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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 valuable 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-extensively
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. Consequently, in the Tube Types Section, the presentation on
the older types has been limited to essential basic data while detailed
information has been given on the newer more important types.

In addition to the tube types covered in this Manual, the
TUBE DEPARTMENT of RADIO CORPORATION OF AMERICA offers a
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Electrons, Electrodes, 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 control 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 a 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 control 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
MENT 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 ™giiTED
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
gseparate 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 unless they ean 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 SLEw
between the plate terminal and a cathode
terminal. Under the influence of the positive s_ire
plate potential, electrons flow from the cathode
to the plate and return through the external ,...
plate-battery circuit to the cathode, thus com- ©°C€
pleting the circuit. This flow of electrons is B
known as the plate current, and may be meas- O —
ured by a sensitive current meter. -t *

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 can flow from the
o cathode to the plate but not from the plate to the
~ 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 outpur When the plate is positive. Hence the current
TR through the tube flows in one direction and is
said to be rectified. See Fig. 4. Diode rectifiers
are used in ae receivers to convert ac to de
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-

Fig. 38

ALTERNATING

I 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 this type 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 electrors 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 voitage. Under thege
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,

5



RCA RECEIVING TUBE MANUAL

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. b
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 has a
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 rectifier 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 a2 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 is instantaneously positive and the cathode. Under
normal operating voltages, ionization does not take place between the anode that
is negative 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 a third electrode, called the grid, is placed between the ecathode 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 praetically 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 dc 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 = @

of the grid and plate polarities. When the elHTE
plate is positive, as is normal, and the GRID PLATE CURRENT
A

"~ dec grid voltage is made more and more
negative, the plate is less able to attract
electrons to it and plate current decreases. INPUTS yearen
When the grid is made less and less nega- c B
tive (more and more positive), the plate Ji]s B —
more readily attracts electrons to it and -t - *
plate current increases. Hence, 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-electrode tube types are the 6C4,
6J5, and 2A3.

The grid, plate, and cathode of a triode 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 is of the most importance. In high-gain radio-frequency
amplifier circuits, this capacitanece may act to produce undesired coupling between
the input circuit, the circuit between grid and cathode, and the output circuit, the
circuit between plate and cathode. This coupling is undesirable in an amplifier
because it may cause instability and unsatisfactory performance.

CATHODE §OUTPUT

TETRODES

The capacitance between grid and plate can be 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 ELECTRON
screen is mounted between the grid and FLow

the plate and acts as an electrostatic PLATE ®)

shield between them, thus reducing the R SCREEN  CURRENT
grid-to-plate capacitance. The effective-

ness of this shielding action is increased Of'catrooe ouTPUT
by connecting a bypass capacitor between ypyr< HeATER

sereen and cathode. By means of the

screen and this bypass capacitor, the B

grid-plate capacitance of a tetrode is - + 2l

made very small. In practice, the grid- Fig. 7
plate capacitance is reduced from several
micromicrofarads (uuf) for a triode to 0.01 uuf 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 eathode.
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 littie
on the plate voltage. The faet that plate current in a screen-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 sereen 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
FLOW
()
PLATE PLkA{E
SUPPRESS SCREEN CURRENT

QUTPUT
HEATER

S A

Fig. 8

INPUT

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, 6SJ7, 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-
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pressor grid. When a heam power tube is designed 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 6L6
BEAM POWER
TUBE

.\ !
N

PLATE

\, ,_1/\\“

e Fig. 9

U

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 50B5.

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 a2 detector. Obviously, with this diversity of applica-
tion, one tube did not meet all requirements to the best advantage.

9
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Later and present trends of tube design are the development of “specialty”
types. These types areintended either to give optimum performancein 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 this 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 6L6’s.

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 12AU7 and 6N7, respectively. In this class also is
included the multi-unit type 117N7-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 6U5/6G5 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 simultaneously the double function of oscillator
and mixer in superheterodyne receivers.

Complete classification of tubes by services and cathode 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 calculation of additional tube factors.

Tube characteristics 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 Dynamie Characteristics are the values obtained with
an ac voltage on the control grid under various conditions of dc 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
(mutual) characteristics curves. These curves present the same information, but
in two different forms to increase its usefulness. The plate characteristic curve
is obtained by varying plate voltage and measuring plate current for different
control-grid bias voltages, while the transfer-characteristic curve is obtained by
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varying control-grid bias voltage and measuring plate current for different plate
vpltages. A plate-characteristic family of curves is illustrated by Fig. 10. Fig. 11
gives the transfer characteristic family of curves for the same tube.
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Dynamic 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 p 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 producing 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-
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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

Plate efficiency (%) = power output waitts

average dc plate volts ) average dc plate amperes

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

Power sensgitivity (mhos) =

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 may be added to the letter or letters of the class identification, The suffix 2 may be used to denote
that grid current flows during some part of the cycle.

12
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For radio-frequency amplifiers which operate into a selective tuned circuit, as
in radio transmitter applications, or under requirements where distortion is not an
important factor, any of the above classes of amplifiers may be used, either with a
single 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 cireuit is much larger than that required to swing the grid, amplification of
the signal is obtained. Fig. 12 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. 13 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 4 plate resistance

Voltage amplification =

*

transconductance in mieromhos 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, 14 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-

13
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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 is too large, this drop will be too large, the plate voltage on the
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 inereased 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,
2 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
circuits. 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 impedance is high even at the ultra-high radio frequencies. Input
admittance is the reciprocal of input impedance.

A remote-cutofl amplifier tube is a modified construction of a pentode or a
14
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tetrode type and is designed to reduce modulation-distortion and eross-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
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

c
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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. 15 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 middle 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 characteristies 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. 16 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 grid-bias voltages, the plate current of the remote-cutoff tube drops 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 distortion. 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 6L.6 have still higher power sensitivity and efficiency and have higher
power-output capability than triode or conventional pentode types.

15



RCA RECEIVING TUBE MANUAL

A class A power amplifier is used also as a driver to supply power to a class
AR, 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.

= AC FILAMENT SUPPLY A " B Ac HEATER sipewy
Fig. 17 Fig. 18

Power tubes connected in either parallel or push-pull may be employed as
class A amplifiers to obtain increased output. The parallel connection (Fig. 17)
provides twice the oupput 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. 18), 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 harmonies 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 {or a single tube. For either parallel or
push-pull class A operation of two tubes, all electrode currents are doubled while all
dc 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.

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 a 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. 19 for given conditions. The procedure is as
follows: (1) Locate the zero-signal bias point P by det,ermmmg the zero-signal bias

Eec, from the formula:
Zero-signal bias (Eco) = —{0.68 X Ep)/n

where E}, is the chosen value in volts of de plate voltage at which the tube is to be
operated, and p 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 Imsx. (5) Draw a straight line XY through
X and P.
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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 (Emax — Emm) divided
by (Imax — Imin), where E is in volts and I is in amperes.

It should be noted that in the case of filament types of tubes, the caleulations
are given on the basis of a dc-operated filament. When, however, the filament is
ac-operated, the calculated value of dc bias should be increased by approximately
one~half the filament voltage rating of the tube,

The value of zero-signal piate 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 dc¢ plate current I,. If it is
found that the plate-dissipation rating of the tube is exceeded with the zero-signal
bias Ec¢, calculated above, it will be necessary to increase the bias by a sufficient
amount g0 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 Emax and Ipin; during the positive swing,
they reach values of Enpin and Imax. 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 ~To

% 2nd-harmonie distortion = 2 ¥ 100
Imax — Imin

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. 19. The tube is to be operated at 250
volts on the plate.

Procedure: For a first approximation, determine the operating point P from the
17
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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
(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 de 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 Iy, where Imax = 21, = 2 X 0.06 = 0.12 ampere. Line

XY is drawn through points P and X. Enax, Emin, and Imin are then found from the
curves. Substituting these values in the power output formula, we obtain

(0.12 — 0.012) (365 ~ 105)

Power output = 3 = 3.52 watts
The resistance represented by load line XY is
(365 — 105)
.12 —0.012) ~ 2410 ohms
If now the values from the curves are substituted in the distortion formula,
'we obtain 0.12 4 0.012 o
—— 0.
% 2nd-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 discusszed 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. 20), intersecting the
E¢ = 0 curve at the point Ipax. Then, Linax is determined from the curve for use in

the formula
Power output = (Imax X Eo)/5.
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If Inax is expressed in amperes and E, in volts, power output is in watts.

The method for determining the proper load resistance for triodes in push-pull
is as follows: Draw 2 load line through Ima« on the zero-bias curve and through the
Eo, 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 load (Rpp) = 4 x (Eo - 0.6Eo)/Imax

E, is expressed in volts, Inax in amperes, and Ryp in ohms,

Example: Assume that the plate voltage (E,) is to be 300 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 XX 300 = 420 volts. (Since cutoff bias is approximately -115 volts at a.
plate voltage of 420 volts, one-half of this value is —57.5 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 Lin.x
or 0.2 ampere. When this value is substituted in the power formula, the power
output is (0.2 X 250)/6 = 10 watts. The load resistance is determined from the
load formula: Plate-to-plate load (R,y) = 4(250 - 150)/0.2 = 2000 ohms.

Power output for a pentode or a beam 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. 21.

PLATE MILLIAMPERES
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Fig. 21

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 Eo, 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 ecan not
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be met with one line, as is the case for the line first chosen, then, another should be
chosen. When the most satisfactory line has been selected, its resistance may be
determined by the following formula:

Emax — Emin

Load resistance (Rp) = Imax — Imin

The value of Ry, may then be substituted in the following formula for calcu-
lating power output.
Power output = [Imax — Imin-t 1;‘21 (Ix - Iy)}* Rp

In both of these formulas, I is in amperes, E is in volts, R, is in ohms, and
power output is in watts. I and Iy are the current values on the load line at bias
voltages of Ec;=V -0.707V=0.293V and E¢,;=V +4 0.707TV=1.707V, respectively.

Calculations 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 ~ Tmin — 1.41 {Ix - Iy)
Imax ~ Imin 4+ 1.41 (Ix - Iy)

% 2nd-barmonic distortion =" ¥ 100

% 3rd-harmonic distortion = X 100

% total (2nd and 8rd) harmonic distortion = /(%2nd)? + (F,3rd)?

The conversion curves given in Fig. 22 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
Qe 06 o8 wo 15 20 25 pnot included in the published data on oper-

ating conditions. For instance, suppose it is
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voltage conversion factor of 0.8. The chart shows that this value of F, 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 watits.

A class AB power amplifier 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 positive 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 output 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. 23, Its position is not affected by the operating grid
bias provided the plate-fo-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. 23, the plate-to-plate load
resistance in ohms of a push-pull amplifier is Rpp = 4E,/I’, where I’ 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(E, - 0.6Eo) /Imax, but is more general. Power
output = (Imax/+/2 )? X Rpp/4, where Imax is the peak plate current at zero grid-
volts for the load chosen. This formula simplified is (Imax)2 X Rpp/8. The maximum-
signal average plate current is 2Imax/x or 0.636 Imax; the maximum-signal average
power input is 0.636 Imax 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, Iuax, 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, Imax is in amperes, Ryp is in chms, 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. 23 illustrates 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 is to erect a vertical line at 0.6E,, or at 180 volts, which intersects the
E. = 0 curve at the point Inax = 0.26 ampere. Using the simplified formulas, we

obtain
Plate-to-plate load resistance (Rpp) = (1.6 X 800)/0.26 = 1845 ohma

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 Imax)
mentioned previously, the maximum-signal average plate current is 0.166 ampere.
The produect 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 hoth tubes which is 34.2 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 Ry,
the value of I’ is found to be 0.4 ampere. The load line for the 3000-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, = 800 volts 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 )t Rpp/4 = (0.2/1.41)2 3000/4 = 15 watts

Proceeding as in the first approximation, we find that the maximum—éignal average
plate current, 0.636Inax, 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. 24 is a
curve of instantaneous values of plate current and de grid-bias voltages taken from
Fig. 23. Values of grid bias are read from each of the grid-bias curves of Fig. 23
along the load line and are transferred to Fig. 24 to produce the curved line from
A to C. A tangent to this curve, starting at A, is drawn to interseet 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 bhias 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 characteristie
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. 23). 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 vertieal line
at 300 4+ 40 = 340 volts and the (-60) 4 (-30) = —90-volt 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. 23. At the intersection of the composite eurve 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.

Th: = (2Is.5 - Imax)/3

In the example, where I,.; is 0.097 ampere and In,x is 0.2 ampere, In; = (2 X 0.097 -
0.2)/3 = (0.194 - 0.2)/3 = —0.006/3 = —0.002 ampere. (The fact that In; 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. In; 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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Ih; = 2/3 (Imax + Ie.5)

¥n the example: In, = 2/8 (0.2 + 0.097) = 0.198 ampere. Then, the percentage of
third-harmonic distortion is (In;/In;) 100 = (0.002/0.198)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 eycle, the peak
signal voltage is greater than the de bias voltage, grid current is drawn, and con-
sequently, power is consumed in the grid eircuit. 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 cutput 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 low 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 usually 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
circuit 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 tube 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 {ype and the constant-current type.

The application of the constant-
INPUT gl
SIGNAL

voltage type of inverse feedback to a
power output stage using a single
beam power tube is illustrated by
Fig. 25. In this cireuit, R;, R;, and C
are connected across the output of
the 6L.6 as a voltage divider. The
secondary of the grid-input trans-
former is returned to a point on this
voltage divider. Capacitor C blocks
the dc plate voltage from the grid.
However, a portion of the tube’s af
output voltage, approximately equal
to the output voltage multiplied by the fraction R:/(R; + Rs), is applied to the
grid. A decrease in distortion results which is explained in the curves of Fig. 26.

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’p,. 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, plate voltage goes down' when plate current
goes down, plate voltage goes up. .
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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 €'y, 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’pt. 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'yris the
component of plate current due to the feedback voltage on the grid. The dotted
curve shown by i’y 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 correet any component of plate current that does not correspond
to the input signal voltage, and thus reduces distortion.

From the curve for ip, 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 output is obtained with less distortion.

Inverse feedback may also be applied to resistance-coupled stages as shown
in Fig. 27. The circuit is conventional except that a feedback resistor, Rs, 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. 25 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. 27

Inverse feedback is not generally ap-
plied to 2 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.
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When inverse feedback is used with a pentode, the total driving voltage required
for full power output may be inconveniently large. Because 2 beam power tube
gives full power output 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,

A corrective filter can be uséd 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 is 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 on the
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output voltage across the primary of the output transformer: first, when a 400-
cycle signal is applied to the input, and second, when a 100-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.

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 is 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
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passages and thus can restore to the music reproduced from the record the volume
range of the original.

A volume expander circuit is shown in Fig. 28. In this circuit, the gain of the
617 as an audio amplifier can be varied by changing the bias on grid No. 3. When
the bias on grid No. 8 is made less negative, the gain of the 6L7 increases. The
signal to be amplified is applied to grid No. 1 of the 6L.7 and is amplified by the
6L7. The signal is also applied to the grid of the 6J5, is amplified by the 6J5, and
is rectified by the 6H6. The rectified voltage developed across Rs, the load resistor
of the 6HS6, 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 6L7 is made less negative, Because this reduction
in bias increases the gain of the 6.7, 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 signal 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 6L7 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
with respect to each other. Thus, when the signal voltage input to a push-pull
stage swings the control grid of one 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. 29 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 Ts. 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 Ts. When the
output 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 i
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 E,,
(R34 Rs)/ R; should equal the volt-
age gain of T». Under the conditions
where a twin-type tube or two Fig. 29
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tubes having the same characteristics are used at T, and T, R,should be equal to
the sum of R; and Rs. The ratio of Rs+R; to Ry 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 Rs. Values of Ry, R,, 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 resuit 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
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. 30. 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 icircuit are shown in Fig. 31. In
the half-wave circuit, current flows through the rectifier tube to the filter on every
other half-cycle of the ac input voltage when the plate is positive with respect to
the cathode. In the full-wave circuit, current flows to the filter on every half-cycle,
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through plate No. 1 on one half-cycle when plate

TRANSTORMER No. 1 is positive with respect to the eathode, and
° wose  through plate No. 2 on the next half-cycle when
plate No. 2 is positive with respect to the eathode.

*’V\ A AN Because the current flow to the filter is more uni-
9 form in the full-wave circuit than in the half-wave
_| \/ \/ \]um:m_m.;; circuit, the output of the full-wave circuit requires

PATEME less filtering. Rectifier operating information and

Poatals Parallel operation of rectifier tubes furnishes
OF FILTER an output current greater than that obtainable
pc voutace with the use of one tube. For example, when two
reoorecevir  full-wave rectifier tubes are connected in parallel,
FULL-WAVE RECTIFICATION  the plates of each tube are connected together and

Fig. 30 each tube acts as a half-wave rectifier. The allow-

able voltage and load conditions per tube are the

same as for full-wave service but the total load-handling capability of the complete
rectifier is approximately doubled. When mercury-vapor rectifier tubes are con-
nected 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 mereury-vapor rectifier tubes are connected

+WV\/\N\ RCTPEB  circuits are given under each rectifier tube type
0 mateswisz and in the CIRCUIT SECTION, respectively.

cl

+

HALF-WAVE RECTIFIER FULL- WAVE RECTIFIER

L EBE=—7

+
*
INPUT OUTPUT INPUT CUTPUT
VOLTS o Ta
FILTER VOLTS - FILTER

Fig. 31

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 cireuit,

A voltage-doubler circuit of simple form is shown in Fig. 32. The circuit derives
its name from the fact that its de¢ voltage output can be as high as twice the peak
value of ac input. Basically, a voltage doubler
is a rectifier cireuit arranged so that the output
voltages of two half-wave rectifiers are in series.
The action of a voltage doubler is briefly as

gl +E follows, On the positive half-cycle of the ac
o— T boc input, that is, when the upper side of the ac
1 ourPur input line is positive with respect to the lower

| Te ¢ side, the upper diode passes current and feeds

—r, a positive charge into the upper capacitor. As
13,72 = SEPARATE FILAMENT positive charge accumulates on the upper plate
TRANSFORMER WINDINGS of the capacitor, a positive voltage builds up

Fig. 32 across the capacitor. On the next half-cycle of
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the ac input, when the upper side of the line is negative with respeet 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 terminals 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 dec 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 eapacitors. The arrangement shown
in Fig. 32 is called a full-wave voltage doubler because each rectifier passes current
to the load on each half of the ac input cyele.

Two rectifier types especially designed for use as voltage doublers are the
256Z6-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. 33 and 34.

VOLTAGE -DOUBLER CIRCUIT VOLTAGE ~DOUBLER CIRCUIT
FULL - WAVE _ HALF -WAVE
| T 1 T l
nrv H7 v, =
Raes i A L e
INPUT R R OUTPUT - OUTPUT

4
- + +
T I +Jc T })—)‘c
=T ; —
¢ [
. —NNANAN-
R=HEATERS OF OTHER TUBES IN SERIES

WITH VOLTAGE-DROPPING RESISTOR
Rz PROTECTIVE RESISTOR

" Fig. 33 Fig. 34

With the full-wave voltage-doubler circuit in Fig. 33, it will be noted that the
dc 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. 34 overcomes this difficulty by making
one side of the ac line common with the negative side of the de¢ 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
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.

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 be frequency modu-
lated when its amplitude remains essentially constant but its frequeney is varied.
In either case, the varying component is modulated in accordance with the audio
frequencies (af) of the speech or music being transmitted.

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

N\ Mmh”
./ ("

UNMODULATED AF MODULATING
RF CARRIER WAVE AMPLIT UDE -MODUL ATED
RF WAVE
Fig. 3b

The effect of amplitude modulation on the waveform of the rf wave is shown
in Fig. 35. 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. 36. The action of this circuit when a
modulated rf wave is applied is illustrated by Fig. 37. 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
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

Fig. 86 Fig. 37

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. 37, 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 ecapacitor 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,
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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 cireuit 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. 38. Both diodes are connected together. R, is the dicde load resistor. A por-

TO GRID
OF NEXT
AUDIO
STAGE

Fig. 38 Fig. 39

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 eircuit.
With a pentode, the af output should be resistance-coupled rather than trans-
former-coupled.

Another diode-detector circuit, called a diode-biased circuit, is shown in
Fig. 39. 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 dc¢ voltage
at the tap supplies bias to the triode grid. When the rf signal is modulated, the
af voltage at 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. 38 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 of 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
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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 avc system, the average amplitude
of the signal voltage applied to the diode can be held within very close limits for
all values of signal strength at the antenna. The tube used in a diode-biased circuit
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 small
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 dicde-biased circuit.

GRiD RESISTOR

CHOKE AF CHOKE
CATHODE
RESISTOR o)
\ BYPASS AF c -
tNPUT CAPACJTOQ AF
I owgwur INPUT cuTPUT
BYPASS
CAPAC!TOR

i l l

HEATER A As B+
TRANSFORMER 8-
Fig. 40 Fig. 41

A grid.bias detector circuit is shown in Fig. 40. In this circuit, the grid is
biased almost to cutofl, i.e., operated so that the plate eurrent 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. 41, is somewhat
more sensitive than the grid-bias method and gives its best results on weak signals.
In this circuit, there is no negative de¢ 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 circuit.

The effect of frequency modulation on the waveform of the rf wave is shown
in Fig. 42. In this type of transmission, the frequency of the rf wave deviates from
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a mean value, at an af rate depending on the
modulation, by an amount that is determined in
the transmitter and is proportional to the am-
plitude of the af modulation signal. For this
type of modulation, a detector is required to
discriminate between deviations above and be-
low the mean frequenecy and to transiate 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-

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-
quency is on one slope of its resonance charac-
teristic, as at A of Fig. 43. With modulation,
the frequency swings between B and C, and
the voltage developed across the circuit varies
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.

FREQUENCY-MODULATED RF WAVE.

Fig. 42
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The faults of the simple circuit are overcome in a push-pull arrangement,
sometimes called a discriminator eircuit, such as that shown in Fig. 44. Because
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
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
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swing occurs at audio frequencies (determined by the af modulation), the voltage
developed across the diode load resistors, R, and R. connected in series, varies at
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. 45.

+

oJreut
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Fig. 45

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. 46) and is, therefore, insensitive to changes in the differences in the
voltages due to amplitude modulation of the rf carrier.

(_\DIODEI
F T

INPUT \j _LC?-
<o

T

;é&l 7 ourpur §a3

156

J‘l\

~

DIODE 2 -:
Fig. 46

The basic ratio detector is given in Fig. 46. 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, 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 voitage across
C; being the larger of the two voltages at carrier frequencies 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

36



RCA RECEIVING TUBE MANUAL

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 automatic 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 volume control
circuit regulates the receiver’s rf and if gain so
that this gain is less for a strong signal than for a

QUTPUT
OF LAST
IF STAGE

A weak signal. In this way, when the signal strength
VOLTAGE I at the antenna changes, the ave circuit reduces the
L c2 resultant change in the voltage output of the last

Fig. 47 if stage and consequently reduces the change in

the speaker’s output volume.

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
increases. A simple ave circuit is shown in Fig. 47. On each positive half-cycle of
the 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,, there is a
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. 6HE
The filter is necessary because the voltage . _L g E ct

drop across R, varies with the modulation OF ;&%TE

of the carrier being received. If ave volt-
age were taken directly from R, without §

filtering, the audio variations in avce volt- | MEG.
age would vary the receiver’s gain so as to bave Te
smooth out the modulation of the carrier. —3VIMIND™® T [
TO AF
L

To avoid this effect, the ave voltage is
taken from the capacitor C. Because of
the resistance R, in series with C, the ca- Fig. 48

pacitor C can charge and discharge at only

a comparatively slow rate. The ave 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
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in signal due tofading, 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. 47, 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. 48. 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 de 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 3 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 2 value
giving high sensitivity. However, when the average amplitude of rectified signal
voltage across R; exceeds 8 volts, the plate of diode D: becomes more negative
than the cathode of D, 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
voltage to the controlled stages. In this way, the circuit regulates the receiver’s
gain fer strong signals, but permits the gain to stay constant at a maximum value
for weak signals.

It can be seen in Fig. 48 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 —3 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 6U5/6G5 and the 6AB5/6N5

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

SIHI%TB-.____ = COATING @) loct :dicator which ;
) an electron-ray indicator which is

P ,,wREA EEE?E‘BE%L located in the bulb as shown in Fig. 49.

A i The target is operated at a positive
TARGET _-——T:RL'/STDEE voltage and therefore attracts elec-
trons from the cathode. When the elec-

trons strike the target they produce a

L ~ —CATHODE glow on the fluorescent coa‘tl‘ng of the
T?;%aolgs’ ' target. Under these conditions, the

target appears as a ring of light.

Fig. 49

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
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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. 50. The flow of the triode plate current through resistor R produces a voltage
drop which determines the potential of the econtrol 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.

" IYPE 6K? 6AF6-G
3 TRIODE ' A
1 CONNECTED =]

ELECTRON-

RAY TUBE
AVC - =

VOLTAGE

X B+

TO CONTROLLING
- VOLTAGE Bt R:TYPICAL VALUE 15 0.5 MEGOHM

Fig. 50 Fig. 51

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
of the cathode and connected to individual base pins. It employs an external de
amplifier. See Fig. 51. 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 de amplifier. Since

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

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

age.  ERCTROE The choice between electron-ray
- 7 eI tubes depends on the ave characteristic

of the receiver.The 6E5 containsasharp-

cutoff triode which closes the shadow

R, angle on a comparatively low value of

b ave voltage. The 6AB5/6N5 and

6U5/6G5 each have a remote-cutoff tri-

co%icr’ké’ém ode which closes the shadow on a larger

12sv.  value of ave voltage than the 6E5. The
6AF6-G may be used in conjunction
] with dc amplifier tubes having either
o | remote- or sharp-cutoff characteristics.
R+ R =16T00 OHMS =3 . =
- Examples shcwing how electron-ray
Fig. 52 . . . .

tubes are incorporated in receiver cir-

cuits are given in CIRCUIT SECTION.

The sensitivity indication of electron-ray tubes can be increased by using a
separate dc 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 funing is
shown in Fig. 52.
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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. 53 and 54) 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
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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
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.

Fig. 56

Fig. 55 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 a2 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, shown diagrammatically in Fig. 56,
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FREQUENCY INTERMEDIATE two voltages of different frequency, the
lNPET v Ff&”ﬂ:ﬁ t 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,

FREQUENCY CONVERTER within the mixer tube to produce a
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.

Fig. 56

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.

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 triode, 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. 57. 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
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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-
fions 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 fubes of this type are designed so that the space
charge around the cathode is unaffected by electrons from the signal grid. Further-
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 6BE6 with self-excitation is given in Fig.
58; the 6BE6 may also be used with separate excitation. A complete circuit is
shown in the CIRCUIT SECTION.

TYPE 6BE6 :
INPUT f‘ouww
PLATE
criDMe 3 | ——GRID N2S
{RF SIGNALY (SUPPRESSOR)

GRIDS N2 2& 4
{SCREEN)

GRID N¢2|
(GSCILLATOR GRID)

Lt

|'I' FHEATER
OSCILLATOR CATHODE
CIRCUIT

Fig. 58

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 6K& and a top view of its electrode arrangement is shown in Fig. 59.
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)  capaon (grids Nos. 2 and 4),
_______ INTERNAL SHIELD hexode mixer grid (grid No. 3),
INTERNAL SHIELD - 4o SHELL. and hexode plate constitute the
TRIODE (0SC.) PLATE mixer unit. The internal shields
TRIODE (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 triede untt, (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.

HEXODE ( MIXER ) PLATE

HEXODE (SIGNAL)
GRID N23

HEXODE GRID N22
(WMIXER SCREEN SECTION)

HEXCOE (MIXER)
GRID N2

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
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oscillator tube. RF signal voltage is ap-
plied to one of the control grids and os-

prStritiag TYPERFDLLH cillator voltage is applied to the other.
e (SUPPRE SSOR) 1F It follows, therefore, that the variations
TUBE L RO in plate current are due to the combina-
AL crios ne2sa  tionof the oscillator and signal frequencies.
(SCREEN) The arrangement of electrodes in a penta-

R LEATER grid-mixer tube is shown in Fig. 60. The
corcurr | L CATHODE tube contains a heater cathode, five grids,
IS and a plate. Grids Nos. 1 and 3 are

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

Fig. 60 plied to grid No. 1. This grid has a remote-

cutoff characteristic and is suited for con-
trol by ave bias voltage. The oscillator voltage is 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 (afe) circuit provides a means of correcting
automatically the intermediate frequency of a superheterodyne receiver if, for any
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 afe system requires two sections: a frequency defector and a variable
reactance. The detector section may be essentially the same as the FM detector
illustrated in Fig. 44 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. 61). The
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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, a control of this grid bias can be used to control the oscil-
lator frequency.
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~ 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. To 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.

The filament or heater voltage supply may be a direct-current source (a battery
or a dc 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 de 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 de¢ 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 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 de 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
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(the sum of 5 X 0.060 ampere + 2 X 0.130 ampere), i.e., approximately 1.8 chms.
Sinece 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 fubes are operated
in series, the resistor value is calculated by the following formula, also derived
from Ohm’s law.

Required resistance (ohms) = 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
25Z6-GT 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 25
volts) divided by 0.8 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.

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-
ance (ohms), tube B =

heater volts, 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

s 6.3
Heater shunt resistance = 08-03 ' 12.6 ohmas.

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/dc 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. 62,

FIRST RF VOLTAGE
AUDIO CON- POWER RECT1-
- AF = AND IF — DROPPING
OETECTOR [Tl smpLirier | | VERTER STAGES AMPLIFIER FIER RESISTOR
-—I=—-' & Hr7 v &
- ACOR DC ’
Fig. 62
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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 ae line fluctuations should be very earefully 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.

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 ae, 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
s0 that the tube cathode 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 cirecuit. 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.
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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 de supply either from the car storage-battery or from a generator driven
by the car angine.

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
be obtained from a separate C-battery, a tap on the voltage divider of the high-
voltage dc supply, or from the voltage drop across a resistor in the cathode circuit.
This last is called the ‘‘cathode-bias’’ or ‘‘self-bias’’ method. In any case, the
object 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 de 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. 63. The cathode current is, of course, equal to
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Fig. 63

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
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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 cireuits 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 uf) 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
high values of transconductance, such as the 6BA6, 12AW6, 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 ac 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.

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. 64 and 65; (2) from a bleeder circuit by means of a potentiometer as shown
in Fig. 66; 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. 47.
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 particular tubes
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.
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Where receiver gain is controlled by grid-bias variation, it is advisable to have the
control valtages extend over a wide.range in order to minimize cross-modulation
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
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particular tube type and its application. The screen voltage for teirodes 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. 67 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
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. 68 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 eurrents 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 sereen voltage.
Otherwise, with voltage on the screen only, the screen current may rise high enough
to cause excessive screen dissipation,

A+ A= B- B+
Fig. 67

Screen-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 results in reduced gain per stage. The voltage
variation is obtained by means of a potentiometer shunted across the screen voltage
supply. See Fig. 67. 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.

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-
heterodyne receiver, each if and rf coil may be mounted in a separate shield can.
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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 ali
recetvers 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 hf filter capacitors. The ground
connections of plate and screen bypass capacitors of each tube should be kept
short and made directly to eathode 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 attentlon 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
order to return the signal current through a low-impedance path direet to the tube
cathode rather than by way of the voltage-supply circuit. Fig. 69 illustrates
several forms of filter circuits. Capacitor C forms the low-impedance path, while
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
dc 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.

VOLTAGE VOLTAGE VOLTAGE VOLTAGE
LEAD LEAD LEAD LEAD
l “"‘“““ | "“""‘ l ] 555555 | 000000 |
TO CATHOOE ]TO C.ATHODEI 1 TO CATHODE ‘ro CAT'HODE
R=RESISTOR C:BYPASS CAPACITOR LTAF QR RF CHOKE
Fig. 69

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
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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. 70.

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—T00 ——~F00 0 o 00 o O——mp——0
L L L
FROM FRoM FROM
RECTIFIER T - ouTRUT RECTIFIER =T ¢ OQurPul RECTIFIER ~T¢ OUTPUY
TUBE TUBE TUBE
L=FILTER CHOKE €= FILTER CAPACITOR
Fig. 70

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
local 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 cycle of the ac supply voltage. There are several
ways of eliminating this type of interference. One is to shield the tube. Another
.!LU.B.lE SHIELD .

}
1
i
;
|
]
1

TO
FILTER
 — 1
ELECTROSTATIC -L O -
SHIELD =
C=RF BYPASS CAPACITORMICA L=RF CHOKE
Fig. 71

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. 71. 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
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 is used in the plate circuit of a power output tube
to keep the comparatively high de 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 1 (€= 2-8puf
1% 1t
PLATE J)
o, (5 INPUT 10-30H
INPUT ﬁ 8+ CHOKE | QuDSPEAKER
LOUDSPEAKE R
%+ % @ éATHoDE ?
TRANSFORMER METHOD CHOKE-COIL METHOD

Fig. 72

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 uf 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. 72. Examples of transformers for push-pull
stages are shown in several of the circuits given in the CIRCUIT SECTION.

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 de, the negative filament terminal is taken as the
datum point to which other electrode voltages are referred. For types having
filaments heated with ac, the 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
a result 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.

Sereen dissipation is the power dissipated in the form of heat by the screen as

52



RCA RECEIVING TUBE MANUAL

a result of electron bombardment. With tetrodes and pentodes, the power dissipated
in the screen circuit is added to the power in the plate cireuit 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 voliage 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. 73, when plate A of a full-wave rectifier
tube is positive, current flows from A to C, but
not from 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 < j,o
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. 73
input voltage, and dc output voltage depend
largely on the individual characteristics 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 calculated value, should be such as not to exceed the rated
maximum peak inverse voltage for the rectifier tube. A calibrated cathode-ray
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 dc 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
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involving a rapidly repeating duty cycle (steady load), the average plate current
may be measured with a de meter.

Typlcal Operation Values. Values for typical operation are given for many
types iti'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 ih order to determine the useful output.

Characteristies 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 foliowing 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
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 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 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 vol{s 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.
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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 currenss 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-sunply 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, etc. 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’’ eondition. The maximum secreen 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 63 %, of the ‘‘ Maximum-Signal’’ condition, but practically may
occur at any signal voltage value.

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. Sereen 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.



RCA Receiving Tube Classification Chart

RCA receiving tubes are classified in the following chart according to fune-
tion and cathode voltage. Types having similar electrical characteristics are grouped

Cathode Volts | 14 | 20 | 2550 | 6.3 I 126-117
KINESCOPES
P’oie;;n magnretic deflection 5TP4
. . 4 4
Directly | magnetic deflection 192‘;5;4 ;0%;4
Viewed
electrostatic deflection 7]P4
RECTIFIERS (For rectifiars with amplifier unils, see POWER AMPLIFIERS).
1223{ 35W+
Half- vacuum g IB.GT/ v g:;;; 33;§;£;
Wave soiee St B3 4525.GT
1723
5T4, 5W4
5U4.C, 5X4-G] [ 6X4, 6X5
523 [ 6X5-CGT, 84/624
vacuum [5Y3-GT. 5Y4-G] 6ZY5G
Full- 80 Y4
Wave 574 724
(5v4-C, 83.v])
mercyry-vapot §2 B3
gos Cold-Cathode Types: 0Z4, 0Z4-G
575
2576
Doubler | vacuum 2526-GT
50Y6.GT
H726.CT

DIODE DETECTORS (For diode o'e’l‘ecfors with amplifier units, see YOLTAGE AMPLIFIERS and also POWER AMPLIFIERS).
One Diode 1A3

Two Diodes 6AL5 [6H6, 6H6-GT ] 7A6 12ZH6 12AL5
POWER AMPLIFIERS with and without Rectifiers, Diode Detectors, and Voltage Amplifiers.
low-mu single unit i}) 24‘%3 7|fi 6B4-C 104 6A3 504
single unit 6AC5.CT
Triodes hich
rgmy twin unit | 1G6-GT [‘1,"50 53 [?h?,};"{?] 627G 79
direct-coupled arangement 6B5
14A5] 25Lé
6BG6-C e
. . 1Q5.CT 6AQ5
single unit [ 3Q5.GT* [621516(] [ V6 [353%032;..6-(11'
. IT5-GT 6V6.CT
Beom ILF4* 6Y6.G 745 75 | {505, S0L6CT )
Tubes 3L7.GT
W0L7CT
with rectifier [I 17L7/M7.GT
117P7.GT
HINZGT
1AS.CT 1F4 ] 6A4/LA [6AKS, 6G6-G) 6AGT
IC5.CT 1F5.G 2A5
single unit 1LA, ILB4 | 1G5.G 4 [6“'[6;?&%" ﬁ‘f;]T' 4] [246
{154,354 | 1}5C 59 )
B2 DS 7B5 38 89
Pentodes] with medium-my tiode 6AD7.G
with diode and triode 1D8GT
with rectifier : 12A7
twin unit 1E7.G
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in brackets. For more complete data on these types, refer to the TUBE TYPES
SECTION. Information on Preferred Types and on Types Not Recommended for
New Equipment Design will be found on the inside back cover.

Cathode Volts | 14 | 20 | 25—50] 6.3 | 12.6—117
CONVERTERS & MIXERS (For other types used s Mixers, see YOLTAGE AMPLIFIERS).
IA7.GT 1C6 6AT7. 6AB 6BE6, 68A7] 12A8.GT
d LA 1C7.G 747 6A8.C, 6AB.GT | | 6SA7.GT [IZBE6. 125A7
pentagn 1LC6 1A6 6DA.C 125A7-GT
Convert- 1R5 1D7-G 65B7.Y 7B8 7Q7 14B8  14Q7
ers | yicde-hexode | I()KB. 6K8—GJ 12K8
Hiode-heptode | 6J8.G 717 757 14J7
octode 7A8
Mixers | pentagrid [6L7. 6L7-G]
ELECTRON-RAY TUBES
Single with remote-cutoH triode 6AB5/6NS 6U5/6G5
with sharp-cutoff tiode 2E5 6ES
Twin without triode 6AF6-G
VOLTAGE AMPLIFIERS with and without Diode Detectors;
TRIODE, TETRODE, AND PENTODE DETECTORS; OSCILL ATORS.
inale uni 1G4-CT [1}-14.(; 27 6C4 [6C5, 6C3-GT6P5.GT, 76 12]5.GT
single unit | 1 F3 J6a 30 56 [6J5, 6]5.CGT] 6L5-G, 7A4, 37 14A4
with r f
pentode ' 67
with power 6AD7.C
pentode
medium-my with
1D8-GT
pentode
and diode 3A8CT
. 11SR7
with two 1B5/155 6R7, 6R7-CT
diodes [ 1H6G ) 5 [ ¢BF6, 6SR7, 6ST7] E6 8 | UBRILT
Triodes 12AHZ.CT
o 6C8-G [6F8.G, 6SN7.GT] 6J6
twin unit IN7 7E8 12AU7 12AUT 125N7-CT
single unit (&7 35T exscrome | [MIET

with diode | TET

. . 6507 65Q7. CT 6AT6 6AQ6 12AT6, 12Q7.GT
high-mu with two 246 6B6-G, 75 [ ][ [4B6 )
fodes m.c 7B6. 7C6 6527 6Q7.GT {12507, 125Q7-GT)
with three
dindas 658.CT
. 12SCT  12AX7
twin unit 65C7 6SL7-GT 7F7 12AX7 12SL7.GCT 14F7
Tetrodes remote cutoff 35
sharp cutolf 32 24.A
[6!(7. 6K7.G1{ 6D6 YoBAs, 65GT)! {12BA6, 125G7)
T4 34 6K7.GT, 78 eum 6BJ6 125K7
single unit | ps.or  |[1D5-GP 58 6AB7/1853 147, 7B7 125K7.GT
1A4.P 6SK7 osu; 7H7 12K7.GT 14H7
remote 6SK7.GT | 6557 39/44 14A7/12B7
curoff with friode &F7
with diode 6SF7 125F7
with two 1B7 687 ez 7Rr7 12CB, 14R7
Pentodet diodes 6B8, 6B8.C .
617, 6]7.G, 6}7-6'[‘]{ 6517 1 { [12AUs. 125H7)
1LCS. ILN5 [l 6C6, 6W71.G, 77 J165J7-GT 12AW6
single unit | 1L4, 1U4 IB4-P 57 6AU6Y 6ACT/ 1852 6AGS 128)7
INS.GT #5H7) 7G7/123%2 €7 125)7-GT
« | sharp 7 7 W7 12J7.GT 14C7
cutof D3
with diode [ISS, IUS]
with two [ 1F6
dicdes 1F7
® Cathode volts, 1.25. 2 Cathode volts, 1.5. § Cathode volts, 7.5, *Filament arranged for either |4 or 2.8-volt operation.
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For the convenience of the reader, a complete list of RCA Miniature Tubes,
classified according to function, follows. This list includes not only tube types
designed for home receiving instruments, but also tube types designed for special-
ized applications. The latter types, marked with an asterisk, are not included in
this Manual. Information on them, however, will gladly be furnished on request

RECTIFIERS, Vacuum Types

35W4, 4573
Holf-Wove ............................ i -”723‘ ]654*
Full-Wave...ooieveeinnnnns cesecnessaes 6X4
DIODE DETECTORS
Single Unit........000 chrrassenvas eeees 1A3, 9006*
Twin Unit. . ........ cececssssvnsnnan «as.  OALS5, 12AL5
TRIODE AMPLIFIERS
Single Unit.........iivvienne srseccnnens 6C4, 6J4*, 9002*
TWin Unif oooooooooo s e s 00 sssaBaeasasn K] ; 3A5*l 6J6
12AU7, 12AX7
DIODE-TRIODE AMPLIFIERS
High-Mu. . .ttt iiiiitenonnennnsnoonsnas SAQ6, 6ATS, 12AT6
Medium-Mu. ..o vieivernnnnns ceesesea. OBF6, 26C6*

PENTODE VOLTAGE AMPLIFIERS
1L4, 1S5, 1U4

1U5, 6AGS5, 6AKS5*
Sharp-Cutoff. .......... cecessscserssans 6AUG, 12AU6
12AW6, 9001*

; 1T4, 6BAS, 6BJ6

RemOfe-CUfOff ------ R E R R R Y ]2BA6, 26A6*, 9003*

| 154, 3A4*, 3Q4
PENTODE POWER AMPLIFIERS. .. ... 3 Tod. Sva. onks
BEAM POWER AMPLIFIERS. . ......... vevee. 6AQS5, 35B5, 50B5
1R5, 6BE6
PENTAGRID CONVERTERS. ......0uuuune.... ; 30Ee. 29D6*
THYRATRONS . . . oo een... Ceeeseeseseesss  2D21%

VOLTAGE REGULATORS..ccteeeecccsncesss OA2*
68



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.

Maximum Ratings:

DETECTOR AMPLIFIER TRIODE

Storage-battery triode used as detector or
amplifier, OQutline 29, QUTLINES SECTION.
Operating conditions as grid-resistor detector
are: plate volts, 45 maz; grid resistor, 2 to 3 meg-
ohms; grid capacitor, 250 uuf; grid return to
(+) filament. As biased detector, type 01-A has
plate volts of 135 max; bias of approximately
—13.5 volts. As amplifier, it has plate volts of
135 mazx; bias of -9 volts. Filament volts, 5;
amperes, 0.25. This i3 a DISCONTINUED
type listed for reference only.

FULL-WAVE GAS RECTIFIER

Metal type OZ4 and glass octal
type OZ4-G are used in vibrator-type,
B-supply units. Both are cold-cathode
types, require octal sockets, and may
be mounted in any position. OZ4 Qut~
line 2, OUTLINES SECTION. 0Z4-G
dimensions: maximum overall length,
2-5/8 inches; maximum diameter, 1-
1/16 inches; T-7 bulb; dwarf-shell octal
5-pin base. Shell of OZ4 and external
shield of 0OZ4-G should be grounded.
Filters may be necessary to eliminate
objectionablenoise. Thesetypes areused
principally for renewal purposes.

FULL-WAVE RECTIFIER

PEAK STARTING SUPPLY VOLTAGE PER PLATE. . .. ... ..ttt i nnnnne .
PEAK PLATE-TO-PLATE VOLTAGE. . ...t it v e v einsnnnsrsencecences reae

PEAK PLATE CURRENT

DC OuteuTt CURRENT. ..

..........................................

O1-A

0Z4

0Z4-G

300 min
1000 mazx
200 max

{ 75 max
30 min

300 max
24

volts
volts
ma
ma
ma

volts
volts
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HF DIODE
Minjature type used as detector tube in porta-
ble FM receivers and in portable high-frequency
] A3 measuring equipgment. Cutline 10, OUTLINES
SECTION. Tube requires miniature seven-con-
tact socket. Heater volts (ac/dc)}, 1.4; amperes,
0.15.
Maximum Ratings: HALF-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE . . . ... ittt inrirntctnaineonennnsn .
PEAK PLATE CURRENT. . ... ittt it rie e cienrtstaniacnanssisens .
DC OUTPUT CURRENT . . ..ttt ttn cniiinnrtaaserssinenosocnnassnnon
PEAK HEATER-CATHODE VOLTAGE. . . ...\t iiiivtnrrnnsvonnsuraencse ..

Typical Operation (With Capacitor-Input Filter):

AC Plate-Supply Voltage (RMS) . .. .. .. ... i ittt rinssns -
Filter-Input Capacitor. . . ....... ... . i iiiiininn, ssarsacee
Minimum Total Effective Plate-Supply Impedance. ................ ‘e

REMOTE-CUTOFF PENTODE

Glass type used in battery-operated re-
ceivers as rf or if amplifier. For ratings and op-
] A4_P erating data, refer to type 1D5-GP. Outline 27,
OUTLINES SECTION. Tube requires four-
contact socket. Filament volts (dc), 2.0; amperes,
0.06. This type is used prinecipally for renewal
purposes.

POWER PENTODE

330 max volts

5 mazx ma
0.5 max msg
140 max volts

117 volts
2 uf
0 chms

Glass octal type used in output e () /]

stage of battery-operated receivers.
]AS'GT Outline 17, OUTLINES SECTION.

Tube requires octal socket and may r+r—

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

FILAMENT VOLTAGE (D) . & v i ittt e nnesteeanneeeneennoatioranasnsonsnesns
FILAMENT CURRENT. .......... f e ee et ettt

Maximum Ratings:

PLATE VOLTAGE. ... ... ittt it nn s ettt innnrneassssnnenneennes
GRID-NO.2 (BCREEN) VOLTAGE . . ... ..ttt itirrrntnrnreereneinsenoanannan
TOTAL ZERO-SIGNAL CATHODE CURRENT. . . . oottt it it eeae e e tersrennees

Typical Operation:

Plate Voltage. . . ..o i ittt it ittt st annaaanann 85
Grid-No.2 Volbage. . ... it it it sttt et e atranrsenn 85
Grid-No.l (Control-Grid) Voltage. . ...ttt iiinnnnnnn -4.5
Peak AF Grid-No.l Voltage. . ... ..t e it eaannnnns 4.5
Zero-Signal Plate Current. . ... .. ... e 3.5
Maximum-8ignal Plate Current. . .............. ... .. .. uiin... 3.5
Zero-Signal Grid-No.2 Current. .......... ... . ... .. rinnnn. 0.7
Maximum-Signal Grid-No.2 Current............ . ... ... ..... 1.0
Plate Resistance (Approg.)............ ettt 0.3
Transconductance. ..... e e ettty 800
Load Resistance. . . ........ci v iiirinirinnrernranss e 25000
Total Harmonic Distortion. ..... et e 10
Maximum-Signal Power OQutput........ ... ... ... eiiiins e 100

60

1.4 volts
0.05 ampere
110 max volts
110 mazx volts
6 mazx ma

90 volts
90 volts
—4.5 volts
4.5 voits
4.0 ma
4.0 ma
0.8 ma
1.1 ma
0.3 megohm
850 pumhos
25000 ohms
7 per cent
115 mw
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FILAMENT VOLTAGE (DC)
FILAMENT CURRENT. ...

Maximum Ratings:

PENTAGRID CONVERTER

Glass type used in battery-operated re-
ceivers. Type 1A6 is identical electrically with
type 1D7-G, except for interelectrode capaci-
tances. Outline 27, OUTLINES SECTION.
Tube requires six-contact gocket. Filament volts
{de), 2.0; amperes, 0.06. This type is used prin-
cipally for renewa purposes,

PENTAGRID CONVERTER

Glass octal type used in superhet-
erodyne circuits having battery power
supplies. Outline 18, OUTLINES SEC-
TION. Tube requires octal socket and
may be mounted in any position. For
filament considerations, refer to 1U4.

CONVERTER SERVICE

PLATE VOLTAGE. . .o ot i e ittt it i iasn ettt asanansnsrsnnnan vearue .
GRIDS-N0.3-AND-N0.5 (S8CREEN) VOLTAGE. .. . 4.t verurrrrannsa P
GRID8-N 0.3-AND-N 0.5 SUPPLY VOLTAGE. .. . . ccivvevveuranes ceersaaan
GRID-NO.2 (ANODE-GRID) VOLTAGE. . . . ...t vriurennrnanroncans N

ToTAL ZERO-SIGNAL CATBODE CURRENT. . « ¢ s s ceervensrnstessnsranes

Typical Operation:

Plate Voltage. . . . ... . ittt riaesancnanans
Grids-No.3-and-No.5 Voltage* . ,,.................. cersaseere. rhece
Grid-No.2 Voltage ......... ...t iiiurnrnnnsncronsnssersaroas res

Grid-No.4 (Control-Grid) Voltage®, . .. .........chvut. sherees Ceivan
Grid-No.1 (Oscillator-Grid) Resistor, ., ............ rerea e heees
Plate Resistance. .. ...ttt rr ittt aerarerearsasanasesssonsnnes
Conversion Transconductance. . ... .. .ttt it itenaesvrrrannns .
Conversion Transconductance with grid-No.4 bias of —~3 volts (Approx.).
Plate Current. ... ..t cr s st et insssenrntsmnssssanssnoanneenrns .
Grids-No.3-and-No.b Current . ... ..ottt nineirnoistiinsraansnarans

Grid-No.2 Current

...............................................

Grid-No.l Current. . ... v vt it ieir s ecoenanssnaruraananss Covaen

Total Cathode Current

............................................

1A6

1.4 volta
0,05 ampera
110 mazx volts
60 max volts

110 mazx volts
110 mazx volts

6 maxr ma
90 volta
45 voits
90 volts

0 volts

0.2 megohm
0.6 megohm
250 pmhos
20 smhos
0.6 ma
0.7 ma
1.2 ma
0.036 ma
2.5 ma

* Obtained preferably by using a bypassed 45000- to 75000-0hm voltage-dropping resistor in series with

the 90-volt supply.

#* A resistance of at least 1.0 megohm should be in the grid return to negative filament pin,

HALF-WAVE VACUUM
RECTIFIER

Glassoctal typeused in high-voltage,
Jow-current applications such as the
rectifier in the high-voltage, rf-oper-
ated power supply for the kinescope,
or as a rectifier of high-voltage pulses
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produced in the scanning system for the kinescope. 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 20000 volts. In a voltage-doubler circuit, two tubes will give about
40000 volts; and in a voltage-tripler circuit, three 1B3-GT’s will deliver 60000
volts approximately.

FILAMENT VOLTAGE (AC) . . ...ttt i sttt it tnt i it snnitennsrannanes 1.25 volts
FILAMENT CURRENT . . ..ttt iet ittt it e e s ettt ettt e ime e it aaansasanasnns 0.2 ampere
DIRECT INTERELECTRODE CAPACITANCE {No external shield):

Plate to Filament (ADProX.) . ... ve e oot e et e e i itsassnnnnes 1.2 puf
Maximum Ratings: HALF-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE. . .. ..t tvuitininrennareanronaransotseanens 40000 max volts
PEAK PLATE CURRENT . .. ..ttt ittt ttat ettt e ot e ettt aannnnns 17 max ma
AVERAGE PLATE CURRENT. ... . .ttt it iineineren e iereenaenns 2 max ma
FREQUENCY OF SUPPLY VOLTAGE . . . ..ottt ittt e e et eta e e raeannns 300 mazx ke

INSTALLATION AND APPLICATION

Tube requires octal socket and may be mounted in any position. Plate connec-
tion is cap at top of bulb. Internal connections are made to pins 1, 3, 5, and 7
which should not be used. Outline 22, OUTLINES SECTION.

When the filament is to be operated on rf, it is recommended that the filament
be connected first to a de 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 dc 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.

SHARP-CUTOFF PENTODE G

Gz
Glass type used as rf amplifier or detector P l. (3)
in battery-operated receivers. Outline 27, OUT-
LINES SECTION. Tube requires four-contact
.I B4-P socket. For typical operating conditions and )
maximum ratings as a class A, amplifier, refer
to type 1E5-GP. Filament volts (dc), 2.0; am- o*
peres, 0.06. This type is used principally for re- Ft Fo
newal purposes.
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FILAMENT VOLTAGE (DC}. .
FILAMENT CURRENT. . ...,

Maximum Ratings:
PLATE VOLTAGE. . ........

TWIN DIODE — MEDIUM-MU TRIODE

Glass type used as combined detector, am-
plifier, and ave tube in battery-operated re-
ceivers. Qutline 25, OUTLINES SECTION.
Tube requires six-contact socket. Filament volts
(de), 2.0; amperes, (.06. Typical operation as
class A, amplifier: plate volts, 1356 max; grid
volts, -3; plate ma., 0.8; plate resistance 35000,
ohms; amplification factor, 20; transconduct-
ance, 575 umhos. This type is used principally
for renewal purposes.

PENTAGRID CONVERTER

Glass octal type used in superheterodyne
circuits having battery power supply. Outline
18, OUTLINESSECTION. Filament volts (dc),
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 i3 made for lower filament current of
type 1A7T-GT.

POWER PENTODE

Glass octal type used in output
stage of battery-operated receivers.
Outline 17, OUTLINES SECTION.
Tube requires octal socket and may
be mounted in any position. For fila-
ment considerations, refer to 1U4.

........................................

........................................

GRID-NO.2(SCREEN) VOLTAGE. . ...t ittt i et e e aaiietmeuanans
TOTAL ZERO-SIGNAL CATHODE CURRENT. .. .. ... ... uetrernnnnanens

Typical Operation:

Plate VOlbage. o oo vttt et ettt ina e er e ananaes 83
Grid-No.2 Voltage. .. ..o v e e i i e e s 83
Grid-No.1 (Control-Grid) Voltage. . . ...... .. viiviinennn -7.0
Peak AF Grid-No.1 Voltage. ... ... . ... . . it iinieronnnss 7.0
Zero-Signal Plate Current. . .. .. ... . .. . it iinnnns 7.0
Maximum-Signal Plate Current. . . ... vt iiie e cnnrens 7.3
Zero-Signal Grid-No.2 Current. .......... ... ... ... Ceenans 1.6
Maximum-Signal Grid-No.2 Current ... .................. 3.5
Plate Resistance (ApproX.). ... .. ... uiurneiienesnaanns 110000
TransconduCtanee. | . ottt it et 1500

9000

Load Resistance..........

Tota! Harmonic Distortion

Maximum-Signal Power Output. .. ... ... oveuneinincrcnans 200

.............................

...............................

PENTAGRID CONVERTER

Glass type used in battery-operated re-
ceivers. Similar electrically to type 1C7-G ex-
cept for interelecirode capacitances. Outline 27,
OUTLINES SECTION. Tube requires six-con-
tact socket. Filament volts (de), 2.0; amperes,
0.12, For general discussion of pentagrid types,
refer to Frequency Conversion in ELECTRON
TUBE APPLICATIONS SECTION. This type
is used principally for renewal purposes.
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1B5/25S

1B7-GT

1C5-GT

4 volts
1 ampere

110 max  volts
110 max  volts

12 max ma
90 volts
90 volts
-7.5 volts
7.5 volts
7.5 ma
7.8 ma
1.6 ma
3.5 msa
115000 chms
1550 pmhos
8000 ohmas
10 per cent
240 mw

1C6
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1C7-G

1D5-GP

1D5-GT

1D7-G

1D8-GT

PENTAGRID CONVERTER

Glass octal type used in battery-operated
receivers. Qutline 26, OUTLINES SECTION.
Tube requires octal socket. Filament volts (d¢),
2.0; amperes, 0.12. Typical operation as conver-
ter: plate volts, 180 max; grids-No.3-and-No.b
(screen) volts, 180 (applied through 20000-0hm
dropping resistor bypassed by 0.01-uf capacitor);
grid-No.4 (control-grid) volts, -3; grid-No.1
(oscillator-grid) resistor, 50000 ochms; plate ma.,

REMOTE-CUTOFF PENTODE

Glass oectal type used in battery-operated
receivers as rf or if amplifier. Outline 26, OUT-
LINES SECTION. Tube requires octal socket.
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.1l volts, -8 min; plate ma., 2.8; grid-No.2
ma., 0.8; plate resistance (approx.), 1.0 megohm;
transconductance, 750 pmhos; transconductance
at bias of —15 volts, 15 umhos. This type is used
principally for renewal purposes.

REMOTE-CUTOFF TETRODE

Glass octal type used in battery-operated
receivers as rf or if amplifier. Qutline 26, QUT-
LINES SECTION. Filament volts (dc), 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
receivers. Qutline 26, OUTLINES SECTION.
Tube requires octal socket. Filament volts (dc),
2.0; amperes, 0.06, Typical operation as conver-
ter: plate volts, grids-No.3-and-No.5 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., 2.8; 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
or ave tube, triode as first audio amplifier, and
pentode as power output tube, Outline 16, QUT-
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,

CLASS A, AMPLIFIER

Typical Operation (Pentode Unit}:

Plate Voltage. . . . ... ittt irnnereinnnss Ceae 45 67.5
Grid-No.2 (Screen) Voltage. .. ..., 45 67.5
Grid-No.1 (Control-Grid) Voitage. ............. eess -4.56 -6
Plate Current. . . . ..... ...ttt tnnrannns e 1.6 3.8
Grid-No.2 Current. .. ... it vinn ettt ttvenracnnnnnsns 0.3 0.8
Transconductance. . ... ..cvenviasevrsoressarannsanse 650 8756
Load Resistance.............. G hdtaseeteaecanaa vens 20000 16000
Total Harmonie Distortion. . . ....ccvveervrreennnne. 10 10
Power Output...... cneaue et eramecesrenrenraae .o 35 100

NG

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.

NadZad™S
NC NC

volta
volts
volts
ma

ma
smhos
ohms
per cent
mw
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Typical Operation (Triode Unit):

Plate Voltage. . ... vuiiininrinriessrinas teernns 45 67.5 920 volts
Grid Voltage. . ....... ..o iiiiiii it e i siniannneas 0 ) 0 volts
Amplification Factor. . ...t iiiiiiiiiiianrens 25 25 25
Plate Resistance (ApproxX.}. ... v vieiiiiiennnnacssans 77000 565600 43500 ohms
Transconductance. . .........ovvunriinnasns e 3256 450 575 pmhos
Plate Current . .., ... .. ...t iinnnneinrnnnns 0.3 0.6 1.1 ma
°2 C SHARP-CUTOFF PENTODE
P~/ NG Glass octal type used as rf amplifier or de-
o tector in battery-operated receivers. Qutline 26,
OUTLINES SECTION. Tube requires oetal
socket. Filament volts (de), 2.0; amperes, 0.06. .I ES-GP

Ft F— Typical operation as class A; amplifier: plate
- * G3  volts, 180 max; grid-No.2 (screen) volts, 67.5

o o mazx; grid-No.l volts, —3; plate ma., 1.7; grid-
No.2 ma., 0.6; plate resistance, 1.3 megohms;
transconductance, 650 upmhos; grid volts for
plate-current cutoff (approx.), —8. This type is
used principally for renewal purposes.

TWIN POWER PENTODE

Glass octal type used in push-pull output
stage of battery-operated receivers. Qutline 24,
OUTLINES SECTION. Tube requires octal
socket. Filament volts (de), 2.0; amperes, 0.24. ;
Typical operation as push-pull class A, ampli- ] E7 -G
fier: plate and grid-No.2 volts, 135 max; grid-
No.1 volts, -7.5; plate ma., 10.5; grid-No.2 ma.,
3.5; 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 eircuits. This type is used principally for
renewal purposes.

(3) POWER PENTODE

Glass type used in output stage of battery-
operated receivers. Outline 29, OUTLINES

P G SECTION. Tube requires five-contact soclket. ]F4
’ Filament volts (dc), 2.0; amperes, 0.12. Type
1F4 is similar electrically to type 1F5-G. This
e type is used principally for renewal purposes.

F- POWER PENTODE

o Glass octal type used in output stage of
battery-operated receivers. Qutline 28, OUT-

P / LINES SECTION. Tube requires octal socket.
Filament volts (de¢), 2.0; amperes, 0.12. Typi-

cal operation ag class A, amplifier: plate and 1F 5_G
grid-No.2 (screen) volts, 135 (180 max); grid-

r+ w E; No.1 volts, —4.5; plate ma., 8; grid-No.2 ma.,

o o 2.4; cathode resistor, 482 ohms; output watts,
NC NC 0.31. This type is used principally for renewal
purposes.
Gzp PD2 TW'N DlODE—
B— SHARP-CUTOFF PENTODE
% Glass type used as combined detector, am-
PP e Pp, plifier, and ave tube in battery-operated re-
ceivers. Qutline 27, QUTLINES SECTION. .'F6
! Tube requires six-contact socket. Filament volts

o o (de), 2.0; amperes, 0.06. This type is similar
Gap electrically to type 1F7-G, except for inter-
electrode capacitances. Typical operation of
pentode unit as class A; amplifier: plate volts,
180 max; grid-No.2 (screen) volts, 67.56 max; grid-No.l1 volts, —1.5; plate ma., 2.2; grid-No.2 ma.
0.7. This type is used prinecipally for renewal purposes.
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1IF7-G

1G4-GT

1G5-G

1G6-GT

1H4-G

1H5-GT

TWIN DIODE—
SHARP-CUTOFF PENTODE

Glass octal type used as comhined detector,
amplifier, and ave tube in battery-operated re-
ceivers. Outline 26, 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 principaliy for renewal purposes.

MEDIUM-MU TRIODE

Glass octal type used in battery-operated
receivers as detector or voltage amplifier. Out-
line 17, OUTLINES SECTION. Tube requires
octal socket. Filament volts (dc), 1.4; amperes,
0.05. Typical operation and characteristics as
class A: amplifier: plate volts, 90 (110 mazx);
grid volts, —6; plate ma., 2.3; plate resistance,
10700 ohms; amplification factor, 8.8; trans.
conductance, 825 pmhos. This type has been
used as a driver for type 1G6-GT.

POWER PENTODE

Glass octal type used in output stage of
battery-operated receivers. Outline 28, OUT-
LINES SECTION. Tube requires octal socket,
Filament volts (de}, 2.0; amperes, 0.12. Typical
operation as class Ai amplifier: plate and grid-
No.2 (screen) volts, 135 max; grid-No.1 volts,
-13.5; plate ma., 9.7; output watts, 0.55, This
type is used principally for renewal purposes.

HIGH-MU TWIN POWER TRIODE

"Glass octal type used in output stage of
battery-operated receivers. Outline 17, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts {de¢), 1.4; amperes, 0.1. Typical
operation as class B amplifier: plate volts, 90
{110 max); de grid volts, 0; peak af grid-to-grid
volts, 48; effective grid-circuit impedance per
unit, 2530 ohms; plate ma. (zero signal), 2;
plate ma. (maximum signal), 11; peak grid ma.
per unit, 6; output watts (approx.}, 0.35.

MEDIUM-MU TRIODE

Glass octal type used as detector or voltage
amplifier in battery-operated receivers. Outline
24, OUTLINES SECTION. Tube requires octal
socket. Filament volts (dec), 2.0; amperes, 0.06.
Typical operation as class A amplifier: plate
volts, 180 mazx; grid volts, —13.5; amplification
factor, 9.3; plate resistance, 10300 ohms; trans-
conductance, 900 umhos; plate ma., 3.1. For
grid-bias detection, plate volts up to 180 max
may be used and grid bias adjusted so that zero-
signal plate ma. is about 0.2. This type is used
principally for renewal purposes.

DIODE—HIGH-MU TRIODE

Glass octal type used as combined detector
and amplifier in battery-operated receivers. Qut-
line 18, OUTLINES SECTION. Tube requires
octal socket. Filament volts (de), 1.4; amperes,
0.05. Characteristics of triode unit as class A;
amplifier: plate volts, 110 max; grid volts, 0;
plate ma., 0.15; plate resistance, 240000 ohms;
amplification factor, 65; transconductance, 275
psmhos. Dicode unit i3 located at negative end of
filament and is independent of the triode unit
except for common filament.
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P Ppy

D2
(. TWIN DIODE—MEDIUM-MU TRIODE
P G
T A .o T Glass octal type used as combined detector,
amplifier, and ave tube in battery-operated re-
ceivers. Outline 24, OUTLINES SECTION. 'I H6_G
Fe o F= Tube requires octal socket. Filament volts {de),

[

2.0; amperes,-0.06. Type 1H6-G is similar elec~
(¥ (s) trically to type 1B5/25S. This type is used
NC principally for renewal purposes.

z
0

POWER PENTODE

Go Gy
o o Glass octal type used in output stage of
P ’ battery-operated receivers. Qutline 28, OUT-
(3) LINES SECTION. Tube requires octal socket.
Filament volts (dc), 2.0; amperes, 0.12. Typical .I J S-G

operation as class A; amplifier: plate and grid-

r+ w F= No0.2 (screen) volts, 135 maz; grid-No.1 volts,
3 -16.5; plate ma., 7.0; grid-No.2 ma., 2.0; plate

o 0 resistance, 105000 ohms; load resistance, 13500
NC NC ohms; output watts, 0.45. This type is used
principally for renewal purposes.

HIGH-MU TWIN POWER TRIODE

Glass octal type used in output stage of
battery-operated receivers. Outline 24, OUT-

P
() /T4 £ LINES SECTION. Tube requires octal socket.

Filament volts (de), 2.0; amperes, 0.24. Typical l J6-G
e operation as class B power amplifier: plate volts,

*o 135 max; peak plate ma. per plate, 50 maz;

grid volts, 0; zero-signal plate ma. per plate,

OMO. 5; effective plate-to-plate load resistance, 10000

NC NC ohms; average input watts (approx.), 0.17; out-
put watts (approx.), 2.1.

NC F-

Ok SHARP-CUTOFF PENTODE

Miniature type used as rf or if am-
¢+ Dlifier in portable, battery-operated re- .".4
ceivers particularly those not utilizing
0 ave.Outline10,0UTLINES SECTION.
Tube requires miniature seven-contact
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-to-plate
capacitance is required. For typical operation as a resistance-coupled amplifier,
refer to Chart 1, RESISTANCE-COUPLED AMPLIFIER SECTION. For fila-
ment considerations, refer to type 1U4.

FILAMENT VOLTAGE (DC) .. ... .ooiiiitinentiasneacacorsaarssans cee 14 volts
FILAMENT CURRENT. . . . . .t tvereenennnanrcsnaansoninessannns vese 0.05 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):

Grid Nol toPlate. . .. ... ..ottt titeesannnns - 0.01 max puf

InpuUL. . i it et a e .e 3.6 ppf

L) 17 .o 7.5 pot
PLATE VOLTAGE. ...\ttt itintrenrennnaeessneannsssanoaaassranss 110 maz volts
GRID-NO0.2 (SBCREEN) VOLTAGE. . . . .. vvvuurcnnransssaressosnnsnas 90 mazx volts
GRID-NO.2 SUPPLY VOLTAGE. . ...ttt vsiarereerantanrenssnannns 110 mazx volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE . ... . .0ocvvrnrasarveonnas . 0 min volts
ToOTAL CATHODE CURRENT, ... ...councusen i resereaseeene cereena 6.5 max ma
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Typical Operation:

Plate Vol age. . . ...t it e et e 90 90
Grid-No.2 Voltage. . ... ... ittt ittt ire et eareanennenens 67.5 90
Grid-No:l Voltage., .. ... .. ittt ittt et et ennns ¢ 0
Plate Remistance. .. .. ..ot it ettt e re et e e e, 0.6 0.26
Transconductance. . . ... ... .. .t e e 925 1025
Grid Bias for platecurrent of 10 pa. .. ................... e —6 -10
Plate Current. .. .. .. i e et e e e, 2.9 4.5
Grid-No. 2 Current. . .. ... . i e e e e e 1.2 2.0
AVERAGE PLLATE GHARACTERISTICS
s
omiD-Net youTs ECi=0
=] TYPE 1L4
— Ef=1.4VOLTS DG
4 7 GRID-N22 vOLTS =00 ~
7 / =
14
u 1/
33
! / -2
3
- —
3
v v
-2 =3
14
o /I
4
I /‘_'
Eci=-5
L] -6
° 25 50 75 100 125 150 175 200
T 92CM-8382T

ILA4

1LA6

1LB4

PLATE vOLTS

POWER PENTODE

Glass lock-in type used in output stage of
battery-operated receivers. Outline 12, OUT-
LINESSECTION. Tuberequireslock-in socket.
Filament volts (dc), 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. Outline 12, OUTLINES SECTION.
Tube requires lock-in socket. Filament wolts
{de), 1.4; amperes, 0.05. Typical operation as
converter is the same as for type 1A7-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 eonversion
transconductance for a grid-No.4 (control-grid)
bias of —3 volts is 10 umhos.

POWER PENTODE

Glass lock-in type used in output stage of
battery-operated receivers. Qutline 12, 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.
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SHARP-CUTOFF PENTODE

Glasa lock-in type used as rf or if amplifier
in battery-operated receivers. Qutline 12, QUT-
LINESSECTION. Tuberequireslock-in socket.
Filament volts (dc), 1.4; amperes, 0.05. Typical 1LC5
operation as class A, amplifier: plate volts, 90
(110 max); grid-No.2 (screen) volts, 45 max;
grid-No.1 volts, 0; plate reszistance (approx.),
1.5 megohms; transconductance, 775 umhos;
plate ma., 1.15; grid-No.2 ma., 0.3.

PENTAGRID CONVERTER

Glass lock-in type used in battery-operated
receivers. Outline 12, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts ]LC6
(de), 1.4; amperes, 0.05. Typical operation as
converter: plate volts, 90 (110 mazx); grids-No.3-
and-No.b volts, 35 (45 mazx) ; grid-No.2 volts, 45;
grid-No.1 volts, 0; plate resistance, 0.65 meg-
ohm; plate ma., 0.75; grids-No.3-and-No.5 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-
tor and af voltage amplifier in battery-operated
receivers. Qutline 12, OUTLINES SECTION.
Tube requires lock-in socket. Filament volits ]I_Ds
{de), 1.4; amperes, 0.05. Characteristics of pen-
tode unit: plate volts, 90 (110 maz); grid-No.2
volts, 45; grid-No.1 volts, 0; plate ma., 0.6;
grid-No.2 ma., 0.1; plate resistance, 0.75 meg-
ohm; transconductance, 575 pmhos.

MEDIUM-MU TRIODE

Glass lock-in type used as detector or volt-
age amplifier in battery-operated receivers, Out-
line 12, OUTLINES SECTION. Tube requires
lock-in socket. Filament volts (dc), 1.4; amperes, .l L E 3
0.05. Typical operation as class A: amplifier:
plate volis, 90 (110 max); grid volts, —-3; plate
ma., 1.4; plate resistance, 19000 ohms; trans-
conductance, 760 umhos; amplification factor,
‘14.5.

DIODE—MEDIUM-MU TRIODE

(Glass lock-in type used as combined detec-
tor and amplifier in battery-operated receivers. 4
Outline 12, OUTLINES SECTION. Tube re- .ll.H
quires lock-in socket. Filament volts (de), 1.4;
amperes, 0.05. For eleetrical characteristics, 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. Qutline 12, OUT-
LINESSECTION. Tuberequires iock-insocket.
Filament volts (de}, 1.4; amperes, 0.05, Typical .I I_ N 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-
conductance, 800 umhos.
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oNoN
o‘ 0l

SHARP-CUTOFF PENTODE

Glass octal type used as rf or if am-

]N5-GT plifier in battery-operated receivers. (2) ()
Outline 18, OUTLINES SECTION. ** v AN

Tube requires octal socket and may be o (8)
mounted in any position. When used BC ne
in ave circuits, the IN5-GT should be only partially controlled to avoid exces-
sive reduction in receiver sensitivity with large signal input.

FILAMENT VOLTAGE (DC). . . o cinvveeriennnes heeaaens Ceerreneses 1.4 volts
FILAMENT CURRENT. . . . ...ttt innecerrnnncnsnnrnnns e resaeerases 0.05 ampere
DIRECT INTERELECTRODE CAPACITANCES:*
Grid No.lto Plate. . ...... .. it iiiirinnernnes Geeaeen P 0.007 mazx puf
| § 3 o 1L Y eecerane 3 g
Output ........................................... LRI ) 10 ‘«l‘lf

¥With shield connected to negative filament terminal.

Typical Operation: CLASS A, AMPLIFIER
Plate Voltage (J10 volts max) . .. .. ...vieir it iiinnieerernnnns ves 80 volts
Grid-No.2 (Sereen) Voltage (110 volts mazx)...........c.co. i ivuns 90 volts
Grid-No.L VoltBEe. ... ... rr it ireiiiinsinnsseansranennsas ceea 0 volts
Plate Resistance (ADProX.). .. ... .cvintvstnrnenrncrsoassarss vee 1.6 megohms
TrangCOnAUCERIICE . . . o .t reineernarerasnasnessraenanns .. 750 pmhos
Transconductance at —4 volts bias (Approx.)........cvvvnn. crevas b pmhos
Plate CUITent . . ... ot ittt ittt e e et seaneanasessssnnnnns 1.2 ma
Grid-No.2 Current.,....... e eraesanaaeas Weeensanracsannenaa veas 0.3 ma
DIODE--POWER PENTODE G2 .
Glass octal type used as combined detec- o o
tor and power output tubel n battery-operated P l p
receivers. Filament volts (dc), 1.4; amperes, e ~° D
'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., evo ¢3

8.1; grid-No.2 ma. (zero-signal), 0.6; plate re- F=
sistance (approx.), 0.3 megohm; transconduct- o 0
ance, 800 umhos; load resistance, 25000 ohms; NC NC

output watts, 0.1. This is a DISCONTINUED
type listed for reference only.

REMOTE-CUTOFF PENTODE 62 NG
Glass octal type used as rf or if amplifier in G
hattery-operated receivers. Cutline 18, OUT- ¢ o ‘ O

LINES SECTION. Tube requires octal socket.

] P 5 -GT Filament volts (de), 1.4; amperes, 0.05. Typiczal
operation as class Ar amplifier: plate volts, 90 o
(110 max); grid-No.2 (sereen) volts, 90 (110 ev E-
max); grid-No.1 volts, 0; plate resistance o o 3
(approx.), 0.8 megohm; transconductance, 750

NC
pmhos; transconductance (approx.) with -12 ac
volts on grid-No.l, 10 umhos; plate ma., 2.3;
grid-No.2 ma., 0.7. - |

4
BEAM POWER AMPLIFIER P A

Glass octal type used in the output stage

.|Q 5 _GT of battery-operated receivers. Qutline 17, OUT-
LINES SECTION. Tube requires octal socket. ¢, (2) A (7) £-
Filament volts (dc), 1.4; amperes, 0.1. For elec- 3

trical characteristice and ratings, refer to type o o
3Q5-GT with parallel filament arrangement. NC NC
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PENTAGRID CONVERTER

Miniature type used in lightweight,
portable, compact, battery-operated re- ] R5
ceivers. Qutline 10, 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 1U4.

FILAMENT VOLTAGE (BC) . ..ot i ettt ettt e et e et eeeannes 1.4 volts
FILAMENT CURRENT. . .. ... ittt e e 0.05 ampere
DIRECT INTERELECTRODE CAPACITANCES (No external shield):
Grid No.3 to All Other Electrodes (RF Imput). ................ 7.0 upf
Plate to All Other Electrodes {Mixer Qutput). ................. 7.6 uui
Grid No.l to All Other Electrodes (Osc. Input). ... ............ 3.8 nuf
Grid No.dto Plate. . ... ... ... .. i iannnnn 0.4 mex ppi
Grid No3to Grid Nol. ... ... vt i eanns 0.2 max puf
Grid No.lto Plate. . ... ... i i et 0.1 max upf
Maximum Ratings: CONVYERTER SERVICE
PLATE VOLTAGE. . .ttt ittt ittt e e e e e e et e eeannnn 90 max volts
GRIDS-N0.2-AND-NO.4 (SCREEN) VOLTAGE . . . ... .uvvrer i nannnnns 67.5 mazx volts
GRIDS-NO.2-AND-NO.4 SUPPLY VOLTAGE .. ... ..o errirennsnnns 90 max volts
GRID-N0.3 (CONTROL~GRID) BIAS VOLTAGE. . ... ... .. vorreeannnns 0 min voits
TOTAL ZERO-SIGNAL CATHODE CURRENT. . ... .ottt tier e ieinnennn 5.5 max ma
Typical Operation:
Plate Voltage. . . ... ... ... ... . 0., 45 67.5 90 90 vglts
Grids-No.2-and-No.4 Voltage . . ............... 45 67.5 45 67.5 volts
Grid-No.3 Voltage. . ......................... 0 0 0 0 volts
Grid-No.1 Resistor. . ... ..... ... irnuneennn. 0.1 0.1 0.1 0.1 megohm
Plate Resistance (Approx.)..............c.... 0.6 0.5 0.8 0.6 megohm
Conversion Transconductance, . ............... 235 280 250 300 gmhaos
Grid-No.3 Bias for conversion trans-
conductance of approx. 5 ymhos. ........... -9 -14 -9 -14 volts
Plate Current. .. . ... .. .. ... ... .. ciierern.. 0.7 1.4 0.8 1.6 ma
Grids-No.2-and-No.4 Current. . ............... 1.9 3.2 1.9 3.2 ma
Grid-No.l Current.. . ... ........c.cc0vunrvunn. 0.15 0.25 0.16 0.25 ma
Total Cathode Current. . ..................... 2.75 5 2.75 5 ma

NOTE: The tranaconductance 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 volts.

OPERATION CHARACTERISTICS

L L]
TYPE IRS
E =14 VOLTS DC _
W GRID- {GRID-GRID- "y
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b L el el 95 | 43 jai | IS0 o
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I |leapn-ne3votoior o — Gl 90 {67s | o& § 530 1603
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Gp F-
POWER PENTODE () )
- - . GI P
Miniature type used in output © (&)
154 stage of lightweight, compact, porta-
kle, battery-operated equipment. ¢ Drs
Types 154 and 3S4 are identical ex- o
cept for filament arrangement. Qut- G

line 10, OUTLINES SECTION. Type 184 requires miniature seven-contact socket
and may be mounted in any position. For ratings, typieal operation, and curves,
refer to type 3S4 with parallel filament arrangement. For filament considerations,
refer to type 1U4 and ELECTRON TUBE INSTALLATION SECTION. Fila-
ment volts (de), 1.4; amperes, 0.1.

Gzp Pp

DIODE— G
SHARP-CUTOFF PENTODE PoE) oki
]SS Miniature type used in light- o
weight, compact, portable, battery-op- nc@ A adk
erated receivers as combined detector E'
3p

and af voltage amplifier. Outline 10,
OUTLINES SECTION. Filament volts (dc), 1.4; amperes, 0.05. Tube requires
miniature seven-contact socket and may be mounted in any position. For elec-
trical characteristics, curves, and application, refer to type 1US5,

REMOTE-CUTOFF PENTODE -

-I-I-4 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,

but socket shielding is essential if minimum grid-plate capacitance is to be obtained.
Outline 10, OUTLINES SECTION. Tube requires miniature seven-contact socket
and may be mounted in any position. For filament considerations, refer to type 1U4.

1S

FILAMENT VOLTAGE (DC) . . vttt ettt et ittt vnaniaasnssnns 1.4 volts
FILAMENT CURRENT . ..ttt ittt ittt e st tat ittt iteesranss 0.05 ampere
DIRECT INTERELECTRODE CAPACITANCES:*
Grid No Ll to Plate. . ... ... . ittt it e creennrensnn 0.01 mazx puf
8 ¢ o 3.6 puf
L 2 Y 7.5 upf
* With close-fitting shield connected to negative filament terminal,
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE, .............. e st ey 90 mazx volts
GRID-NO0.2 (SCREEN) VOLTAGE. . ...ttt itt ittt iiarneinrearansns 67.6 mazx volts
GRID-NO.2 SUPPLY VOLTAGE. ... ..t iitttrneraeniesennecsnnsennes 90 mazx voits
GRID-NO.1 (CONTROL-GRID) VOLTAGE. ...\t itnnnnenerrrsserrnnnns 0 min volts
TOTAL CATHODE CURRENT. . .. ..ottt itit i tteeesaaeesenerannnen 6.0 max ma
Typical Operation:
Plate Voltage. . . .. ... ... ... . .. itnnnrnnns 45 67.5 990 90 volts
Grid-No.2 Voltage. . ...... it iiiiiiennans 45 67.5 45 67.6 volts
Grid-No.l Voltage. .........c.cviriinrnvnenns 0 0 0 0 volts
Plate Resistance (Approx.). . ........c.cvur... 0.35 0.25 0.8 0.6 megohm
Transconduetance. . . ............ccvvivnvnn.. 700 875 750 900 zgmhos
Grid Bias for transconductance of 10 ymhos..... -10 -16 -10 -16 volts
Plate Current. 1.7 3.4 1.8 3.5 ma
Grid-No.2 Current, .. ...voivv v ennnnennnnns 0.7 1.5 0.65 1.4 ma
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AVERAGE PLATE CHARACTERISTICS

4 T ] T
TYPE T4
=0 Ef=1.4 VOLTS D C
= yoL1S ECl e GRID-N22 VOLTS = 67,5
o
}% r’/ -0.5
3 o ,
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o 4 —
?‘ // / -1.5
o] s
§ 2 / —2.0
w / L~ -2.5
é ﬂ Ec|=|—3.0
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4.0
ol -5.0
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. >8.0 ,
o
40 80 lagLATE vo‘LTlsbo 200 92CM~-810ITH
52 l BEAM POWER AMPLIFIER
Glass octal type used in output stage of
e’ battery-operated receivers. Qutline 17, OUT-
LINES SECTION. Tube requires octal socket.
e o Filament volts {de¢), 1.4; amperes, 0.05. For ]TS—GT
filament considerations, refer to type 1U4. Typi-
+ -
F w Gy cal operation as class A; amplifier with fixed
o ° bias: plate and grid-No.2 (screen) volts, 90 (110
NC NC mazx); grid-No.1 volts, —6; peak af grid-No.1

volts, 6; plate ma. (maximum or zero-signal},
6.5; grid-No.2 ma.(zerc-signal), 0.8; grid-No.2 ma. (maximum signal), 1.5; plate resistance, 0.25 meg-
ohm; transconductance, 1150 pmhos; load resistance, 14000 ohms; total harmonie distortion, 7.5 per
cent; cutput watts, 0,17,

SHARP-CUTOFF PENTODE

Miniature type used as rf or if
amplifier in stages not controlled by ]U4

avce 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 (DC) . . . i ittt it eeictaanoeranansssennnnnns 1.4 volts
FILAMENT CURRENT. . . o o0ttt iee et iaintanasnssnnnnns cerresaes 0.05 ampere
DIRECT INTERELECTRODE CAPACITANCES:¥
Grid No.lto Plate. . . .o ... i it it cianrannnns 0.008 max puf
Input. . e e Pecaaans 3.6 ppf
L0 T ¢ . 7.5 upf

* External shield connected to negative filament terminal.

Maximum Ratings: CLASS A, AMPLIAER

PLATE VOLTAGE. . . ... . i ittt tsanananianeras teaen 110 max volts
GRID-NO0.2 (SCREEN) VOLTAGE. . . . ... cvetenunnenaconssansn srannn 110 max volts
GRID-N0.1 (CONTROL-GR!D) VOLTAGE:
Negative Bias Value. . .. ... ... . . i iieiiiinniiiiinerna cesane 30 max volts
Positive Biag Value. |, ... . ... it iriiiiertvncsenrsnnsanne 0 max volts
TOTAL CATHODE CURRENT. . ...t vt et rtonncraviosannsnsananss 6.5 max ma
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Typical Operation:

Plate Voltage, . . ..ot venrer et iinurosnssnrrocsessasssonenness 90 volts
Grid-No.2 Voltage. .. ..o v ittt ittt tieiennneeneeesteeaacvanns 20 volis
Grid-No.l Voltage. .. ... .. ccurii i irerranarnasamcaaractonss 0 volts
Plate Resigtance (ApPProx.). ... cuiiiiiniitrinnrossarssssisanseras 1.5 megohms
ransconductance. . . ... .uu.r ittt ittt e, 900 pmhos
Grid-No.1 Bias for transconductance of 10 umhos. ................. -4.5 volts
Plate Current. .. ..o vttt i e i sttt sttt 1.6 ma
Grid-No.Z CUITent, .o v it ittt ittt ittt et iarssreaannnsaaneanes 0.45 ma

INSTALLATION AND APPLICATION

Type 1U4 requires a miniature seven-contact socket and may be mounted in
any position. Qutline 10, 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 filament
will be maintained within a range of 1.25 to 1.4 volts with a nominal center of
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

L6
: — ; T T
TYPE U4
£ 4214 VOLTS OC
4 GRID-N22 VOLTS =90
[=]
"
Gl -0.5
1.2} 'u/
"o /
- 4
& l/ ~10
2
<os
: d
g
E 0.6 -5
3 //_
c.4
-2.0
oz // GRIDNZ! VOLTS Ecy= -
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i
0 a0 80 120 160 200

PLATE VOLTS
22CM-6889T
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DIODE—SHARP-CUTOFF
PENTODE

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

is located at negative end of filament
and is independent of the pentode except for the common filament. The 1U5 is
similar to the 185 but utilizes an improved structure which greatly reduces any
tendency toward microphonie effects. In addition, the diode unit is effectively
shielded from the pentode unit to prevent ‘play-through’. Outline 10, OUT-
LINES SECTION. Tube requires miniature seven-contact socket and may be
mounted in any position. For typical operation as a resistance-coupled amplifier,
refer to Chart 2, RESISTANCE-COUPLED AMPLIFIER SECTION. For fila-

ment consideration, refer to type 1U4.

FILAMENT VOLTAGE {DC) . .« .t i v eiriinecnrsnrsonenncncnassnoennss
FILAMENT CURRENT. . . ..ttt innevnassrsesanerosoacnnssnnnes

Maximum Ratings: CLASS A; AMPLIFIER

PLATE VOLTAGE. .. ..ttt it ittt tetnneeseectnassaannosnannse
GRID-NO.2 (BCREEN) VOLTAGE. . . . ...t .ttittriitnnnnrsrratnannes
TOTAL CATHODE CURRENT. . . .. ... .\ tvneuneeensrrensasscsnttsvnns
GRID-NO.1 (CONTROL-GRID) VOLTAGE:
Negative Bias Value. . .. ... ... ... ... 0t rrnrrvsseonrenns
Positive Bias Value. . ... ... ... .. irrnierrconrrrrrrnnorronnns

Characteristics (Pentode Unit):

Plate Voltage. . . ..., . ittt rnecsnsnnssscssssncsanssssnancs
Grid-No.2 Voltage. . .. ... ... it iietinnoaserreseserssnasssnnane
Grid-No.1 Voltage

Plate ReSIStaANCe. . . ... vttt rinneetrrecosnessescnnsenraversnnrons
TranscondUCANCe., . ... .ottt irrenerroeonoranoanosasrraanannss
Plate Current. .. .. ... vt reerronancsencecnacenssoronessnennsnn
Grid-No.2 Current. . ... oiiientreneeeersonnsaasscsccsasecassanss

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT

1U5
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90 mazx
90 max
4.5 max

50 max
0 maz
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HALF-WAVE VACUUM RECTIFIER P "
Glass type used in ac/de or automobile e ©
receivers. Outline 25, OUTLINES SECTION.
'I Tube requires four-contact socket. For heater
-v considerations, refer to type 6AT6. Heater volts
(ac/dc), 6.3; amperes, 0.3. Maximum ratings as o*o
half-wave rectifier: peak inverse plate wvolts, H H
1000; peak plate ma., 270; peak heater-cathode
volts, 500; de output ma., 45,
POWER TRIODE "3 a°
Glass type used in output stage of ra-
2 A3 dio receivers and amplifiers. As a class
A; power amplifier, the 2A3 is usable 4
either singly or in push-pull combi- F F
nation.
FILAMENT VOLTAGE (AC/DC). . . v ittt iiieincinnannneesnn vena 2.5 volts
FILAMENT CURRENT. ... ... ...ttt itaeassenannsan 2.5 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Gridto Plate. . . ... ... .. . ... .. . . i, 16.5 pul
Grid to Filament. ... ... ... ... . e enan 7.5 o
Plate to Filament. ....... ...ttt i e it eenansn 5.5 puf
Maximum Rqﬁngs: CLASS Al AMPLIFIER
PLATE VoL AGE. . .. .ttt ittt re ettt aenrenenaseinnans . 300 max volts
PLATE DISSIPATION. L. ittt it ettt taearearenannns 15 max watts
Typical Operation:
Plate Voltage. . ... ..t it it iaiiineennnns . 250 volts
Cathode Resistor. .. ... .o .. i i i e e s 750 ochms
Plate Current. .. ... i e e 60 ma
Amplification Factor. . . ..., ... . ... . . e 4.2
Plate Resistance. . .. ... .. .. ... .. . ittt it 800 ohms
Trangconductance. . . .. .. ... . . i i i e e, 52560 pmhos
Load Resistance. . . ... ... .. ..ttt ittt s 2500 ohms
Second Harmonic Distortion. ......... ... . it it 5 per cent
Power Qutput. ... ... . it e e i, 3.5 watts
Maximum Ratings: PUSH-PULL CLASS AB, AMPLIFIER
PLATE VOLTAGE ., . ...t ittttste it s tesenaeneaesnannnanrnns 300 max volts
PLATE DI8S P ATION . L ittt ittt ittt et nae et rasnn s 15 mazx watts
Typical Operation (Values Are For Two Tubes): Fized Bias Cathode Bias
Plate Voltage. . ... .. ... it it et et snnrnnennennns 300 300 volts
Grid Voltage™, .. . ... .. . i i it e ettt -62 - volts
Cathode-Bias Resistor. . . . . . ... ... ... ... .. .. - T80 ohms
Peak AF Grid-to-Grid Voltage . . . ... . it i ieenn e 124 156 volts
Zero-Signal Plate Current. . . ... . ... ... i i i e 80 80 ma
Maximum-Signal Plate Current. . ... ...........cciveriirnenn... 147 100 ma
Effective Load Resistance (Plate-to-plate) ....................... 3000 5000 ohms
Total Harmonie Distortion. . .. ...... .. . ... . i, 25 5.0 per cent
Power Output.. . ....o o e 15 10 watts

* Grid voltage referred to mid-point of ac-operated filament.

INSTALLATION AND APPLICATION

Type 2A3 requires a four-contaet socket and should be mounted in a vertical
position. Horizontal mounting is permissible if pins 1 and 4 are in a horizontal
plane. Outline 34, OUTLINES SECTION. It is especiallyimportant that this tube,
like 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 cathode bias, and have been determined on the basis of no grid current
flow during the most positive swing of the imput signal and of cancellation of
second-harmonic distortion by virtue of the push-pull circuit. The cathode resistor
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should preferably be shunted by a suitable filter network to minimize grid-bias
variations produced by current surges in the cathode resistor.

When 2A83’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 dec resistance in the grid circuit
should not exceed 0.5 megohm. With fixed bias, however, the dc resistance should
not exceed 50000 ohms.

Gp G

(2) POWER PENTODE

’ \ Glass type used in output stage of ac-oper-
ated receivers. Qutline 29, QUTLINES SEC-
P(2) (5) 63 TION. Tube requires six-contact socket. Except 2A5
for its heater rating (2.5 wvolts ac/de; 1.75
‘ amperes), the 2A5 has electrical characteristics
o identical with type 6F6. This type i3 used prin-
H H cipally for renewal purposes.

TWIN DIODE—HIGH-MU TRIODE

Glasa type used in ac-operated receivers
chiefly as a combined detector, amplifier, and
ave tube, Outline 27, OUTLINES SECTION.
Tube requires six-contact socket. Except for its 2A6
heater rating (2.6 volts ac/dc; 0.8 ampere),
and within its 250-volt maximum plate rating,
the 2A6 has electrical characteristics identical
with type 68Q7. Thia type is used principally
for renewal purposes.

PENTAGRID CONVERTER

Glaas type used in ac-operated receivers.
Qutline 27, OUTLINES SECTION. Tube re-
quires small seven-contact (0.75-inch, pin-circle
diameter} socket. Except for its heater rating 2A7
(2.5 volta ac/de; 0.8 ampere) and its interelec-
trode capacitances, the 2AT has electrical charac-
teristicas identical with type 6A8. Complete
shielding of this tube is generally necessary,
Thistypeisused principally forrenewal purposea.

TWIN DIODE—
REMOTE-CUTOFF PENTODE

Glass type used as combined detector, ave
tube, and amplifier. Qutline 27, OQOUTLINES
SECTION. Tube requires small seven-contact
(0.75-inch, pin-circle diameter) socket. Except 2B7
forits 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 principaily for re-
newal purposes.
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2ES5

3A8-GT

ELECTRON-RAY TUBE

Glass type used to indicate visually by
means of a fluorescent target the effects of a
change in a controlling voltage, It is used as a
convenient means of indicating accurate radio
receiver tuning. OQutline 25, OUTLINES SEC-
TION. Tube requires six-contact socket. Ex-
cept for its heater rating (2.5 volts ac/de; 0.8
ampere), the 2E5 has electrical characteristics
identical with type 6E5. This type is used prin-
cipally for renewal purposes.

DIODE—TRIODE—PENTODE

Glass octal type used as combined detector,
af amplifier, and rf amplifier in battery-operated
receivers, Filament has mid-tap so that tube may
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 (series).
Typical operation of triode unit as class A) am-
plifier: plate volts, 90 (110 mex); grid volts, 0;

G TA
/0 (8)

JAO O
o
OO
H H

amplification factor, 65; plate resistance, 0.2 megohm; transconductance, 325 pmhos; plate ma., 0.2.
Typical operation of pentode unit as class A: amplifier: plate volts, 90 (110 maxz); grid-No.2 voits, 30
(110 max); grid-No.1 volts, 0; plate resistance, 0.8 megohm; transconductance, 750 smbhos; plate ma.,
1.5; grid-No.2 ma., 0.5. This type is used prineipally for renewal purposes.

3LF4

3Q4

BEAM POWER AMPLIFIER

Glass lock-in type used in output stage of
ac/dc/battery portable receivers. Outline 12,
OUTLINES SECTION. Tube requires lock-in
socket. Filament volts (dc) 1.4 (parallel), 2.8
(series); amperes 0.1 {parallel), 0.05 (series).
For electrical characteristics, refer to glass-octal
type 3Q5-GT.

POWER PENTODE

Miniature type used in output
stage of lightweight,compact, portable,
battery-operated equipment. Outline
10, OUTLINESSECTION. Exceptfor
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 cutput
stage of ac/de/battery portable re-

ceivers. Outline 17, OUTLINES SEC- Ff+

TION. Tube requires octal socket and
may be mounted in any position. For

P

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

8V4 and ELECTRON TUBE INSTALLATION SECTION.
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Filament Arrangement Series Paralle
FILAMENT VOLTAGE (DC),.... e erreaenas 2.8 1.4
FILAMENT CURRENT. .. .....c0vvnurnnnnns 0.05 0.1

Maximum Ratings: CLASS A, AMPLIFIER

Series Paralle
PLATEVOLTAGE. . . .. ... . it 110 max 110 max
GRID-NO©. 2 (SCREEN) VOLTAGE . .......... 110 max 110 max
TOTAL ZERO-SIGNAL CATHODE CURRENT. . . 6 mar 12 mazx
Typical Operation: Series Paraile
Plate Voltage. ......................... 90 110 85 90 110
Grid-No. 2 Voltage. ... .................. 90 110 85 S0 110
Grid-No. 1 Voltage*. . ................... -4.5 -6.6 -5 4.5 -6.6
Peak AP Grid-No. 1 Voltage. ............ 4.5 5.1 b 4.5 5.4
Piate Current............ ... . ... ..... 8.0 8.5 7.0 9.5 10
Grid-No. 2 Current (Approx.} ............ 1.0 1.1 0.8 1.3 1.4
Plate Registance (Approx.) .............. 0.08 0.11 0.07T 0.09 0.1
Transconductance....................... 2000 2000 1950 2200 2200
Load Resistance. . ...................... 8000 8000 9000 8000 8000
Total Harmonie Distortion. . .. ........... 8.5 8.5 5.5 6.0 6.0
Maximum-Signal Power Qutput,.......... 230 330 250 270 400

POWER PENTODE

stage of lightweight,compact,portable,
battery-operated equipment. Outline
10, OUTLINES SECTION. Tube re-

qguires miniature seven-contact socket

volts
ampere

volts
volts

volts
volts
volts
volts
ma

ma
megohm
pmhos
ohms
per cent
mw

Miniature type used in output
354

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 battery 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) . . .......ciiiirnrnnnns 2.8 1.4
FILAMENT CURRENT . .. ... 0ot iin i ineeinnennns 0.05 0.1

Maximum Ratings: CLASS A, AMPLIFIER

Series Parallel
PLATE VOLTAGE. . .. ..o ittt ettt 90  max 90 max
GRID-NO. 2 (BCREEN) VOLTAGE. ... .............. 67.5 max 67.5 mazx
ToTAL ZERO-SIGNAL CATHODE CURRENT. ......... 4.5# mazx 9 max
ToTAL MAXIMUM-SIGNAL CATHODE CURRENT. . . ... 5.5# max 11 max
# For each 1.4-volt filament section.
Typical Operation: Series Parallel
Plate Voltage.. ... ... .ottt it iritnnnenrnnns 67.5 80 67.5 90
Grid-No.2 Voltage . ....... ... ... . ... ... . ... 67.5 67.5 67.5 67.5
Grid-No. 1 {Control-Grid) Voltage. . . ............ -7 -1 -7 -7
Peak AF Grid-No. 1 Voltage. .. ................. 7 7 T 7
Zero-Signal Plate Current. .. .................... 6.0 6.1 7.2 7.4
Zero-Signal Grid-No. 2 Current. . ................ 1.2 1.1 1.5 1.4
Plate Resistance. . .. ........ ... . ierrreniinnnn 0.1 0.1 0.1 0.1
Transconductance. .. ..........c.oein i inmnann. 1400 14256 1550 1575
Load Resistance. . . ... ..o itrinriinirncnraennn 5000 8000 5000 8000
Total Barmonic Distortion. . .................... 12 13 10 12
Maximum-Signal Power Qutput................ .. 160 235 180 270

volts
ampere

volts
volts
volts
volts

ma

ma
megohm
pmhos
ohms
per cent
mw
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AVERAGE PLATE CHARACTERISTICS

TYPE 3S4
Ef=hL4 VOLTS DC GRID~N22 VOLTS = 67.5
— PARALLEL FILAMENT ARRANGEMENT
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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) . o it ittt ieeeeeeeesaneennn 2.8 1.4
FILAMENT CURRENT. . ..\t ti e e e e et eee e, 0.05 0.1
DIRECT INTERELECTRODE CAPACITANCES (Approx. With no external shield):

Grid No. Lto Plate. ... ... i e e e 0.2

In Ut . e e e 5.5

Oulput ... e e 3.8
Maximum Ratings: CLASS A, AMPLIFIER

Series Parallel

PLATE VOLTAGE. « ittty teetne it e in e 90 mazx 90 max
GRID-NO. 2 (8CREEN) VOLTAGE. . . ... ..ttt 90 mazx 90 max
ToTAL ZERO-SIGNAL CATHODE CURRENT. . . .. ..\ ovennnnn, 6# mazx 12 mazx
ToTAL MAXIMUM-SIGNAL CATHODE CURRENT. ... .......... 6# mazx 12 max
# For each 1.4-volt filament section.
Typical Operation: Series Parallel
Plate Voltage. .. ... ... i i, 90 85 90
Grid-No. 2 Voltage. .. ... ... i i i 90 86 90
Grid-No. 1 {Control-Grid) Voltage. .. .......ccovenvnn. .. -4.5 -5 —4.5
Peak AF Grid-No. 1 Voltage. . .. ..........coiinnnn. .. 4.5 5 4.5
Zero-Signal Plate Current. . . ........ .0 ueieernnnnnn. 7.7 6.9 9.5
Zero-Signal Grid-No. 2 Current. . ..........covuevuenn. .. 1.7 1.5 2.1
Plate Resistance (Approx.). . ......... .. .0 r i, 0.12 0.12 0.1
Transeonductance. .. ........... ittt tenneernnnennnnn. 2000 1975 2150
Load Resistance. . . . ... ..., 10000 10000 10000
Total Harmonic Distortion. . ............. ... ... 7 10 7
Maximum-Signal Power OQutput.......................... 240 250 270

INSTALLATION AND APPLICATION

volts
ampere

uuf
upf

pul

volts
volts
ma

volts
volts
volts
volts

ma

ma
megohm
pmhos
ohms
per cent
mw

Type 83V4 requires miniature seven-contact socket and may be mounted in

any position. Qutline 10, OUTLINES SECTION.
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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 normat 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 nominal center of 1.3 volts.

For series operation of the sections, a shunting resistor must be connected
across the section between the F- and Fm, the filament mid-tap, to bypass any
cathode current in this section which is in excess of the rated maximum per section.
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.1 voltage is referred to F-. In
parallel filament arrangement, the grid-No.1 voltage is referred to Fm, the filament
mid-tap.

AVERAGE PLATE CHARACTERISTICS

25 T i I T 1 I 1
TYPE 3V 4 -
o Ep=l.4 VOLTS DC GRID~N22 VOLTS:90 —]
w PARALLEL FILAMENT ARRANGEMENT
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PLATE VOLTS
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P02 FULL-WAVE VACUUM RECTIFIER

Pp, Metal type used in power supply of radio
o equipment having large dc requirements. Qut-
line 7, OUTLINES SECTION. Tube requires
e octal socket. Vertical tube mounting is pre- 5T4

ferred but horizontal mounting is permissible if
pins 2 and 8 are in vertical plane. Filament
o o volts (ac), 5.0; amperes, 2.0. Maximum ratings
S F as a full-wave rectifier are the same as for type
U4-G.
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Typical Operation: FULL-WAVE RECTIFIER
Filter Input Capacilor Choke

AC Plate-to-Plate Supply Voltage (RMS). . ................... 900 1100 volts
Filter-Input Capacitor. . .. ... ... e 4 - uf
Total Effective Plate-Supply Impedance Per Platet ............ 156 - ohms
Filter-Input Choke. . ... ... ... . . ittt iennnan - 10 henries
DCOutput Current. ... ... ... .. ittt ieeerrnnnanannns 225 225 ma
DC Qutput Voltage at Input to Filter (Approx.):

At half-load current (1125 ma.). . ........ ... ... ... .. 530 465 volts

At full-load current (225 ma.} . ...... . ... e 480 450 volts
Voltage Regulation (Approx.):

Half-load to full-load current. . . ......... ... ... 50 15 volts

+ When a filter-input eapacitor 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 piate current to the rated value.

PROJECTION KINESCOPE

Projection-type kinescope used in

STP 4 television receivers having a reflective
optical system. Features a metal-

backed, white fluorescent screen hav-

ing high brightness and contrast. High-

light brightness of the projected picture is about 15 foot-lamberts when the §TP4
is operated at 27 kilovolts. Utilizes electrostatic focusing and magnetic deflection.
Has solid deflection angle of 50° approx. Maximum bulb diameter is 5-1/8 inches;
maximum overall length, 12-1/8 inches. Outline 37, OUTLINES SECTION.
Provided with small-shell duodecal 7-pin base and a recessed small cavity cap.

HEATER VOLTAGE (AC/ DU .. ittt ittt ittt ittt anaresrasseanneenanns 6.3 volts
HEATER CURRENT. . . . .o\ ittt ettt e te it tsanrannannsasennsannenanas 0.6 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid No. 1 to All Other Electrodes. ... .. ... ... iiiiiiarannennanes 7.5 puul
Cathode to All Other Electrodes ................ccciveenn. e, 5.0 uuf
External Conductive Coating to Anode No.2........ouiinieinnenennn.. { ?gg g?‘rf ﬁ ﬁ é
Maximum Ratings:
ANODE-NO. 2 Volbage. . ... ittt ittt it e v ennasnrsrsnnsarotssananenas 27000 mazx volts
ANODE-NO. 1 VoltBge. . . . i it i it vt rransnessananssassssonannas 6000 mazx volts
GRID-NO. 2 Voltage. . ...... vt i i s it ssnssrarnans rrr s 3560 mazx volts
GRID-NO. 1 VOLTAGE:
Negative bias value. . ... ... ... ... . . ittt iitetansansnsernnas 150 maz volts
Positive biag valle. . .. .. ..ottt i it 0 mazx volts
Positive peak value . . ... .. .ot i it it aa i 2 mazx volts
Peak HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. ... ... ... .. ... ... ... .. ... ... 175 max volts
Heater positive with respect toeathode. ....... .. ... ..o iiiiiiiiann, 10 max volts

Typical Operation:

Anode-No. 2 Voltage®. . ... ... ittt ittt it itrasrocnaaranansas 27000 volts
Anode-No. 1 Voltage Range for Fecus when Anode-No. 2

Current I8 200 KB, . ... ..ottt i i e e et 4320 to 5400 volty
Grid-No. 2 Voltage . . . i i ittt 200 volts
Grid-No. 1 Voltage Range for Visual Cutoff®. . .. ....................... —42 to -98 volty
Anode-No. 2 Current. . o ... ittt ittt taer i 200 pa
Maximum Anode-No. 1 Current Range .............oiiiiviiiiinenn, -15to+35 pa
Grid-No. 2 Current Range . .. ... ittt ttnorancsansnsanneeness -15 to +15 pua

Maximum Circuit Values:
Grid-No. 1-Circuit Besistance. ... ... ... .. ittt reeennnnnenneananns 1.5 max megohms

* Brilliance and definition decrease with decreasing anode voltages. In general, anode-No. 2 voltage

should not be less than 20000 volts.
** Subject to variation of =409 if grid-No. 1 voltage cutoff is desired at —70 volts,
¢ Subject to variation of =409, when grid-No. 2 voltage is maintained at 200 volts,
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INSTALLATION AND APPLICATION

The base pins of the 5TP4 fit the duodecal socket mounting. 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 §TP4 may be operated in any position.

. A typical reflective optical system
e / ' for use with the 5TP4 is illustrated in the

WING, . -
SCREEN I accompanying sketeh. It consists of a
I spherical collecting mirror and a cor-

2g” recting lens located at the center of cur-
APPROX. vature of the mirror. The illustration also
shows the location of the face plate of
_ the 5T P4 and the location of the viewing
ﬁ screen with respect to the mirror and the
correcting lens.

e 9,507 DA

WORKING |
DIA.

0.240" The neck external conductive coat-
! _)| i t[arrrox. ing must be grounded. Connection to the
— = coating may be made by a flexible band
around the base end of the coating, or by
DEFLECTION 5.97" a soft brush contact attached to the bot-

YOKE i tom of the yoke. Unless the coating is
grounded, it may assume the potential
FACE PLATE . _i of anode No.2 and thus break down the

~ ,
ra.a

CORRECTING
LENS

OF RCA-STP4 13.83" yoke insulation.
SPHERICAL |3.7{'n. The coating serves to prevent corona
between the neck (which has an internal
& / coating at anode-No.2 potential) and the
yoke. Corona would act to damage the
—~ ' keayom yoke insulation and to produce break-
14 DlA. 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 conden-
sation of water vapor in a conductive film over the glass surface, and as a result,
the erratic surface sparking which may be produced by such a film when a high-
voltage gradient is present is eliminated. Care must be taken not to scratch 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.l1 bias at a desired value, and obtain almost the same anode-current character-
istics for individual tubes having different cutoff voltages.

Since grid No.2 draws at most only a negligible leakage current, its voltage
may be obtained from a potentiometer inserted in the anode-No.l voltage divider.
Adjusting grid-No.1 cutoff in this way not only makes grid drive more uniform,
but also reduces variations in anode-No.1 current.
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The high voltage at which these tubes are operated are 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 access 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.

In the use of cathode-ray tubes, it should always be remembered that high
voltages may appear at normally low-potential points in the circuit due to capacitor
breakdown or to incorrect circuit connections. Therefore, before any part of the
cireuit is touched, the power-supply switch should be turned off and both terminals
of any charged capacitors grounded.

Occasionally, 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
occurs. 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.

PDB
FULL-WAVE VACUUM RECTIFIER 9 °'

5 U4 G 1Gla.?s (()ietal type useg in pc;]we}:
- supply of radio equipment having hig
dc requirements. Outline 33, OUT- e‘
LINESSECTION. Tuberequiresoctal (1) (8)
socket. Vertical mountmg is preferred NC F
but horizontal rnountmg is permissible if pins 1 and 4 are in vertical p!ane 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.

FILAMENT VOLTAGE (AC) . ..t ittt ittt isinetnrnsnassossoscssnnassassaaocss 5.0 volts
FILAMENT CURRENT, & 2 v vvescasnntncnarnsrressotonansaansasstossnsssnrenes 8.0 a&mperes
Maximum Ratings: FULL-WAVYE RECTIFIER
PEAK INVERSE PLATE VOLTAGH. . ...ttt irerennenntenoneerscasasocnonsonnnns 1660 max volts
PEAK PLATE ClURRENT. ...ttt i ieir s veeeeaessoncansasnrsosenssesesetanases 675 max ma
DC QUTPUT CURBENT . « v s e v rensennernassessssrsanssssnasssesssassnseces 225 max ma
Typical Operation:
Filter Input Capacitor Choke

AC Plate-to-Piate Supply Voltage (RMS) . ........ . viviiirvennn. 900 1100 voita
Filter-Input Capacitor. .. .. . ittt ittt it enaronransanns 4 - uf
Total Effective Piate-Supply Impedance per Plate*. . . ............ 75 - ohms
Min. Filter-Input Choke. .......cc0 it it iiretrennensen - 3 henries
DC Output Current. .. ...ttt ittt e iariasrsssennnssns 225 225 ma
DC Qutpuat Voltage at Input to Filter (Approx.):

At half-load current (112.0 ma.) .. ........ i ittt annnn. b15 450 volts

At full-load current (225 ma.) . . . . ...ttt i i it 445 420 volts
Voltage Regulation (Approx.):

Hall-load to full-load current. . .............ccivunn... e 70 30 volta

* 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.
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PDy

92CM-607ITI

(6 ) FULL-WAVE VACUUM RECTIFIER
Glass octal type used in power

W@ Nl supply of radio equipment having high 5v4-G

N

() o de requirements. Outline 28, OUT-
¢ " LINESSECTION. Tuberequiresoctal

socket and may be mounted in any
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 with a line voltage of 117 volts. It is especially important that this
tube, like other power-handling tubes, should be adequately ventilated.

HEATER VOLTAGE (AC) . ot i ittt it oottt e e e nnns 5.0 volts
HEATER CURRENT. . ...ttt ittt ettt ettt e oo ee e Ceerreae 2.0 amperes
Maximum Ratings: FULL-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE. . o0t ittt intee et etennsnancecnesnnnnns 1400 max volts
PEAK PLATE CURRENT . o . ..ttt it e n e eemernaeenensneinnans 525 mazx ma
DC OutpPUT CURRENT. . ... .........., B et ete et e 175 max ma
Typical Operation:

Filter Input . Capaciter Choke
AC Plate-to-Plate Supply Voltage (RMS). ... ....ccoinnn. 750 1000 volts
Filter-Input Capacitor. . . . ... . ... . .. .. . . . . 8 - uf
Total Effective Plate-Supply Impedance per Plate*. ... ... ... 100 - ohms
Min. Filter-Input Choke . .......... ... . ... .. . ' ei'ie... - 4 henries
DCOutput Current. . .. ... ... ... ... ... .. 175 175 ma
DC Output Voltage at Input to Filter (Approx.}:

At half-load current (8756 ma.). ... .. .. ............... 455 425 volts

At full-load current (175 ma.). .. ........ .. .. ... . ...... 415 415 volts
Voltage Regulation (Approx.):

Half-load to full-dload current. .. ........ . .. ... .. ...... 40 10 volts

* 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 to limit the peak plate current to the rated value.

Foz FULL-WAVE VACUUM RECTIFIER

respectively, OUTLINES SECTION. Both

o‘

S:5w4
NC:5W4-GT

85

types require octal socket. Filament volts (ac),
5.0; amperes, 2.0. Maximum ratings: peak in- 5w4-GT
verse plate volts, 1400 max; peak plate ma., 300
mazx; de output ma., 100 mazx. The 5W4-GT is a
DISCONTINUED typelisted forreference only.

Ppy Metal type 5W4 and glass-octal type 5W4-
o GT are used in power supply of radioc equipment 5 W 4
having low de requirements. Qutlines 6 and 20,
G
A
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5X4-G

S5Y3-GT

FULL-WAVE VACUUM RECTIFIER

Glass octal type used in power supply of
radio equipment having large de requirements,
Outline 33, OUTLINES SECTION. Filament
volts, 5.0; amperes, 2.0. Except for basing ar-
rangement, this type is identiecal with type
BU4-G.

FULL-WAVE VACUUM RECTIFIER

Glass octal type used in power
supply of radio equipment having mod-
erate dc requirements. Qutline 20,
OUTLINESSECTION. Tuberequires
octal socket. Vertical tube mounting
is preferred, but horizontal operation

NC
()

P02
()

ne(2)

(2

(V)
NC
D,

Pp2

NC

PDI

‘0

F

NC

r)

Pp)

is permissible if pins 2 and 8 are in horizontal plane. It is especially important that
this tube, like other power-handling tubes, should be adequately ventilated.

FILAMENT VOLTAGE (AC)

.............................................

FILAMENT CURRENT. . ..t ovnt e it asseeeaseseneenssnsnsssnossanans vae

Maximum Ratings:
PEAK INVERSE PLATE VOLTAGE. . ... .ivittitntette e e e e rannnns

PEAK PLATE CURRENT
DC OuTtputr CURRENT

Typical Operation:

FULL-WAVE RECTIFIER

...............................................

...............................................

Filter Input Capacilor
AC Plate-to-Plate Supply Voltage (RMS)................ v 700
Filter-Input Capacitor. . .. ... vttt rnennennnns - 4
Total Effective Plate-Supply Impedance per Plate*. . . ... e 50
Min. Filter-Input Choke. . ..... ... ... .. iiiiiiniruins cea -
DCOutput Current. . . .. ... .. it irtiinretnrnrnennanras ‘s 125
DC Output Voltage at Input to Filter (Approx.):

At half-load current (62.5ma.) . .................c0uu... 390

Atfull-load current (125 ma.} . ......c.oiviiiiiiennenn., 340
Voltage Regulation (Approx.):

Half-load to full-load current. . .. ...................... 50

410
380

30

volts
amperes

volts
msa
ma

volts
uf
ohms
henries
ma

volta
volts

volts

* 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 to limit the peak plate current to the rated value.

COPERATION CHARACTERISTICS
CHOKE INPUT TO FILTER

OPERATION CHARACTERISTICS
CAPACITOR INPUT TO FILTER

T T T T T T T T T T
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e« INPUT CHOKE=5 HENRIES (MIN.) « INPUT CAPACITOR = Auf
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v g b b
o %LTS R o (rs |
" 400— =S PR PLar * 400/ ~J0p ——>Rbrs
- 450 -_____E - (4] RER
e 5 ey,
z -—41_0\ et s ":‘o \\ Ay
S £
- 300—%5&.‘ ] — 'z 300 -_EL\\ —
i =0 -
2L T~ A I NE
-*
200253~ . 20 A
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o o 100
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3 a
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R0y FULL-WAVE VACUUM RECTIFIER

NG
o o N Glass octal type used in power supply of
o (6) radio equipment having moderate de require-

ments. Outline 28, OUTLINES SECTION.
Tube requires octal socket. Vertical tube mount- 5 Y4- G
ne(2) &’ ()¢ ingis preferred, but horizontai mounting is per-
3

PD2

missible if pins 2 and 7 are in horizontal piane.
Filament volits (ac), 5.0; amperes, 2.0. For maxi-
mum ratings, typical operation, and curves,
refer to type 5Y3-GT.

PO2 C Ppy

FULL-WAVE VACUUM RECTIFIER

Glass type used in power supply
of radio equipment having large de re- 523

quirements. QOutline 34, OUTLINES
r  SECTION. Tuberequires four-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, 8.0. For maximum ratings, typical operation,
and curves, refer to type bHU4-G.

F

Poz FULL-WAVE VACUUM RECTIFIER
PO} Metal type used in power supply of radio
e equipment having moderate de requirements.
Qutline 6, OUTLINES SECTION. Tube re-
guires octal socket and may be mounted in any 524

position. Heater volts (ac), b.0; amperes, 2.0.

Maximum ratings: peak inverse plate volts,

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

Typical operation as full-wave rectifier with

eapacitor-input filter: ac plate-to-piate supply

volts (RMS), 700; total effective plate-supply i