

3
Q

3
—-.-l—..“_‘-“-\

—-.-‘-___.-.
-
.-"/

.
o

RELATIVE RADIANT ENERGY
3
1

3
L~

o

00 5000 7000
WAVELENGTH - ANGSTROMS
92CM -7335T

FULL-WAVE VACUUM RECTIFIER o

Glass octal type used in power
5 U4—G supply of radio equipment having high G)

dc requirements. Outline 40, OUT- r ‘

LINESSECTION. Tuberequiresoctal OMO

socket. Vertical mountmg is preferred NC F
but horizontal mountmg is permissible if pins 1 and 4 are in vertical plane The
coated filament is designed to operate from the ac line through a step-down trans-
former. The voltage at the filament terminals should be 5.0 volts under operating
conditions at an average line voltage of 117 volts. It is especially important that
this tube, like other power-handling tubes, should be adequately ventilated. For
discussion of Rating Chart and Operation Characteristics, refer to type 6AX5-GT.

FILAMENT VOLTAGE (AC) . i vttt ienarnansrassrastssrsanssssssrnorensanceens 6.0 volts
FILAMENT CURRENT . « 4t vt testtnonsnnssassannsosocsvonsrsensoneensnnenn 3.0 amperes
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T - =, _—
Maximum Ratings: FULL-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE. .. . ... ittt tes e et 1550 max volta
PEAK PLATE CURRENT PER PLATE. . . . . ... . it ie i 675 max ma
HoT-SwWITCHING TRANSIENT PLATE CURRENT
for duration of 0.2 second maximum.............. et b b, 2.35 mazx amperes
AC PLATE SUPPLY VOLTAGE PER PLATE (BMS) . . .. ovvn i e nnnennnnennn. See Rating Chart
Dc OuTPUT CURRENT PER PLATE (BMS) . . vttt et e ieieeneneanans See Rating Chart
Typical Operation with Capacitor Input to Filter:
AC Plate-to-Plate Supply Voltage (rms}. . ... ..............c.... 900 1100 volts
Filter Input Capacitor®. . ... ... .. . . . it inrnannns 10 10 uf
Effective Plate-Supply Impedance Per Plate. . ., ........... vesn. 170 230 ohms
DC Output Voltage at Input to Filter (Approx.):
112.5ma. .........ciiiininnnn.. 510 - volts
Atha]i-loadcurrentof{ TEMA. ..ottt iinreireinannn. = 660 volts
225 ma . ... e 430 - volts
At full-load current of { 156 ma....... SO - 590 volts
Voltage Regulation (Approx.):
Half-load to full-load current. . veeoeecees. 80 70 volts
Typical Operation with Choke Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)....... 900 1100 volts
Filter Input Choke. ..... e ee e 10# 10# # henries
DC Output Voltage at Input to Filter (Approx.):
135 ma. ... i e 365 - volts
At half-load current of { 112,65 ma. ... oo - 460 volts
R ZT0ma........ ... o, 345 - volts
At full-load current of { 225 ma. ... ..., Sl - 440 volts
Voltage Regulation (Approx.):
Half-load to full-load current. .. ., S ettt esaessreans i 20 20 volts

* Higher values of capacitance than indicated may be used but the effective plate-supply impedance may
have to be increased to prevent exceeding the maximum rating for hot-switching transient plate current.

# This value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS with Choke Input to Filter, provided the load current
is not less than 35 ma. For load currents less than 35 ma, a larger vaiue of inductance is required for
optimum regulation.

# # This value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS with Choke Input to Filter, provided the load current is
not less than 45 ma. For load currents less than 45 ma, a larger value of inductance is required for
optimum regulation,

RATING CHART
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OPERATION CHARACTERISTICS RATION CHARACTERISTICS
FULL - WAVE CIRC\HT, CAPACITOR INPUT TO FILTER FULL—OWPA%'EACIRCU!T. CHOKE cI:NPUT TO FILTER
TYPE 5U4-G Ef= 50 VOLTS AC TYPE 5U4-G "Ef=5.0 VOLTS AC
Z‘H“EE‘ - INPUT CAPACITOR —CHSL.}CE-?AS:EEINFINITE
N .
TOTAL EFFECT PLATE —
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FULL-WAVE VACUUM RECTIFIER DI

5v 4 G lGla?S czlqtal t3_rpe ust;aii1 iq p(;lvyelzl-
- supply of radio equipment having hig

: de requirements. Qutline 35, OUT- * e‘
LINESSECTION. Tuberequiresoctal ORIO?
socket and may be mounted in any N H

position. The heater is designed to operate from the ac line through a step-down

transformer. The voltage at the heater terminals should be 5.0 volts under operat-

ing conditions at an average line voltage of 117 volts. It is especially important

that this tube, like other power-handling tubes, should be adequately ventilated.

HEATER VOLTAGE (AC) o vt itvninrneencncennonesecannassnrencssosssasnns 5.0 volts
HEATER CURRENT. . ot vivttsnrntsnosnnssesrasneenancansasss [ 2.0 amperes
Maoximum Ratings: FULL-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE. . - 41 ctvcrrarennrsntsnssesoassnnse vees 1400 mazx volts
PEAK PLATE CURRENT. 4 . 4 0vvtarsestnrstessessosssssrsannsnasssnnnn . 525 mazx ma
DC OUTPUT CURRENT . . . vt et itivenneaosarronnsarssrsoassnasctnssrenss 175 max ma
Typical Operation:

Filter Input Capacitor Choke
AC Plate-to-Plate Supply Voltage (rms) ................... 750 1000 volts
Filter-Input Capacitor. . .. .......c it iiiaiintueanss 8 - uf
Total Effective Plate-Supply Impedance per Plate*. ......... 100 - ohms
Min. Filter-Input ChoKke . ..ovvvrveretirnerrcnnrnenrvnens - 4 henries
DCOutput Current. . ...t inrenrane e nsanes 175 176 ma
DC Output Voltage at Input to Filter (Approx.):

At half-load current (87.5mMa.} . v evvvnivvirenrneseeanns 455 4256 volts

Atfull-load current (175 ma.) . .. .o e een it vinanns 416 £15 volts
Voltage Regulation ﬁApprox.) :

Half-load to full-load eurrent. . . .. .o v vve v i ns 40 10 volts

* When a filter-input ecapacitor larger than 40 pf is used, it may be necessary to use more plate-supply
impedance than the value shown to limit the peak plate current to the rated value.
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OPERATION CHARACTERISTICS

1 I 1 U
TYPE 5V4-G
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FULL-WAVE VACUUM RECTIFIER
Metal type 5W4 and glass-octal type 5W4-

Ppy GT are used in power supply of radio equipment
o having low de requirements. Qutlines 6 and 25, 5w4
respectively, OUTLINES SECTION. Both

types require octal socket. Filament volts (ac),

5.0; amperes, 2.0. Maximum ratings: peak in-
F e‘ verse plate volts, 1400 mazx; peak plate ma., 300 SW4'GT
o o mazx; de output ma., 100 mazx. The 5W4-GT is a
5:5w4 F DISCONTINUED typelisted forreference only.
NC:SWA-CT Type 5W4 is used principally for renewal
purposes.
NC Pp;
(a) _(5) FULL-WAVE VACUUM RECTIFIER
PD? NC Glass octal type used in power supply of
radio equipment having large dc requirements.
Outline 40, OUTLINES SECTION. Filament 5x4_G

volts, 5.0; amperes, 3.0. Except for basing ar-
N(' F‘ rangement, this type is identical with type

: o 5U4-G. Type 5X4-G is used principally for
r renewal purposes.

Por - FULL-WAVE VACUUM RECTIFIER
O Glass octal types used in power 5Y3'G

supply of radio equipment having mod-
o‘ erate de requirements. Type 5Y3-G, 5Y3_GT
()™ (e) Outline 35; type 5Y3-GT, Outline 25,
NC F OUTLINESSECTION. Tubesrequire
octal socket. Vertical tube mounting is preferred, but horizontal operation is per-
missible if pins 2 and 8 are in horizontal plane. It is especially important that these
tubes, like other power-handling tubes, should be adequately ventilated. Type
5Y3-G is used principally for renewal purposes. For discussion of Rating Chart
and Operation Characteristics, refer to type 6AX56-GT.

FILAMENT VOLTAGE (AC) . . it i tvetieninenrnntonsesnnranness e, 5.0 volta
FILAMENT CURRENT . « 2 ¢ 4 2o st otutvarontriioenassoatssnnsannsenassennsans 2.0 amperes
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Maximum Ratings: FULL-WAVE RECTIFIER

PEAK INVERSE PLATE VOLTAGE. . ... ....covinun Peeieamn e, 1400 mazx volts
PEAK PLATE CURRENT PER PLATE. . .. ........... e eameestanaaa e, 400 max ma
HOT-SWITCHING TRANSIENT PLATE CURRENT
For duration of 0.2 second maximum. ...... cissessnessssseanssesncss 2.2 max amperes
Ac PLATE SUPPLY VOLTAGE PER PLATE (BMS).....c0ecuveernsaencas... S€€ Rating Chart
Dc OUuTPUT CURRENT PER PLATE (RMS8). . . ... icivsasasarsssccressses. Se¢ Rating Chart
Typical Operation with Capacitor Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)......... 700 1000 volts
Filter Input Capacitor*. . ..ave v, 10 10 uf
Effective Plate-Supply Impedance Per Plate. . ... 50 140 ohms
DC Output Voltage at Input to ;‘ilter (Approx.): 290 |
62.6ma ..... ... i i e . - volts
At half-load current of { A28 e RPN es 610 voits
_ 125 mMa ...oiiiiiiiiiaas veee.s 350 - volts
At full-load current of § 12378 --oweeeeroeenoooeeeen e 30 560 voits
Voltage Regulation (Approx.):
Half-load to full-load current. . ... eeeeevrnne 40 50 volta
Typical Operation with Choke Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)..... Pees 700 1000 volts
Filter Input Choke. . . ........................ 104 10¢ # henries
DC Output Voltage at Input to Filter (Approz.}:
Toma ... . ... e ieaaa 270 - volts
At half-load current of | T2 T8 --ooooee e .- 405 volts
. 150 ma .........0i00ne e 245 - volts
At full-load current of { 125 ma . iieiiiieiite i - 390 volts
Voltage Regulation (Approx.):
Half-load to full-ioad current. ... ..covuensee 25 15 volts

* Higher values of capacitance than indicated may be used but the effective plate supply impedance
may have to be increased to prevent exceeding the maximum rating for hot-switching transient plate
current,

# This value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS with Choke Input to Filter, provided the load current is
not less than 35 ma. For load currents less than 35 ma, a larger value of induetance is required for
optimum regulation.

# # This value is adequate tc maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS with Choke Input to Filter, provided the load current is
not lesa than 60 ma. For load currents less than 50 ma, a larger value of inductance is required for
optimum regulation.

RATING CHART

4 1 L] ] T I
TYPE 5Y3-GT £,=50VOLTS AC
. ER2? CAPACITOR OR CHOKE INPUT
SNy CHOKE INPUT ONLY

1 oherar

MAX OPERATING Va4,
WITH CHOKE INPUT To tUgy

Nlraaay

8

OC OUTPUT MILLIAMPERES PER PLATE

o 100 200 300 400 500
AC PLATE SUPPLY VYOLTS (RMS) PER PLATE
92CM=-T7386T
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—]
OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
FULL - WAVE  CIRCUIT, CAPACITOR INPUT TO FILTER FULL-WAVE CIRCUNT, CHOKE INPUT TO FILTER
TYPE 5Y3-GT E4= 50 VOLTS AC TYPE S5Y3-GT  €,.=50 VOLTS AC
FILTER-INPUT CAPACITOR —— CHOKES OF INFINITE
00 :r‘?r}‘:": feT B E 700 INDUCTANCE -
a SSPPEVEH;:DANCIEALEER E‘ e G HONGS OF VALUES
50 OHMS FOR |
- T —BOUNDARY LINE FOR —
% PLATE {] 20 OmTES 408 A CHOKE VALUES SHOWN
sook N CURVES™ 6-8 [N CEK=SEE RATING
[N < ADK = SEE RATING ] 600 [A-v CHART .
¥ iy CHART TN
e N\ TN O—— T —p—
[ 4 . iy ™ L B '6“"“ =
o Y \ Ty W AS SHOWN
= 6\ \ i v e o
v 500 o S~ & sool dh YN
L) hJ )
e . N \ 5 ‘\‘ ‘\‘\\ Y e b,
5 NS5 > X o M el R
\ \
g \ S Y = (B 500 M hLNY
< 400 n ) = PPN S L S 4
- LN s S Y 3400“\‘\. < ) =
< ¥ | ~{__ ] z [ H:.@_ A
4 s \o - 3 VAR .
3 3 \QMS P, \ < l\ N 200v/n f \ 7
3 N [~ s, \ @ R\ F1ds peR /FL d
300 3o iy H 300y o BLATE
5 N M~ g 7Ty 7‘:%{\ / i
’0-_ 25 E \\ \ : l‘\% 3, ﬁL-"—— \
3 % \\ \‘ 5 I\—C:\I ,\J VQ%L 7 I
g 200 N \-.. \“\ 'é 200 “ l\;‘-.__ 7 ? -'_'-_"———-J
\/60 \\ \ 9 “"‘{‘FI ), ..?_570__‘/ >
= v
: 7 T
. ~— | *1]\ 20 | o~ |
100 S \ ‘ 1 3 y -~
Y 100 167z Iso—=
— LT
b I[?ﬂ' Lﬁ/
[} X /
i ' . : Lo "z H
: ' \x v I«
L 40 80 120 160 0
DPC LOAD MILLIAMPERES 4[?(: LOAD NﬁELIAMPERElzso 160
92CM-7305T 92CM-T304T
w oo FULL-WAVE VACUUM RECTIFIER
o o Glass octal type used -in power supply of
nc radio equipment having moderate dc require-
(3) (6)™" menta. Outline 35, OUTLINES SECTION.
Tube requires octal socket. Vertical tube mount-
ing is preferred, but horizontal mounting is per- 5Y4-G
NC e vo f  missible if pins 2 and 7 are in horizontal plane.
Filament volts (ac}, 5.0; amperes, 2.0. For maxi-
o 0 mum ratings, typical operation, and curves,
NC ¥ refer to type 5Y3-GT. Type 5Y4-G is used
principally for renewal purposes.
PD2 Py
@) (3 FULL-WAVE VACUUM RECTIFIER
Glass type used in power supply
of radio equipment having large de re- 5 z 3

o‘o quirements. Outline 41, OUTLINES
r  SECTION. Tuberequiresfour-contact
socket. Vertical mounting is preferred
but horizontal mounting is permissible if pins 1 and 4 are in horizontal plane.
Filament volts (ac), 5.0; amperes, 3.0. For maximum ratings, typical operation,
and curves, refer to type 5U4-G.
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FULL-WAVE VACUUM RECTIFIER P2
Metal type used in power supply of radio o PO}
equipment having moderate de¢ requirements. o
Outline 6, OUTLINES SECTION. Tube re-
524 quires octal socket and may be mounted in any

Maximum ratings: peak inverse plate volts,

1400 max; peak plate ma. per plate, 375 max.

Typical operation as full-wave rectifier with

capacitor-input filter: ac plate-to-plate supply
volts {rms), 700; total effective plate-supply impedance per plate, 50 ohms; dc output ma., 125
Typical operation with choke-input filter: ac plate-to-plate supply volts, 1000; m